
IEEE Transactions on Industrial Informatics  

EDITORIAL 

Advanced Deep Learning Techniques for COVID-19 
 

 

ABSTRACT 

One of the serious issues that concern 
the world during this time is the 

Coronavirus outbreak (COVID-19). 
COVID-19 symptoms may be similar to 
other viral chest diseases in some of 

the symptoms that may cause the 
doctor's uncertainty in making the 

correct diagnosis decision due to the 
novelty of this virus. The fast 
transmission of the COVID-19 virus and 

its impact on the global economy led 
research to investigate novel solutions 

based on state-of-the-art deep learning 
approaches for rapid diagnosis of the 
disease. This special issue focuses on 

novel deep learning imaging analysis 
techniques related to COVID-19. Only 

seven papers were chosen through a 
very competitive selection process and 
rigorous review process since the 

authors demonstrated numerous 
research themes on Advanced Deep 

Learning Techniques for COVID-19. 
The papers in this special issue present 
visions in advanced deep learning 

techniques for COVID-19 and deep 
learning approaches to medical image 

analysis to diagnose COVID-19 
patients. The rapid diagnosis and 
isolation of COVID-19 patients are 

essential to control the spread and its 
global impact on world health, social 

and digital economy.   
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1. INTRODUCTION 

The most serious issue that concerns 
the world during this period is the novel 

Coronavirus outbreak (COVID-19). The 
quick distribution of the virus around the 
world puts a real threat to all countries. 

Thus, researchers must pay attention to 
studying the details of this calamity. 

COVID-19 symptoms may be similar to 
other viral chest diseases in some of 
the symptoms that may cause the 

doctor's uncertainty in making the 
correct diagnosis decision due to the 

novelty of this virus. The recent 
diagnosis of COVID-19 is based on 
real-time reverse-transcriptase 

polymerase chain reaction (RT-PCR) 
and is regarded as the gold standard for 

confirmation of infection. It has already 
been widely recognized that deep 
learning techniques can potentially 

have a substantial role in streamlining 
and accelerating the diagnosis of 

COVID-19 patients. Numerous open 
dataset enterprises have been set up 
over the past weeks to help the 

researchers develop and check 
methods that could contribute to 

countering the Corona pandemic. In 
order to report the above unique 
problems in the diagnosis of COVID-19, 

pioneering techniques should be 
developed. This special issue focuses 

on novel deep learning imaging 
analysis techniques related to COVID-
19 [1]. 

 
This special section provides a perfect 

platform to submit manuscripts that 
discuss the prospective developments 
and innovative ideas in deep learning 

techniques in the diagnosis of COVID-
19. We received 64 submissions. Only 



seven papers were chosen through a 
very competitive selection process and 

rigorous review process since the 
authors demonstrated numerous 

research themes on Advanced Deep 
Learning Techniques for COVID-19. 

 

The fast transmission of the COVID-19 

virus and its impact on the global 

economy led research to investigate 

novel solutions based on state-of-the-

art deep learning approaches for rapid 

diagnosis of the disease. Deep learning 

approaches are developed based on 

the understanding of the brain, its 

structure, and functionality applied to a 

variety of application areas [2]. 

 
2. THEMES OF THIS SPECIAL ISSUE 

This special issue includes seven 
original papers based on the review 

outcomes from independent reviewers. 
The selected papers are brief as follows: 

 

The first paper, entitled 'RLDD: an 

advanced residual learning diagnosis 

detection system for COVID-19 in IIOT' 

authored by Dong et al., investigates 

the use of Computed Tomography (CT) 

images to diagnose lung infection.  The 

authors have applied an advanced 

residual learning diagnosis detection 

technique to identify positive COVID-19 

cases more effectively. The proposed 

approach is applied to a public dataset 

that has achieved an accuracy of 

91.33%, a precision of 91.30%, and a 

recall of 90% on a sample of 150 

batches.  Before applying the data set 

approach, pre-processing in RGB was 

applied to uniform the image resolution 

(224x224). The data set was labeled. 

The kernel size was set to 3X3. The 

convolution layer learns the important 

features relevant to the diagnosis of 

COVID-19. The authors applied Adam 

optimizer with the initial learning rate of 

0.001, decay co-efficient at a rate of 0.5, 

and the number of epochs was 1500. 

The second paper, entitled 'CovTANet: 

a hybrid tri-level attention based 

network for lesion segmentation, 

diagnosis, and severity prediction of 

COVID-19 chest CT scans' authored by 

Fattah et al., proposes a hybrid 

approach for COVID-19 diagnosis. This 

research has applied a neural network-

based approach to CT images for 

COVID-19 diagnosis, lesion 

segmentation, and prediction of 

disease level.  The proposed approach 

is applied to a public data set containing 

1110 samples and achieved high 

performance. The proposed tri-level 

attention unit approach is comprised of 

three steps: channel-level, spatial level, 

and pixel-level. As reported in the paper, 

the channel attention mechanism 

focuses on the high view of channels 

comprising more information. The 

spatial attention mechanism focuses on 

the local spatial regions' interests. The 

pixel attention mechanism focuses on 

the lower level view relating to the 

analysis of each pixel. The authors 

applied Adam optimizer with an initial 

learning rate of 10−5 decay co-efficient 

at a rate of 0.99 after every 10 epochs. 

The third paper, entitled 'EDL-COVID: 

ensemble deep learning for COVID-19 

cases detection from chest X-Ray 

images' authored by Tang et al., 

proposes ensemble deep learning. The 

proposed approach is applied to a 

dataset containing 15477 CXR images, 

comprising 6053 Pneumonia, 8, 851 

Normal, and 573 COVID-19 cases 

images. The proposed EDL-COVID 

approach can perform a prediction with 

multiple models based on deep 

learning and ensemble learning 



comprising a weighted average 

ensembling strategy. The proposed 

approach is applied to chest x-ray 

images to diagnose COVID-19 patients. 

The approach has achieved COVID-19 

detection accuracy of 95%.  

The fourth paper, entitled 'Intelligent 

Intraoperative Haptic-AR navigation for 

COVID-19 Lung Biopsy using Deep 

Hybrid Model’ authored by Tai et al., 

describes the systems developed and 

the algorithms used to develop the 

biopsy surgical navigator. A novel deep 

learning technique was developed to 

help thoracic surgeons perform an 

image-guided lung biopsy of patients 

with COVID-19. In the new system, a 

WPD-CNN based LSTM model is 

developed to estimate the lung biopsy 

accuracy and the Deep Residual 

Network (ResNet) is employed for the 

viscera classification during the biopsy. 

The approach was evaluated with 

Twenty-four thoracic surgeons, and the 

experiments showed that its novel 

approach outperformed existing 

approaches, which in turn opens new 

lines of enquiry for deep learning in 

surgical navigation.  

The fifth paper, entitled 'Augmented 

Multi-center Graph Convolutional 

Network for COVID-19 Diagnosis' 

authored by Lei et al., develops a Graph 

Convolutional Network (GCN) to take 

into account the different centers. In the 

assessment of COVID-19 patients, a 

chest Computed Tomography (CT) 

scan is taken to relieve the burden on 

radiologists and physicians, and an 

automatic assessment can be used to 

support the diagnosis. Any automatic 

assessment would need to handle 

images from different equipment (and 

set up conditions) from different centers. 

The algorithm is named ‘augmented 

multi-center graph convolutional 

network (AM-GCN)'. An evaluation of 

the new approach was conducted using 

a CT scan from seven different data 

centers, achieving a mean accuracy of 

97.76%. This approach could now be 

applied to other classification tasks 

where data come s from different 

centers with different setup conditions.  

The sixth paper, entitled ‘An Effective 

Deep Neural Network for Lung Lesions 

Segmentation from COVID-19 CT 

Images' authored by Xiao et al., 

proposes a new process for 

segmentation CT images, described 

how to support this diagnostic process. 

Radiologists rely on their experience 

when looking at using a CT of the lungs 

to diagnose suspect features (single or 

multiple ground glass-like lesions, solid 

lesions, and thickened leaflet intervals) 

in patients with COVID-19. The process 

used Region of Interest (ROI) to identify 

possible infected areas of the lung. 

Then using deep learning to extract 

features and finally, a Conditional 

Random Field (CRF) is used to classify 

the features. The evaluation 

demonstrated that this approach 

outperformed other commonly used 

approaches. The work could be used to 

support the diagnoses of CT scans in 

other physiological parts of the body, 

such as liver lesions. 

The last paper, entitled 'COVID-19: 

Automatic Detection of the Novel 

Coronavirus Disease from CT Images 

Using an Optimized Convolutional 

Neural Network' authored by 

Castiglione et al., proposes a novel 

classification model that analyzes chest 

CT images for the early prediction of the 

COVID-19 disease. Authors use chest 

CT images from a public COVID-19 

dataset that are properly pre-processed 



and normalized. After that, they split the 

dataset of CT-images into two different 

parts: a test set and a training one. 

Specifically, the training set is then 

used to classify COVID-19 infected 

patients and create a reference model. 

The proposed method was compared 

to the existing reference transfer 

learning models (such as the ResNet, 

GoogleNet, and VGG19). The 

extensive experiments carried out by 

the authors proved that their method 

outperforms the other models in 

specificity (99.97%), accuracy 

(99.99%), precision (99.92%), and 

sensitivity (99.96%). Their approach 

also seems to be better than any other 

existing COVID-19 disease prediction 

method and can be easily implemented 

in real-time disease classification from 

chest CT images. 

 
3. CONCLUSION 

The papers shown in this special issue 

present visions in advanced deep 
learning techniques for COVID-19 and 

deep learning approaches to medical 
image analysis to diagnose COVID-19 
patients. The rapid diagnosis and 

isolation of COVID-19 patients are 
essential to control the spread and its 

global impact on world health, social 
and digital economy.  We hope the 
readers can benefit from the insights of 

these papers and contribute to these 
rapidly growing areas. 
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