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ARTICLE INFO ABSTRACT
Article history: Because each person has a different face identity, facial recognition relies on the
Received 15 August 2024 distinctness of individual facial traits. However, the recent Covid-19 pandemic has

Received in revised form 17 September 2024 gypstantially altered daily living, required the usage of facemasks while walking
Accepted 24 September 2024 outside, including for educational activities such as attending lectures at schools and
Available online 30 October 2024 universities. Facemasks' widespread use presents a significant problem to facial
recognition systems since they obscure a significant area of the face, limiting the
availability of important facial clues. In response to this critical issue, this project aims
to create a Convolutional Neural Network (CNN) architecture suitable for use in a
classroom attendance system. The research process begins with the creation of a large
training dataset that includes five different students with four different facial
circumstances, including facemask covering. The best CNN design is determined
through painstaking testing to enhance accuracy during both the training and
validation phases. The empirical findings demonstrated that the finalized CNN
architecture has a remarkable validation accuracy of up to 96.2%. The trained system
demonstrated outstanding precision in recognizing persons during real-time
Keywords: recognition tests. This experiment highlights the CNN's ability to recognize students
Convolutional neural network; Face with high accuracy even while they are wearing facemasks, indicating its potential in
recognition; Facemask; Class attendance  solving the issues provided by the prevailing public health measures.

1. Introduction

Face recognition has been one of the most used technologies of human interaction [1-2]. In
modern days, the application of face recognition technology can be found everywhere such as in
smart phones, building security, websites, and ATM machines [3-7]. It is also currently one of the
more secure ways to replace the typical id verification such as using alphabetical password [8,9]. The
history of face recognition technology is exceptionally long and based on this project literature study,
it started back to the year of 1871, as reported by Adjabi et al., [10]. Since that, there are many
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techniques of face recognition that have been developed and artificial intelligence has dominated
the technology [11].

Convolutional neural network (CNN) is a type of artificial neural network which specialized in
analyzing visual image [12]. In general, the architecture of CNN consists of two main structures; the
feature extraction layers and the classification layers [13,14]. In the main feature extraction layer, it
has the input, convolution layers and the pooling layers. The next layer of the CNN consists of fully
connected layers and the output. The input dataset is the image that the CNN will train and validate
while the convolution layer is where the detail features of the images will be processed and extracted.
Next, the pooling layer, in which it will reduce the size and the position of the images to help for a
better prediction to be made. The Rectified Linear Unit (ReLU) layer functions as the activation
function for the CNN, and its output can be form as f(x) = max (0, x). The fully connected layer forms
a vector which connects all the features involved so that the output can make the prediction [15].
This type of neural network was discovered by Lechun et.al [16] in 1989. They developed LeNet-5
which consists of two hidden layers with two ReLU. The input dataset used are characters of 0-9 with
the total of 1000 samples. Each of the samples are 32 x 32 in size. They also tested their CNN using
image of unusual and distorted numbers.

In the late 2019, Covid-19 virus has shocked the world. To prevent from getting infected, people
all over the world are forced to obligate to cover some part of their face whenever they go to the
public places or outside of their house. The main part of the face that need to be covered is nose and
the mouth. During this time, the usage of fabric-based facemask can help to reduce the risk of
someone spreading or getting the virus from others [17-20]. However, wearing a facemask covers
many key features of our faces. The major features that will be covered by the facemask is the nose
and the mouth. Therefore, recognition of people by visual sometimes become particularly
challenging [21].

During this period, schools, universities, and many other institutions where taking classroom
attendance is necessary has faced problem to recognize students. In some places, to follow the
requirement of always wearing facemask and at the same time to easily identify students, lecturers
are forced to develop their own reliable system that can be used to overcome this problem.

The objective of this paper is to discuss the design of CNN algorithm that can be used in classroom
for the attendance system and students’ recognition. This tool can be used for taking attendance
record even if the students are covering their face with the facemask. Even though key features are
covered, there are other part of faces that still can be identified using this artificial intelligence
technique. MATLAB software is the platform that we applied for the design of the algorithm as well
as for the real time recognition. This is due to the availability of MATLAB software in the classroom
pc and easy to operate. The highest accuracy of CNN architecture will be tested for real time face
recognition through web camera. The overview of CNN model is shown in Figure 1.

2. Methodology

There are three steps were taken when designing the face recognition system in Matlab software
for the attendance system. The first step will be the preparation of the students’ image database for
the purpose of training and validation. For the purpose of this study, the number of students we set
to five. For the real application, the number of the student will follow the total student in that class.
This will be followed by the design and validation of the CNN algorithm using MATLAB software.
Lastly, real time face recognition for final validation will be carried out to see the ability of the
developed system to recognise the students.
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Fig. 1. The overview of CNN model
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2.1 Image Dataset Preparation

Dataset is the input for training the CNN algorithm. The dataset consists of images of faces. There
are five students’ faces used for the classification whereby each face contains four types of different
face images. The purpose of using several types of facemasks is because there will be an absolute
possibility of students coming to the classroom with several types of facemasks. The four types of
faces are (a) Face without facemask, (b) Face with transparent facemask (This type of facemask will
make the mouth visible), (c) Face with light colour facemask and (d) face with dark colour facemask.
Figure 2 shows an example of images of a student with different appearance. Based on this figure,
over 50% of the face features are covered by the facemask. For each of the five images, 100 samples
were prepared. All samples were taken with random changes in some angle. The total of the sample
image is 500 for each of the students. Every sample was edited to reduce noise i.e., the unwanted
background and lighting. In MATLAB, all images need to be saved in different folders according to the
number of the classification. With some consideration in terms of processing time and storage, the
size of all digital images was automatically adjusted to the size of 270 x 220. This size was chosen as
it shows that considerably high accuracy can be achieved with it. In terms of the quality of images, it
was set to the standard quality.

L

Fig. 2. Sample of images when facemask is not covered and covered
(with different type of facemask)

2.2 CNN Algorithm Design

The CNN algorithm was developed for the face recognition using Matlab software. To start the
process of developing the CNN algorithm, the LeNet-5 based architecture was applied. The algorithm
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was first trained and tested for recognizing images of two different people. The total of the samples
used in this stage was 200 images, with 100 sample images for each person. The algorithm for this
image recognition consists of architecture as listed in Table 1. The feature extraction layer consists
of two convolutional layers, and one fully connected neural network layer. The first convolutional
layer was set to have 6 filters with the size of 5 x 5 and maximum pooling function was used for the
selection. In the second layer, number of filters was increased to 16 filters with the size was remained
the same of 5 x 5. The objective of this stage is to apply CNN in classifying two people with facemask
on their face. The simulation result will be discussed in the next section.

Table 1
Initial CNN architecture
No CNN Layers Details
1 Image input 270x220x3
2 Convolution layer 6 filters; 5x 5
3 RelLu
4 Max pooling 2x2
5 Convolution 16 filters; 5x 5
6 RelLu
7 Max pooling 2x2
8 Fully connected layers
9 Softmax
10 Classification

Next, the number of people for the CNN algorithm to classify was increased. The number of
people is set to five. The same combination of images with and without facemask was used as training
and validation dataset. First, the same CNN algorithm, as listed in Table 1 was applied for the
classification. Validation accuracy for this new dataset seems to be drastically reduced to less than
50%. This result shows that the algorithm needs to be improved for classification of more input
dataset. To improve the performance of the algorithm, there are several components of the
algorithm were to be reconsidered, namely the hidden layer structure (convolutional and pooling
layer), number of filter and the stride. Table 2 shows the improved algorithm for classification of 5
people dataset.

Table 2
Final CNN architecture
No CNN Layers Details
1 Image input 270x220x3
2 Convolution layer 32 filters; 5x5x3
3 ReLu
4 Max pooling 2x2
5 Convolution 64 filters; 5x5x6
6 ReLu
7 Max pooling 2x2
8 Convolution 128 filters; 5x5x 6
9 ReLu
10 Max pooling 2x2
11 Fully connected layers
12 Softmax
13 Classification output
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It can be seen from Table 2 that increment in hidden layer was required for the higher number
of input dataset. Instead of 2, the hidden layer has increased to 3. The number of filters at each
hidden layer has also been increased to 32, 64 and 128 for all the 3 hidden layers. In terms of the
percentage of images using for training and validation, the simulation was set to have 80% of images
for training and 20% used for the validation purpose. The learning rate of the CNN was set to 0.0001.
After the training and validation of the algorithm was completed, the algorithm was tested for the
real time face recognition through web camera.

3. Results

There are two main results that will be discussed. One is the results for the face recognition of
two categories of datasets, and the other is the results of the face recognition of five categories of
datasets. The accuracy of validation from the simulation is given by Eq. (1).

number of correct prediction

Accuracy percentage =

(1)

total number of prediction made

Based on the initial simulation conducted for the face recognition of two categories of people,
the initial accuracy prediction result obtained was about 53%. At this point, the max pooling stride
value was set to 1. The prediction result is incredibly low. A new attempt to achieve a higher
prediction percentage was done by increasing the number of filters of the convolution layers and the
stride number of the max pooling. The filters were set to 32 for the first hidden layer and 64 for the
second hidden layers. The stride value then was set to 3. Based on this configuration, the validation
percentage increased to about 97%. At the same time, the live face recognition shows a high
accuracy. This result can be seen in Figure 3. From this figure, the prediction level is equals to one.
This means that the probability of recognition is 100%.

Let us look at the classification results for five categories of people. When the same configuration
was used, the result of validation fell to about 42%. It shows that increment in the classification
categories affects the validation accuracy. Therefore, revision in the CNN algorithm needs to be done
so that it can give better validation accuracy. Based on the revised CNN algorithm in Table 2, the
training and validation of the algorithm was carried out.
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Fig. 3. Real time face recognition with 2 different students

Table 3 shows the results of the simulation. Variation in the number of maximum epochs gives
different validation accuracy. It is obvious based on this table that the validation accuracy for five
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categories of people increased up to about 96% when value of maximum epoch was up to a certain
level. When number of epochs is increased to 28, the validation accuracy reduced to 95%. This can
be thought as the overfitting problem that caused the declining. Based on the proposed design, the
highest accuracy for validation process is 96%.

In terms of accuracy of real time face recognition, the accuracy is also remarkably high. This can
be viewed in Figure 4. The accuracy level for the live recognition were 90% for face covered by black
facemask, 87% for the face covered by transparent mask, 95% for uncovered face and 98% for face
covered by the white colour facemask. These results show that the CNN algorithm can be designed
and applied for the face recognition for both the covered and uncovered face effectively.
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Fig. 4. Real time face recognition using when (a) black facemask is ON (b) transparent facemask is ON (c)
face is uncovered and (d) white facemask is ON
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Table 3

Prediction accuracy

No. Maximum epoch Validation accuracy
1 5 66%

2 8 70%

3 10 80%

4 12 88%

5 15 94%

6 25 96%

7 28 95%

4. Conclusions

In this paper, we developed a CNN architecture using Matlab software for recognition of students
who wearing facemask for the application in the attendance checking system. We evaluated and
analysed the structure of CNN to classify five distinct categories of students to achieve the highest
accuracy in training and validation. The performance of developed CNN achieved up to 96.2%
validation accuracy. The trained system predicted correctly for all the different type of faces in real
time recognition as well as when it was test using web camera. It is concluded that the performance
of CNN in face recognition is highly accurate even people cover their face with facemask and suitable
for the application in the classroom attendance system.



Journal of Advanced Research in Applied Mechanics
Volume 126, Issue 1 (2025) 1-8

Acknowledgement

| express my gratitude to Universiti Teknikal Malaysia Melaka (UTeM) as a whole, and more
specifically, to the faculty members of the Fakulti Teknologi dan Kejuruteraan Elektronik dan
Komputer (FTKEK) for their valuable support. It is noteworthy to mention that this research did not
receive financial backing from any grant.

References

(1]

(2]

3]

(4]

(5]
(6]
(7]

(8]
(9]

(10]

(11]

[12]

(13]

(14]

[15]

(16]

(17]

(18]

Cruz, Claudia, L. Enrique Sucar, and Eduardo F. Morales. "Real-time face recognition for human-robot interaction."
In 2008 8th IEEE international conference on automatic face & gesture recognition, pp. 1-6. IEEE, 2008.
https://doi.org/10.1109/AFGR.2008.4813386

Khalifa, Aly, Ahmed A. Abdelrahman, Dominykas Strazdas, Jan Hintz, Thorsten Hempel, and Ayoub Al-Hamadi. "Face
recognition and tracking framework for human-robot interaction." Applied Sciences 12, no. 11 (2022): 5568.
https://doi.org/10.3390/app12115568

Irjanto, Nourman S., and Nico Surantha. "Home security system with face recognition based on convolutional neural
network." International Journal of Advanced Computer Science and Applications11, no. 11 (2020).
https://doi.org/10.14569/1JACSA.2020.0111152

Kartik, J. Shankar, K. Ram Kumar, and V. S. Srimadhavan. "Security system with face recognition, SMS alert and
embedded network video monitoring terminal." International Journal of Security, Privacy and Trust Management
(1JSPTM) Vol 2 (2013): 9-19. https://doi.org/10.5121/ijsptm.2013.2502

Li, Lixiang, Xiaohui Mu, Siying Li, and Haipeng Peng. "A review of face recognition technology." IEEE access 8 (2020):
139110-139120. https://doi.org/10.1109/ACCESS.2020.3011028

Sasipriya, S., D. P. Kumar, and S. Shenbagadevi. "Face recognition based new generation ATM system." European
Journal of Molecular & Clinical Medicine 7, no. 4 (2020): 2854-2865.

Dliwati, Mohamad Amir, and Dinesh Kumar. "Face Recognition in the Context of Website Authentication." In 2021
Asian Conference on Innovation in Technology (ASIANCON), pp. 1-5. IEEE, 2021.
https://doi.org/10.1109/ASIANCON51346.2021.9545027

Elleithy, Khaled, and Tarek Sobh, eds. New trends in networking, computing, e-learning, systems sciences, and
engineering. Springer International Publishing, 2015. https://doi.org/10.1007/978-3-319-06764-3

Alam, M. Jahangir, and T. C. M. ShahzahanAli. "A smart login system using face detection and recognition by ORB
algorithm." Indonesian Journal of Electrical Engineering and Computer Science 20, no. 2 (2020): 1078-1087.
https://doi.org/10.11591/ijeecs.v20.i2.pp1078-1087

Adjabi, Insaf, Abdeldjalil Ouahabi, Amir Benzaoui, and Abdelmalik Taleb-Ahmed. "Past, present, and future of face
recognition: A review." Electronics 9, no. 8 (2020): 1188. https://doi.org/10.3390/electronics9081188

Aziz, Mochamad Azkal Azkiya, Shahrinaz Ismail, and Noormadinah Allias. "Deep learning in face recognition for
attendance system: an exploratory study." Journal of Computing Research and Innovation (JCRINN) 7, no. 2 (2022):
74-81. https://doi.org/10.24191/jcrinn.v7i2.288

Bezdan, Timea, and N. Bacanin DZakula. "Convolutional neural network layers and architectures." In International
scientific conference on information technology and data related research, pp. 445-451. Belgrade, Serbia:
Singidunum University, 2019. https://doi.org/10.15308/Sinteza-2019-445-451

Indolia, Sakshi, Anil Kumar Goswami, Surya Prakesh Mishra, and Pooja Asopa. "Conceptual understanding of
convolutional neural network-a deep learning approach." Procedia computer science 132 (2018): 679-688.
https://doi.org/10.1016/j.procs.2018.05.069

Dai, Dengyuhan. "An introduction of cnn: models and training on neural network models." In 2021 International
Conference on Big Data, Artificial Intelligence and Risk Management (ICBAR), pp. 135-138. IEEE, 2021.
https://doi.org/10.1109/ICBAR55169.2021.00037

A. Naskar, A. Mandal, A. Ghosh, M. Saha, and A. Sufian. Convolutional Neural Networks. In seminar presentation at
University of Gour Banga. 2019. https://doi.org/10.13140/RG.2.2.23743.05282

Forsyth, David A., Joseph L. Mundy, Vito di Gesu, Roberto Cipolla, Yann LeCun, Patrick Haffner, Léon Bottou, and
Yoshua Bengio. "Object recognition with gradient-based learning." Shape, contour and grouping in computer
vision (1999): 319-345. https://doi.org/10.1007/3-540-46805-6 19

L. Akshayaa, M. P. Brundha, and D. Ezhilarasan. “Recent types and functions of facemask.” European Journal of
Molecular and Clinical Medicine 7, no. 1 (2020): 1182-1188.

Kolosov, Dimitrios, and losif Mporas. "Face Masks Usage Monitoring for Public Health Security using Computer
Vision on Hardware." In 2021 International Carnahan Conference on Security Technology (ICCST), pp. 1-6. IEEE,
2021. https://doi.org/10.1109/1CCST49569.2021.9717402



https://doi.org/10.1109/AFGR.2008.4813386
https://doi.org/10.3390/app12115568
https://doi.org/10.14569/IJACSA.2020.0111152
https://doi.org/10.5121/ijsptm.2013.2502
https://doi.org/10.1109/ACCESS.2020.3011028
https://doi.org/10.1109/ASIANCON51346.2021.9545027
https://doi.org/10.1007/978-3-319-06764-3
https://doi.org/10.11591/ijeecs.v20.i2.pp1078-1087
https://doi.org/10.3390/electronics9081188
https://doi.org/10.24191/jcrinn.v7i2.288
https://doi.org/10.15308/Sinteza-2019-445-451
https://doi.org/10.1016/j.procs.2018.05.069
https://doi.org/10.1109/ICBAR55169.2021.00037
https://doi.org/10.1007/3-540-46805-6_19
https://doi.org/10.1109/ICCST49569.2021.9717402

Journal of Advanced Research in Applied Mechanics
Volume 126, Issue 1 (2025) 1-8

[19]
[20]

[21]

Wang, Yuxin, Zicheng Deng, and Donglu Shi. "How effective is a mask in preventing COVID-19 infection?." Medical
devices & sensors 4, no. 1 (2021): e10163. https://doi.org/10.1002/mds3.10163

Li, Tom, Yan Liu, Man Li, Xiaoning Qian, and Susie Y. Dai. "Mask or no mask for COVID-19: A public health and market
study." PloS one 15, no. 8 (2020): e0237691. https://doi.org/10.1371/journal.pone.0237691

Parveen, R., M. Nabi, F. A. Memon, S. Zaman, and M. Ali. "A review and survey of artificial neural network in medical
science." Journal of Advanced Research in Computing and Applications 3, no. 1 (2016): 7-16.



https://doi.org/10.1002/mds3.10163
https://doi.org/10.1371/journal.pone.0237691

