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Abstract. This paper introduces the background of the novel coronavirus outbreak and the role 

of CT scanning in diagnosis, as well as the importance of automated CT image analysis system. 

COVID-19, a highly contagious respiratory disease caused by the novel coronavirus, has caused 

millions of infections and hundreds of thousands of deaths worldwide since it broke out in Wuhan, 

China, in early 2020. CT scan is a commonly used diagnostic means to help doctors determine 

the extent and location of lung lesions, but due to the large number of COVID-19 patients, 

doctors have a large workload, so automated CT image analysis system is needed to assist doctors 

in rapid diagnosis. With the continuous training process, the accuracy of the training set of 

automated CT image analysis system is gradually stabilized at 90%. The accuracy of the test set 

exceeds 85%, and the prediction effect is good. The loss of training set and test set became 

smaller and the training accuracy gradually improved. According to the confusion matrix, 6 CT 

images that should have been COVID-19 were predicted to be non-COVID-19, 57 CT images 

that should have been non-COVID-19 were predicted to be COVID-19, and the remaining 

images were predicted correctly, and the prediction effect of the model was good, which could 

predict the COVID-19 images more accurately. The application of automated CT image analysis 

system can greatly reduce the work burden of doctors, improve the efficiency and accuracy of 

diagnosis, and provide strong technical support for the prevention, control and treatment of 

COVID-19. At the same time, the continuous optimization and improvement of the system will 

also provide more effective technical means for future epidemic prevention and control and 

medical diagnosis. However, there are still some problems and challenges in the application of 

automated CT image analysis system. For example, there may be bias in the model’s training 

data, resulting in inaccurate model predictions. At the same time, the case data in different 

regions are quite different, so targeted training and optimization are needed. Therefore, it is 

necessary to continuously improve and optimize the system to improve its prediction effect and 

reliability. In conclusion, the application of automated CT image analysis system provides strong 

technical support for the prevention, control and treatment of the novel coronavirus pneumonia, 

which can quickly and accurately diagnose lung lesions and provide better treatment and care 

for patients. With the continuous development and improvement of the technology, the 

application prospect of the system will be broader and make greater contributions to the cause 

of human health. 
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1.  Introduction 

The novel coronavirus pneumonia (NCP) is a highly contagious respiratory disease caused by the novel 

coronavirus (SARS-CoV-2) [1]. Since its outbreak in Wuhan, China, in early 2020, the virus has caused 

millions of infections and hundreds of thousands of deaths worldwide [2]. CT scan is a commonly used 

diagnostic tool to help doctors determine the extent and location of lung lesions [3]. However, due to 

the large number of COVID-19 patients and the heavy workload of doctors, automated CT image 

analysis system is needed to assist doctors in rapid diagnosis [4]. 

Deep learning is an artificial intelligence technology that can train neural networks through large-

scale data to achieve automated image recognition and classification [5]. VGG16 is a deep learning 

model that can classify images. Therefore, researchers applied the VGG16 model to the classification 

and diagnosis of CT images of COVID-19 [6]. 

During the COVID-19 epidemic, medical resources are tight, and doctors need to quickly analyze 

and diagnose a large number of CT images [7]. Traditional rule-based image analysis methods have been 

unable to meet the demand, therefore, automatic image analysis system based on deep learning has 

become a research focus [8]. 

By training a large number of CT images of COVID-19, researchers made the VGG16 model learn 

different characteristics of lung lesions, such as the size, density and location of the lesion area [9]. Then, 

the trained model is applied to the new CT images, which can automatically identify and classify 

different lung lesions, such as lesion area, lesion type, etc. Researchers can also improve the 

classification and diagnostic accuracy of COVID-19 CT images by combining the VGG16 model with 

other deep learning models. For example, researchers can combine the VGG16 model with a 

convolutional neural network (CNN) to improve the detection accuracy of diseased areas [10]. At the 

same time, the researchers can also combine the VGG16 model with recurrent neural networks (RNNS) 

to improve the accuracy of classification of lesion types. 

The study of CT images of COVID-19 based on deep learning VGG16 has important clinical 

significance. First of all, this technology can improve the automatic analysis and diagnosis level of CT 

images, reduce the work burden of doctors, and improve the diagnostic accuracy. Secondly, due to the 

ongoing outbreak of COVID-19, this technology can analyze and diagnose a large number of CT images 

in a short period of time, helping to detect and treat cases in a timely manner. Finally, this technology 

can also be applied to the diagnosis and treatment of other lung diseases, and has a wide range of 

application prospects. 

2.  Data set specification 

This paper selected the COVID-19 Lung CT Scans dataset provided by the Kaggle platform, which 

contains CT scan images from patients with COVID-19. This dataset is designed to help doctors and 

researchers better understand the impact of COVID-19 on the lungs and how to better diagnose and treat 

the disease. 

The dataset contains CT scan images from different regions, including China, Italy, the United States, 

and other places, covering scan results over different time periods. Image resolutions and formats also 

vary, including DICOM format and JPEG format. 

The dataset contained a total of 420 CT scan images, including both positive and negative samples 

for COVID-19. The samples are divided into three subsets: the training set, the validation set, and the 

test set. The training set contains 251 images, the verification set contains 67 images, and the test set 

contains 102 images. 

In addition to the CT scan images, the dataset contains useful metadata, such as information about 

the patient’s age, gender, symptoms, and the doctor’s diagnosis of the images. 

This dataset will be of great help in studying the impact and development of COVID-19, as well as 

developing automated COVID-19 diagnostic tools. By using this dataset, researchers can better 

understand the effects and pathological features of COVID-19 on the lungs, and doctors can more 

accurately diagnose patients and develop better treatment plans based on these images, some of which 

are shown below: 
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Figure 1. Dataset image. (Photo credit : Original) 

3.  VGG16 image classification algorithm 

Image classification based on deep learning is a method of image classification using convolutional 

neural network (CNN). CNN is a special kind of neural network that is able to efficiently capture features 

in images and convert them into digital signals for classification. 

VGG16 is a deep learning model based on CNN, which consists of 16 layers of neural networks. The 

main idea of the VGG16 model is to use multiple small convolution cores instead of one large one to 

improve the accuracy of the network. Specifically, the VGG16 model uses multiple 3x3 convolutional 

cores instead of 5x5 or 7x7 convolutional cores, which can reduce the number of parameters in the 

network, thereby improving the training speed and accuracy of the network. 

The structure of the VGG16 model consists of 13 convolution layers and 3 fully connected layers. In 

the convolution layer, each convolution layer contains a convolution kernel, a bias term, and an 

activation function. In the fully connected layer, each neuron is connected to all the neurons in the 

previous layer and is classified using the softmax function. 

 

Figure 2. VGG16. (Photo credit : Original) 
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The training process of VGG16 model includes two stages: forward propagation and back 

propagation. In the forward propagation stage, the model inputs the image into the network and extracts 

and classifies the feature through the convolutional layer and the fully connected layer. In the back 

propagation stage, the model uses the error back propagation algorithm to update the weights and bias 

terms in the network to improve the accuracy of the network. 

Specifically, in the forward propagation phase, the model first extracts the input image through 

multiple convolution layers for feature extraction. Each convolution layer contains multiple convolution 

cores, each of which performs convolution operations on the input image to extract different features. 

The convolution operation will carry out sliding window operation on the input image, and select a part 

of the image for convolution operation each time, so as to extract the features of the part of the image. 

Through the superposition of multiple convolutional layers, the model can gradually extract higher level 

features, so as to better distinguish different types of images. 

After the convolutional layer, the model inputs the extracted features into multiple fully connected 

layers for classification. Each neuron in the fully connected layer is connected to all the neurons in the 

previous layer, so that the features extracted from the convolutional layer can be combined and classified. 

Finally, the model uses the softmax function to classify the images into different categories. 

In the backpropagation phase, the model uses an error backpropagation algorithm to update the 

weights and bias terms in the network. Based on the error between the model’s predicted results and the 

actual results, the algorithm calculates the contribution of each neuron to the error, and updates the 

weight and bias terms according to the contribution size. Through multiple iterations of training, the 

model can gradually improve its accuracy and thus better classify images. 

In general, the algorithm principle of image classification based on deep learning, especially VGG16 

model, is to use CNN to extract features in images and classify them through multi-layer neural networks. 

The VGG16 model uses multiple small convolutional cores instead of one large convolutional kernel to 

improve the accuracy of the network, and uses the backpropagation algorithm to update the weights and 

bias items in the network to improve the training speed and accuracy of the network. 

4.  Analysis of experimental results 

Import the data set into python, divide the training set and test set according to the ratio of 6:4, train 40 

epoches, calculate parameters such as accuracy and loss, and draw the confusion matrix, the results are 

shown below: 

 

Figure 3. Accuracy. (Photo credit : Original) 
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According to the prediction accuracy, with the continuous training process, the accuracy of the 

training set gradually stabilized at 90%. The accuracy of the test set exceeds 85%, and the prediction 

effect is good. 

 

Figure 4. Loss. (Photo credit : Original) 

According to the loss curve, with the progress of the training process, the loss of both the training set 

and the test set eventually becomes smaller, and the training accuracy gradually increases. 

 

Figure 4. Confusion matrix.( Photo credit : Original) 

As can be seen from the confusion matrix above, 6 CT images that should have been NCP were 

predicted to be non-NCP, 57 CT images that should have been non-NCP were predicted to be NCP, and 

the remaining images were predicted correctly, and the prediction effect of the model was good, and the 

image of NCP could be predicted more accurately. 
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5.  Conclusion 

The purpose of this study is to classify and diagnose COVID-19 through an automated CT image 

analysis system based on deep learning VGG16 model, so as to improve the diagnostic accuracy and 

efficiency. After training and testing, this research has obtained certain results, which proves the 

feasibility and application prospect of this technology. 

First, by training a large number of CT images of COVID-19, the VGG16 model can learn different 

characteristics of lung lesions, such as the size, density and location of the lesion area. Then, the trained 

model is applied to the new CT images, which can automatically identify and classify different lung 

lesions, such as lesion area, lesion type, etc. In this study, the accuracy of the training set is stable at 

more than 90%, and the accuracy of the test set is more than 85%, and the prediction effect is good. This 

indicates that the automatic CT image analysis system based on the deep learning VGG16 model can 

diagnose the novel coronavirus pneumonia more accurately, and has a wide application prospect. 

Secondly, with the progress of training, the loss of training set and test set is gradually reduced, and 

the training accuracy is gradually improved. This indicates that the automatic CT image analysis system 

based on deep learning VGG16 model adopted in this study has good learning ability and generalization 

ability, and can gradually improve the prediction accuracy and efficiency. At the same time, the 

confusion matrix used in this study showed that only 6 CT images that should have been COVID-19 

were predicted to be non-COVID-19, 57 CT images that should have been non-COVID-19 were 

predicted to be COVID-19, and the remaining images were predicted correctly. This indicates that the 

automatic CT image analysis system based on the deep learning VGG16 model adopted in this study 

can predict the COVID-19 image more accurately, and has practical application value. 

In addition, this research also has certain innovation and expansion. During the study, the researchers 

also explored combining the VGG16 model with other deep learning models to improve the 

classification and diagnostic accuracy of COVID-19 CT images. For example, researchers can combine 

the VGG16 model with a convolutional neural network (CNN) to improve the detection accuracy of 

diseased areas. At the same time, the researchers can also combine the VGG16 model with recurrent 

neural networks (RNNS) to improve the accuracy of classification of lesion types. These explorations 

provide new ideas and methods for further improving and optimizing automatic CT image analysis 

system based on deep learning VGG16 model. 

In conclusion, this study based on the deep learning VGG16 model for the classification and 

diagnosis of CT images of the novel coronavirus pneumonia has achieved certain results. In this study, 

the accuracy of the training set is stable at more than 90%, and the accuracy of the test set is more than 

85%, and the prediction effect is good. The automatic CT image analysis system based on the deep 

learning VGG16 model adopted in this study can predict the COVID-19 image more accurately, and has 

practical application value. In addition, this study also has certain innovation and expansion, which 

provides a certain basis for the subsequent research. 
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