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Abstract
COVID-19 is one of the most widely spread infectious disease, which was declared as 

pandemic in year 2019 by WHO. The viral infection can be diagnosed using RT-PCR test and 
through radiological scans, which are time consuming and not 100% accurate. Researchers 
are trying to develop more reliable, accurate and faster diagnostic system with the help of 
advance machine learning techniques. Some of the advance models developed using deep 
learning techniques are efficient but dependent on larger dataset and high-end processing 
system. In this paper, unique features extracted from COVID-19 chest X-ray images are 
used for diagnosis with the help of Histogram of Oriented Gradients-Kernel based Extreme 
Learning Machine (HOG-KELM) model. The proposed model is fast, efficient and economic, 
which does not rely on heavy machinery or processing unit. The experimental analysis is 
performed on a dataset of 15,153 CX-ray images, in which 3616 are COVID-19 infected, 10,192 
normal lung, and 1345 pneumonia infected images. This model produces 99.78% accuracy 
for binary classification which evoke the efficacy of the proposed model compared to the 
existing state-of-art models.
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1.  Introduction

The coronavirus infection caused by SAR-CoV-2 was first reported in 
the year end of 2019. The coronavirus disease is highly infectious and 
impacts respiratory system as well as complicates pre-existing health 
conditions of patients. The disease infection pattern and its symptoms 
were unknown in the beginning and before it could have been contained, 
it already marked its presence in entire world. Due to its wide spread 
throughout the world WHO declared it a pandemic in year 2020. The 
Healthcare system was not prepared for anything like this pandemic, it 
was highly infectious which caused lots of hospitalization. Lack of reliable 
and fast test kits, diagnostic tools and proper treatment lots of people lost 
their lives. Coronavirus outbreak not only impacted people’s health but 
also their life and livelihood [1]. Some of the diagnostic tools available are 
Rapid antigen test and RT-PCR test. RT-PCR test takes almost 24 hours for 
producing any results, these test especially rapid antigen tests are non-
reliable, time consuming and not 100% accurate. Imaging techniques like 
ultrasound, X-rays and CT-scans were used to detect any kind of infection 
in the lungs. The major task which radiologists faced during this COVID-
pandemic is to correctly differentiate these lung infection from any other 
type of acute respiratory conditions which can be caused by any other 
pathogens. Recent trends in the field of Artificial intelligence in various 
sectors have influenced researchers to dive into development of automated 
AI based healthcare systems which can prove to be helpful in identifying 
various medical conditions. The dataset of COVID-19 infected chest scans 
can be used for developing above said advance diagnostic system, which 
are fast and less prone to errors. 

The challenge faced by researchers is not only detection accuracy but 
also availability of open source database and clinical data. So far researchers 
have developed models based on deep learning and state-of-art 
convolutional neural network for analysis and diagnostic purpose [2, 3, 4, 
and 5]. In order to overcome these challenges many researchers adopted 
transfer learning based pre-trained model. Recent studies shows that these 
models have significantly improved overall performance of the designed 
system [6, 7, and 8]. Gayathri J.L. et al. [9] used ensemble of Xception and 
InceptionResnetV2 for feature extraction and a FFNN for classification. 
Bhattacharyya et al. [10] first segmented the lung scans using C-GAN and 
then used deep learning algorithm form feature extraction and 
classification. Nayak et al. [11] utilized and improvised a CNN model for 
COVID-19 classification. Kaya and Eris [12] developed a hybrid feature 
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extraction network namely D3SENET which consists of DarkNet53, 
DarkNet19, DenseNet201, SqueezeNet, and EfficientNetb0. Godbin & 
Jasmine [13] designed model established on GLCM features and traditional 
machine learning classifiers which showed convincingly better 
performance compared to some deep learning model. Similarly Shankar et 
al. [14] applied deep learning and fusion based feature extraction technique 
for detection of COVID-19. ResNet50 and AlexNet convolutional neural 
network (CNN) model along with tunable Q-wavelet transform was 
proposed by Kumari et al. [15] for COVID-19 and non-COVID-19 
classification. Ensemble bootstrap aggregation with neural network was 
implemented by Alshahrni et al. [16] where dataset was analyzed and 
clustered with the help of SPSS software. Ali et al. [17] developed COVID-19 
classification model based on DWT and SVM. Tallapragada et al. [18] also 
explored DWT along with deep learning convolutional models like 
AgileNet (LeNet & AlexNet) and inception-ResNet (GoogLeNet & ResNet).

The main contribution of this paper is listed as follows:
•	� An advanced machine learning algorithm along with statistical 

feature extraction technique using non-iterative HOG-KELM is 
applied for developing COVID-19 diagnosis system. 

•	� The aim is to perform statistical analysis on X-ray images and 
differentiate between Covid-19 disease and other conditions. The 
feature extracted using histogram oriented gradient technique along 
with kernel based extreme learning machine provide enhanced 
diagnosis.

•	� The performance evaluation made on current system and compared 
with some of the latest state-of-art deep learning models. 

•	� The experiment result shows that proposed model out-performs 
most of the latest high end deep learning models and is more 
efficient in terms of accuracy and processing time.

The paper is organized as follows. In section 2, proposed model 
architecture is demonstrated, followed by section 3 in which necessary 
preliminaries required are explained. Section 4 lay out experimental 
outcomes of the proposed model. Finally, in section 5 conclusions and 
future work is discussed.
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2.  Proposed Methodology

The classification model developed is based on single layer feed 
forward network. In order to enhance system performance and reduce 
computational complexity Kernel based extreme learning machine for 
classification of COVID-19 chest images with non-COVID-19 images is 
adopted. The proposed model consists of three phases: Preprocessing of 
raw images, extraction of relevant features using HOG feature extraction, 
and lastly the extracted features are used for training non-iterative KELM 
based model for further analysis as shown in Figure 1. The detailed 
explanations of each phase is carried out in following subsections.

3.  Preliminaries 

3.1 Mathematical analysis of KELM

G.B. Huang [19, 20] developed a simple and faster single layer neural 
network called Extreme learning machine. The input weights are randomly 
chosen and output weights determined using Moore Penrose generalized 
inverse method.

The output function given by following equation (1),
( ) ( ) (1)f x h x β=

† (2)H Tβ =

where, for N distinct input samples ( , ),i ix t  there are L hidden nodes with 
output ( )h x = 1[ ( ),h x ,… ( )],Lh x  output weight β = 1[ ,β 2 ,β ,… ],Lβ  and 

Figure 1
Proposed binary HOG-KELM classification model block diagram
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†H  is Moore Penrose inverse of h(x). The hidden layer feature maps input 
space into L dimensional feature space. Since, the hidden function in ELM 
is unknown and most of the non-linear piecewise continuous function can 
be used as hidden output function [21], thus different extensions of ELM 
variants can be implemented. One such extension is Kernel based ELM, in 
which Mercer’s condition is applied. The hidden output function and 
number of hidden nodes are unknown, with the given kernel matrix 
(equation (3)):

,
: ( ) ( ) ( , ) (3)

i j

T
ELM ELM i j i jHH h x h x k x xΩ = Ω = =

The output function of KELM classifier can be resolved into following 
equation:

( ) 1
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−

= +

( ) 11( , )

( , )
( ) (5)

T

ELM
N

K x x
I
C

K x x
f x T

− 
 
 
  

= +Ω

3.2 Histogram of Oriented Gradient (HOG)

HOG feature descriptor is mostly used for object detection. It is based 
on existence of gradient orientation in image regions. In this method an 
image window is formed to get desired image segment or image region. 
The image segment is obtained, then gradient magnitude and angle 
matrices are calculated. With the help of these two matrices cells are 
formed, which is used for finding gradient histogram. These cells are then 
grouped to form blocks, from each block feature vector is derived. Feature 
vector of all the blocks are concatenated to get final HOG feature vector 
[22]. For the feature extraction, cell size [88] is used, it contains more 
descriptive information, but bigger cell size also increases dimensionality 
of feature vector [23].

3.3 Dataset

The chest X-ray images of COVID-19 and other conditions required 
for training of the proposed model is acquired from ‘Kaggle’ website [24]. 
The metadata consists of total 21165 CX-ray images of lung, which include 
10192: Normal, 3616: COVID-19 infected, 1345: Viral pneumonia, and 
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remaining 6012: Lung opacity. As the proposed model is investigated for 
binary classification only, the dataset is divided into two set using 
combination of COVID, pneumonia and normal CX-ray images, the 
dataset distribution can be viewed in Table 1. 

Table 1
Dataset of Chest X-ray

 COVID-19 Normal Viral 
Pneumonia

Lung 
Opacity

Dataset used for the 
experiment

3,616 10,192 1,345 6,012 Set-1: [COVID-19: 3616, 
Normal: 10192]
Set-2: [COVID-19 : 3616, 
Pneumonia: 1345]

4.  Experimental results and Discussion

The effectiveness of proposed model is validated by performing 
experimental analysis on two subsets of above mentioned dataset. One set 
consists of COVID-19 & Normal (set-1) chest X-ray images, whereas other 
set have COVID-19 & Viral pneumonia (set-2) images. The results are 
shown in Table 2 and 3. For two-way classification the performance of 
proposed model is better than some of the deep learning model as shown 
in Table 4. The HOG-KELM based model achieves 99.79% accuracy and 
100% sensitivity.

Table 2
COVID Vs NORMAL

Parameters 60% 
training

70% 
training

80% 
training 90% training

Accuracy 94.858 96.283 96.849 97.176

Precision 94.9 95.772 95.954 96.275

Sensitivity 84.924 89.77 91.84 92.818

Specificity 98.381 98.594 98.626 98.724

F-score 89.635 92.674 93.852 94.515

Percentage Test 
Error 5.1421 3.7171 3.151 2.824
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Table 3
COVID Vs Pneumonia

Parameters 60% 
training

70% 
training

80% 
training

90% 
training

Accuracy 99.345 99.194 99.294 99.798
Precision 99.312 99.175 99.448 99.725
Sensitivity 99.793 99.724 99.585 100
Specificity 98.141 97.772 98.513 99.254
F-score 99.552 99.449 99.516 99.862
Percentage Test Error 0.65524 0.80591 0.70565 0.20161

Table 4
Comparative Analysis

Authors, year and References Methodology/ 
Technique Accuracy

Gayathri J.L. et al. [2022], [9] CNN with sparse 
autoencoder and 
FFNN

95.78%

Soumya Ranjan Nayak et al. 
[2022], [11]

LightWeight CNN 
model called LW-
CORONet

Dataset 1: 99%,
Dataset 2: 96.25%

Ibrahim Al-Shourbaji et al. 
[2023], [25]

CNN model based on 
VGG

99.27%

Kumari Jyoti et al. [2023], [15] MCA inspired TQWT 
model

Dataset 1: 98.82%
Dataset 2: 94.64%

Sourabh Singh Verma et al. 
[2022], [26]

VGG16 with SVM as 
classifier

95%

K. Shankar et al. [2022], [14] Feature Fusion: 
GLCM, LBP, 
and Salp Swarm 
algorithm(SSA) with 
ANN

95.10%

Proposed Approach Non-iterative HOG-
KELM

Dataset 1: 97.176%
Dataset 2: 99.79%

The confusion matrix is employed for performance visualization of 
the model, Figure 2 shows confusion matrix for the experiments performed 
using two set of dataset. The ROC graph is plotted for comparing efficacy 
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of KELM over SVM classifier, from the graph it is clear that KELM performs 
better than SVM and also require less time for classification. 

5.  Conclusion

The work aimed to introduce hybrid classification model which can 
be used for COVID-19 detection using chest X-ray images. The proposed 
HOG-KELM model shows efficient performance (accuracy 99.79%) based 
on more than one evaluation metrics. The model is cost effective and does 
not require heavy GPU based infrastructure for its implementation. The 
processing time is significantly less than the pre-trained DNN models. 
The only constraint faced in this work is acquiring dataset of COVID-19 
chest scans. The available X-ray images of COVID-19 which can be used 
for implementation of such model are limited in public domain and highly 
imbalanced, also they are not first choice of recommendation for early 
COVID-19 diagnosis. Low dose CT imaging is better choice for early 

Figure 2
Confusion matrices for binary classification HOG-KELM model: (a)-(b), (c) 

ROC of KELM classifier, and (d) Performance plot of the model 
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diagnosis and severity analysis of infection. For the future work, HOG-
KELM model needs to be investigated for imbalanced multi-classification.
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