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Abstract

The World Health Organization (WHO) considers the COVID-19 Coronavirus to be a global
pandemic. The most effective form of protection is to wear a face mask in public places. Moreover,
the COVID-19 pandemic prompted all the countries to set up a lockdown to prevent viral
transmission. According to a survey study, the use of facemasks at work decreases the chances of
fast transmission. If the facemasks are not used or are worn incorrectly, it contributes to the third
and fourth waves of the corona virus spreading throughout the world. This motivates us to conduct
an efficient investigation of the face mask identification system and monitor people, who use
suitable face mask in public places. Deep learning is the most effective approach for detecting
whether or not a person is wearing a face mask in a crowded area. Using a multiclass deep learning
technique, this research study proposes an efficient two stage identification (ETSI) for face mask
detection. Whereas, the binary classification does not offer information about face mask detection
and error. The proposed approach employs CNN's "ReLLU" activation function to detect the face
mask. Furthermore, in the current pandemic crisis, this research article offers a very efficient and
precise approach for identifying COVID-19. Precision has increased as a result of the employment

of a multi-class abbreviation in the final output.
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1. Introduction

Since December 2019, the COVID-19 pandemic is creating a long-term impact on several
countries throughout the world. On March 11, 2020, World Health Organization [WHO] classified
it as a life threatening illness, with a pandemic spread to 114 countries by developing a significant
population impact. Every medical expert, organization, medical practitioner, and researcher are

working hard to develop appropriate vaccinations and medications to combat deadly diseases [1].

The global coronavirus pandemic caused by the COVID 19 virus has led to an increase in
the use of face masks. Prior to Covid-19, people used masks to protect their health from air
pollution risks. Some of them are self-aware, but they suppress their emotions in public so they
don't look sad or depressed [2]. According to the World Health Organization, almost five million
individuals were infected with COVID-19 in 188 countries in less than six months. The primary
modes of virus transmission include close contact and crowded settings [3]. Figure 1 depicts the

unawareness of individuals, who do not wear a mask in a crowded area.

Figure 1. Easy Transmission of Corona Virus in Crowed Places
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Face mask detection encompasses detection and classification challenges since people
must include their faces into digital images and select whether or not to wear a mask. Because
facial detection methods were often employed, the first component of this issue, face detection,
was extensively studied in computer vision literature [4]. Alternatively, the second pandemic
component (whether or not the face is hidden) was recently drawn by the current study. While the
component has done important work in the last year [5], it is often restricted to detect whether or

not a mask is present in a picture.

It is not extremely important to assess whether the masks are properly positioned on the
face and should therefore be used under medical supervision [6]. As a result, the use of existing
visual mask detection techniques is restricted, and research into computer vision models is
encouraged, with the purpose of not only identifying the presence of face masks in pictures but
also determining whether the mask is correctly worn or not [7]. Figure 2 depicts an improperly

worn face mask in a crowded location.

Figure 2. Incorrect Use of a Face Mask in a Crowded Area
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This research work attempts to overcome this deficiency by focusing on the proper
positioning of the face masks. Here, a two stage effective identification method is proposed with
a large experimental dataset of faces from two publicly available donor datasets, MAFA [8] and
Wider Face [9], for the utilization in research and development. Photographs from common and
challenging donor datasets will be chosen and divided into groups of photos with correctly and
badly placed facial masks. In addition, proper or improper and posture descriptors are provided.
The built-in data set is initially used to conduct two stages of calculation (e.g. detection and
classification) in the facial mask images for evaluating the performance of different current face

detectors using masked face photos [10].

2. Organization of the Research

This research article is arranged further as follows; Section 3 provides current research on
facial mask recognition using various conventional methods. Section 4 covers the planned effort
to efficiently identify the face mask. Section 5 describes the outcome of the proposed work. In
section 6, the conclusion and future work will be addressed.

3. Preliminaries

Zhu et al propose a CMS-RCNN, a multi-scale contextual neural network based on regions
with a significant impact on the facial identification model [11]. Opitz et al have created a Grid
Loss Layer to minimize CNN layer substitution errors and solve biased obstacles generated by
mask detection models [12]. As technology advanced, more CNN-based 3D models started to
appear. It was an apprenticeship to identify face masks. More research has been conducted on the

identification of postures, gender evaluation, the placement of landmarks, etc. [13, 14].
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Face mask detection models have many variations. These may be divided into many
categories. The above-mentioned Viola-Jones (Jones, Viola, & Jones, 2001) was used to boost
waterfalls with easy hair qualities. Then, a multiview face mask sensor was developed by inspiring
the Viola-Jones detector concept. In addition, a face mask detector model was created by using
decision-making methods. Face mask detectors were very efficient in recognizing facial masks in
this category [15, 16].

However, these datasets have recently started to surface, owing largely to the COVID-19
pandemic. For instance, Wang et al., have presented three datasets to improve the performance of
masked facial recognition systems. They include the masked face detection dataset (MFDD) and
the real-world masked face recognition data set (RMFRD) (SMFRD). According to the authors,
MFDD is a first-published enhanced dataset version with 24,771 masked faces [17, 18].

A picture containing numerous features in the face detection process recognizes a face.
According to the author, face detection research involves facial monitoring, expression
recognition, and posture assessment [19, 20]. For example, it is difficult to distinguish faces since
photographs have varying forms, colors, sizes, and so on. The authors have identified two main

occlusive facial recognition challenges in [21], they are:
(1) The availability of large, masked and unmasked facial datasets
(2) The exclusion from the covered area of facial expression.

According to the S.Ge working report, the input image size of the computer-view
convolution neural network (CNN) is severely restricted. The typical method reshapes the images
to overcome the inhibition before they are incorporated into the network model [22]. The author
S.Ghosh et al proposed an excellent technique in the article of identifying many faces with masks

using a technology called deep learning to automatically identify masked faces [23]. Fasten RCNN
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and YOLOv3 models were used in the experiment. Experimental results show that F-RCNN is
more precise, but it is not used in security cameras in the current world. YOLOV3 is better if the
tradeoff between speed and precision is the measure. The author suggests that R-CNN should be

utilized faster if high-end GPUs are available on deployed devices [24].

4. Methodologies

This project must be implemented by combining deep learning, machine learning,
computer vision, and Python libraries. The proposal includes a mobile network backbone that may
be used in both high and low-density settings. Moreover, the proposed method employs multi-
class CNN algorithms [25].

Stage 1 - Facemask Detection

Input Image Pre-Processing Perform ROI
[Load Face
identify Model]
Detection
Output Image

Mask / No - Mask

Figure 3. Stage 1 face mask identification
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4.1 Stage 2 - Effective Facemask detection

The classification of input image is considered as the output of stage one and it has taken
into second stage for performing effective facemask detection. To determine whether or not facial
masks are being worn correctly, all the faces will be identified in the initial step of our pipeline

from where it should be classified into one of the two categories:
(i) Compliant (complete wrong)
(if) Non-Compliant (partial error)

For the first class, we evaluate the mask's position as well as the nose, mouth, and chin
covers. In the second session, we assess faces that do not have masks or have masks that have been
improperly adjusted. Using this setup, the facial regions will be selected from the images we supply
and later it will be sent to an identification procedure based on a standard size (provided by the
proposed model which contains efficient two stage identification (ETSI)). Figure 4 shows the

proposed MobileNet V2 architecture for stage 2 construction.

Output of

1st stage | 56x56 > 56x56 56x56 56x56 .
x24 expansion x144 depthwise x144 projection x24

Images convolution convolution convolution

Figure 4. Stage 2 Face Mask Identification
4.3 Two Stage Authentication

The complete experimental procedure utilizes the random pictures from the training sets
and categorizes all the observed aspects as compliant or non-compliant with the COVID-19 mask
placement criteria over the course of the experiment. The best-performing models from the first
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and second phases are used to create an activity recognition system or to recognize the compliant
face mask installations [27]. The system or installation is then tested against publically accessible
facial mask detection models. For the sake of detection and classification, compatible and non-

compliant faces are considered as two distinct classes (or objects) of faces.

5. Results Discussion

This research article comprises the ETSI face mask detection system, which is used to
identify the mask pictures with and without mask data sets. More than 800 pictures from Kaggle
were gathered and 1300 images from the FMLD benchmark data set were obtained for face mask
recognition. The proposed algorithm has performed in two stage detection, initially, face has
detected with or without mask for COVID-19 safety. After this procedure, extends our algorithm
to detect the perfect or improper wearing mask or not with effective manner through multi class

learning procedure [27]. Figure 5 shows some sample input test images.

Figure 5. Prediction on test image
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The proposed algorithm has superior than binary class deep learning approach. Besides, it
can detect perfect face mask detection (P-FMD) and improper FMD (I-FMD) in any crowd people
for many reason now a day. Figure 6 shows the obtained results by the proposed two stage

framework.

Figure 6. Results Obtained by our Proposed Algorithm

The dataset contains the selection of appropriate annotation images that are reasonably
balanceable between different categories (e.g. unmasked vs. male vs. female) and represent real-
world imaging conditions, where variability in appearance is expected over light, posture, image
quality and other similar factors. Figure 7 shows the difference of perfect FMD (P-FMD) and
improper FMD (I-FMD).

We effectively identify the MAFA and Wider Face datasets as appropriate donors and
select images for labelling from these datasets. Table 1 contains the calculation of performance

measures of various methods for detecting face mask.
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Figure 7. Obtained Results from Various Complaints

Table 1. Overall performance measures of various methods

S.No Methods Recall | Precision | Accuracy | Efficiency | Computation
time
1 Image processing 80% 79% 81.5% 74.21% Low
Method
3 Single stage 90% 88% 89% 89.23%
verification by Low
CNN
4 Proposed ETSI | 97.24% 92.5% 95.35% 99% Moderate

5.1 Performance Measures

The accuracy of classification is used to reflect the performance of the tested classification
models. The ratio between the number of accurate predictions and the total number of input

samples is determined. Precision may be calculated as,

| TP + TN
CCUraCY = Tb X TN+ FP + FN
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pocicion — TP
recision = s
Recall = —~
et = TP Y FN

Performance measures of ETSI

100%

90%

80%

70%

60%

50%

30%
20%

10%

Recall Precision Accuracy Efficiency Com putation
time

M Digital Image analysic  WCHN Proposed ETS1

Figure 8. Overall Performance of Proposed Algorithm

Figure 8 shows the overall performance measures of proposed algorithm. The computation

time is high when compared to other traditional methods.

6. Conclusion

Thus, the proposed ETSI facemask identification has been proved as a very efficient and
good accuracy to other algorithm. Face-mask detection is critical for COVID-19 pandemic
monitoring in many applications such as surgery room and so on, was the subject of this study,
which looked at the problem further. Finally, this research work concludes that the proposed

algorithm can use in any mass gathering public parks, examination hall and very sensitive area
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such as hospitals. This research work has developed an annotated benchmark dataset for the
investigation of face-mask detection issues, and an experimental research has been conducted to

investigate:
(i) The performance of current facial detectors using masked facial pictures

(i)The utility of current face-mask detection algorithms for COVID-19 surveillance

applications
(iii) The effectiveness of current face-mask detection algorithms.

Finally, the suggested method has been demonstrated to be successful, whereas existing
face recognition algorithms are only moderately useful for real-world applications since they
identify just facial masks in pictures but do not discriminate between where they are positioned.
To the best of our knowledge, no literature study was conducted on this topic. The proposed next
step is to train multiple classification models (hybrid) on our test data set to predict and evaluate
the correct placement of facial masks. Future iterations of the proposed mask identification system

will consider the candidate's age, gender, and geographic location.
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