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Abstract.COVID-19 is highly contagious and highly pathogenic, It seriously threatens human life and
health. Rapid detection of positive COVID-19 cases is very important in stopping the spread of the virus. At
early diagnosis, It is the most simple and rapid indicator for judging changes in the illness. As the COVID-19
chest X-ray image dataset continues to expand, Researchers build a CNN-based COVID-19 detection model
on Apache Spark. The model can effectively detect positive cases of COVID-19. This article first introduces
the big data platform Apache Spark, Deep Learning Technology CNN, transfer learning techniques, etc. Then,
it summarizes the characteristics and deficiencies of the research on chest X-ray image recognition of
COVID-19 in recent years.Finally, Under the big data thinking, This paper proposes a technical direction for
rapid detection of COVID-19 based on the big data analysis platform Apache Spark and the deep learning
algorithm CNN for large-scale COVID-19 chest X-ray image datasets.

Keywords: Chest X-ray image of COVID-19, Apache spark, CNN .

1. Introduction

Since the global outbreak of the COVID-19 epidemic in the past three years, nearly 45 million people
have been infected and nearly 6 million people have died around the world. And the numbers keep growing.
Currently, Kit testing is prone to misdiagnosis and missed diagnosis, Nucleic acid testing has the
disadvantage of waiting too long.Therefore, Rapid testing to detect positive cases of COVID-19 is critical. In
the early stages of infection, Virus affects lungs of infected people, Positive cases can be effectively
diagnosed by chest X-ray image detection. Timely detection of positive cases could stop the virus from
spreading further.This can effectively reduce the fatality rate. In past research, CNN has achieved good
results in medical image classification[1].Therefore, Detecting COVID-19 using COVID-19 chest X-ray
images and CNN is now a hot research direction.

The World Health Organization recommends the use of test kits, But this approach could have serious
consequences. Statistics show that cases of COVID-19-positive patients with multiple negative kit tests
within a month, Also, the results of the Kit test at different times of the day may be different. In short, the
success rate of kit detection is relatively low, about 70%][2], and the sensitivity can only reach 60%-70%][3].
Therefore, identification through COVID-19 chest X-ray images is the most efficient and timely way to
detect COVID-19.

This article introduces the related technologies currently used in the recognition of COVID-19 chest X-
ray images. Summarized the two technical routes for the detection of COVID-19 chest X-ray images so far.
At the same time, it summarizes the shortcomings of these two technical routes. Finally, it is proposed to
study the detection of COVID-19 chest X-ray images under the thinking of big data, A new strategy for rapid
identification of COVID-19 chest X-ray images based on the big data analysis platform Apache Spark and
the deep learning algorithm CNN was proposed.
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2. Relevant Knowledge

2.1. BigData

As the COVID-19 outbreak spreads globally, the COVID-19 chest X-ray image dataset has also grown
dramatically. For example, the COVID-19 chest X-ray image dataset of the China Chest CT Image Survey
Consortium (CC-CCII) is a particularly large dataset.At the same time the dataset is growing rapidly.
Therefore, in the study of COVID-19 chest X-ray image recognition, researchers must use the thinking of big
data to conduct research. In previous studies on covid-9 chest X-ray image recognition, the concept of big
data was not used in the research. The concept of big data is essentially defined as a large amount of data[4].

In the last year, the data of COVID-19 chest X-ray images have grown dramatically, showing the basic
characteristics of big data. In the context of big data concepts, processing such a massive dataset of COVID-
19 chest X-ray images requires specialized tools. The well-known big data platform Apache Spark has the
characteristics of memory-based computing, and is especially suitable for the algorithm of multiple iterative
computing such as machine learning [5].

2.2. CNN for COVID-19 Chest X-Ray Image Classification

COVID-19 chest X-ray image recognition is a very popular research direction since the outbreak,
Researchers use CNN models VGG19, ResNet, etc. to identify COVID-19 chest X-ray images. On the one
hand, compared with the traditional fully connected neural network, the neurons of CNN are partially
connected, which reduces the training difficulty and training time. On the other hand, CNNs share weights
among neurons in the same layer, in this way the number of weights is reduced, thereby reducing the
complexity of the network model [6]. The basic structure of CNN is shown in Figure 1. The structure
consists of an input layer, a convolutional layer, a pooling layer, a fully connected layer and an output layer.
CNN extracts COVID-19 chest X-ray image features through convolutional layers, and then combines them
into more abstract features through sampling layers to form a feature description of the image. Finally,
activation functions are used to identify and classify COVID-19 chest X-ray images.
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Fig. 1: The basic structure of convolutional neural network

Combining big data platform Apache Spark and CNN for COVID-19 chest X-ray image recognition, the
combination of these two technologies makes COVID-19 chest X-ray image recognition efficient. It will
become the main strategy for COVID-19 chest X-ray image recognition [7].

2.3. Apache Spark

Apache Spark is a framework structure based on memory computing, which makes it unique in deep
learning algorithms. Existing studies have deployed deep learning algorithms on Apache Spark to recognize
COVID-19 chest X-ray images, and have achieved certain results. Currently, we can summarize Apache
Spark into five components: Spark SQL, MLLib for non-deep learning, GraphX, Spark Streaming,Deep
learning. as shown in Figure 2.
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Fig. 2: Deep learning for Apache Spark
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Spark MLLib only provides simple non-deep machine learning algorithms such as classification,
regression, clustering, etc. Apache Spark is a distributed computing framework developed for large-scale
data processing. Its in-memory computing framework is very beneficial to deep learning algorithms that
require multiple iterations. So deploying deep learning algorithms on Apache Spark to recognize COVID-19
chest X-ray images has huge advantages.

2.4. Transfer Learning for COVID-19 Chest X-Ray Image Classification

The researchers applied the pre-trained CNN model on ImageNet to the COVID-19 chest X-ray image
dataset to train a new CNN model to recognize the COVID-19 chest X-ray image. Transfer learning is a
technique to transfer the experience gained on the 'source’ dataset to a new ‘target' dataset[8]. In the study of
COVID-19 chest X-ray image recognition, transfer learning techniques solve the problem of insufficient
COVID-19 chest X-ray image datasets. The concept of transfer learning can be represented in Figure 3.

Learning ) Learning
task 1 LR task 2

Fig. 3: Learning process of transfer learning

In the COVID-19 chest X-ray image recognition research, we use the pre-trained model on ImageNet to
build a new model. New model applied to small COVID-19 chest X-ray dataset, This approach could address
the shortage of chest X-ray image datasets for COVID-19.

2.5. CC-CCII Dataset

The CC-CCII dataset is a publicly available COVID-19 lung CT dataset, which is currently the largest
dataset for COVID-19 lung CT images, with a total of approximately 617,775 CT slices. Including new
coronary pneumonia (NCP), common pneumonia (CP), normal control group (CP) three categories [9]. The
dataset is constantly being updated and expanded, and researchers should study the dataset under the concept
of big data.

3. Application of COVID-19 Chest X-Ray Image Recognition

Early screening to detect positive infections has been a challenge since the start of the COVID-19
pandemic. However, the kit antigen detection is prone to misdiagnosis and missed diagnosis, and the nucleic
acid detection consumes a long time. These two methods bring great hidden dangers to the prevention and
control of the epidemic. Deep learning technology has been widely used in the recognition of medical images,
and has achieved good recognition results in some aspects. Compared with traditional medical image
recognition methods, deep learning can effectively mine the potential nonlinear relationship in medical
images, thereby improving the feature extraction efficiency of medical images. Since 2019, many researchers
have applied convolutional neural networks to the recognition of COVID-19 chest X-ray images, which has
put forward new ideas and possibilities for timely and accurate screening of COVID-19 positive infections.
In the research of COVID-19 chest X-ray image recognition by deep learning algorithms, the first problem to
be solved is the problem of insufficient training dataset, CNN models must rely on large-scale training
datasets to prevent overfitting, enhance generalization, and improve accuracy. Table 1 shows the application
of deep learning CNN, Apache Spark, Transfer Learning in the field of COVID-19 chest X-ray image
recognition in recent years.
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Table 1:Research on the recognition of chest X-ray images of COVID-19

Reference  Architecture  Classes Transfer data Apache Data set Accuracy
Learning augmentation Spark COVID-
19/Others
400 images in-
2 N creased to 800 N 489/980 99.17
[10] CNN
400 images in-
4 N creased to 800 N 4982940 94.03
InceptionV3 97.1
[11] ResNet50 3 Y N Y 354/708 98.55
VGG19 98.55
InceptionV3 99.01
[12] ResNet50 2 Y N Y 160/160 98.03
13808images
[13] MobileNetV2 2 N n- N 3616/10192 97.00
creased to
52000

Reference [10] proposed a new CNN model to achieve 2-classification and 4-classification of COVID-19
chest X-ray images. Using data augmentation to address insufficient datasets of chest X-ray images for
COVID-19. Compared with the model proposed by the cited article, This CNN model uses the largest dataset
of COVID-19 chest X-ray images. And the model achieves 99.01% and 94.03% accuracy in 2-class and 4-
class, respectively, with the least number of parameters.

Reference [11] adopts the method of combining the big data platform Apache Spark and the transfer
learning algorithm, and takes the lead in using the big data platform Apache Spark in the research of
COVID-19 chest X-ray image recognition. A new research method is implemented by combining Apache
Spark with pre-trained CNN models InceptionV3, ResNet50 and VGG19 on ImageNet. In the case of a small
dataset of COVID-19 chest X-ray images, The 3 models achieved 97%, 98.55% and 98.55% accuracy in 3
classifications respectively. The training of this model takes a lot of time because of the transfer learning
technique used.

Reference [12] also proposed a method of combining Apache Spark and transfer learning, and also used
the pre-training models InceptionVV3 and ResNet50 on ImageNet for transfer learning. In the 2 classification
problem, it achieves 99.01% and 98.03% accuracy respectively.

Reference [13] proposed an improved MobileNetV2 model. The data augmentation technique was used
in the experiment to increase the COVID-19 chest X-ray image dataset from 13,808 to 52,000. The improved
MobileNetV2 model achieves 98% accuracy in 2 classification, and the pre-trained MobileNetV2 model on
the same dataset achieves 97% accuracy. And the improved MobileNetVV2 model requires less compilation
time. Therefore, the improvement of the CNN model in the COVID-19 chest X-ray image recognition
research is also a work that needs to be studied.

From the summary of the above literature, we can draw the following points:

¢ Among all the recognition experiments of COVID-19 chest X-ray images, only a few experiments are
based on the big data analysis framework Apache Spark.
e The total size of the COVID-19 chest X-ray image dataset mentioned in all the above experiments
varies from 200 to 4000 images.
e The above experiments using the transfer learning strategy used a pre-trained model on ImageNet.
In conclusion, the combination of the Apache Spark platform and transfer learning technology enables a
breakthrough in the identification of COVID-19 chest X-ray images. This also provides a theoretical basis
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for future research[14]. At the same time, it provides ideas for the realization of COVID-19 chest X-ray
image recognition technology based on the big data analysis platform Spark and the deep learning algorithm
CNN.

4. Conclutions

This paper introduces the research status of COVID-19 chest X-ray image recognition. In response to
the shortage of COVID-19 datasets, the two major strategies used by researchers in the past: One idea is data
augmentation; the other is Transfer Learning. This article summarizes the inadequacies of these two
strategies, These two strategies are no longer applicable in future COVID-19 chest X-ray image recognition
studies. Combination of Apache Spark, data augmentation and Transfer Learning technologies drives
advances in COVID-19 chest X-ray image recognition with the efforts of researchers, At the same time,
there are still many problems, and there is still a lot of work that we need to do: (1) Research on detection
of COVID-19 in chest X-ray images based on Apache Spark and CNN technology requires more datasets, It
is very important to introduce the CC-CClI dataset into future research. (2) For identification of COVID-
19 chest X-ray images, it is difficult to determine which structured CNN model to use, Find a balance
between recognition accuracy and model training time (the bigger the model, the more parameters it takes,
the more training time it takes).
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