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Abstract

Ground Glass Opacities (GGO) are a picture of abnormal lung conditions characterized by white or gray areas. This picture
of GGO in the lungs could previously be detected based on the results of medical examinations such as Computerized
Tomography (CT scan) and Magnetic Resonance Imaging (MRI) images of patients suffering from Covid-19. However, from
the results of the examination, it can be seen that the CT scan and MRI images still have a noise level that is too high, causing
difficulties in describing the distribution pattern of the GGO itself. The purpose of this study was to optimize the detection of
GGO on MRI images using the Multipixel Interpolation technique. The detection process adopts several stages including image
preprocessing, edge detection process, and gradient morphological segmentation. Image preprocessing is done to remove
noise and improve the MRI input image. The edge detection process is carried out to detect lung organs automatically using
the Canny method which is optimized with the multipixel interpolation technique. The final stage of the research is the
segmentation process using a gradient morphology technique to see the spread of GGO in patients with Covid-19 contained in
the MRI image. The results of this study present an overview of the GGO pattern with fairly good results. The results of the
GGO pattern description will also measure the level of spread to see the severity of pneumonia. Based on the results presented,
this research is useful as an alternative solution in the process of diagnosis and treatment of Covid-19 patients.

Keywords: Computerized Tomography (CT scan), Magnetic Resonance Imaging (MRI), Multipixel Interpolation Technique,

Ground Glass Opacities (GGO), Covid-19
1. Introduction Problems that arise, medical technology is currently
still undergoing development so the results presented
cannot be optimal [11]. To overcome these problems,
development is needed that is able to support and
promise a far significant impact in the medical world
[12]. The development carried out aims to be able to
overcome the difficulties of problems in the medical

Ground-glass opacity (GGO) is one of the findings of
diseases that cause inflammation of the lungs [1]
Basically, the proportion of patients with pneumonia
can be described based on the spread of the GGO
pattern [2]. GGO can indicate a pre-invasive lung area

with white and gray patches appearing around the lung
[3]. Based on this, the effect of GGO will cause severe
damage to the lungs so performance will not function
optimally [4]. Not only that, but persistent GGO can
also lead to early-stage lung cancer [5].

The spread of GGO can be seen with medical images to
describe lung conditions [6]. Medical images have
played an active role in supporting activities to solve
existing problems [7]. Medical image is basically a
medical diagnostic technology that can be implemented
according to the needs in diagnosing a disease [8]. The
previous explanation explained that medical imaging is
atool used to carry out the disease detection process [9].
Diagnostic imaging technology provides early
diagnosis of problematic medical conditions [10].

field in a solution that can be adopted by medical parties
in the future [13].

One of the developments in medical technology can be
seen in the performance of Artificial Intelligence (Al)
which drives change optimally [14]. Advances in
artificial intelligence (Al) technology have brought
major changes and impacts in the medical field [15].
The performance of Al in medicine can be presented in
the form of Digital Image Processing technology that
has been able to handle problems [16]. The
development of DIP is able to provide maximum
performance of medical technology in the diagnostic
process [17]. The role of DIP is to overcome the
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problems of medical technology by providing better
anti-noise capabilities [18].

The problem in the GGO diagnosis process was initially
carried out by presenting fairly good results with an
accuracy of 90.83% and an average precision of 0.905
[19]. Furthermore, other studies have also explained
that DIP is able to produce a model for identifying lung
damage due to COVID-19 based on the description of
the GGO pattern [20]. DIP can also be used as a useful
tool for clinical practitioners and radiologists in the
process of diagnosis, quantification, and follow-up in
handling COVID-19 cases [21].

The application of DIP can be seen based on the
identification and diagnosis process by adopting image
segmentation techniques [22]. The segmentation
technique is a technique that has been widely used to
separate an object in the image [23]. Segmentation
works optimally which can be used as a basis in a
process of diagnosing a disease [24]. Image
segmentation detects objects with edge detection and
shows good results in identifying an object in the image
[25]. The results presented are also able to provide an
efficient presentation in supporting decision-making
[26].

Basically, the segmentation process has developed with
the algorithm model that has been generated in the
detection process. One of the techniques used is the
Interpolation technique. This technique is an important
process used in image processing and computer
graphics in wide applications for medical imaging [27].
The interpolation technique works by recovering
images and animations that have noise [28]. The
implementation of the interpolation technique provides
a better compression rate and reconstruction quality
with an accuracy of 92.12% in the image classification
process [29].

Previous research in the process of diagnosing GGO
using the image segmentation process gave quite
effective results in helping medical parties deal with the
problems of Covid-19 patients [30]. The segmentation
technique automatically is also able to produce a model
for handling COVID cases efficiently with an accuracy
of 0.8069, specificity of 0.9969, and sensitivity of
0.8354 [31]. The segmentation results provide excellent
performance results of several previously proposed
model frameworks with an average precision level of
90.23% [32]. The same study also explained that the
manual segmentation process of 3 labels: normal lung,
ground-glass opacity (GGO), and consolidation (Cons)
presented the performance of the model evaluated with
technical metrics, volume, and area with a fairly good
level of accuracy [33].

An automated segmentation approach to determine
gross GGO volume in computed tomography (CT)
images gave an accuracy of 0.838 [34]. Research with
the proposed convolution model accurately classifies
nodules on GGO objects using multiscale feature
aggregation and downsampling approach [35]. The
semantic segmentation of the ground-glass opacity
(GGO) area on Computer Tomography (CT) scan
images of patients affected by COVID-19 can provide
a fairly good level of diagnostic accuracy [36].

Based on previous research on the problem of the GGO
diagnosis process, this study will also adopt a detection
process using image segmentation techniques. The
segmentation process was developed using Multipixel
Interpolation  (IM). The development of the
segmentation process can provide optimal detection
results in describing the distribution pattern of GGO on
Magnetic Resonance Imaging (MRI) images. Overall,
this study presents an update on the segmentation
algorithm developed using the multi-pixel interpolation
technique. The newest segmentation algorithm is
presented in the morphological operation process in
detecting GGO image objects. The results of the study
will present a model for the detection of GGO to support
medical performance in treating patients. The research
contribution will have an impact on the image
segmentation process to provide optimal results.

2. Research Methods

The process of detecting GGO is carried out by
adopting the IM technique on MRI images. The process
is presented in the form of process steps that are carried
out starting from the image convention process, image
preprocessing, the image edge detection process, and
segmentation of the GGO distribution pattern. The
conversion process is carried out to make changes to the
images of medical examination results on MRI images.
After the conversion process is carried out, the process
is continued at the image preprocessing stage to ensure
that the MRI images have good enough quality in the
detection process. The detection process begins by
detecting the lungs using edge detection techniques.
After the lungs are detected, the process is continued at
the stage of detecting GGO using segmentation
techniques. The segmentation process uses optimized
morphological operations with multi-pixel interpolation
techniques. The results presented from the process will
be able to clearly describe the GGO object accompanied
by accurate information from the spread of the GGO
pattern. All stages of the process will be carried out
using the Matlab 2018a software tool. as for the
presentation of the process in this study can be seen in
Figure 1.
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Figure 1. Stages of the Ground Glass Opacities (GGO) Detection
Process

Figure 1 describes the stages of the process carried out
in the detection of GGO. These stages are presented in
three stages. These stages include:

A. Image Preprocessing

This stage is carried out to clean the image from noise
contained in the MRI image. The image improvement
process begins by converting images from RGB (Red
Green Blue) images to gray images and binary images.
After the conversion process is carried out the
preprocessing stage is continued at the filtering stage
using thresholding techniques on binary images. The
final process of the preprocessing stage is carried out
using open morphology techniques to remove noise
objects in the image. After the preprocessing results
present a better image in the GGO detection process.

B. Detection Object

This object detection stage is carried out using edge
detection techniques. The edge detection used is using
the canny command to obtain an image of the lung
object. The canny command in the edge detection
process can perform optimal detection to provide clarity
of the detected lung organs. After the edge detection

process is carried out, the steps are continued at the
image inverted stage. This stage is done to get the organ
to be detected. After the image of the lung, object has
been obtained, the process is continued to perform
contouring on the object of the lung image. The results
of image contouring will present image output that can
clearly describe the condition of the lungs identified by
GGO.

C. Image Segmentation

The image segmentation process is the stage used to
detect the part of the GGO object in the lungs. The
process carried out is segmentation using a gradient
morphology technique by adopting a multipixel
interpolation technique. The results of this process
provide an accurate description of the GGO detection
process. After the gradient morphology process is
carried out, the process continues by using open
morphology to separate lung objects from GGO objects
and this stage will end by calculating the amount of
GGO objects detected using regionprop. The results of
image segmentation will present an image by displaying
information about the identified GGO objects.

2.1 Edge Detection

Edge detection is one of the techniques interested in an
image in recognizing objects with edges contained in
the image [37]. Edge detection is also a process of
forming an object [38]. The purpose of edge detection
operation is to improve the appearance of the boundary
line of an area or object in the image [39]. The operation
used in conducting the edge detection process in this
study uses the canny operator. The form of the canny
operator matrix can be presented in Figure 2 [40].

1[0 ] ERIEEEE
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Figure. 2 Canny Matrix Operators

Figure 2 is a canny operator matrix with a 3x3 matrix.
Edge detection is done by reading each pixel in the
image by taking the upper leftmost pixel (northeast) and
moving to the bottom rightmost pixel (southwest). Edge
tracing, Gx, and Gy gradients are calculated by matrix
[40].

2.2 Morphological Gradient

The morphological gradient is a process of drawing
objects in the image to clarify the edges of each object
[41]. Gradient morphology can also be called edge
image because with the performance of this technique it
can reduce the results of the thickening and thinning
operation of the image that accentuates the edges of the
object [42]. Morphological operations are operations
that are commonly used to change the shape of objects
contained in the image [43].
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2.3 Multipixel Interpolation

Interpolation operation is a process used in increasing
the image size by reducing the size first [44]. Image
interpolation techniques are often required in medical
imaging for image generation and such as compression
or sampling of objects from an image [45]. Analyzing
interpolation techniques have been applied to find
various interpolation schemes in medical imaging
images [46]. The form of the performance process of
multi-pixel interpolation can be seen in Figure 3 [47].

& L B B
# Interpolated Image

Figure. 3 Image Interpolation Matrix

Figure 3 describes the process of an interpolation
technique based on direct utilization of the pixels of an

image. The process is done by considering the features
or objects of an image. These techniques follow the
same pattern for all pixels [47].

3. Results and Discussions

The discussion in the GGO detection process begins
with the preprocessing process. The intended result of
this process is to get a better image that will be used in
diagnosis. The preprocessing process is carried out
using thresholding techniques and the morphology of
the opening operation. The thresholding technique is
used to provide output in the form of a binary image by
ensuring the threshold value of the object is detected.
The thresholding process is carried out automatically
based on the threshold value obtained. Morphological
operations with opening operations are used to give a
magnifying effect to the segmented object. The results
of the opening morphology will provide clarity in
separating the lung organs in the detection of GGO
objects. The preprocessing results produced can be
presented in Table 1.

Table. 1 Image Preprocessing Results

No No. Patien Image Input

1 R BSE - R
2 P-002
3 P-003
4 P-004
5 P-005

Tresholding Result Morfology Result
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Table 1 presents the results of image preprocessing in
patients indicated by GGO. The results of preprocessing
provide good image improvement results for the GGO
detection process. After the preprocessing process, the
process continues to perform edge detection on the

object image. The operation used in edge detection uses
the Canny operation. After the edge detection process,
the inverted image process is carried out to provide the
results of the detection process. The detection results
can be presented in Table 2.

Table. 2 Edge Detection Results

No No. Patien Preprocessing Result

1 P-001
2 P-002
3 P-003
4 P-004
5 P-005

Table 2 presents the results of the detection using the
canny operation and the results of the reverse image
process. After the detection process, it is continued to
do segmentation using a gradient morphology
technique that is optimized with multi-pixel

Edge Detection

Inverted Image

interpolation. The final stage of the segmentation
process will also carry out the process of merging the
input image with the detected GGO object using the
image overlay command. The results of segmentation
can be presented in Table 3.

Table. 3 Segmentation Results with Multipixel Interpolation Optimization

No No. Patien

Segmentation GGO Result

Detection GGO Result

1 P-001 ~

- -~
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2 P-002
3 P-003
4 P-004
5 P-005

Y

ek CGO

Table 3 presents the results of the segmentation process
by displaying the detected GGO objects. Results Based
on what is presented, the segmentation process using
the multipixel interpolation technique provides optimal
results in describing GGO objects. The results of the
detection will be tested to measure the severity of the
lung condition with the detected GGO object. The
measurement process can be carried out using Equation
1 [20].
GGO Area

Thorax Area

Ratio% = x 100% (N
Equation 1 is a calculation used to measure the ratio of
severity in the lungs that occurs from the pattern of
spread of GGO. The rate ratio was measured by
comparing the GGO area to the lung area. The results
obtained will increase the severity level so that these
results can be used as a basis for decision-making. The
measurement results can be presented in Table 4.

Table. 4 Measurement of Lung Severity Ratio Due to GGO

No No. Patien Area Thorax Area GGO Ratio
1 P-001 4700 323955 1,45%
2 P-002 9671 493319 1,96%
3 P-003 18271 645186 2,83%
4 P-004 3310 381371 0,86%
5 P-005 3249 127635 2,54%

Table 4 presents the results of measuring the ratio of
lung severity due to the pattern of spread of GGO. The
output results based on this segmentation process will
be compared with the segmentation process without
using interpolation techniques to see how far the
techniques used provide optimal results. the comparison
process will see the size of the detected GGO object.
The comparison can be presented in Table 5.

Tabel. 5 Comparison of GGO Object Segmentation Results

. GGO Object
No  No. Patien Morfology Morfology and Interpolation
1 P-001 99 4700
2 P-002 55 9671
3 P-003 444 18271
4 P-004 195 3310
5 P-005 86 3249

Table 5 presents the comparison process to ensure that
the multipixel interpolation performance has run
optimally. The results presented are that GGO objects
detected without using interpolation techniques have
not been able to describe GGO objects optimally. To
ensure the level of accuracy in detecting GGO objects
using the morphological segmentation process and
interpolation  techniques, the precision level
measurement process can use Equation 2 [48]:
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TP+TN

Accuracy = m x 100% (2)
Precision = ——— x 100% (3)
FP+FN
TP
Recall = ——— x 100% 4)

The results are based on measurements using the above
equation, the results of the detection process provide an
accuracy rate of 98.07%, a precision of 98.11%, and a
recall of 98.02%. These results can indicate that the
segmentation process using the interpolation technique
gives maximum results. that affect the level of
measurement measuring the process can be seen from
the performance of the interpolation technique able to
describe the spread of the GGO output pattern of the
resulting output. It can be seen based on Table 5 which
states that the output of the model testing process that is
built presents the results of the new research in the
image object segmentation process. The segmentation
process will provide optimal output in the assessment
process. These results can also be used by medical
personnel in determining the severity status based on
the ratio value obtained. With the results obtained, the
detection process can provide maximum results for the
GGO diagnosis process.

Based on the detection process by segmenting which
adopts the multi-pixel interpolation technique, it gives
quite significant results based on the level of accuracy
obtained. The development of the segmentation process
is presented in a model developed for the detection of
GGO. These results can contribute to the development
of medical technology in handling Covid-19 patients.

4, Conclusion

The detection of GGO by adopting the multi-pixel
interpolation technique provides optimal results to
describe the spread of GGO in the lungs of patients with
Covid-19. The output of the detection process presents
the level of accuracy based on the accuracy value of the
ratio obtained. The detection success rate using
segmentation  techniques and multiple  pixel
interpolation gives an accuracy percentage of 98.07%.
The success of this process is based on the interpolation
technique that can maximize the segmentation process
in describing the condition of the lungs that are ARF.
The resulting segmentation results give a blow to the
pattern of spread of GGO in the detected lung parts.

These results become a finding in the recent
development of detection algorithms. In general, the
results of the spread of the visible pattern can be seen in
the severity of the lung with the resulting status
information. Results Based on this research, it can be
said that the GGO detection process using the
multipixel interpolation technique can provide optimal
results for the development of technology in the field of
medical imagery. This research also produces models in

detection to assist medical parties in handling Covid-19
cases. Model development is also expected to be
compared with several other techniques to perform the
segmentation process. The comparison results can
present new knowledge in the segmentation process in
the future.
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