J. Nat. Scien. & Math. Res. Vol. 7 No. 2 (2021) 59-65, 59

JOURNAL OF

NATURAL SCIENCES

AND
,MATHEMATICS RESEARCH

et LI
i el “‘|

Available online at http://journal.walisongo.ac.id/index.php/jnsmr

Analysis of chest X-Ray (CXR) images in COVID-19 patients based on age
using the Otsu thresholding segmentation method
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Abstracts

The infection with the COVID-19 virus or better known as the Corona virus spread
throughout China and other countries around the world until it was designated a
pandemic by the World Health Organization (WHO). Detection of patients infected
with COVID-19 in the form of RT-PCR, CT-Scan images and Chest X-Ray (CXR). This
study aims to analyze CXR images of COVID-19 patients based on age using Otsu
Thresholding Segmentation. The image segmentation process uses the Otsu auto-
tresholding method to separate objects from the background on the CXR image.
The results show that the images of COVID-19 patients have pneumonia spots that
are not visible on the original CXR image. The average value of the accuracy of the
Otsu Thresholding results is 95.18%. Penunomia spots are mostly found in COVID-
19 patients aged 50 to 70 years and over which cause severe lung damage.
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19 was first identified on March 2, 2020 and

1. Introduction

COVID-19 or better known as the corona virus is
a new type of virus that was first identified in
December 2019 in Wuhan, China [1]. Then this
viral infection spread throughout China as well
as other countries around the world until it was
designated a pandemic by the World Health
Organization (WHO). In Indonesia alone, COVID-

reached 4.2 million confirmed cases in
September 2021 spread across 390 regencies/
cities from 34 provinces throughout Indonesia
[2]. A study in China stated that the majority of
COVID-19 patients were men with an average
age of 56 years with 26% requiring intensive
care unit (ICU) treatment, with a mortality rate

of 28% [3]. COVID-19 infection acutely attacks
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the respiratory system [4]. Symptoms
experienced include fever, fatigue, dry cough to
shortness of breath [5].

This disease was confirmed by gene
sequencing techniques in laboratory
examination using Real-Time Polymerase Chain
Reaction (RT-PCR) with samples taken from the
upper respiratory tract (nasopharynx and
oropharynx) and lower respiratory tract such as
sputum, tracheal aspirate and bronchoalveolar
rinses [6]. In addition, to overcome the shortage
of reagents, COVID-19 sufferers can be detected
using CT-Scan images. Even the chest CT-Scan
screening of 51 COVID-19 positive patients has a
sensitivity rate of 98% [7]. This is because, in the
CT-Scan image, there are pneumonia spots that
are typical of COVID-19 patients [6] and are able
to provide information COVID-19
infection [6] and able to provide information
about COVID-19 infection [8]. However,
radiological examination can be done using CXR
at a relatively cheaper cost than RT-PCR and CT-
Scan.

Imaging with CXR has a sensitivity level of
69% of 64 patients aged 19-56 years to detect
COVID-19 [9]. Another study on the detection of
COVID-19 patients based on CXR imagery
resulted in an accuracy greater than 95% [10].
CXR is the most common and widely available
diagnostic imaging technique for supporting
clinical care and epidemiological studies. In
rural areas most have used CXR as basic
diagnostic imaging in outpatient facilities. Given
that there are still many hospitals in Indonesia,
especially in rural areas that do not yet have CT-
Scan radiographs, this study was made using
CXR to detect COVID-19.

However, because the resulting CXR image
has low contrast, the resulting image needs to be
processed first. Previous research using Sobel
edge detection to analyze the development of
COVID-19 patients resulted in object patterns
and areas of Corona virus spread, there are

about

limitations to the image that looks quite clear
[11]. Another study comparing several lung
segmentation methods showed that Otsu
Thresholding was slightly superior to other
image segmentation methods [12]. The study
using the Otsu function for the evaluation of CT-
Scan images in COVID-19 patients confirmed
that the proposed procedure is efficient in
extracting infected parts with better accuracy
[13].

In this study, CXR image processing was
carried out using the Otsu Thresholding
Segmentation method to analyze COVID-19
patients based on age. This analysis is based on
the fact that age is a risk factor for disease
severity and mortality in studies of viral
infection [14]. It is hoped that the CXR image
segmentation with the Otsu Thresholding
method can be one of the tools for the diagnosis
of COVID-19 patients.

2. Experiments Procedure

The data used in this study are CXR images
of confirmed COVID-19 patients diagnosed using
RT-PCR. The subject's age range is 20-50 years
with seven data, age 50-70 years with eleven
data and age over 70 years with two data. CXR
images were obtained from the open database
Github.com [15]. GitHub is a project
management, code versioning system, as well as
a social networking platform for developers
around the world.

The procedure in this study is shown in
Figure 1. The processed image is the original
image of the COVID-19 patient with RGB color
format. The image is processed into an image in
Grayscale format. Then change the image to
black and white format. This image is a binary
image, which is an image that has a value of 0 for
black and a value of 1 for white [16]. The next
stage is Otsu Thresholding Segmentation. If
interpreted more deeply, Image Segmentation is
the division of the image area based on the
criteria for the similarity or homogeneity of the
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region, the similarity of certain criteria and the
gray level of one pixel with another pixel [17].

/ CXR Image COVID-19 Patient /
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Figure 1. Experiments Procedure

Image segmentation used in this research is
Otsu Thresholding. This Otsu Thresholding
method performs the image segmentation
process using a threshold value instantly by
changing the gray color image to black and
white, the comparison factor is the color
threshold value of the digital pixel image [18].
The threshold value is obtained from a gray level
image called k, k has a value less than or equal to
one to L [19]. The total value of L is 255 [20]. The
probability of each i-level pixel can be obtained
by:

ny
Pi=+ (1)
where n; is the number of i-level pixels and N is
the total number of pixels in the image. The value
of the First Comulative moment, Zeroth value

and the total average value can be expressed by
[21]:
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The threshold value of k can be obtained by
maximizing the following equation:

a5 (k") = maxaj (k) (5)

where:
[urw(k) — u(k)]?
w(K)[1 - wk)]

oZ(k) = (6)

The next stage is the metric evaluation
process. There are three important criteria in
the process of evaluating this metric, namely
accuracy, sensitivity and specificity [6].
However, in this study only the accuracy value is
shown. Accuracy is obtained by using the
formula [22]:

TP+TN
Accuracy =y T FN+ TN+ FN (6

where TP, FP, TN and FN given in Equation (6)
represent the number of True Positive, False
Positive, True Negative and False Negative . This
value is the difference in pixels between the
grayscale image and the binary image.

3. Result and Discussion

The original image and the results of Otsu
Thresholding segmentation on the CXR of
COVID-19 patients aged 20-50 years are shown
in Figure 2. The left image is the original CXR
image and the right is the CXR image segmented
using the Otsu Thresholding method. The image
shows the presence of GGO (Ground Glass
Opacities) or more commonly known as
pneumonia spots, which are mostly found in the
lower lung area. Spots of pneumonia are mostly
only found in one area of the lung (right or left
only). This indicates that the SARS-CoV-2 virus
infecting the lungs of patients aged 20-50 years
is relatively not too severe. In a study conducted



J. Nat. Scien. & Math. Res. Vol. 7 No. 2 (2021) 59-65, 62

by Borghesi et al. revealed that patients with
COVID-19 with this age group had an average x-
ray lung image score of 2.5 on a scale of 0-8.5.
This means that the lung damage experienced is
not too severe [23].

Figure 2. Original CXR image (left) and results of Otsu
Thresholding segmentation (right) in COVID-19
patients aged at (a) 27 years, (b) 35 years, (c) 35
years, (d) 42 years, (e) 46 years, and (f) 45 years old

(0

(e)
Figure 3. Original CXR image (left) and Otsu
Thresholding segmentation image in COVID-19
patients aged at (a) 54 years, (b) 56 years, (c) 58
years, (d) 62 years, (e) 65 years, and (f) 67 years old

The results of the Otsu Thresholding
segmentation in COVID-19 patients aged 50-70
years are shown in Figure 3. The image shows

that there are many pneumonia spots on both
sides of the lungs. Spots of pneumonia are
mostly found in the lower part of the lungs.
Previous studies conducted in this age range of
patients exhibited COVID-19 typical pulmonary
findings at the upper or lower margin of the
scan, most commonly peripheral ground-glass
opacity, followed by consolidation [24]. This

characteristic is seen in the results of the Otsu
COVID-19

Thresholding segmentation in

patients aged 50-70 years.

(a) (b)
Figure 4. Original CXR image (left) and Otsu

Thresholding segmentation image in COVID-19
patients aged at (a) 75 years, and (b) 78 years
old

Figure 4 is the original CXR image and the
results of the Otsu Thresholding segmentation in
COVID-19 patients aged over 70 years. The
image shows a lot of pneumonia. Almost all parts
of the lungs on both sides there are patches of
pneumonia. Borghesi et al revealed in a previous
study that COVID-19 patients with an age range
of 50-70 years and above had severe lung
damage with an image score of 8 on a scale of 0-
12 [23]. The results of another study conducted
by Siagian also stated that the group of elderly
men was a group at high risk of being infected
with the COVID-19 virus [25].

CXR image segmentation in COVID-19
patients using the Otsu Thresholding method
produces images that are easier to analyze. This
is shown by the image of COVID-19 patients who
have a lot of typical pneumonia spots, especially
in patients aged 50-70 years and over. This
means that patients infected with COVID-19
aged 50-70 years are more susceptible to
damage to the lungs. As stated by Osturk et al.
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[26] that on CXR images of patients with COVID-
19 often found: Ground-glass opacities (GGO)
which are areas with increased weakness in the
lungs (often also referred to as pneumonia
spots), merging of air spaces in the lungs,
bronchovascular thickening and bronchiectasis
traction.

Table 1. Accuracy
segmentation results

of Otsu Thresholding

No Age (years) Accuracy (%)
1. 27 96.42
2. 35 96.42
3. 35 94.52
4. 42 95.52
5. 46 97.60
6. 45 90.47
7. 50 90.47
8. 52 98.14
9 54 93.79
10 55 96.80
11 56 93.75
12 58 93.75
13 59 98.57
14 62 95.93
15 65 97.60
16 67 93.18
17 69 93.18
18 70 98.58
19 75 95.62
20 78 97.60
Average 95.18

It has been revealed that the type of Corona
virus pneumonia attacks adults, especially
people over 50 years old, regardless of gender
differences [27], In addition, COVID-19 mostly
attacks the middle aged and above [28]. While
the majority of younger COVID-19 patients have
milder cases [29]. Similar findings were also
revealed by other researchers that COVID-19
patients aged at >60 years old had a higher rate
of respiratory failure and required longer
treatment than those aged at <60 years old [14].
These findings are in accordance with the results
obtained in this study

The accuracy of the CXR image
segmentation of COVID-19 patients using Otsu
Threshoding is shown in Table 1. This accuracy
is used to measure the percentage of the right
segmented area. A good segmentation method
will produce a high accuracy value. A low
accuracy value indicates the dominant
background area covers the main object [12].
The average accuracy of 95.18% indicates that
the image is well segmented.

4. Conclusion

Image segmentation has been carried out on
COVID-19 patients using the Otsu Thresholding
method based on age differences. The results of
CXR image segmentation based on age range
show that COVID-19 infection in patients aged
50-70 years and over causes severe damage to
the lungs. The Otsu Threshoding method can
perform the segmentation process well with an
average accuracy value of 95.18%.

Acknowledgment

The authors gratefully acknowledge the use of
service and facilities at Universitas Islam Negeri
Walisongo Semarang.

References

[1] W. Swastika, P. Studi, T. Informatika, and
P. Korespondensi, “Studi Awal Deteksi
Covid-19 Menggunakan Citra CT Berbasis
Deep Preliminary Study Of Covid-19
Detection Using CT Image Based On,” vol.
7, no. 3, pp.- 629-634, 2020, doi:
10.25126/jtiik.202073399.

[2]  Satuan Tugas COVID-19, “Peta Sebaran
Covid-19,” Gugus Tugas Percepatan
Penanganan Covid-19, 2021.
https://covid19.go.id/peta-sebaran.

[3] S. Richardson et al, “Presenting
Characteristics, Comorbidities, and
Outcomes among 5700  Patients
Hospitalized with COVID-19 in the New
York City Area,” JAMA - J]. Am. Med. Assoc.,
vol. 323, no. 20, pp- 2052-2059, 2020,
doi: 10.1001/jama.2020.6775.

[4] K. C. Liu et al, “CT manifestations of



[11]

[13]

J. Nat. Scien. & Math. Res. Vol. 7 No. 2 (2021) 59-65, 64

coronavirus disease-2019: A
retrospective analysis of 73 cases by
disease severity,” Eur. J. Radiol., vol. 126,
no. February, p. 108941, 2020, doi:
10.1016/j.ejrad.2020.108941.

D. Wang et al, “Clinical Characteristics of
138 Hospitalized Patients with 2019
Novel Coronavirus-Infected Pneumonia
in Wuhan, China,” JAMA - |. Am. Med.
Assoc., vol. 323, no. 11, pp. 1061-1069,
2020, doi: 10.1001/jama.2020.1585.

Z. P. Ali Narin, Ceren Kaya, “Automatic
Detection of Coronavirus Disease
(COVID-19) Using X-ray Images and Deep
Convolutional Neural Networks.”

J. Zhang, Y. Xie, Y. Li, C. Shen, and Y. Xia,
“COVID-19 Screening on Chest X-ray
Images Using Deep Learning based
Anomaly Detection,” 2020.

M. Hosseiny, S. Kooraki, A.
Gholamrezanezhad, S. Reddy, and L.
Myers, “Radiology  Perspective of
Coronavirus Disease 2019 (COVID-19):
Lessons From Severe Acute Respiratory
Syndrome and Middle East Respiratory
Syndrome,” no. May, pp. 1078-1082,
2020.

H. Yuen Frank Wong et al, “Frequency
and Distribution of Chest Radiographic
Findings in COVID-19 Positive Patients
Authors,” Radiology, vol. xxx, p. xxx, 2020.
Y. S. Hariyani, S. Hadiyoso, and T. S.
Siadari, “Deteksi Penyakit Covid-19
Berdasarkan Citra X-Ray Menggunakan
Deep Residual Network,” ELKOMIKA ].
Tek. Energi Elektr. Tek. Telekomun. Tek.
Elektron., vol. 8, no. 2, p. 443, 2020, doi:
10.26760/elkomika.v8i2.443.

M. Ghozali and H. Sumarti, “Deteksi Tepi
pada Citra Rontgen Penyakit COVID-19
Menggunakan Metode Sobel,” J. Imejing
Diagnostik, vol. 6, pp. 51-59, 2020.

M. S. Wibawa and I. M. A. W. Putra, “Studi
Komparasi Metode Segmentasi Paru-
Paru Pada Citra CT-Scan Aksial,” vol. 7,
pp. 283-292,2018.

V. Rajinikanth, N. Dey, A. N. ]. Raj, A. E.
Hassanien, K. C. Santosh, and N. S. M. Raja,
“Harmony-Search and Otsu based System
for Coronavirus Disease (COVID-19)

[14]

[15]

[24]

Detection using Lung CT Scan Images,”
Appl Sci,, vol. 6, no. April 2020, 2020,
[Online]. Available:
http://arxiv.org/abs/2004.03431.

Y. Liu et al, “Association between age and
clinical characteristics and outcomes of
COVID-19,” Eur. Respir. J., vol. 318, no. 6,
2020, doi: 10.1183/13993003.01112-
2020.

J. Paul Cohen, “Open database of COVID-
19 cases with chest X-ray or CT images,”
2020. [Online]. Available:
https://github.com/ieee8023/covid-
chestxray-dataset.

D. R. Anamisa, “Rancang Bangun Metode
OTSU Untuk Deteksi Hemoglobin,”
S@Ccies, vol. 5, no. 2, pp. 106-110, 2015,
doi: 10.31598/sacies.v5i2.64.

D. Abdullah, E. D. Putra, and J.
Pseudocode, “Segmentasi Pada Citra
Digital Metode Fuzzy C-Means Dan Otsu,”
pp. 72-80, 2017.

R. T. Wahyuningrum, “Segmentasi Obyek
Pada Citra Digital Menggunakan,” vol. 13,
no. 1, pp- 1-8, 2015, doi:
10.9744 /informatika.13.1.1-8.

D. Putra, “Binerisasi citra tangan dengan
metode otsu,” vol. 3, no. 2, pp. 11-13,
2004.

T. Arifin, “Analisa Perbandingan Metode
Segmentasi Citra Pada Citra
Mammogram,” J. Inform., vol. 3, no. 2, pp.
156-163, 2016.

R. Kosasih, “Pendeteksian tumor otak
dengan menggunakan metode
segmentasi otsu,” no. August 2017, 2019.
M. 1. Farih, L. Hakim, and M. Munir,
“Segmentasi Citra Wayang Dengan
Metode Otsu,” vol. 11, no. 01, pp. 8-18,
2016.

A. Borghesi et al,, “Radiographic severity
index in  COVID-19  pneumonia:
relationship to age and sex in 783 Italian
patients,” Radiol. Medica, vol. 125, no. 5,
pp.461-464,2020,doi: 10.1007/s11547-
020-01202-1.

R. Hossain et al, “CT scans obtained for
nonpulmonary indications: Associated
respiratory findings of COVID-19,”
Radiology, vol. 296, no. 3, pp. E173-E179,



[25]

[26]

J. Nat. Scien. & Math. Res. Vol. 7 No. 2 (2021) 59-65, 65

2020, doi: 10.1148/radiol.2020201743.
T. H. Siagian, “Corona Dengan Discourse
Network Analysis,” J. Kebijak. Kesehat.
Indones., vol. 09, no. 02, pp. 98-106, 2020.
T. Ozturk, M. Talo, E. A. Yildirim, U. B.
Baloglu, O. Yildirim, and U. Rajendra
Acharya, “Automated detection of COVID-
19 cases using deep neural networks with
X-ray images,” Comput. Biol. Med., vol.
121, no. April, p. 103792, 2020, doi:
10.1016/j.compbiomed.2020.103792.

C. Shen et al, “Comparative Analysis of
Early-Stage Clinical Features Between
COVID-19 and Influenza A HIN1 Virus
Pneumonia,” Front. Public Heal., vol. 8, no.

May, pp- 1-7, 2020, doi:
10.3389/fpubh.2020.00206.

A. R. Sahin, “2019 Novel Coronavirus
(COVID-19) Outbreak: A Review of the
Current Literature,” Eurasian J. Med.
Oncol, vol. 4, no. 1, pp. 1-7, 2020, doi:
10.14744/ejmo.2020.12220.

X. Chen et al, “Differences between
COVID-19 and suspected then confirmed
SARS-CoV-2-negative  pneumonia: A
retrospective study from a single center,”
J. Med. Virol., vol.92,n0.9, pp. 1572-1579,
2020, doi: 10.1002/jmv.25810.



