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Abstract: In the current times, the Coronaviruses which contains a large family of various viruses have become common and very 

dangerous to the almost every person in the world. This pandemic has become a big health crisis in today’s time. According to 

World Health Organization (WHO), wearing a mask on a face publicly is a very good way to protect from Covid-19 virus. In this 

paper, we propose a system that restrict the spread of COVID-19. Our system can find the persons that aren't wearing any mask 

on face in a smart city network where all the public places are monitored with CCTV cameras. When anyone detects without a 

face mask, then it will be informed to the corresponding authority through the city network. The Proposed model is trained on a 

dataset. The dataset is collected from various sources. Using Keras, Python, TensorFlow and Open CV, and it'll build a COVID-

19 mask detector with computer vision. This can be used with the present embedded camera infrastructure to enable these 

analytics which may be applied to varied verticals, yet as in an office or at airport terminals/ gates, Railway Stations, Educational 

Institute, and Governments Places. The outstanding performance of the proposed system is extremely suitable for video 

surveillance.        

 

  

 

I. INTRODUCTION 

The 209th report of the WHO published on 16th August 2020.According to that report, COVID-19 caused by SARS-CoV2 has globally 

infected more than 6 million people and caused over 379,941 deaths in the world. 

According to Carissa F. Etienne, Director, Pan American Health Organization (PAHO), the key to regulate COVID-19 pandemic is to take 

care of social distancing, improving surveillance and strengthening health systems [2]. Recently, a study on understanding measures to tackle 

COVID-19 pandemic carried by the researchers at the University of Edinburgh reveals that wearing a mask or other covering over the nose 

and mouth cuts the danger of Coronavirus spread by avoiding forward distance travelled by a person’s exhaled breath by over 90% [3]. 

Steffen et al. also carried an exhaustive study to compute the community-wide impact of mask use normally public, some of which can be 

asymptomatically infectious in the big apple and Washington. The findings reveal that near universal adoption (80%) of even weak masks 

(20% effective) could prevent 17–45% of projected deaths over two months in New Work and reduces the height daily death rate by 34–

58%. Their results strongly recommend the employment of the face masks generally public to curtail the spread of Coronavirus. Further, 

with the reopening of states from COVID-19 lockdown, Government and Public health agencies are recommending mask as essential 

measures to stay us safe when venturing into public. To mandate the employment of facemask, it becomes essential to plot some technique 

that enforce individuals to use a mask before exposure to public places. Face mask detection system refers to detect whether someone is 

wearing a mask or not. Face detection could be a key area within the field of Computer Vision and Pattern Recognition. From recent years, 

face detection methods supported deep convolutional neural networks (CNN) are widely developed to boost detection performance. 

Although numerous researchers have committed efforts in designing efficient algorithms for face detection and recognition but there exists 
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an important difference between ‘detection of the face under mask’ and ‘detection of mask over face’. As per available literature, little body 

of research is attempted to detect mask over face. Thus, our aim is to a develop system which can detect mask over the face accurately in the 

public areas such as railway stations, airports, markets, bus stops, offices, Educational Institute etc. to save the human life from Coronavirus. 

The dataset which is used in our model includes some types of face images such as faces without masks, faces with masks, faces with and 

without masks in one image and confusing images without masks. Our dataset includes 3000 images by which our technique achieves 

outstanding accuracy of 98.2%. the foremost contribution of the proposed work is given below: 1. Develop a completely unique object 

detection method that mixes one-stage and two-stage detectors for accurately detecting the thing in real-time from video streams with 

transfer learning at the rear end. 2. To crop the facial areas from uncontrolled real-time images improved transformation is developed which 

have differences in face size, orientation, and background. It helps in localizing the person who is violating the facemask norms in public 

areas. 3. Creation of unbiased facemask dataset with imbalance ratio equals to just about one. 4. Our system requires less memory to make 

the system deployable easily for embedded devices used for surveillance purposes. 

 

 

 

 

 

. 

II. RESEARCH METHODOLOGY 

The proposed methodology for developing a system to be able to detect a mask on face is as follows: 

1. Dataset and Methods- Data set used in this project is collected from Bing Search API, Kaggle Dataset, and Real-World Masked 

Face Dataset. The used dataset has variability of background image resulting in the time needed to be converged is longer. 

1.1  Pre-processing: Augmentation 

It is a first step, which is used in improving image information like elimination, distortion so that it can be used to process information 

in an efficient manner. This paper uses following types of pre-processing, which are augmentation, the objective of augmentation is to 

avoid overfitting so that if the device faced any certain problem with micro differences encountered, the program can still make 

predictions correctly. Augmentation is a procedure of increasing variability using training data sets. The training data is then 

transformed randomly involving shifting, random rotation, image resizing, etc. The augmentation procedure in Tensorflow itself 

replaces the training data with new training data that has been modified according to the desires of the users themselves. The 

augmentation procedure itself in Tensorflow does not add to training data but modifies it. There are some augmentation parameters 

that have been added in this program: flip, rotation, and image shift from the original point (range shift). These augmentation 

parameters are necessary because the variations in image capture using the camera are quite varied: camera flip direction, face till, 

and images that move at a position not at a certain point. 

1.2  Image Classification Using MobileNetV2, ResNet50V2, and Xception: 

There are many architectures suitable for machines that have low power. One of them is MobileNets. It is a type of neural network 

architecture which is the development from the first generation, namely MobileNetV1. MobileNetV2 uses two blocks: residual and 

downsizing. For these two block types, there are three layers.The first layer is the 1x1 convolution using ReLU6 using the activation 

function, the second layer uses deep convolution and uses ReLU, and the last one layer is the 1x1 convolution layer using a linear 

activation function. When MobileNetV2 compared to MobileNetV1 and ShuffleNet 1.5, the use of it has a better performance in 

terms of the computational load and has an effect on the shorter iteration time. MobileNetV2 is an architecture which is for describing 

neural networks using a pre-trained model. This pre-trained model is a training model in the form of an artificial neural network 

(ANN). The parameters of ANN are already owned and ready for adding layers or what is commonly called fine-tuning. In carrying 

out the training process, the ANN layers that are owned by MobileNetV2 are not subjected to value updating, but a fine-tuning layer 

is carried out by updating the values according to what is defined by the user. In addition, the Deep Convolutional Neural Network 

(DCNN) method that will be used next is ResNet50V2. ResNet50V2 is an extension of the ResNet50 method. This method runs better 

than its predecessor. Some of the breakthroughs made by ResNet are by involving back propagation training to help minimize the loss 

function to quickly get a solution for the neural network model. one of the main differences between Resnet and ResNetV2 is the use 

of batch normalization for every weight layer. Meanwhile, the DCNN Method is the Xception Method. This method consists of 
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several flows such as entry flow, middle flow, and exit flow. When Xception is compared to ResNet50 which has a layer depth of 50, 

Xception has a depth of 71 layers. This method has capacity to classify objects up to 1000 categories. 

1.3 Face Recognition Using Caffe Model  

      Caffe Model is used to get features of image. The features of image are obtained using previously trained training. Some of the 

abilities used include studying the semantic features of an image, object classification, and object detection. Caffe provides a 

reference model. Caffe Model is for solving visual problems. In this review paper, the Caffe Model is used to perform a face selection 

in the form of image which is produced by the input device. This is to be done so that the prediction process (that has been carried out 

at the training data stage) produces the expected value. To implement Caffe Model, it is necessary to use several files that OpenCV 

requires: prototxt containing the neural network configuration, a file with the extension, and the file with the *. caffemodel. The file 

with the *. caffemodel contains the weight values of the previously trained model. 

1.4 Proposed Methods 

      Carrying out the training process, we used a Toshiba P55W portable computer which is using an i5-5200U @ 2.20GHz processor 

(4 CPU) without using a GPU. Some syntax is inspired by the Face Mask Detection program created by Chandrika. The used 

interpreter is python with version 3.7 with Anaconda 3. It is used as a Virtual Environment. The amount of division between training 

data and validation data is 80:20. This validation data is necessary so that we can determine the system performance against new data 

that is not included in the training data. Some of the parameters used in this study are: The augmentation used is a rotation distance of 

20, zooming area in the range of 0.15, side and top shift of 0.2, and image shift of 0.15. The batch_size used is 15. The basic ANN 

models that were tested are MobileNetV2, ResNet50V2, and Xception to see how the accuracy value is. The top model used these 

layers: AveragePooling2D with a pool_size of (7.7), then continued with Flatten, then proceed to the Dense layer with a size of 128 

which has the ReLU activation function, then the arrays are dropped by 0.5 and continued to the Dense layer of 2 which uses the 

SoftMax activation function. The Dense value of 2 is adjusted to the output we want as many as 2, namely the detection of using 

masks or not using masks. In the fitting process, batch_size used is 15, the steps per epoch are determined as the amount of training 

data which divided by batch size. Then, in this fitting process, we define validation data where the number of validation steps is equal 

to the number of validation data divided by the number of batch sizes that we define. 

      When the training model is completed, it is    stored in a file so that it can be easily used to carry out the task of classifying images 

from images, video images and cameras. The face detection image uses the Caffe Model. The detected face is classified using a model 

that has been fine-tuned so that we can see whether there is a mask or not on the face image. 

          2.Results and Discussion 

2.1 Image Training Process using MobileNetV2 

                                                  

 

2-1: Image of Accuracy vs Epoch using Base Model MobileNetV2 

During training process, when the accuracy of the training data increases from the first epoch to the last epoch, the accuracy of test 

data varies in the range of 0.86 to 0.93. This shows that the use of the MobileNetV2 model is overfitting and carried out carefully. For 

a typical form of fluctuating data accuracy using this method, it is recommended that the user stop the training process by using the 

callbacks function. This callbacks function is an iteration termination function that is called when a training process has reached a 

certain level of accuracy. So, it is expected that the model which is used has the level of accuracy desired by the user. The time 

needed to run 10 epochs is 6926.81 s. 
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2.2 Image Training Process using ResNet50V2 

 

 

 

 

 

 

 

 

 

                      Figure 2-2: (a) Figure of Accuracy vs Epoch; and 

 

 

 

 

 

 

 

 

 

(b) Figure of Loss vs Epoch of ResNet50V2 Method  

 

     Other than from MobileNetV2, the accuracy using ResNet50V2 for training the data tends to be low at 0-th epoch. Even so, the 

accuracy model from the test data in a relatively narrow range between 0.97 to 0.99 which is consistent from 0th epoch to 9th epoch 

     The loss value, which is obtained for training data, decreases. This shows that the more training data (indicated by the number of 

epochs), the training data value will be closer to the original value (marked by a low loss value). Meanwhile, the loss value of the model 

using validation data is seen in the range 0.03 to 0.05. 

2.2 Image Training Process using Xception 

 

 

 

 

 

 

 

 

Figure 2-3: (a) Figure of Accuracy vs Epoch; and 
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(b) Figure of Loss vs Epoch of Xception Method 

 

 

From the three methods used, the Xception method has the highest level of stability, because the  

accuracy model obtained for image classification using data validation (test) has a precise range in the range of 0.975 to 

0.98. However, like the modeling process using ResNet50V2, the use of the Xception method for training data tends to be 

lower. This shows that the Xception and ResNet50V2 models are ideal because there is no overfitting as indicated by the 

low accuracy of the MobileNetV2 train dataset. 

Method Iteration Time(s) 

MobileNetV2 6926.81 

ResNet50V2 12551.99 

Xception 16232.06 

 

In the general scenario, if someone has low resources but has a lot of training data and has aim to train the data as 

accurately as possible, the use of Xception and ResNet50V2 methods is recommended for two to three times of epochs 

only. Although the iteration time using MobileNetV2 tends to be faster, in this scenario, overfitting is unavoidable, so it is 

not recommended for mask detection in this case. 

  2.4 Performance of Mask Detection Model  
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Figure 2-4: Performance for Each Case of Face Mask 

(a) Without Mask; (b) Using Mask; and (c) Partial Mask  

  

Into the reference of performance of the model, the system has capacity to detect facial images without using a mask, with a mask, and 

partial mask (included in the classification without a mask). The model has the ability to work properly. 

 There is some difference in processing time for images without face images and when there is face images. The time required for the 

system to process information without a facial image in it is at an average time of 0.0943 seconds per frame. The longer time experienced 

by the system when there is one face image, is 0.3471 seconds per frame. This is natural because the program does some pre-processing to 

obtain an accurate classification value. An example is matching the dimensions of the image taken through the camera, then image 

processing which is similar to image processing before the model is created. 

3.Comparison with other methods 

(a) This method is more efficient in the comparison of other methods. 

(b) MobileNetV2 tends to be faster when compared to ResNet50V2 and Xception. 

(c) The time required for the system to process information without a facial image is very less and natural. 

(d) In the three methods used, the Xception method has the highest level of stability, because the accuracy model obtained for image 

classification using data validation test has a precise range in the range of 0.975 to 0.98.  

However, like the modeling process using ResNet50V2, the use of the Xception method for training data tends to be lower. This shows that 

the Xception and ResNet50V2 models are ideal because there is no overfitting as indicated by the low accuracy of the MobileNetV2 train 

dataset. 

 

    4.Conclusions 

In this article, we have studied the implementation of using three base deep-learning models using the MobileNetV2, ResNet50V2, 

and Xception methods to be fine-tuned in the case of facial image recognition using masks. We get the results that the use of 

ResNet50V2 and Xception has a good level of data validation accuracy when compared to MobileNetV2 which results in 

overfitting on the same research parameters. In addition, we get the result that MobileNetV2 tends to be faster when compared to 

ResNet50V2 and Xception.                                                                                                                        

 

I. SCOPE AND FUTURE OF PROJECT 

In the emergency of COVID-19 pandemic, the value and importance of real-time Face Mask detection System is increasing. The work 

behind that is reviewed, In the first step, much research that seek to surround COVID-19 outbreak is reviewed. The first step clarified the 

fundamental concepts of deep CNN models. After this step, this paper reproduced the training and testing of the most used deep CNN 

models such as InceptionV3, MobileNet, MobileNetV2, ResNet-50, VGG-16, and VGG-19 on the given face mask dataset. In the final step 

and after evaluating the numerical results, best models are tested on an embedded vision system which consists of of Raspberry Pi board and 

webcam where efficient real-time deep learning-based techniques are implemented to automate the process of detecting faces with masks. 

This embedded vision-based system is useful in any working environment such as public place, Railway station, corporate environment, 

Airports, shopping malls, and educational institute, where accuracy and precision are highly desired to serve the aim. It can also be used in 

smart city, and it will improve the development process in many developing countries. Our Systems presents an opportunity to be more ready 

for the next dangerous crisis or to evaluate the effects of huge scope social change in respecting sanitary protection rules. In future, we will 

utilize this methodology on intelligent sensors or connected RP nodes that will be considered as an Edge Cloud to gather multimedia data, 
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e.g., an autonomous drone system, which can provide capture of the detected objects from different angles, and this can be sent to the Edge 

Cloud system to be analysed. 
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