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ABSTRACT

Infectious diseases like Covid-19 transmits and contaminates via dispersal through aerial
medium has become a serious issue nowadays that stimulated increasing the facemask usage.
However, in densely populated countries it is very hard for law enforcing organizations to monitor
the number of people wearing mask and those who are not wearing any in public. For this reason,
a facemask detection model can be developed for security cameras in public places and surveil on
people. In this research, researchers developed a prototype of facemask detector using python
codes and artificial intelligence. Since Machine cannot understand human language, developers
use different types of programming languages for training machine. Here, Python was used with
the help of its packages to train models and two separate python files were developed to complete
this research; the first one is to develop a mask detector and the other one to combine mask and
face detector, combined together to develop facemask detector in real time. Data was collected,
analyzed and visualized with python programming language, model was trained using ConvNet
(Convolutional Neural Network) and finally an output was received from a raw input, which can
detect mask in human face.

Keywords: Artificial intelligence; Machine learning; Python programming language; Covid-19.

INTRODUCTION

Science has established that daily works can be effectively done, even accelerated by many
degrees by the use of Al (Artificial intelligence). A recent study has established that Al can be
used for facial mask presence detection during the Covid-19 pandemic situation. Since wearing a
mask is a matter of utmost importance for people to curb the rate of infection by the SARS Cov2
virus, the outcome of the study will definitely produce some positive impact in the global
movement of reinforcing wearing a mask in public. This research is based on Artificial Intelligence
(Al) with taking the help of deep learning method and machine learning. To conduct the research,
the machine needed to be trained to use its own intelligence. However, since machine cannot
understand any human languages and emotions, researchers needed to use a programming
language. Here, ‘Python Programming Language’ was chosen for completing this research.

The main objectives of the study are:

1. To make a facemask detector prototype.
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To monitor people in public places that they are following prevention protocol.
To make the facemask detection process from manual to automatic.

To lower costs and human effort.

To maximize the effectiveness of the process.

To develop knowledge and experience on machine learning and artificial
intelligence
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REVIEW OF THE LITERATURE

There is huge amount of previous studies available online that discussed about the Artificial
Intelligence and related fields. Most of them showed the factors related to Al like deep learning,
machine learning, CNN, ANN, MobileNet, programming languages and so on. As well as The
importance of mask usage has been emphasized by entrepreneuring universities in time of Covid-
19, according to Salamzadeh and Dana (2020), and others as they conducted qualitative research
by interviewing twenty-five experts from different countries in the Middle East, including Iran,
Turkey, Irag, United Arab Emirates, and the respondents were engaged in five online focus group
sessions while the findings were coded. While researchers like Altinbas et al. (2021), investigated
if the Patients with COVID-19 under the Risk of Cardiovascular Events, and sclerosis
(Ghajarzadeh et al., 2020). In this research, all the factors have been defined related to the thesis
that other literature discussed about. While the disruption of various startup businesses due to
COVID-19 were discussed in (Salamzadeh & Dana, 2020).

Python Programming Language

Sanner et al. (1999) mentioned that python is an interpreted, object-oriented and interactive
as well as simple yet powerful general purpose programming language. He also told that various
type of high-level data types are provided by python. Though there are some other objects can be
found in python also. In addition, python has various kind of statements that are simple in nature
(van Rossum & de Boer, 1991).

Artificial Intelligence

Researchers are always trying to make machine think by itself with the help of Al. Al is
used for robotics, which is one of the sub areas of itself. Al can be used in medical fields as well,
since Charniak (1985) mentioned that Al is the study of cognitive faculties using computational
models. Al refers to provide intelligence to the machine so that it can act like human, solve
problems using its own intelligence.

Machine Learning

Machine learning is a method of Al to choose for computer vision, controlling robot, and
speech and face recognition and so on. Many Al developers consider that training a system by
showing it examples is easier than doing it manually. There is a broad range of machine learning
in the field of computer science (Jordan & Mitchell, 2015).

Deep Learning
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Deep learning algorithms are a subset of machine learning algorithms. Computer vision,
transfer learning, natural language processing etc. are the approaches of deep learning method
(Guo et al., 2016). The conventional machine learning techniques had limitations, which Deep
learning methods overcame. It advances in solving high-level problems, discovering intricate
structures in high-level data, image and speech recognition and many more (LeCun et al., 2015).
Deep learning can be successfully applied to analyze image and recognize target. For this, the non-
uniformity of the shape, position and size of welding defects have impacts. Before that, it was a
complicated task to analyze and evaluate the acquired welding defects images manually (Pan et
al., 2020).

Face Detection

To develop a facemask detector, developing two individual detectors is necessary. At first,
it is needed to develop a mask detector model individually and then a face detector model. Then
both of them needed to be combined in a separate file, which will finally create a facemask
detection prototype. Same spatial configuration, large components of non-rigidity and textural
differences among faces make face recognition a difficult task, so, it is mandatory to train machine
a lot by giving them more and more examples. It has also potential applications in human-computer
interfaces and surveillance systems (Sung & Poggio, 1998).

Convolutional Neural Networks

CNN or ConvNet is a class of deep learning or deep neural network. It is used for analyzing
visual imagery shown in Figure 1.
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FIGURE 1
CONVOLUTIONAL NEURAL NETWORK

CNN is a simplified way of ANN. CNN analogous to traditional ANN in that they are
comprised of neurons that self-optimize through learning (O'Shea & Nash, 2015). Convolutional
neural network (CNN) is a part of deep neural network (DNN). In fact, it is one of the most popular
among the DNNs. There are no parameters in pooling and non-linearity layers. However,
parameters are present in convolutional and fully connected layers (Albawi et al., 2017). The
datasets were collected from the GitHub account of ‘Balaji Srinivas’ which has been appreciated
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in the reference (Srinivas, 2020). There are total 1915 images in the folder named ‘with_mask’.
Moreover, the ‘without_mask’ folder contains 1918 images.

RESEARCH METHODS

This research has been completed with the help of machine learning, precisely the deep
learning methods. Here convolutional neural network has been used with a slight change.

Data Analysis Plan

As previously mentioned, the datasets contain different types images divided in two sub-
folders. With the help of the data analyzed by Python, at first the machine was trained and a mask
detector model was developed. A face detector was collected from online (Srinivas, 2020). After
that, both the detectors were combined to develop facemask detector (Figures 2 & 3). After the
development is completed, it was implemented into real time using laptop camera.
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FIGURE 2

WITH MASK AND WITHOUT MASK DATASET

FIGURE 3

FACE MASK DETECTOR
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RESEARCH ANALYSIS AND FINDINGS

To develop model and use the model in the real time camera, the following dependencies
or python packages needed to be installed first shown in Figure 4.

: requirements.txt - Notepad

File Edit Format View Help
ltensorflow>=1.15.2
keras==2.3.1
imutils==0.5.3
numpy==1.18.2
opencv-python==4.2.0.*%
matplotlib==3.2.1
scipy==1.4.1

FIGURE 4
REQUIREMENTS

There are two ways to install this package. For installation purpose, a virtual environment
needs to be created and activated to the working folder as the following Figure 5.

o C:\Windows\System32\cmd.exe

Microsoft Windows [Version 10.0.19042.746]
(c) 2020 Microsoft Corporation. All rights reserved.

E:\Test>python -m venv --system-site-packages .\venv

E:\Test>.\venv\Scripts\activate

(venv) E:\Test>

FIGURE 5
CREATING AND ACTIVATING VIRTUAL ENVIRONMENT
Mask Detector Model

At first all the necessary packages were needed to be imported into the python file.
Packages needed are shown in Figure 6 and Figure 7.
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FIGURE 6
IMPORTING PACKAGES

DIRECTORY =
CATEGORIES =

data = []
labels = []

for category in CATEGORIES:
path.join (DIRECTORY, category)
0s.listdir (path) :
img path = os.path.join(path, img)
image = load img(img path,

image = img to array(image)

image
data.a
labels.append (category)

preprocess_input (image)

1b = LabelBinarizer ()
= 1b.fit transform(labels)
s = to categorical (lab
array(data,
5 = np.array (labels)
(trainX, testX, trainY, testY) = train_test_split(data, labels,
=0.20, =labels,

FIGURE 7

SETTING DIRECTORY & CATEGORIES, LOOPING THEM AND ENCODING
LABELS

Here the directory was set and mentioned where the dataset folder is present. Therefore,
machine can understand the dataset it need to use to run the program. Then categories were set
where the values named have been mentioned as “with_mask” and “without_mask” which are the
folders present in the DIRECTORY. After that, it has been looped through the CATEGORIES by
using for command. By the command ‘os.path.join’ it was tried to loop through categories first.
Then all the images were listed down into the particular directory by using ‘listdir’ command as
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well as images were loaded using the preprocessing function ‘load img’ of the package ‘keras’
was imported previously as well as gave the images a target size of (224, 224) which is the height
and width of the images. Then all the images were converted into array by using another ‘keras’
function called ‘img to array’. The ‘mobiletnet’ function of the package called ‘tensorflow’ has
been used. That is why researchers used ‘preprocess_input’ function here. After preprocessing the
images successfully, they were appended into the previously created ‘data’ list and category into
the ‘labels’ list.

Then ‘train_test split’ was used to split the training and testing data. Here the test size is
set as 0.20, which indicates 20% of the images had been given for testing purpose and the rest 80%
for the training purpose. It is always good to give more data for training purpose to get a good test
result. Stratification was used into labels which are nothing but classifying the labels and the
‘random_state’ indicates the set of train and test split are being received. It actually does not matter
what number is this and does not affect much on the split.

Training Model

To train the model used convolutional neural network have been used with a slight change.
To understand the change, convolutional neural network (CNN) model needs to be understood
first. Previously it was discussed briefly. MobileNet, a version of ConvNet has been used (Figure
8).

Iraining Loss and Accuracy

- wain_loss T
val_loss
train_acc

val_acc

FIGURE 8
MOBILENET NEURAL NETWORK AND PLOT (TRAINING ACCURACY AND LOSS)

Here, INIT_LR as 1e”(-4) has been provided which is the learning rate of this research.
Keeping this rate less helps to calculate the loss properly, and by this getting a better accuracy is
much easier. 20 EPOCHS was also been provided and batch size was given as 32. It was previously
mentioned MobileNet was used which generated two models; one is the MobileNet model and the
output of this model which created a regular model. After creating baseModel, the headModel was
created using the output of baseModel. Then the pooling was created by using
‘AveragePooling2D’ function. The size of pooling is 7/7 here. Flatten was added to the layer as
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well as a Dense layer using 128 neurons, and the activation layer is mentioned here ‘relu’. Relu is
used for non-linear model like mine.

FIGURE 9

DATA AUGMENTATION, CREATING BASE & HEAD MODEL, LOOPING BASE
MODEL, COMPILING AND FITTING THEM

To avoid the overfitting Dropout has been used. Finally, the headModel has been created
with two layers (with mask and without mask) and softmax as the activation value because softmax
is the best fit for binary models. Now the model function was called. As mentioned previously,
baseModel is the input model and headModel is the output model. The baseModel has been frozen
by using ‘for’ loop, because it has been used instead of CNN and was to prevent it from running
in the training. When both the models are ready, the models were needed to be compiled by giving
them the initial learning rate, ADAM optimimizer (a got to optimizer) and tracking the accuracy
metrics. Then the model was needed to be fit. A function was created to plot the accuracy and loss
of the model by using MATPLOTLIB. A model picture of the plotting is below showing the
accuracy and loss of the model file. From the picture beloiw it is quite evident that the accuracy
level is quite good and it displays a constantly decreasing loss, which is also positive for the model.
Therefore, the model can be said to be validated (Figure 9).

Using models in real time camera

Since the mask detector model have already been built a face detector model needed to be
built to be used for both of the detectors to use in real time camera using mask detector model and
the face detector a new python file needed to be created to use both the detectors in real time
camera. Afterwards, a ‘for’ loop over the detection was created and the confidence level associated
with the detection was extracted, which will filter out the weak detection by ensuring minimum
confidence level properly. Also, the face ROI was extracted and had been converted it from BGR
to RGB channel. Then the face was appended and the box was put into their respective lists.
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FIGURE 10

DEFINING FRAME, FACE & MASK DETECTOR AND LOOPING OVER THE
DETECTIONS

Here, it was ensured that the coordinates of the box would be into the frame and detect the
face (Figures 10 & 11).

FIGURE 11

MAKING PREDICTIONS & LOADING THE FACE AND MASK DETECTOR MODEL

In addition to that the face detector files and the mask detector model have been loaded,
which was previously been created using python coding. A path was given to them and they had
been saved as the face detector in ‘faceNet’ variable and mask detector in “‘maskNet’ variable. The
‘faceNet’ variable was created using ‘cv2.dnn.readNet’ function, and the mask detector was loaded
using ’load model’ function Then “[INFO] starting video stream...” was printed to understand
what is going on. Then a label was created for the prediction. If the person is wearing a mask it
will show ‘Mask’ and if the person is not wearing mask it will show ‘No Mask’. Here, the color
of the rectangular box for mask was set as Green (0, 255, 0). For without mask, it will be Red (0,
0, 255). To understand the color, it should be known that machine only understand three basic
color, called as BGR. Here, 0 defines completely negative and 255 defines completely positive.
Therefore, for making green, Blue (van Rossum & de Boer, 1991) was set as 0, Green (G) as 255
and Red (R) as 0 and it produces completely green color. Same process has been followed for
producing red color. Then the label was displayed using format string. It showed the maximum
possible percentage for mask or without mask. Here maximum prediction for mask and No Mask
will be above 90%, which will take upto 10% of error prediction. For not wearing mask properly,
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it will show different values also. Here, the output of the frame has been shown and finally was
breaking the loop. The ‘q’ button has been set to break the loop.

CONCLUSION

The focus of this research was to create a prototype of a Face-Mask Detector that might
help to develop a real life research based on this research. Researchers tried to achieve highest
accuracy possible in the model. By this research, we can understand things related to Machine
Learning and Avrtificial Intelligence. Also, a lot can be learned about the python tools to develop
such research. In addition, this research might help other researchers who might think of working
on related research. In the end, it can be assumed that the goal of making this research has been
fully utilized and achieved. Please see the Appendix for the source code of the Al model.
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APPENDIX

After completing all the EPOCHS something like the above picture will appear. Following
are the codes used to develop this research.
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Face Detector Model:

from tensorflow keras.apphcatons mmport MaohileMNetV2
fram tensarflow keras byers mpart AveragePachng 20
from tensarflow keras layers mpart Dropout

fram tensarflow keras lyers mpart Flatten

fram tensarflow keras layers mpart Dense

fram tensorflow keras layers mpart Input

from tensorflow keras.models mport Model

fram tensarflow keras aptimmers mpart Adam

fram tensorflow ks atls mport to_categorical
from skleam. preprocessing impornt LahelBimarmer
from sklearmn madel_sele ction impart tram_test_spht
from skleam.metncs mmpart classification_repart
fram mmutils mpart paths

mpart matplothhopyplot ax pit

IMpaTt MIMAY a5 np

mpart as

IMIT_LH = 124
EMM HY =20

By =

DIRECTORY = r"[:MIE_Projecth dataset”™

CATEGORIES = [Mwath_mas k™, “without_mask™]

prmt"[1 N PO] kadmg mages_")

data =[]

Lahels = |

for category m CATEGORIES:
math = ospathpmn{DIRECTORY, category)
far mgm s hstdar{path):

mg_nath = awpathjymnpath, mg)

fram tensarflowk eras. preprocessing amage mparnt Imagelatateneratar

from tensorflow keras.apphcatonsmakulenst_v2 impart preprocess_mput
fram tensarflow keras_ preprocessing amage ImMport mg_to_array

fram tensorflow keras. preprocessing  amage mpart kad_mg
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image = kad_img| mg_path, target_size={224, Z247)
Mags = Img to_armay{imag:)

Image = preprocess inpuijmage )

data append{image)

lahz ksappend { categary )

Ih = LahelBinarzer()

Lhels = Thint_transform{hek)

Lhels = to_categorical| lhhelk)

data = mp.array{data, dtype="flnat32")

Lhels = nparrayi{lahels)

(traanX, testd, tramy, testY) = tram_test_splin{ data, labels

test_size={.20, stratfy=lahe ks, randam_state=42)

aug = ImageDatadeenerator]|
rotatinn_range=24,
zoom _rangs=1{L15%,
width_shift_range=0.2,
height_shoft_range=10.2,
shear_range=1.15,
harmomtal_flip=True,

fill_mode="nearest™)

haseMade] = MahleN2tV2{ weights="magenet”, mchde_top=False,

mput_tensar=Input{shape={224, 24, D1

head Mad el = haseMadeloutpan

head Madel = AveragePoaling2 N poal _size={7, 7))} head Mad=l)
head Madel = Fatten{name="flatten™) [head Madel)

head Madel = Dense {128, actvatiom =" relu™ jhead Maodel)

head Mad2l = Drapout{0.5){head Madel)

headMadel = Dense {2, actwvatiom="50frmax™) {head Mod <)

madel = Maded {mputs=hase Madelmput, outputs=head Model)

for lyer m haseMade Llayers:

Lyertramahle = Falke

prnt{"[INF)] commling model_")
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apt = Adam{br=INIT_LR, docay=1NIT_LR § EPFOCHS)
mod eloom pile] ks s="hmary_crossentropy”™, aptimmer=apt,

metmics=]"acc™] )

prnt{ [N FQ] trammg head...™)

H = maodelfit]
aug flow {tramX, tram¥, hatch_sme= FE),
steqs_per_epoch=len{traini) /7 B5]
vahdatinn_data={ test, testh),
vahdation_steps=len{testd) J/F BE,

epachs= EPOCHE)

print{ [N F0] evaluating netwark...™)

predidxas = model pred cttestX, hatch_s me= =)

predldxs = npangmase] pred ldes, axis=1)
prim | classfication_report{testY argman| anis =1, predidxs,

target_names=hh.clasges_ )

prmt"[I N F)] swving mask detector madel ™)

mad el sav e mask _de tectormadel”, save_format="h5")

M= EMN H=

pitstyleuse "gapkat™)

pitfigure] 3

pitplot{ np.arange{ 0, N), H hstary]"kes"], hel ="tram_loss™)
pitplot{ np.arange{ 0, M), H estary["val lass" ], hel="val_lss™)
pitplot{ np.arange{ 0, M), H stary["acc”™], bhel="tram_acc™)
pitplot{ np.amange{ 0, M), H. stary["val_acc”™], khel="val_acc™)
pittrtle “Trammg Loss and Acouracy™)

pitxlahel "Epoch #7)

pitylahel CLass fcouracy™)

pit kg end{loc="lower kft™)

pitsavefig] “plotpng™)
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Facemask Detector:

fram tensarflow kerasapphcations. mohilenst_v2 mpart preprocess_ inut
fraom temsorflow keras preprocessmgimag e impornt Mg to_armay

from temsorflow keras models import baad_model

fram mmutilsviden mparnt VideoStream

IMPaTt TRIMY 3% np

mmparnt imutils

IMpart tme

Impart ovd

IMpart o6

def detert_and_predict_mask{ frame, GoeMet, mask Met):

[h, w) = frameshape [22]

hlah = cvZdnnhlahPFromimage{frame, 1400, {224, 224,
(1040, 17700, 123,405 )

Borebet setlnput{ hlah)

detections = BoeMetfarward ()

primt| detectinns.shape)

faces = [|
tocs = [ |

preds = |

for 1m range({, detections shape]2]):

confidencoe = detectians [1, 4, 1, 2]

if confidence = L5:
hox = detectioms[d, 4, 1, 7] * nparrap(]w, h w,h])
[start¥, start¥, end X, endY) = hoxastype"mt™)
|starts, starty ) = {max| il startx ) max{il, starty ))
[endX, endY) = {mm{w - 1, endX). mmih - 1, end ¥
e = fame[startYend Y, stantiendX]
Bre = ovd oviClolor{face, cv2 COLOR_BG RZRGE)
boe = oviresme e, (224, 224))
fce = mg to_armayface)

fce = preprocess_impuiti{face)
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Boesappend{face)

lcsappend{{ startX, starty, end X, end ¥

if len{faces) = ik
Boes = npamray({faces, diype="float32™)
preds = maskMetpradict{fices, hatch_ sme=32)

return {locs, preds)

prototxtPath = reseanchers ™[ MIS_Project) Boe_d etectar, deploy.protott™
weig hts Path = researche rs ™02, MIS_Prog oot Boe_d etectary res1 0 _300x 300 _ssd _mer_ 140000 _caflemadel”
BoeMet = cvidnn.read Met{prototxtPath, weightsPath)

mazk Met = boad_madel 7D MIS_Projectymask_detectormad 217 )

prmt{"[I N 0] starting viden stream__™)

v = VideoStream{sro=0Lstart{)

while True:
frame = weread()
frame = mut lresze{frame, wid th= 4007

{locs, preds) = detect_and_predict_mask| frame, foeNet, maskNet)

for {hox, pred) m zap{los, preds:

[stamX, san¥, cndX, endY) = hox

[maslk, withoutMask) = pred

Lhel = "Mask™ of mask > withautMask clee Mo Mask™

colar = {01, 255, @) flahel == "Mask” el {0, 0, 255)

Lhel = "[): [c 2% " format{ bhel, max{mask, withoutMask) * 1007

cvimutText{frame, lahel, (sartX, sart¥ - 10),

VI FONT_HEREHEY _SIMPFLEX (L45 colar, 2

cv2rectangle] frame, {startX, startV), {endX, end ¥, color, 2)

cvZimshow| "Frame”, frame)

key = cvilwaitlep{1) LikFF

if ey == ond | g™

hreak

cvidde stroyal W mdaws )

vastap|j
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