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Abstract:  Vehicle counting, classification, and detection have become essential tasks in modern 

transportation systems and surveillance applications. This abstract presents a comprehensive overview of 

these critical functions using OpenCV, a popular computer vision library. Vehicle counting involves tracking 

and tallying the number of vehicles passing through a specific region. OpenCV provides tools for frame 

differencing, contour detection, and object tracking, allowing for real-time and accurate vehicle counting in 

various scenarios. Classification goes a step further by categorizing vehicles into different classes, such as 

cars, trucks, or motorcycles. OpenCV can leverage deep learning models like Convolutional Neural Networks 

(CNNs) to achieve high-precision vehicle classification based on image features. Vehicle detection, on the 

other hand, identifies and localizes vehicles within an image or video stream. OpenCV offers pre-trained 

models like Haar Cascades and YOLO (You Only Look Once) for robust vehicle detection. These models 

enable the extraction of bounding boxes around vehicles for further analysis. 

 

Index Terms – OpenCV, YOLO, Object detection, Counting. 

I. INTRODUCTION 

 

Vehicle counting and classification using OpenCV and YOLO (You Only Look Once) is an advanced 

computer vision project aimed at revolutionizing traffic management and surveillance systems. This 

innovative project leverages cutting-edge technology to detect, count, and classify vehicles in real-time from 

video feeds or camera streams. At its core, OpenCV (Open Source Computer Vision Library) serves as the 

foundational framework for image processing and computer vision tasks. It provides a robust set of tools for 

image and video analysis, making it an ideal choice for handling the complex visual data associated with 

vehicle tracking. The project's workflow begins with capturing video feeds from surveillance cameras or 

traffic sensors. OpenCV is then employed to preprocess the video frames, performing tasks like noise 

reduction, resizing, and frame differencing to isolate moving objects. These processed frames are then fed 

into the YOLO model, which identifies and classifies vehicles in real-time. Vehicle counting and classification 

are achieved through a combination of object detection and tracking. Once a vehicle is detected in a frame, it 

is assigned a unique identifier. The project keeps track of each vehicle across frames, counting their number 

and classifying them into categories such as cars, trucks, or motorcycles. This information can be invaluable 

for various applications, including traffic management, security, and urban planning. Advanced techniques 

such as deep learning and neural networks play a pivotal role in achieving accurate results. The YOLO model 

is pre-trained on a vast dataset, enabling it to recognize a wide range of vehicle types and attributes. Fine-

tuning and retraining the model on specific datasets can further improve its accuracy and adapt it to different 

http://www.ijcrt.org/


www.ijcrt.org                                                © 2023 IJCRT | Volume 11, Issue 11 November 2023 | ISSN: 2320-2882 

IJCRT2311026 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org a189 
 

scenarios. This project can be extended to include features like license plate recognition, speed estimation, 

and even behaviour analysis, adding more layers of intelligence to the system. 

 

II. AIM 

The aim of a vehicle counting, classification, and detection project using OpenCV is to develop a computer 

vision system that can automatically: 

Count Vehicles: Accurately count the number of vehicles passing through a particular area, such as a road 

or intersection. 

Classify Vehicles: Identify and categorize vehicles into different types, such as cars, trucks, motorcycles, or 

buses.  

Detect Vehicles: Detect the presence of vehicles within a given frame or image and track their 

movement over time. 

III. WORKING PRINCIPLE 

Vehicle counting, classification, and detection using OpenCV involves several steps and techniques to 

analyse video or image data. Here's a overview of the working principles: 

Frame Acquisition: The first step is to capture video frames or images using a camera or load pre-recorded 

video files. Preprocessing: To improve the quality of the input data, preprocessing techniques are applied, 

which may include resizing, noise reduction, and colour space conversion. Object Detection: OpenCV 

offers pre-trained models, like Haar Cascades or deep learning-based models (e.g., YOLO, SSD, Faster R-

CNN), for detecting objects, including vehicles, in each frame. These models identify potential vehicle 

locations. Object Tracking: To count and classify vehicles accurately, you need to track them across frames. 

Various tracking algorithms (e.g., Kalman filter, Hungarian algorithm) are available in OpenCV for this 

purpose. Classification: If you need to classify vehicles (e.g., cars, trucks, motorcycles), you can use 

machine learning models trained on vehicle images. OpenCV can be used for feature extraction and 

interfacing with machine learning libraries like scikit-learn or TensorFlow. Counting and Data Collection: 

As vehicles are detected and tracked, you can count and collect data about their movement, type, and other 

attributes. Visualization and Output: OpenCV provides tools for drawing bounding boxes, labels, and other 

visual elements on the video frames to help visualize the results. You can also save data to a file or display 

it in real-time. Post-processing: To improve the accuracy of vehicle counting and classification, post-

processing steps may be applied, such as filtering out false positives or smoothing the tracking results. 

Evaluation and Optimization: Continuous evaluation of the system's performance and fine-tuning of 

parameters and models are essential to achieve reliable results. OpenCV simplifies many of these steps 

through its extensive library of computer vision functions and pre-trained models. 

IV. PROPOSED SYSTEM 

A proposed system for vehicle counting, classification, and detection leverages advanced computer vision 

algorithms to accurately identify and categorize vehicles in real-time. It employs deep learning models to 

detect and track vehicles, providing valuable data for traffic management and surveillance. The system is 

capable of distinguishing between different vehicle types, such as cars, trucks, and motorcycles, contributing 

to more detailed traffic analysis. This solution is designed to enhance traffic safety, optimize road usage, and 

aid law enforcement in monitoring traffic conditions efficiently.  

 

V.  OBJECT DETECTION ALGORITHMS 

1. Convolutional Neural Network (CNN): 

CNN is a deep learning architecture designed for processing grid-like data such as images. It comprises 

multiple layers of convolutional and pooling layers, which learn hierarchical features from the input data. In 

the context of object detection, CNNs are often used as feature extractors to capture relevant information from 

the input image. 

 

2. Region-based Convolutional Neural Network (R-CNN): 

   R-CNN was an early attempt to combine deep learning with object detection. It first generates region 

proposals in an image and then uses a CNN to extract features from each proposal. These features are then 

passed to a support vector machine (SVM) for object classification and bounding box regression. R-CNN 

achieved good accuracy but was slow due to the need to process a large number of region proposals. 
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3.Single Shot MultiBox Detector (SSD): 

   SSD is a real-time object detection model that integrates the entire object detection pipeline into a single 

neural network. It combines feature extraction, bounding box prediction, and class prediction in one 

architecture. SSD uses a set of default bounding boxes at multiple scales and aspect ratios to predict objects, 

making it efficient and accurate for various object sizes and shapes. 

 

4.You Only Look Once (YOLO): 

   YOLO is another real-time object detection algorithm that revolutionized the field. YOLO divides the 

input image into a grid and predicts bounding boxes and class probabilities for each grid cell simultaneously. 

This one-pass approach is highly efficient and allows YOLO to achieve real-time performance, making it ideal 

for applications like autonomous vehicles and real-time surveillance. 

 

In summary, CNN is the fundamental building block for feature extraction in many object detection 

algorithms. R-CNN was an early approach that introduced region proposals, but it was computationally 

expensive. SSD and YOLO are two newer algorithms that are designed for real-time performance, with SSD 

providing a balance between speed and accuracy, while YOLO offers a remarkable balance between speed and 

high accuracy. The choice of which algorithm to use depends on the specific requirements of the application 

and the trade-off between accuracy and speed. 

 

VI. METHODOLOGY 

Performing vehicle counting, classification, and detection using OpenCV and YOLO typically involves 

several key steps and a structured methodology. In this project we have used the following technologies. 

 

 

 

OpenCV (Open Source Computer Vision Library): - 

OpenCV is an open-source computer vision and machine learning software library. It provides a wide 

range of tools and algorithms for various computer vision tasks, including image and video analysis, object 

detection, image processing, and more. OpenCV is widely used in both academic and industrial applications 

and is known for its extensive set of functions, excellent community support, and cross-platform compatibility 

 

YOLO(You Only Look Once): - 

YOLO or You Only Look Once, is a popular real-time object detection algorithm. YOLO combines 

what was once a multi-step process, using a single neural network to perform both classification and prediction 

of bounding boxes for detected objects. As such, it is heavily optimized for detection performance and can run 

much faster than running two separate neural networks to detect and classify objects separately. It does this by 

repurposing traditional image classifiers to be used for the regression task of identifying bounding boxes for 

objects. This article will only look at YOLOv1, the first of the many iterations this architecture has gone 

through. Although the subsequent iterations feature numerous improvements, the basic idea behind the 

architecture stays the same. YOLOv1 referred to as just YOLO, can perform faster than real-time object 

detection at 45 frames per second, making it a great choice for applications that require real-time detection. It 

looks at the entire image at once, and only once — hence the name You Only Look Once — which allows it 

to capture the context of detected objects. This halves the number of false-positive detections it makes over R-

CNNs which look at different parts of the image separately. Additionally, YOLO can generalize the 

representations of various objects, making it more applicable to a variety of new environments. Now that we 

have a general overview of YOLO. let’s take a look at how it really works. 

YOLO first takes an input image: 

YOLO divides the resized image into a grid, typically with, for example, a 7x7 or 13x13 grid, depending on 

the YOLO version being used. 
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For each grid cell, YOLO predicts multiple bounding boxes (usually 2, 3, or 5 boxes per grid cell). These 

boxes are specified by coordinates (x, y) for the box's centre, width, and height. 

pc defines whether an object is present in the grid or not (it is the probability) bx, by, bh, bw specify the bounding 

box if there is an object. Here c1, c2, c3 represent the classes. So, if the object is a car, c2 will be 1 and c1 

& c3 will be 0, and so on 

 
 

YOLO also predicts class probabilities for each object it identifies. This indicates the likelihood of the 

detected object belonging to a specific class (e.g., car, person). 

Each bounding box has an associated confidence score that represents how confident YOLO is that the box 

contains an object. The confidence score takes into account both the presence of an object and the accuracy 

of the predicted bounding box. 

YOLO combines the predictions from multiple grid cells, including their bounding boxes, class probabilities, 

and confidence scores. Non-maximum suppression (NMS) is applied to remove redundant and low-

confidence detections. NMS retains only the most confident bounding boxes for each object. 

YOLO's unique feature is its ability to perform all these steps in a single forward pass through a neural 

network, making it highly efficient and suitable for real-time object detection applications. 

 

Step by Step Methodology process: - 

 

 Data Collection: Collect or acquire a dataset of images or video footage that contains various vehicles. 

Annotate the dataset to label the vehicles and their categories (e.g., car, truck, bicycle).                                      

 Setting Up the Environment: Install OpenCV and the YOLO model (e.g., YOLOv3 or YOLOv4). Ensure you 

have a compatible GPU (if using YOLO for real-time processing) and the required dependencies. 

 Preprocessing: Preprocess the dataset and video frames (if applicable) using OpenCV. Resize, crop, and 

normalize the images or video frames to match the input requirements of the YOLO model. 

 YOLO Model Configuration: Load the pre-trained YOLO model weights and configuration files. Define the 

classes for vehicle categories. Set up the YOLO model for object detection using the YOLO library or 

framework you've chosen. 

 Object Detection: Use the YOLO model to perform object detection on the images or video frames. Detect 

and draw bounding boxes around vehicles. Extract detected vehicle information, including class labels and 

confidence scores. 
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 Post-processing: Apply non-maximum suppression (NMS) to remove duplicate or highly overlapping 

bounding boxes. Filter out detected objects with low confidence scores. 

 Counting Vehicles: Implement logic to count the number of vehicles in each frame. Keep track of vehicle 

counts over time for video sequences. 

  Classification: If you need to classify vehicles into subcategories (e.g., car, bike, truck), train a classification 

model using a separate dataset. Classify detected vehicles based on their characteristics and appearance. 

  Data Analysis and Reporting: Analyse the vehicle counts and classifications over time. Generate reports or 

visualizations to present the results. 

 

VII. FLOW CHART 
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