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Background. The coronavirus pandemic (COVID-19) has led to a major global health crisis due to the rapid spread of the
virus. The World Health Organization has provided guidelines for protection against this disease. One of the effective
recommendations is to wear a medical mask in public or crowded places. Involving human resources to monitor how these
requirements are met is ineffective. It is necessary to automate the process of determining a properly dressed medical mask in
real time using a video camera. The authors have developed an application that effectively copes with this task.

Objective. The purpose of thew paper is the application development of a medical mask recognition in real time using a
video camera, adapted for the use in modern Ukrainian reality with high accuracy and low system requirements.

Methods. Analysis of existing analogues in the world, building a model of convolutional neural network, the architecture
of which will detect and classify the image obtained from the camcorder in real time, create application architecture, develop a
model in Python programming language, application testing.

Results. A convolutional neural network of its own architecture has been created. The use of the Adam algorithm to
optimize learning and use binary cross entropy as a cost function is substantiated. The method of face recognition using Haar
features has been improved. High rate of convolutional neural network training was obtained: the training set accuracy -
97.46%, the test set accuracy - 97.23%, the cost function value at the training set - 2.37%, the cost function value at the test set
- 2.57%. An application consisting of three modules has been developed: a machine learning module, an image processing
module, a video camera activation module and a mask recognition device.

Conclusions. The application effectively copes with the task of recognizing the presence of a medical mask in real time.
The developed model in comparison with the analogues has a smaller size and simpler architecture without compromising
accuracy or speed. The software has been successfully tested on various operating systems and hardware configurations. The
application can be used in areas where there is a need to automate the process of determining the presence and accuracy of

wearing a medical mask in real time.
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Introduction

The coronavirus pandemic (COVID-19) has led to a
major global health crisis due to the rapid spread of the
virus. The World Health Organization has provided
guidelines for protection against this disease. One of the
effective recommendations is to wear a medical mask in
public or crowded places. Involving human resources to
monitor the compliance is ineffective.

Therefore, it is necessary to automate the process of
determining a properly dressed medical mask in real
time using a video camera. Solving this scientific-
applied problem will increase people's safety. It will
help track safety violations, promote the use of masks
and create safe working conditions.

The study [1] substantiates the effectiveness of the
architecture of the YOLOv3 and R-CNN models in the
problem of detecting a medical mask presence on the
face.

In [2], a two-stage architecture of a convolutional
neural network is presented, which can detect the
presence of a medical mask and is compatible with
CCTV cameras.

The study [3] proposed a model of convolutional
neural network, which is ahead of such models as
DenseNet-121, MobileNet-V2, VGG-19, Inception-V3
in terms of recognition accuracy and efficiency.
Ukrainian researchers have poorly covered the
scientific-applied problem. Therefore, it is necessary to
develop an application adapted for the use in modern
Ukrainian reality with high accuracy and low system
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requirements. To solve this problem, it is necessary to
build a model of a convolutional neural network, the
architecture of which will allow the detection and
classification of the image obtained from the camcorder
in real time. Based on the developed model, an
application should be developed in the Python
programming language. The architecture of this
application will consist of three modules: a machine
learning module, an image processing module, and a
module to turn on a computer video camera and mask
recognition.

Development of a medical mask recognition
application in real time using a video camera.

A set of 1,376 images was used to study the
convolutional neural network. 690 images contain
images of people with masks on their faces, and 686
images - without masks. For successful algorithms
application, the input images have different resolution,
a certain angle of rotation, additional noise, and blur.
Features of the input images are presented in Fig.1
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Fig.1 Features of the input images

The training set of masked images has 552 images,
and the test set contains 138 images. The training set of
images without a mask has 548 images, and the test set
contains 137 images. The size of the input data is 150 X
150 x 3.

The next step in solving our problem is the step-by-
step construction of a convolutional neural network,
which will provide parallelization of calculations and
resistance to position changes of the recognized image.
To form the layers of the convolutional neural network,
we use the Keras library. From the specified library we
use a special Sequential model to build a stack of
layers. To implement efficient spatial convolution, we
use the Convolution2D layer with 100 3 x 3 filters and
a ReLu activation function that speeds up learning. The
MaxPooling2D layer is used for sampling by dividing
the input data into rectangular areas and calculating the
maximum of each area. To perform the next
convolution step, apply the Convolution2D layer with
100 3 x 3 filters and the ReLu activation function again,
then use another MaxPooling2D layer.

The next Flatten layer converts data from two-
dimensional to one-dimensional format. To eliminate
the problem of retraining of the convolutional neural
network after the Flatten layer, we use the Dropout
method with a value of 0.3. In the next step, we use a
fully connected Dense layer, which multiplies the input
by the weight matrix and then adds an offset vector.
The next layer in the network is the fully connected
Dense layer, which consists of 512 neurons. In this
layer, ReLU is used as an activation function. The
Dense source layer contains 2 neurons and a softmax
activation function that determines the probability of
belonging an image to one of two classes.

The constructed model of the convolutional neural
network is presented in Fig.2.
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Fig.2 Convolutional network model

After building a model of a convolutional neural
network, you should compile the developed network.
Since two classes are used in the implementation, when
compiling the model as a function of costs it is
necessary to choose binary cross entropy, the value of
which is an assessment of the network accuracy and the
classification quality.

The lowest value of the cost function must be
achieved to obtain high classification accuracy. For
optimization, the Adam algorithm is used, which
combines the advantages of the RMSProp and AdaGrad
algorithms. The Adam optimizer is useful due to its
simple implementation, low memory requirements,
computational efficiency, the ability to bypass local
minima and find the optimal value. During the study,
the efficiency of the Adam algorithm was
experimentally established in comparison with the
RMSProp, AdaGrad, RMSProp and Momentum
algorithms.

The ImageDataGenerator class of the Keras library
processes images. In the first step of processing it is
necessary to re-scale the image from the range [0; 255]
to the range [0; 1]. Due to the fact that a small amount
of data is not enough for quality training of the model,
you need to use the method of supplementing the data,
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which consists of converting each image in different
ways and adding new images to the data set.

In our study, the image was rotated by an angle of
rotation ranging from 0 to 40 degrees (the value of the
rotation_range parameter is 40). Empty areas created by
rotating images are replaced by the nearest pixel values
(argument fill_mode is equal to "nearest").

The study also performs vertical and horizontal
image  shift by 20  percent  (parameters
height shift range and width_shift range are 0.2),
image rotation in the horizontal direction
(horizontal flip = true). Images from the training and
test sets are loaded using the flow from directory
method.

When training the model using the fit generator
function, the data set was submitted 30 times. At the
18th iteration, the training set accuracy reached a
maximum value of 97.46%, and the test set accuracy
also reached a maximum value of 97.23%. At 18
iterations, the cost function minimum value of 2.37%
was reached at the training set and 2.57% at the test set.
At the 19th iteration, the process of retraining the model
and the deterioration of these parameters began. At the
30th iteration, the model had an accuracy of 96.97% at
the training set and 96.29% at the test set. The 30th
iteration also achieved a cost function value of 3.47% at
the training set and 3.89% at the test set.

Therefore, the trained model was saved after 18
iterations. After learning the convolutional neural
network, we use it to further work with frames of
images obtained from the webcam in an endless cycle
in real time.

To recognize the face, we use the Haar sign
mechanism, which is currently most often used by
researchers for face recognition [4], [5].

From the upper left corner to the lower right corner
in a certain image there is a search for a feature and its
manifestation, which corresponds to a specific feature
of Haar. Fig. 3 shows the identification of different
parts of the face and face recognition.

Fig.3 Convolutional network model

When specific matching features are found at the
same time, then a human face can be recognized. The
study used the cascade classifier Face Detection, which
is a pre-trained model based on Haar characteristics.

For the selected area of the face there is a probability
indicator for each of the two classes (image without a
mask, image with a mask). The study derived the name
of the class with a higher probability.

Using the functions of the OpenCV library, which
supports GPU acceleration, the software implements
real-time drawing of the square, which limits the found
area of the face with the top message about the presence
or absence of a mask.

Fig. 4 shows the result of determining the presence
of a mask in real time.

Fig.4 Determining the presence of a mask in real
time

Conclusion

A convolutional neural network of its own
architecture has been created. The use of the Adam
algorithm to optimize learning and use binary cross
entropy as a cost function is substantiated. The method
of face recognition using Haar features has been
improved. High rate of convolutional neural network
learning was obtained: the training set accuracy -
97.46%, the test set accuracy - 97.23%, the cost
function value at the training set - 2.37%, the cost
function value at the test set - 2.57%. Software
consisting of three modules has been developed: a
machine learning module responsible for neural
network learning cycles; image processing module that
performs normalization and image processing; video
camera and mask detection module. The application
effectively copes with the task of recognizing the
presence of a medical mask in real time using a video
camera. The software, compared to the analogues
proposed in studies [1] - [3], has a smaller size, a
simpler architecture without compromising accuracy or
speed. The application has been successfully tested on
various operating systems and hardware configurations.
The software can be used in industries where there is a
need to automate the process of determining the
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presence and accuracy of wearing a medical mask in  doi: 10.1109/12CT51068.2021.9418207.

real time using a video camera. 3. H. Goyal, K. Sidana, C. Smgh, A. Jain, S. Jindal, "A real
time face mask detection system using convolutional neural
network.", Multimedia Tool and Applications., vol. 81(11),
pp-14999-15015, 2022.
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Peamnizamisi TexHosorii po3nmisHABaHHSA MeTUYHOI MACKH B PeKHMi PeaJbHOT0 Yacy 3 BUKOPUCTAHHSIM BigeokamMepn

IIpobaemartuka. ITangemis koponasipycy (COVID-19) npusBena 10 3Ha4HOI KPH3M OXOPOHHU 3JI0pPOB’S y CBITI depes
LIBUJIKE PO3MOBCIO/DKCHHS IIHOTO Bipycy. BeecBiTHs oprasizailis OXOpOHH 3I0pOB’sl Hajana PeKOMEHALIl 100 3aXUCTY Bij
BKa3zaHoi xBopoOHW. OfHier0 3 e(pEeKTUBHUX PEKOMEHJAIINH € HOCIHHA MEIWYHOI MAaCKH B TPOMAJCBKUX MICIIIX 1 MICIIIX
CKYIYCHHs JIIoJiedl. 3alydeHHs JIIOACHKUX PECypciB [UIs KOHTPOJIIO 32 BUKOHAHHSAM LbOTO IO0&XaHHS € Hee(EeKTHBHUM.
Heo0xiJHO TpoBECTH aBTOMATH3ALIII0 TPOLECY BU3HAUESHHS TPABUIILHO OJIITHYTOT MEJMYHOT MaCKH B PEXKHMI peabHOr0 yacy
3 BUKOPHCTAHHAM BijicOKaMepu. ABTOpaMU PO3POOIICHO I0JATOK, IKUH e(EKTHBHO CIIPABIISIETHCS 3 IIEH0 3a/1aUCHO.

Mera jociikeHHsi. Po3po0Oka 1oaTKy po3Ii3HaBaHHS MeJMYHOT MAacKd B PEXKHMI PEaJbHOr0 4acy 3 BHKOPHUCTAHHSM
Bi/lCOKaMepH, aJalTOBAHOTO JUIsi BUKOPHCTAHHS B CYYacHMX YKpPaiHChKHX peajisiX 3 BHCOKOK TOYHICTIO 1 HU3bKHUMH
CHCTEMHHMHU BUMOTaMH.

Metoauka peanizamii. AHaii3 ICHYIOYMX aHAJOTIB Yy CBiTi, MOOYAyBaHHS MOJETi 3rOPTKOBOI HEHPOHHOT Mepexi,
apXiTeKTypa SKOi JTO3BOJUTH NPOBECTH ACTEKTYBAHHSA 1 KIacH(iKaIlifo OTPUMAHOTO 300pakeHHS 3 BiJICOKAMEPH B PEKHMI
peasbHOTO Yacy, CTBOPEHHS apXiTEKTYpH NOAATKY, po3po0Ka CTBOPEHOI MOENi Ha MOBI mporpamyBanHs Python, TecTyBaHHS
JIOJIATKY.

PesyabTaTu mocaimkenns. CTBOPEHO 3rOPTKOBY HEHPOHHY MEPEXKY BIACHOI apXiTeKTypH. OOrpyHTOBaHO BUKOPUCTAHHS
anroput™My Adam JuUis OnTHMI3allii HABYaHHS 1 3aCTOCYBaHHS OiHAPHOT MEpeXpecHOi eHTPOIil y sKocTi (QyHKIT BUTpaT.
Y I0CKOHATEHO METOA PO3Mi3HABAaHHSA OOMMYYS 3 BUKOPUCTAHHSIM O3HaK Xaapa. OTpMMaHO BHCOKI HMOKAa3HUKH HABYAHHS
3rOPTKOBOT HEHPOHHOT Mepexi: TOUHICTh HA HaBYANbHIM MHOXUHI — 97.46%, TOYHICTH Ha TECTOBIN MHOXXHUHU — 97.23%,
3HauCHHs (DYHKIIi BUTPAT HA HaBYAIbHINA MHOXUHI — 2.37 %, 3HaueHHs (YHKIIi BUTpAT HA TEeCTOBiil MHOXUHI — 2.57 %.
Po3pobiieHo 0IaTOK, MO CKIAAAETHCS 3 TPHOX MOJYJIB: MOAYJIH MAalIMHHOTO HABYAHHS, MOJYJh OOpPOOKH 300pa)KeHHS,
MOJIyJIb BKJIFOUCHHS BiIGOKaMEpPH Ta PO3ITi3HABAaHHS HAIBHOCTI MacKH.

BucHoBku. J[o1aToK e€()EKTUBHO CHPABIAETBCA 3 3aJadel0 PO3IMI3HABAHHS HASBHOCTI MEAMYHOI MAacku B PexuMmi
peaspHOrO Yacy. Po3poOiieHa MoJienb y TIOPIBHSHHI 3 aHAJOTaMHd Mae€ MEHIIWHA po3Mip, OUTBII MPOCTY apxXiTeKTypy, He
MOCTYMAIOYNCh y TOYHOCTI 1 mBuakoxil. [Iporpamue 3abe3nedeHHs MPOMIUIO YCIIITHE TECTyBaHHSA HA PI3HHUX OINEpaIliifHIX
CHCTEMaM Ta anmapaTHUX KoH(piryparisx. JlogaTok Moxe OyTH BUKOPUCTAHO B Taly3sX, B IKUX ICHYy€ 1moTpeda B aBTOMATH3AIIi]
HPOIECY BU3HAYCHHS HASIBHOCTI 1 IPABIJIBHOCTI OJITHYTOI MEAWYHOT MAaCKH B PEIKHMI PEabHOTO Yacy.

Kuarodosi ciioBa: 3eopmrosa Heliponna mepedica, 0emekmy68anHts; po3nisHABAHH, KIACUDIKayis, aneopumm onmumizayii.





