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Abstract: Vehicle Speed Detection and Estimation is an essential task for many traffic management and safety systems.
In this research, we offer a novel computer vision-based method for real-time vehicle speed estimate and detection. To
identify the cars and determine their speeds, our system first analyses video footage of the moving vehicles using image
processing algorithms. On a dataset of actual traffic scenarios, we test the suggested algorithm, and the results show that
it performs rather well in terms of accuracy. Potential uses for the suggested approach include traffic control, law
enforcement, and intelligent transportation systems. Overall, this research helps to create methods for detecting and
estimating vehicle speed that are accurate and efficient, which may greatly enhance traffic management and safety. The
issue description, suggested solution, study methods, and findings are all briefly summarized in this abstract. It
emphasizes the contribution to the area and draws attention to the research's importance and prospective uses. The abstract
is succinct and informative, giving the reader enough details to comprehend the study and its significance to the subject.
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l. INTRODUCTION

Over the past few years, there has been a considerable increase in accidents due to the growth in the number of automobiles
on the road. It is crucial to keep an eye on vehicle speed in specific zones or areas to increase.

Road safety. Although radar speed measuring methods are routinely employed for this purpose, they may have certain
drawbacks, such as mistakes in identifying smaller automobiles with weaker echoes or detecting vehicles that changes
speeds too quickly or frequently. As a result, there is a rising demand for systems that are more precise and effective for
calculating the speed of moving vehicles.

In this paper, we suggest a unique method for quickly and correctly estimating the speed of the moving vehicle without
the need of expensive sensors like radars. The suggested solution enters the moving vehicle video stream and filters it to
calculate its speed.

There are four basics categorise. That may be used to group the components needed to complete this task:

1. Making a note of the subject area which is determined by the video.

2. Identifying car objects from the video frame.

3. Using a PPM (pixels per meters) algorithm to

estimate the velocity of a moving object.

4, Generating a precise image of the file to record the vehicle’s speed and an image of the vehicle that was moving

at that pace.

In this paper, we go into great details about the suggested methodology, including the methods and  algorithms used
to gauge the speed of moving vehicles. In section 2, we also give the experimental setup and assessment findings for the
suggested strategy. Our findings show that the suggested method improves on conventional methods in terms of when it
comes to determining the speed of moving vehicles.

The organization of this document is as follows. The suggested approach is thoroughly explained in section 2, along with
the methods and algorithms employed to gauge the speed of the moving vehicles. The experimental setups and assessment
findings for the suggested strategy are presented in section 3. they study is conclude in section 4 with a review of the
contributions and a discussion of the possible user and future development of the suggested approach.

. Implementation of the detection model is based on OpenCV.

. Implementation of website backend is done with the help of Python, Nodejs.
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o Databases
- MongoDB: for user sign up, and login.
- Supabase: for vehicle tracking id, and speed

1. METHODS AND MATERIAL

An The following section outlines the methods and materials utilized in the development of the vehicle speed detection
is based on the python, OpenCV, NodeJS, Supabase and MongoDB. It describes the step-by-step process following to
build the application, including the tools, frameworks, and Algorithms.

A Requirement Analysis

. Conducted a thorough analysis of the requirements for the application, including features, functionalities, models
that will be needed and security considerations.

B. Technology Selection:

. For detecting the object, which in this case is a vehicle from the video stream, OpenCV and
dlib libraries were selected. This decision was made based on their efficiency and effectiveness in object detection tasks.
. Chose the NodeJS framework for its comprehensive end to end capability, suitable for web development, and

efficient integration of frontend and backend technologies.

C. Database Design:

. MongoDB-(NOSQL) and Supabase -(PostgreSQL) are two different databases were used in the construction of
a database schema to store user information and computed speed for respective cars. These databases were chosen because
of their versatility in storing structured data and unstructured data as well as their aptitude for managing massive datasets.
D. Backend Development

o Implementation of the detection model is based on OpenCV.
. Implementation of website backend is done with the help of Python, Nodejs.
o Databases

- MongoDB: for user sign up, and login.
- Supabase: for vehicle tracking id, and speed.

E. Frontend Development
. Developed the user interface using html and JavaScript library for building user interfaces.
o Designed and implemented components for model window and user login/signup.

F. Algorithm of Vehicle Detection Model:
Algorithm for vehicle speed detection:
1.import the required libraries:

. Supabase
. Os

. Cv2

. Dlib

. Time

. Math

. Dotenv

2. Using the specified URL and key, establish a connection to the Supabase database.

3. load the cascade classifier for car detection.

4. open the video file for processing.

5.set the width and height for video frame processing.

6. Define a function “estimateSpeed” that calculates the seed of a vehicle based on its location.
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. The “estimateSpeed(locationl, location2)” function uses the coordinate (x,y,and scale) of the item in two
different frames to determine the estimated speed of the an object, such as an automobile , in a video. It utilizes the
Euclidean distance formula to get the distance in pixels between the points, converts that distance to meters using a
conversion factor (ppm) of 8.8, determines the distance in meters, and uses a frame rate(fps) of 18. The distance in meters
is then multiplied by the frame rate and a conversion factor(3.6) , and the result is the speed in kilometres per hour. The
predicted speed is returned by the function.

7. Define a function “trackMultipleOjects” for tracking multiple vehicles in the video.

. trackMultipleOjects () is a function for tracking and estimating the speed of numerous objects like vehicle in a
video. o process the video frames, identify objects, track their locations, and determine their speed based on those
positions in successive frames, it makes use of the OpenCV and Dlib packages. The following are the code's primary
steps:

o Start by initialising the frame counter, the vehicle 1D, the frame rate, the dictionaries used to store the data about
the cars, and the output video file.

Continuously loop over the video input's frames.

Resize each frame and make a duplicate of it for presentation.

Update each car's tracking quality, and eliminate any that fall below a certain level.

Using 'carCascade.detectMultiScale()' on a grayscale version of the frame, detect cars every 10 frames.

Use Dlib's "correlation_tracker()" to compare the detected automobiles to the current tracked cars and build new
trackers for mismatched cars.

O O O O O

o In the resulting picture, draw rectangles around the tracked automobiles.

o Using the 'estimateSpeed()' method, calculate each car's speed by comparing its location in the previous and
current frames.

o Using the Supabase library, insert or update the speed data in the database.

o Show each car's estimated speed on the result image.

o Write the output video file with the result image and display it in a window.

o When the ESC key is used, the loop ends and the window is closed.

Initialize variables for tracking cars, car numbers, and car locations.

Create an empty list “speed” to store the speeds of vehicles.

Optional Create a VideoWriter object to write the processed frames to an output video file.
Start a loop to read frames from the video.

o Read the current frame and resize it.

o Increment the frame counter

o Remove cars that are no longer tracked.

o Every 10 frames, perform car detection and update the trackers.
o Draw rectangles around the tracked cars.

o Calculate the frames per second (fps).

o For every car, update its location and estimate its speed.
o Display the result image with the speed information.

o Write the frame with rectangles to the output video file.
o Check if the user pressed the Esc key to exit the loop.

o Release the video capture and destroy all windows.

. Release the VideoWriter object.

o Call the “trackMultipleObjects™ function.

G. Model Architecture:

1. vehicle detection and speed detection model:

. Vehicle detection and classification have been
done by using Haar cascade.
. Vehicle speed prediction has been developed using OpenCV via image pixel manipulation and calculation.
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Figure 1 : the figure shows how the video stream will be process in order to determine the speed of the vehicle.

2. use case diagram
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Figure 2: use case diagram of the system application
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Figure 3:architectural design
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H. Security implementation:
. Implementation security measures, such as data encryption, security user authentication, and protection against
common vulnerabilities like cross-site scripting (XSS) and cross-site requires forgery (CSRF).

1. RESULTS AND DISCUSSION

A. Results

Using OpenCV, a well-known computer vision library, we created a vehicle speed detection system in this study. The
technology was able to interpret video feeds. The system effectively detected and tracked cars in real-time by utilizing a
variety of image processing techniques, such as background reduction, contour identification, and optical flow estimates.

After the cars were located, their speeds were determined by counting the distance they covered in a certain amount of
time. After that, this data was saved in a database where it could be accessed for future monitoring and analysis. A set of
standards, including detecting precision, processing speed, and computational effectiveness, were used to assess the
system's performance.

B. Discussion

The results of the study show that the proposed vehicle speed detection system using OpenCV is effective in accurately
detecting and tracking vehicles in real-time. The system demonstrated a high detection accuracy rate, proving its ability
to correctly identify vehicles in various traffic conditions and lighting environments.

Moreover, the processing speed of the system proved to be sufficient for real-time applications, ensuring that the vehicle
speed data could be accessed and monitored promptly. However, it is worth noting that the system's performance may be
affected by factors such as camera angle, camera resolution, and weather conditions. Therefore, further research and
optimization may be necessary to improve the system's robustness under these conditions.

One potential area of improvement is the integration of machine learning techniques, such as deep learning and
convolutional neural networks, which could enhance the system's detection accuracy and adaptability to different
scenarios. Additionally, incorporating more sophisticated tracking algorithms, such as Kalman filters or particle filters,
could lead to better tracking performance and speed estimation.

In conclusion, the vehicle speed detection system developed using OpenCV demonstrates promising results in real-world
applications, offering a valuable tool for traffic management and law enforcement. Further research and development can
help optimize this system and broaden its applications across various traffic conditions and environments.

V. CONCLUSION

In conclusion, traffic management and law enforcement organizations may greatly profit from the creation and
application of a vehicle speed detecting system. The system can precisely identify and track vehicle speeds in real-time
by utilizing computer vision methods, such as OpenCV, and potentially adding machine learning and sophisticated
tracking algorithms. This makes it possible to spot speeding offences, offers useful information for traffic analysis, and
eventually helps to increase overall road safety.

Even though the system now in use shows promising results, more investigation and optimization are required to
guarantee its resilience and effectiveness in a variety of situations, including CAMERA ANGLES, weather, and lighting
circumstances. Vehicle speed detection systems are projected to become even more useful tools for encouraging safe
and responsible driving on our roads as computer vision and machine learning technology continue to progress.
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