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not wear their masks when they step out. Therefore, we propose to design a
mask detection system that alerts the concerned people with an alarm when the
person in question is not wearing a mask. For this, we shall be using the medical
imaging dataset obtained on Kaggle. In addition to this, we incorporate CNN
and ResNet to train the model and OpenCV to test it with real-time data. We
aim to obtain a high accuracy to ensure perfect face mask detection.
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1. Introduction

With the increasing torment and influence of COVID-19 across the world, there have been significant
changes in people’s lifestyles. The biggest change, arguably, has been the frequent use of masks in
public spaces. Almost all the countries recommend the use of masks whenever an individual is stepping
out of his/her house or meeting people. Tom Li et al. [1] have evaluated the potential impact of wearing
masks through mathematical modeling and the use of effective scientific evidence. They compared
Asian countries that have made masks mandatory to other countries with no such rule. Finally, they
concluded that the Asian countries had much fewer COVID cases when compared to other countries.

However, despite the government’s strict policy and various awareness campaigns across the world,
people have been extremely negligent in terms of wearing masks and have been flouting rules quite
frequently. This is seen especially in countries like India due to which COVID cases increased by a
huge number and still on the rise despite the vaccine drive. Hence, India still cannot abandon masks
even though it happens to be the largest producer of vaccines. So, it becomes exceedingly important to
ensure that every citizen of the country wears a mask and follows social distancing norms to ensure the
safety of themselves as well as the people around them. For this purpose, we are making a mask
detection system to correctly detect the presence or absence of masks on people’s faces.

For image classification, we are using a type of Convolutional Neural Networks (CNNs) called ResNets
(Residual Networks). CNN is a highly effective Deep Learning technique for image classification and
object detection. This is mainly because of the feature extraction process done through convolution and
pooling.

Convolution is the process of running a kernel or a filter of a preferred size over the image to extract
the pixel-by-pixel features of the image. This will enhance the important features of the image by
making it more prominent and hence, will improve the accuracy of prediction. We are using a 3x3
kernel in our convolutional layer. Xie D et al. [2] have proven the importance of a convolution kernel
by generating a pencil sketch version of many images by modifying the values on the kernel or filter.

Pooling is the process of reducing the number of parameters in the resultant image obtained after
convolution. This makes computation easier, faster, and more efficient as the computational time is
directly proportional to the number of parameters. We are using a Max Pooling layer with a 2x2-feature
map to reduce the parameters. Max-pooling performs better than the opposite alternatives because it is
the sole one that is invariant to the special pad tokens that are appending to the shorter sentences known
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as padding.[3] In this paper, we aim to classify the images correctly into the categories ‘wearing a mask’
and ‘not wearing a mask’.

Related Works

Jiahui Yu et al. [4] in the paper “UnitBox: An Advanced Object Detection Network™ have identified
the need for accurate bounding boxes to achieve the best level of face detection. They have adopted the
Intersection over Loss (loU) loss function for bounding box prediction which regresses the four points
of a predicted box as a whole unit. Moreover, it also performs accurate and efficient localization, shows
robustness to various sizes and shapes, and converges fast. Using the above statements as proof of the
importance of bounding boxes, we have also chosen to implement bounding boxes for better
localization and face detection.

Mohamed Loey et al. [5] in the paper “Fighting against COVID-19: A novel deep learning model based
on YOLO-v2 with ResNet-50 for medical face mask detection” used two different medical imaging
datasets to train the model better. Moreover, they used ResNet-50 to make the feature extraction more
efficient and YOLO v2 for the actual mask detection. Also, they used the Adam optimizer and loU to
finally obtain a result of 81% for their model. Hence, ResNet-50 was the ideal model architecture for
us to use in our project.

Md. Sabbir Ejaz et al. [6] in the paper “Implementation of Principal Component Analysis on Masked
and Non-masked Face Recognition” implemented Principal Component Analysis (PCA) on masked
and non-masked faces. They try face detection and identification with masked and unmasked faces and
compare the models to see which one works the best. Ultimately, they came up with the conclusion that
PCA was the best technique in case of a person’s identification regardless of whether he/she is wearing
a mask. Since PCA is a feature extraction technique, we also emphasized the importance of feature
extraction through our project.

Zhigou Zhu et al. [7] in the paper “Application of attitude tracking algorithm for face recognition based
on OpenCV in the intelligent door lock “have used OpenCV for attitude tracking. They have identified
the various problems that arise in the field of automation, especially when it comes to controlling the
operation of certain equipment that depends heavily on the quality of face detection. Hence, they have
concluded the paper by stating the importance of OpenCV in terms of real-time face detection which
can potentially power various tasks. Therefore, we have chosen OpenCV for real-time testing and
detection of our faces.

In this paper, we propose to detect the presence and absence of face masks on people accurately with
the use of 50 layered residual network and OpenCV for real-time face detection.

2. Materials And Methods
A. Dataset Collection

We have made use of a medical imaging dataset available on kaggle.com which comprises 682 images
in which there are 3000 faces of people wearing masks properly and around 700 faces of people either
not wearing masks or wearing them improperly. It also contains XML files with the labels — ‘Good’,
‘Bad’, and ‘None’ representing the presence, absence, and improper use of masks, respectively.

Fig 1. Overview of dataset

B. Extracting faces using bounding boxes
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It is insufficient to train the model using the images in their original form because a lot of the images
contain a mix of people who are wearing masks and people who are not. Therefore, we need to extract
each face from every image and make it into a separate dataset. For this task, we use the bounding box
coordinates provided in the XML files along with the respective label for each face. It is as shown in
Fig 2.

<annotation>
<folder>images</folder>
<filename>Xiaomi-mi-Purely-Mask-with-PM2-5.jpg</filename>
<path>P:\mask mouth\images\Xiaomi-mi-Purely-Mask-with-PM2-5.jpg</path>
<source>
<database>Unknown</database>
</source>
<size>
<width>aee</width>
<height:>80a</height>
<depth>3</depth>
</size>
<segmented>d</segmented>
<object>
<name>good</name>
<poserUnspecified</pose>
<truncated>@</truncated>
<difficultra¢/difficult>
<bndbox>
<Xmin>346</xmin>
<ymin>328<¢/ymin>
<xXmax>535¢/xmax>
<ymax>542</ymax>
</bndbox>
</object>
</annotation>

Fig 2. XML file for each image.

Fig 3 and Fig 4 represent the dataset before and after the face extraction is done using bounding box
co-ordinates,

Fig 3. Before face cropping/extraction.

Fig 4. After face cropping/extraction.
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C. Training the model

To train our model, we use the ResNet-50 architecture. The main feature of this architecture is that it
strikes a good balance between computational requirements and model accuracy. Therefore, we have
chosen this to be the architecture [11-18].

Moreover, we have chosen the Cross-Entropy loss function and Adam optimizer to update weights and
biases. Further details about the same are as follows.

1) ResNets: In the case of any neural network, the normal convention states that the model
accuracy should improve with

the increase in the number of layers. However, this only holds good for a limited number of layers after
which the error starts increasing with every single layer.

Therefore, we use a particular variant of CNN called ResNet, which is short for Residual Neural
Network. A ResNet has something called ‘skip connections’ as shown in Fig 5. which prevents
saturation and degradation of accuracy.

Weight Layer

F(X) ReLU
A 4

Weight Layer

F(X)+X

Fig 5. Pictorial representation of skip connection.

There are many variants of ResNets like ResNet-18, ResNet-22, ResNet-34, etc. We have made use of
ResNet-50 as stated earlier.

2) ReLU Activation Function: Activation functions activate certain connections of the neural
network to push the results

in favor of the class with the highest probability. There are many activation functions, but ResNets
make use of ReLU or Rectified Linear Unit, which has the following formula: -

y = max (0, X)

Where y refers to the output after applying the activation function and x refers to the input fed to the
activation function, it outputs 0 when x < 0, and conversely, it outputs a linear function when x >0 [8].

Activation functions like Sigmoid, TanH, and Softmax have a common problem called vanishing
gradient which halts the optimization of weights and biases. Due to this, the model stops training, and
the accuracy stagnates. ReL.U eliminates this.

3) Cross-Entropy loss function: Cross-Entropy is a very important loss function and is generally
preferred in the case of

classification problems.

Here, the term entropy refers to the level of uncertainty inherent in the variable’s possible outcome. The
higher the value of entropy, the greater is the level of uncertainty and vice versa.

In the case of the cross-entropy function, each predicted class probability is compared to the actual class
and an error is generated based on that. Since it is logarithmic, it penalizes the model for large
differences nearing the value 1 and is soft in case of small differences nearing the value 0.

The formula for cross-entropy loss function is as follows:
C

CE = —Z t;log (s;)

L
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4) OpenCV: OpenCV is a computer vision library containing a wide variety of algorithms for the
Al community [9]. This

was built to accelerate the use of machine perception in day-to-day life. It has well over 2500 algorithms
which include both classic and state-of-the-art machine learning algorithms.

In our project, we are using OpenCV for real-time testing. It makes use of the connected camera to
extract the live video frame by frame, where it specifically narrows down on the face by using the
get_frontal_face_detector function. Then, it feeds each frame to the model and displays the relevant
output on the screen based on the model’s prediction.

5) Adam Optimizer: Adam, just like the Stochastic Gradient Descent algorithm, is used for
updating weights iteratively

when working with training data. It combines the advantages of two other extensions of SGD, namely
AdaGrad and RMSProp.

While SGD keeps the learning rate constant throughout the training process, Adam works differently.
It maintains a per-parameter learning rate that improves performance on problems with sparse gradients
like Computer Vision and Natural Language Processing. This is a property of the Adaptive Gradient
Algorithm.

RMSProp maintains a per-parameter learning rate that changes based on the average of recent
magnitudes of gradients, i.e., how quickly it is changing. Therefore, the algorithm performs well on
non-stationary problems.

However, instead of adapting parameter-wise learning rates based on mean, Adam optimizer makes use
of the average of the uncentered variance.

- 839 - Available online at: https://jazindia.com



https://jazindia.com/

Mask Detection Using CNN and OpenCV

Architecture of
ResNet-50
Stage 3
Stage 1
Stage 4
Stage 2

Fig 6. Architecture of ResNet-50
The entire process can be summarized using a flowchart shown in Fig 7.
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Fig 7. Flowchart depicting implementation procedure.

TABLE | System Requirements

Software Requirements

Hardware Requirements

Anaconda 3.5.6
Pytorch 1.0.0
Online GPU (Google Colab/Kaggle Kernel)

Laptop with minimum specifications:
4GB Ram
CPU at 1.60 GHz
Intel core i5
64-bit Operating System

IDE - Jupyter Notebook

3. Results and Discussion

Here, we trained the model with 80% of the images as a training set and the remaining 20% as the
validation set. We did not use a separate test set since we used OpenCV for real-time testing of our
model. Finally, we ended up with an accuracy of around 93% for our best performing epoch, which is

shown in Fig 8.
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Fig 8. The training loss was obtained after each epoch.

To get a clearer picture, the progression of accuracy with each epoch can be observed through the graph
in Fig 9.

091

0.90

25 50 15 wo 125 150 175 200
Epochs

Fig 9. Graph describing the progression of accuracy with each epoch.

4. Conclusion

Preethi Nagrath et al. [10] have used deep learning with TensorFlow and Keras as deep learning
frameworks for model training, OpenCV for real-time testing, and Single Shot multibox detector for
face detection. Ultimately, they were able to successfully obtain an accuracy of 92.64%. We have used
PyTorch as the deep learning framework, OpenCV for real-time testing, and get_frontal face detector
from the dlib library for face detection. In this process, we have obtained an even higher accuracy of
93%.

As part of the future work, we would want to integrate and control devices based on our model’s
predictions. Hence, we would be able to integrate our system with doors and alarms to make it work
seamlessly.
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