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Abstract—The project presented in this report is a real-time face mask detection system using computer vision and deep learning 

techniques. The primary objective of this project is to develop a system that can detect whether a person is wearing a face mask or not, with a 

focus on real-time performance. 

The system utilizes pre-trained deep learning models for face detection and mask classification. It leverages the MobileNetV2 architecture as 

a feature extractor and deploys the model in real-time video streams. When a face is detected, the system classifies it as "Mask" or "No Mask" 

with associated confidence scores. The project involves key components, including the use of OpenCV for image processing and real-time 
video capture, TensorFlow/ Keras for deep learning, and the integration of pre-trained models. The code is well- structured, and it demonstrates 

proficiency in model loading, image preprocessing, and real-time video processing. 

 

The findings of the project showcase a practical application for face mask detection, which has gained significance in the context of public 
health and safety. The system provides a valuable tool for monitoring mask compliance in public spaces and can contribute to efforts to mitigate 

the spread of contagious diseases. The project demonstrates the importance of combining computer vision and deep learning in real-world 

applications, and it serves as a reference for those interested in similar projects or applications in the field of image processing and object 

detection. In summary, this project illustrates the successful implementation of a real-time face mask detection system and underscores its 
potential contributions to public health and safety measures. 

Keywords-. COVID-19pandemic;HAAR- CASCADE algorithm; mask detection; face mask image; non-face mask image. 

 

I.  INTRODUCTION  

The introduction section of this report aims to provide a 

comprehensive overview of the project's focus and significance. 

It begins by presenting the project as a real-time face mask 

detection system using computer vision and deep learning 

techniques. This serves as a high-level description of the 

project's core objectives. 

The introduction highlights the project's relevance by 

emphasizing its role in addressing the pressing need for 

technologies that contribute to public health and safety. In 

particular, it underscores the importance of such systems in the 

context of contagious diseases and the need for efficient 

monitoring of mask compliance in public spaces  

II. MOTIVATION 

In the motivation section, we delve into the driving factors 

behind the project. This includes an exploration of the global 

context, recent events, and emerging challenges. The 

motivation highlights the urgency of the project, explaining 

why it is a relevant and timely endeavor. 

We discuss the imperative for technologies that can ensure 

public safety and reduce the transmission of contagious 

diseases. This section also emphasizes the potential benefits of 
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a real- time face mask detection system in various scenarios, 

from public spaces to healthcare facilities and educational 

institutions.[3] 

III. PROBLEM DEFINITION 

The problem definition section articulates the specific challenge 

the project addresses: the real- time detection of face masks in 

dynamic environments.[3] We provide a detailed account of the 

complexities involved in identifying whether an individual is 

wearing a mask in real-time,[3] including variations in lighting, 

face angles, and different mask types. This section serves to 

establish a clear understanding of the central problem and its 

Significance. It sets the stage for explaining how the project 

aims to tackle this challenge. 

IV. SCOPE OF THE RESEARCH 

The scope section defines the boundaries and limitations of the 

project. It outlines what the project covers and specifies aspects 

it does not address.[7] In this case, it clarifies that the project 

focuses on the technological aspects of mask detection and may 

not encompass broader policy or legal considerations related to 

mask compliance. Setting clear boundaries is crucial for 

managing expectations and understanding the scale of the 

project. 

 

The project's scope covers the development of a real-time face 

mask detection system.[3] It encompasses the integration of 

pre-trained deep learning models, image processing, and video 

stream analysis.[10] However, it is essential to acknowledge 

that this project's scope is focused on the technological aspects 

of mask detection and may not address broader policy or legal 

considerations. Application of the Project The application 

section explores the practical uses of the project in various real-

world contexts It highlights the versatility of the face mask 

detection system, including its potential deployment in public 

spaces, healthcare settings, and educational institutions. By 

presenting these applications, this section demonstrates the 

project's adaptability and its potential impact on diverse 

domains. The application of this project is versatile and can be 

applied in various contexts, including: 

 

Public spaces, such as airports, malls, and public transportation.  

Healthcare facilities, to ensure compliance with safety 

protocols. Educational institutions, to monitor mask-wearing 

among students and staff. Expected Outcome of the Project In 

this section, we discuss the anticipated results and contributions 

of the project. This includes expectations related to the system's 

functionality, its role in enhancing public safety, and its 

significance in addressing current challenges. The section 

serves to set clear expectations for the project's outcomes and 

impact. The expected outcome of this project is the 

development of a functional and accurate face mask detection 

system. This system will be capable of real-time analysis, 

providing a valuable tool for public safety. The project's 

findings will contribute to the broader understanding of 

applying computer vision and deep learning to real-world 

scenarios. 

 

V.  ORGANIZATION OF THE PROJECT REPORT 

The organization section outlines the structure of the project 

report. It provides a roadmap for readers, explaining how the 

report is structured, the contents of each chapter, and where to 

find specific information. This section aids readers in 

navigating the report effectively and locating the sections of 

particular interest. This detailed breakdown of each point in the 

introduction chapter ensures that readers have a clear 

understanding of the project's background, motivation, 

objectives, scope, applications, and expected outcomes. 

 

VI. PROPOSED SYSTEM: SURVEY OF LITERATURE/EXISTING 

SYSTEM 

In this section, we conduct a survey of the existing systems and 

relevant literature. This exploration allows us to understand the 

landscape of face mask detection technology, including similar 

projects, their methodologies, and their achievements. We delve 

into the technical aspects, such as the use of deep learning 

models, image preprocessing, and real-time video analysis, 

which are common in existing systems. Additionally, we 

analyze the advantages and limitations of these systems, 

considering their accuracy, real-time performance, and 

scalability. By conducting this survey, we gain insights into the 

state of the art in face mask detection and identify potential 

areas for improvement.[7]. 

 

Building on the survey of existing systems, this section focuses 

on the limitations and gaps that exist in the current landscape of 

face mask detection technology. We critically assess the 

shortcomings and areas where previous systems may fall short, 

especially concerning real-time performance, robustness in 

challenging environments, and usability. 

 

The gap analysis is crucial for identifying the specific areas 

where our proposed system aims to excel. It serves as the 

foundation for defining the project's unique contributions and 

innovations. We consider how addressing these gaps can lead 

to a more effective solution. 

 
Table 1: - Survey of literature / Existing system 
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VII. Limitations of existing systems / Gap analysis 

 
Table 2 :- Gap Analysis for existing face mask  detection system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VIII. Proposed System 

 

The proposed system represents the culmination of our 

project, incorporating advanced computer vision and deep 

learning techniques to create a real-time face mask detection 

solution. This system leverages a Python-based application that 

utilizes the OpenCV library for image processing, TensorFlow 

and Keras for deep learning, and the MobileNetV2 architecture 

as a feature extractor. 

Real-time Video Processing: The core of our system is based 

on real-time video processing. The Python code continuously 

captures video streams from the selected camera source, 

analyzing frames in quick succession. 

Face Detection: We employ a pre-trained deep learning 

model (prototxt and caffemodel) to detect faces within the video 

frames. This model, provided by OpenCV, effectively locates 

faces, even when partially obscured or under challenging 

lighting conditions. 

Face Mask Classification: Upon detecting a face, our system 

proceeds to classify whether the individual is wearing a mask 

or not. This is achieved using a deep learning model that was 

trained specifically for face mask classification. The model 

assesses the features of the detected face, assigns labels, and 

calculates confidence scores. 

Bounding Boxes and Labels: For each detected face, the 

system draws bounding boxes around the face region and adds 

labels indicating whether the person is wearing a mask or not. 

These visual indicators provide real-time feedback for users and 

operators. 

IX. Requirement Gathering, Analysis and Planning 

A. Requirement Specification: 

In the context of our project, requirement specification serves 

as the blueprint for creating a real-time face mask detection 

system. It outlines the functional and non-functional 

requirements that the system must meet.[4] From a technical 

perspective, it specifies the need for real-time video processing, 

accurate mask detection, a user-friendly interface, and 

adaptability to various camera sources. This section ensures that 

all project objectives are clearly defined and aligned with the 

intended outcome. 

 

B. Feasibility Study: 

 

The feasibility study assesses the practicality of the project, 

which is fundamental to its success. From a technical 

standpoint, it confirms the project's viability, considering the 

availability of required resources, potential challenges, and 

alignment with the intended purpose. It helps ensure that the 

technical aspects of the project are well-considered and that the 

project is on track in terms of its economic and operational 

feasibility.[9] 

 

1. Methodology: 

Methodology is at the core of our project's technical execution. 

It details the step-by-step process of real-time face mask 

detection. This includes capturing video streams, face detection, 

mask classification, data preprocessing, and model loading. The 

methodology ensures that the technical execution aligns with 

the project's goals and provides a clear road map for project 

development. As long as the methodology is well-structured, 

everything is on track. 

 

2. Data Description : 

To train the face mask detection system, a dataset consisting of 

images with and without face masks is required. The dataset 

should be carefully curated and contain variations in mask 

types, facial orientations, lighting conditions, and other factors 

that reflect real-world scenarios. 

In this project, the dataset consists of 1915 images labeled as 

'with_mask' and 1918 images labeled as 'without_mask'. The 

dataset is visually analyzed to understand the distribution of 

images in each category. 

 

3. Data Preparation : 

The dataset undergoes several preprocessing steps to ensure 

compatibility and enhance the model's performance. These 

steps include data augmentation, data splitting, image resizing, 

and data normalization. Data augmentation is performed to 

increase the number of images in the dataset. Techniques such 

as rotation and flipping are applied to the existing images, 

resulting in a larger dataset. After data augmentation, the dataset 

contains a total of 2751 images, with 1380 images in the 

'with_mask' class and 1371 images in the 'without_mask' 

class.[6] The dataset is then split into a training set and a test 

set. In this project, an 80-20 split is used, where 80% of the 

images are allocated to the training set, and the remaining 20% 

are allocated to the test set. This ensures a sufficient amount of 

data for training the model while also having a separate set for 

evaluating its performance.[4] 
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4. Choice of Model : 

The model chosen for the face mask detection system is the 

MobileNetV2 architecture.[5] MobileNetV2 is a lightweight 

and efficient convolutional neural network (CNN) model that 

balances accuracy and computational efficiency. Transfer 

learning is employed by utilizing pre-trained weights from 

MobileNetV2, which were trained on large-scale image datasets 

such as ImageNet. The MobileNetV2 model is customized by 

adding new classification layers specific to the face mask 

detection task. These layers are connected to the base 

MobileNetV2 model's output and initialized with random 

weights. 

 

C. Technology: 

 

The technology section specifies the tools and libraries used in 

the project. It outlines Python as the primary programming 

language, OpenCV for image processing, TensorFlow/Keras 

for deep learning, and the MobileNetV2 architecture. 

Technology selection plays a crucial role in the project's 

success. As long as the chosen technologies are appropriate for 

the task and well-integrated, the project is on track in this area. 

 

D. Gantt Chart and Process Model : 

 

The Gantt chart and process model provide a visual 

representation of the project's schedule and workflow.[1] The 

Gantt chart outlines project milestones and deadlines, ensuring 

that the project progresses in a timely manner. The process 

model showcases the interconnected steps in the project's 

development, ensuring a well-structured workflow. As long as 

the project adheres to the schedule and process model, it is on  

track in terms of project management. 

 

 
 

Figure 1 :- Gantt Chart 

E.  System Analysis: 

 

System analysis breaks down the project into functional, 

structural, and behavioral models. The functional model ensures 

that all project requirements are met, the structural model 

showcases a well-organized system architecture, and the 

behavioral model outlines the system's responses. As long as 

these models accurately represent the project and its 

components, the project is on track in terms of design and 

functionality. 

 

F. Functional Model: 

 

The functional model of the face mask detection project defines 

the core functionalities and interactions within the system. It 

encompasses real-time video capture from a selected camera 

source, face detection using a deep learning model, mask 

classification, visualization with bounding boxes and labels, 

and a user interface for easy configuration and monitoring. 

 

G. Structural Model: 

 

The structural model provides an architectural overview of the 

project, illustrating how various components are organized and 

interact. It comprises the video capture module, face detection 

module, mask classification module, visualization module, and 

the user interface module. 

H. Behavioral Model: 

 

The behavioral model outlines how the system responds to 

different scenarios and inputs. It covers normal operation, 

handling face detection failures, accurately classifying mask 

presence, and user interactions with the graphical interface. The 

system operates seamlessly in typical scenarios and gracefully 

handles exceptions, ensuring accurate and user-friendly real-

time results. 

 

X. SYSTEM DESIGN AND EXPERIMENTAL SET UP 

 

A. Data Flow Diagram / Physical Layout / Block: 

 

In our project, we can consider a simplified data flow diagram: 

Data Flow: Real-time video frames are captured by cameras or 

webcams and processed by the code.[8] 

Processing: The captured frames are passed through a face 

detection model to locate faces within the frames. The 

coordinates of detected faces are extracted. 

Classification: The extracted face regions are classified by a 

mask detection model, which determines if a person is wearing 

a mask or not. 

Visualization: The code displays the video feed with bounding 

boxes around detected faces and labels indicating mask 

presence. 
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Output: The real-time video feed and classification results are 

presented to the user. 

A simplified block diagram for your project would include 

components like the computer, cameras/webcams, face 

detection model, mask detection model, and the output display. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2:-Data Flow Diagram for Face mask Detection System 

B. Algorithm / Flowchart / Pseudo Code Design / UML       

Diagrams: 

 

Algorithm: Our code defines algorithms for capturing and 

processing video frames, face detection, and mask 

classification. It involves iterative steps for face detection, 

including filtering weak detections and bounding box 

calculations, and mask classification based on model 

predictions. 

 

Figure 3 :- Flow Chart of FaceMask Detection System 

Pseudo Code Design: 

  

Load pre-trained face detection and mask classification models. 

Initialize the video stream for real-time frame capture. 

Detect faces in each frame and classify them as "Mask" or "No 

Mask." 

 

Draw bounding boxes and labels on detected faces. 

Display the processed frame with face mask detection results in 

real-time. 

 

 
Figure 4 :- UML Usecase Diagram for Face Mask Detection System 

C. User Interface Design (Snapshots) (If applicable): 

 

In our current code, there isn't a traditional user interface, but 

you can incorporate one in future development. The user 

interface would allow users to interact with the system, 

configure camera sources, and visualize real-time results. 

 

        Live Webcam: 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5 :- live Webcam 
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D. Face Mask Detection in webcam stream: 

The flow to identify the person in the webcam wearing the face 

mask or not. The process is two-fold. 

 1. To identify the faces in the webcam 

 2.Classify the faces based on the mask. 

 

1. Identify the Face in the Webcam: 

To identify the faces a pre-trained model provided by the 

OpenCV framework was used. The model was trained using 

web images. OpenCV provides 2 models for this facedetector. 

2.  Details about Input to Systems or Selected Data: 

Our system's primary input is real-time video data from the 

selected camera source. This data serves as the foundation for 

face detection and mask classification. The code doesn't rely on 

static datasets but captures dynamic video streams for analysis. 

 

E. Training Dataset: 

 

 
Figure 6 :- Dataset 

F. Real Time Input: 

 

 
Figure 7 :- Realtime input 

Here     we can see that our mode is 100 % sure or accurate 

that a person  is not wearing a mask. 

Real Time Output: 

 

 
 

Figure 8 :- Realtime Output 

Here we can see that our mode is 89.13 % sure or accurate that                             

the person is wearing a mask. 

 

 
 

Figure 9 :- Training loss and accuracy 

"train_loss" refers to the loss value (a measure of how well the 

model is performing) during the training phase of the model. It 

represents the error between the predicted outputs of the model 

and the actual outputs for the training data. "val_loss" refers to 

the loss value during the validation phase of the model. It 

represents the error between the predicted outputs of the model 

and the actual outputs for the validation data. The validation 

data is a separate subset of the dataset that is not used for 

training but is used to evaluate the model's performance and 

check for overfitting. "train_acc" refers to the training accuracy 

of the model, which represents the percentage of correctly 

predicted instances in the training data. "val_acc" refers to the 

validation accuracy of the model, which represents the 

percentage of correctly predicted instances in the validation 

data.  

 

These values are typically recorded and monitored during the 

training process to assess the model's performance, identify 

potential issues such as underfitting or overfitting, and make 
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decisions regarding model optimization and hyperparameter 

tuning. 

 

G. Software and Hardware Set up: 

Software: The code requires TensorFlow, Keras, OpenCV, and 

imutils for deep learning, image processing, and real-time video 

capture. These libraries are essential for its functionality. 

Hardware: The hardware setup includes a computer or device 

capable of running the code efficiently. Additionally, you need 

cameras or webcams for video capture. The performance of 

your system may vary based on the specifications of your 

computer and the quality of the camera. 

  

XI. CONCLUSION 

A. Summary of work completed: 

In this project, we developed a real-time face mask detection 

system using deep learning and computer vision techniques.[4] 

The system can process video streams and identify whether 

individuals are wearing masks or not.[10] The project included 

the following key components:  

Integration of a pre-trained face detection model to locate faces 

in each frame. 

Classification of detected faces into "Mask" or "No Mask" 

categories using a mask detection model.  

Real-time display of bounding boxes and labels on the video 

stream to indicate the presence or absence of masks.  

Evaluation of the system's performance using a test dataset and 

the generation of a confusion matrix. 

The project successfully achieved the objectives of creating a 

face mask detection system and evaluating its accuracy and 

performance. It can serve as a valuable tool for applications 

such as enforcing mask-wearing policies and ensuring public 

safety during the ongoing COVID-19 pandemic. 

 

B. Implementation Plan for Next Semester: 

While the current implementation of the face mask detection 

system is functional, there is room for further improvement and 

expansion in the next semester. The following implementation 

plan outlines potential enhancements and areas of focus: 

Model Optimization: Continue to fine-tune and optimize the 

face mask detection model to improve accuracy and speed. This 

may involve experimenting with different model architectures 

and hyperparameters. 

Deployment: Explore deployment options for the system, such 

as creating a user-friendly interface or integrating it with 

surveillance systems for wider applications. 

 

Data Collection: Gather more diverse and extensive datasets to 

further enhance the model's robustness and generalization. 

Privacy Considerations: Address privacy concerns related to 

video surveillance and data storage by implementing 

anonymization techniques and complying with relevant 

regulations. 

User Feedback: Collect user feedback to understand the 

usability and practicality of the system and make adjustments 

accordingly. 

Scalability: Investigate the system's scalability for use in larger 

public spaces and crowded environments. 

Collaboration: Collaborate with healthcare professionals and 

authorities to align the system with their specific requirements 

and guidelines. 

Voice Integration: Explore the integration of a voice system to 

provide audio alerts or instructions based on the mask detection 

results. This feature can enhance communication and 

compliance with mask-wearing guidelines in public spaces. 

 

In the next semester, the project can be expanded and refined to 

provide an even more effective and useful solution for face 

mask detection in various real-world scenarios. This 

implementation plan sets the direction for ongoing development 

and optimization. 
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