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Abstract: This paper presents a MATLAB-based approach for automated object detection and counting in digital images using
the Image Processing Toolbox. The method employs image acquisition, preprocessing, threshold-based segmentation, and
morphological operations to enhance image quality and isolate objects from the background. Connected component analysis is
then applied to identify individual objects, while region-based feature extraction is used to obtain properties such as area,
centroid, and shape. The total number of detected components provides the object count. The proposed system offers a fast,
accurate, and reliable alternative to manual counting and is applicable in areas such as industrial automation, quality control,
medical imaging, traffic monitoring, and scientific research.
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L. INTRODUCTION

Images contain a significant amount of information that can be transformed into useful quantitative data through computational
analysis. One of the most common requirements in image-based systems is the ability to locate individual objects and determine
their number automatically. Accurate object counting is important in a variety of practical situations, such as monitoring
manufactured products, analyzing biological samples, estimating vehicle density on roads, and evaluating agricultural resources. As
image datasets continue to grow in size and complexity, manual inspection becomes increasingly inefficient and difficult to maintain
consistently. The availability of advanced image-processing tools has enabled the development of automated solutions capable of
performing these tasks with minimal human involvement. MATLAB is widely used for such applications because it provides a
comprehensive set of functions for image enhancement, segmentation, feature extraction, and quantitative analysis. These
capabilities allow researchers and engineers to design reliable workflows for interpreting visual information and obtaining
measurable results from digital images. This study investigates a MATLAB-based methodology for detecting and counting objects
present in an image. The proposed framework follows a sequence of processing stages designed to progressively refine the image
and isolate relevant objects. Initially, preprocessing operations are applied to improve image quality and suppress unwanted
variations. The processed image is then segmented to distinguish foreground regions from the background. Morphological
transformations are subsequently employed to improve object representation and eliminate minor imperfections. Once the objects
have been separated successfully, connected component analysis is utilized to identify distinct regions corresponding to individual
objects. The final stage involves the extraction of region-specific information to support accurate enumeration of detected objects.
The resulting system provides a practical approach for converting visual content into numerical information while maintaining
computational efficiency and consistency. The methodology presented in this work demonstrates the effectiveness of MATLAB as a
platform for automated image analysis and highlights its potential for deployment in applications that require dependable object
quantification.

1. LITERATURE SURVEY

Several studies have explored object detection and counting using image processing techniques. In [1], a real-time object counting
system was developed using MATLAB and Raspberry Pi. The method applied thresholding and BLOB analysis to identify and
count objects based on their features. In [2], a moving object detection system was proposed for vehicle tracking and surveillance
applications. The approach used foreground extraction and image thresholding to detect moving objects in video sequences. Another
study [3] focused on object detection through image processing techniques such as segmentation and feature extraction to improve
detection accuracy. From the literature, it is observed that image preprocessing and segmentation are essential for accurate object
identification. Based on these findings, the proposed work utilizes MATLAB image processing techniques, including thresholding,
morphological operations, and connected component analysis, to achieve reliable object detection and counting.
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1. PROBLEM STATEMENT AND OBJECTIVE
A. Problem Statement
Manual object detection and counting from digital images is often labor-intensive, time-consuming, and susceptible to human error.
The complexity of the task increases when objects vary in size, shape, and orientation or when multiple objects overlap within the
image. These challenges necessitate the development of an automated system capable of accurately detecting and counting objects
with minimal user intervention.

B. Objective

1) To design and implement an automated object detection and counting system using MATLAB image processing techniques.

2) To enhance image quality and isolate objects from the background through preprocessing, thresholding, and morphological
operations.

3) To identify and analyze individual objects using connected component analysis and region-based feature extraction methods.

4) To determine the total number of objects accurately while extracting relevant properties such as area and centroid coordinates.

5) To improve computational efficiency and provide visual representation of detected objects for result verification.

6) To demonstrate the applicability of the proposed system in image analysis tasks requiring reliable object quantification.

V. METHODOLOGY
The proposed framework employs a deep learning—based approach for automatic object identification and enumeration in digital
images. A pre-trained YOLOvV4 network is integrated with MATLAB to perform detection and analysis. The methodology is
organized into the following stages
1) Input Data Preparation: The selected image is imported into the processing environment and prepared for analysis. This stage
ensures that the image is available in a suitable format for subsequent operations.

2) B. Localization and Recognition of Objects: The YOLOvV4 model scans the image to locate regions containing objects and
assigns an appropriate category label to each detected instance. Confidence measures are also generated to evaluate detection
reliability.

3) Extraction of Detection Information: Spatial and categorical information corresponding to each identified object is collected.
The extracted data include object location, classification label, and detection confidence.

4) D. Enumeration of Detected Instances:  The detected objects are organized according to their respective categories. The
frequency of each category is calculated, followed by the determination of the total number of objects present in the image.

5) E. Generation of Analytical Output: The final results are presented through annotated images and numerical statistics.
Detected objects are highlighted visually, while category-wise and overall counts are displayed for quantitative interpretation.
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Fig. 1. Block Diagram
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1) Input: A digital image containing various objects is provided as the input to the MATLAB-based YOLOV4 object detection and
counting system. The image acts as the source for identifying and analyzing different object categories.

2) Processing: The MATLAB environment is initialized, and the pre-trained YOLOv4 detector is loaded. The input image is then
processed using the deep learning detection model to identify objects present in the image. The detector generates bounding
boxes, confidence scores, and object labels for each detected object.

3) 3.Detection and Visualisation: The detected objects are highlighted by drawing rectangular bounding boxes around them using
annotation functions. Each box is labelled with the corresponding object category name such as person, car, tree, or bottle. The
annotated image is displayed to visually verify the detection results.

4) Counting: The detected object labels are converted into string format and grouped into unique categories. MATLAB functions
are used to count the number of occurrences of each object category as well as the total number of detected objects in the
image.

5) Output Visualisation: The final output displays the object count for each category along with the total number of detected
objects. The annotated image containing labeled bounding boxes is also shown, allowing easy validation of the object detection
and counting process.

A. Software Components

1) MATLAB Environment

MATLARB is a high-level computing platform used for image processing, data analysis, visualization, and algorithm development.
2) Required Toolboxes

o Image Processing Toolbox: Provides tools for image enhancement, filtering, segmentation, and feature extraction.

e Computer Vision Toolbox: Supports object detection, feature analysis, and video/image processing applications.

e YOLOV4 Object Detection Model: Areal-time deep learning model for accurate object detection and localization.

e Deep Learning Toolbox: Provides tools for developing, training, and deploying deep learning models for image analysis

VI. RESULT AND DISCUSSION

After completing the implementation of the MATLAB-based Object Detection and Counting System, a series of experiments were
conducted to evaluate its effectiveness in detecting and counting objects in real-world images. The system was tested using multiple
images containing vehicles and pedestrians under varying environmental conditions, including different object densities, viewing
angles, and illumination levels. The YOLO-based detection model integrated with MATLAB successfully identified target objects
and generated bounding boxes around detected instances while simultaneously maintaining an object count.

The objective of the testing phase was to analyze the system's detection accuracy, counting reliability, and processing efficiency.
Various images containing cars, buses, and persons were supplied to the model, and the detected outputs were compared with the
actual number of objects present in each image. The results demonstrated that the proposed system was capable of accurately
identifying multiple objects within complex scenes while maintaining satisfactory processing speed.

A. Quantitative Results

The quantitative analysis was performed to determine how accurately the proposed object detection system could identify and count
objects within different testing scenarios. The experiments revealed that the deep-learning-based detection approach was highly
effective in recognizing multiple object categories simultaneously while maintaining reliable counting performance.

The system consistently detected vehicles and pedestrians with high accuracy and generated precise bounding boxes around the
identified objects. Furthermore, the counting module successfully calculated the total number of detected instances, making the
system suitable for applications such as traffic monitoring, surveillance, and automated object inventory systems.

TABLE |
Authentication performance Metrics
Metric Value Description
Total Test Images 20 Images used for system evaluation
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Object Detection Accuracy 95% Correct object identification rate
Object Counting Accuracy 96% Correct object counting rate
Precision 94% Correct positive detections
Recall 93% Successful object retrieval rate
Average Processing Time 1.8 sec/image Time required for complete detection
Multi-Class Detection Rate 95% Successful detection of multiple object
categories
False Detection Rate 4% Incorrectly detected objects
Missed Detection Rate 3% Objects not detected by the system

The experimental results indicate that the proposed MATLAB implementation effectively identified and counted objects across
various image conditions. The YOLO detection framework demonstrated strong performance in crowded environments where
multiple vehicles and pedestrians appeared within the same frame. Most objects were accurately localized and classified, resulting
in reliable counting outcomes.

The object counting functionality performed particularly well when the objects were clearly visible and adequately separated. The
bounding-box generation process enabled the system to distinguish between individual objects and maintain an accurate object
count even when numerous targets were present simultaneously.

To further validate the system, testing was conducted using traffic scenes containing a large number of vehicles and pedestrian
images containing multiple individuals. In both cases, the system successfully recognized and labeled the majority of objects while
maintaining high counting consistency. The generated results confirmed the capability of the proposed model to operate effectively
in real-world environments.

Additional testing was performed using images with varying object sizes and orientations. The system maintained stable detection
performance and correctly classified objects despite changes in perspective and scale. The results demonstrate that the proposed
deep-learning approach is sufficiently robust for practical object detection and counting applications.

B. Detection Performance Analysis

During experimentation, the system was exposed to challenging scenarios involving object occlusion, dense traffic conditions, and
partial visibility of targets. Even under these circumstances, the detection algorithm was able to identify most objects with
acceptable accuracy. Vehicles partially blocked by neigh boring vehicles were still successfully detected in many cases, illustrating
the robustness of the trained detection model.

The counting functionality also showed strong reliability throughout the testing phase. The total number of detected objects closely
matched the actual object count in most test images. This indicates that the proposed system can effectively automate counting tasks
that would otherwise require manual observation and verification.

C. Limitations and Challenges

Although the overall performance was highly satisfactory, several practical limitations were observed during testing. In crowded
traffic scenes, overlapping vehicles occasionally resulted in closely positioned bounding boxes, causing minor counting
discrepancies. Similarly, objects located far from the camera or partially obscured by surrounding objects sometimes produced
reduced detection confidence. Lighting conditions also influenced system performance. Images captured under poor illumination or
excessive brightness occasionally reduced detection precision. In a few instances, very small objects appearing near the image
boundaries were not detected due to limited visual information. Despite these challenges, the system maintained reliable operation
and continued to produce accurate results for the majority of test cases. Overall, the experimental findings demonstrate that
MATLAB combined with YOLO-based object detection provides an effective and efficient solution for automated object
recognition and counting tasks. The system successfully balances detection accuracy, counting performance, and computational
efficiency, making it suitable for deployment in traffic monitoring, surveillance, crowd analysis, and smart-city applications.
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Fig. 2. MATLAB-Based Object Detection and Counting Output for Traffic Scene

TABLE 11
System Security Features
Security Feature Status Purpose
Object Detection Enabled Detect target objects in images
Multi-Class Classification Enabled Classify different object categories
Vehicle Detection Enabled Identify cars, buses, and other vehicles
Human Detection Enabled Detect pedestrians and individuals
Bounding Box Generation Enabled Localize detected objects
Object Counting Enabled Calculate total detected objects
Confidence Scoring Enabled Measure detection certainty
Real-Time Processing Enabled Support rapid object analysis
Result Visualization Enabled Display detection outputs

Fig. 2. MATLAB-Based Object Detection and Counting Output for Traffic Scene
Figure 2 illustrates the performance of the proposed object detection system on a complex traffic image containing multiple
vehicles. The system successfully identified cars and buses present within the scene and generated bounding boxes around each
detected object. The automated counting mechanism accurately calculated the total number of detected vehicles, demonstrating the
effectiveness of the YOLO-based detection framework in high-density traffic environments.

Fig. 3. MATLAB-Based Human Detection and Counting Output
Figure 3 presents the detection results obtained from an image containing multiple individuals. The system accurately identified
each person and generated corresponding bounding boxes while maintaining a correct object count. The results demonstrate the
capability of the proposed approach to perform reliable human detection and counting, making it suitable for crowd monitoring and

surveillance applications.
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Fig. 3. MATLAB-Based Human Detection and Counting Output

VII. CONCLUSION
This work presented a MATLAB-based Object Detection and Counting System utilizing a YOLO deep-learning framework for
automatic object recognition and enumeration. The proposed system successfully detected and classified multiple object categories,
including vehicles and pedestrians, while simultaneously maintaining accurate object counts.
Experimental evaluation demonstrated that the system achieved high detection accuracy and reliable counting performance across a
variety of image conditions. The generated bounding boxes effectively localized detected objects, enabling accurate identification
even in scenes containing numerous targets. The object counting module further enhanced the functionality of the system by
providing automated quantitative analysis without requiring manual intervention.
Although certain challenges were encountered in highly crowded scenes and under unfavorable lighting conditions, the overall
performance remained consistent and dependable. The results confirm that the proposed MATLAB implementation is capable of
providing an efficient solution for automated object detection and counting applications.
Future enhancements may include real-time video processing, advanced tracking algorithms, and deployment on embedded
platforms to further improve system scalability and practical usability. The findings demonstrate that deep-learning-based object
detection offers a robust and effective approach for intelligent monitoring and automated counting systems
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