ResearchGate

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/360890967

Texture Feature Extraction from Intracoronary OCT Images and
Atherosclerosis Detection using Deep Neural Network

Preprint - May 2022

DOI: 10.13140/RG.2.2.32963.07204

CITATIONS READS
0 188

6 authors, including:

£  SyedBasha Shaik 9 Nishi S. Das

Py
“I’ K L University Baselios Matthews Il College of Engineering

6 PUBLICATIONS 23 CITATIONS 3 PUBLICATIONS 5 CITATIONS

SEE PROFILE SEE PROFILE

All content following this page was uploaded by Syed Basha Shaik on 27 May 2022.

The user has requested enhancement of the downloaded file.


https://www.researchgate.net/publication/360890967_Texture_Feature_Extraction_from_Intracoronary_OCT_Images_and_Atherosclerosis_Detection_using_Deep_Neural_Network?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/360890967_Texture_Feature_Extraction_from_Intracoronary_OCT_Images_and_Atherosclerosis_Detection_using_Deep_Neural_Network?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Syed-Shaik?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Syed-Shaik?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/K_L_University?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Syed-Shaik?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishi-Das?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishi-Das?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Baselios_Matthews_II_College_of_Engineering?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Nishi-Das?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Syed-Shaik?enrichId=rgreq-3a154e12dd4e50e2d5bf2b3d297fa575-XXX&enrichSource=Y292ZXJQYWdlOzM2MDg5MDk2NztBUzoxMTYwMzE1ODE1Mzc4OTQ1QDE2NTM2NTIyNTY1MzA%3D&el=1_x_10&_esc=publicationCoverPdf

Texture Feature Extraction from Intracoronary OCT Images and

Atherosclerosis Detection using Deep Neural Network

Mujeebudheen Khan

Lecturer,
Department of Engineering,
University of Technology and
Applied Sciences,

Ibra, Oman.
mujeebudheenkhan0@gmail.com

Durgaprasad Gangodkar
Professor,
Department of Computer Science
and Engineering,
Graphic Era Deemed to be
University, Dehradun,
Uttarakhand, India
dr.gangodkar@geu.ac.in

Paul Augustine
Assistant Professor,
Department of Computer Science
and Engineering,
Rajagiri School of Engineering
and Technology,

Kochi, Kerala, India
mprofpaulaugustine@gmail.com

Vinodh P Vijayan
Principal,
Mangalam College of Engineering,
Kottayam,
Kerala, India
vinodhpvijayan81@gmail.com

Syed Basha Shaik

Assistant Professor,
Department of Computer Science
and Engineering,

K L University,
Vijayawada, India

syedshaik2010@kluniversity.in

Nishi S Das

Assistant Professor,
Department of Electronics and
Communication Engineering,
Trinity College of Engineering,
Trivandrum, India.
nishisdas@gmail.com

Abstract- A coronary atherosclerotic
plaque's morphological structure and
tissue composition evaluate its stability,
this could be investigated wusing
intracoronary optical coherence
tomography (OCT) imaging. The
objective of this research is to extract
intensity features from OCT images
utilising  Histograms of Oriented
Gradients (HOG) as well as Local
Binary Patterns (LBP) bag-of-words
(BOW). The approach is concentrated
on Twopath Convolution Neural
Network(CNN),an unique CNN
architecture. This proposed technique
is reliable and durable in the detection

of atherosclerosis OCT imaging, and

per the evaluation. The accuracy of the

Twopath CNN architecture is
significantly higher than that of
conventional CNN methodologies as
well as machine learning approaches.
This method seems to have a better
efficiency of 98.5 %, suggesting that it
could be a suitable diagnostic tool for

detecting atherosclerosis.
Keywords-CNN, HOG, atherosclerosis
I INTRODUCTION

Coronary artery disease was the
supremesource of temporality as well as
morbidity in the world. Intravascular
optical coherence tomography (IVOCT) is
a new imaging methodology that could
being used to diagnose coronary
atherosclerosis. This review summarises
the main methods for detecting and

segmenting blood vessel lumen boundaries,



as well as plaque segmentation and

classification [1].

At the point in time, artificial intelligence
(AI) had been practised in cardiovascular
imaging, discussed the incorporation of
multiple areas from plaque component
evaluation to risk prediction [2]. Current
Al [3] assisted image processing,
extraction of features, plaque recognition
and characterization, and the have been
using of Al-assisted computer aided
diagnosis (CAD) to recognize and classify
atherosclerotic  plaques, which would
high-risk

include their features

characterising plaques [3].

Manual identification as well as
characterization of plaques necessitates
expertise and a significant amount of time.
It is also affected by speckle noise
empowered CAD systems for automated
image processing along both invasive or
rather noninvasive image displays [4,5].
The organisation is as follows: section 2
defines relevant studies, section 3 clarifies
the suggested framework, section 4

demonstrates the findings, and section 5

describes the conclusion.
II RELATED WORKS

Cheimariotis et al. [6] developed a novel
automatic method that used CNN for
classification and included arterial wall

segmentation as well as an OCT-specific

transformation. According to Kolluru et al.
[7], the utilisation of OCT includes the
compilation of a huge portion of imaging
data, the assessment of which requires a
significant amount of time and effort from
a skilled medical specialist. Rico-Jimenez
et al. [8] used least-square optimization to
model every axial line in IVOCT data as a
combination of several profiles, and they
classified the tissue kinds relying on their

morphological attributes.

Deep learning associated with Conditional
Random Fields has been utilised by
Kolluru et al. [9] to obtain 83.16 % in the
identical task. Ali et al. [10] suggested a
novel, holistic, yet realistic algorithm that
includes both morphological and ischemic
specifications and intends to deliver a
systematic strategy to assess complete
revascularization. Cavallo et al. [11]
postulated an Ensemble Machine Learning
(EML) score with 60% accuracy for
obtaining radiomic attributes

distinguishing among patients even with

an antiquity of hypertension.

Jin et al[l2] and Zreik et al[l3]
recommended utilising a CNN to extract
features from the coronary artery, with the
gradient-boosting decision tree (GBDT)
achieving the ideal efficiency in stenosis
grading and the highest AUC. Erdal et al.
[14] and Demirer et al. [15] presented deep

learning relied systems as well as machine



learning approaches that permit training
data to be upgraded on a continuous basis

with latest examples.
IIT1 PROPOSED SYSTEM

This section describes the system's three
principal ~ phases:  preprocessing  to
eliminate noise as well as artefacts, feature
extraction and disease detection. Fig.1

depicts framework.

3.1 Preprocessing: Convert the image's
coordinates to polar coordinates. The
pixels are transferred from circle to line

upon the

[ Input Image J—»[ Pre-Processing]

A\ 4

Two Path .
CNN for Feature extraction
detection (HOG,LBP,BOW)

Fig.1 Proposed System’s Framework

transformation. Other artefacts can be
removed by eliminating the black sector

induced by occlusion.

3.2 Feature Extraction: In this research,
HOG, LBP and BOW features are utilised
to represent OCT images. The HOG
operator for capturing information of edge,
and the LBP for descriptors of texture. To
reduce dimensionality, employ principal

component analysis (PCA) and retain the

top 95% of energy.LBP-BOW feature
extracts LBP feature and uses it to
represent each image (BOW). The image
is represented by a BOW by the frequency
of the words. The HOG -BOW feature
extracts the HOG feature and quantifies it
with the assist of the HOG-BOW.

3.3Proposed Two path CNN for

detection:

As a result, the CNN model's input was M
M patches of various types. CNN was able
to extract complex features by employing a
series of convolutional layers. ReLU was
used as an activation function to extract
non-linear features from the input. After
the activation function, a normalisation
process is incorporated respectively. The
following formula can be wused to

summarise the normalisation process:

_\/2—_'_ (D

In (1), and x represent the feature maps

2 were the mean as well as

and p and
variance of the feature maps. t symbolises
a minimal constant. When the fully
connected layer is replaced with a
convolutional output layer, the number of
kernels in the layer constitutes the amount
of labels. The kernel output, which can be
normalised using the function
as follow:

O O

exp( )



In (2), is the output vector. Each element
of = ( ) and the sum equals
to 1. Following the convolution process, a
concatenation layer blended the feature
maps again from two streams. The
prediction of labels in this infrastructure
can be impacted by two attributes: the

graphical specifics of the area and the

overall features.
IV RESULTS AND DISCUSSION

The proposed system is evaluated using a
four-fold cross-validation process. One

subset is used as a testing set each time,

while the others are utilised as training sets.

Four outcome are mentioned with
accuracy value. The LBP and HOG are
features that are a jumble of words.
The single features as well as feature
(I+HOG,I+LBP,
I+LBP+HOG and LBP+HOG) were

combinations

analysed.
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Fig.2 Accuracy for Proposed
Methodology

It could indeed be noticed that the

accuracy  values for all  feature

configurations are greater than 0.80.
Intensity provides the ideal performance
for a single feature. One cause could be
that intensity is a global feature, whereas
LBP and HOG seem to be local features.
In terms of feature
combination,Intensity+LBP+HOG

performs better, but Intensity + LBP
results are comparable to the three feature
combination results. Fig.3 compares the

ROC curves of the methods

ROC Curves

Two path CNN
Machine learning

True positive rate
=]
o

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
False positive rate

Fig.3 Comparision of Methods
V CONCLUSION:

To represent the OCT images, this
research extracted intensity features
employing HOG, LBP and BOW. The
approach is premised on TwopathCNN,
that is used in a cascaded structure. This
suggested procedure is effective and robust
in the detection of atherosclerosis OCT
imaging, according to the evaluation. The
accuracy of the Twopath CNN architecture
is significantly higher than that of
conventional CNN methods. This method

have 98.5 %r efficiency indicating that it



could be a favourable screening tool for

detecting atherosclerosis.

1.

REFERENCES:

Zhang, Ruolin, Yingwei Fan,
Wenliu Qi, Ancong Wang,
Xiaoying Tang, and TianxinGao.
"Current research and future
prospects of IVOCT

imaging-based detection of the

vascular lumen and vulnerable
plaque." Journal of
Biophotonics (2022): €202100376.
Zhang, Jia, Ruijuan Han, Guo Shao,
Bin Lv, and Kai Sun. "Artificial
Intelligence in  Cardiovascular
Atherosclerosis Imaging." Journal
of Personalized Medicine 12, no. 3
(2022): 420.

Gudigar, Anjan, SnehaNayak,
JyothiSamanth, U. Raghavendra,
Ashwal AJ, PrabalDattaBarua,
MdNazmulHasan, @ Edward .
Ciaccio, Ru-San Tan, and U.
Rajendra Acharya. "Recent Trends
in Artificial Intelligence-Assisted
Coronary Atherosclerotic Plaque
Characterization."  International
journal of environmental research
and public health 18, no. 19 (2021):
10003.

4. Liu, Haipeng, Aleksandra Wingert,

Jian'an Wang, Jucheng Zhang,
Xinhong Wang, Jianzhong Sun, Fei

Chen, Syed Ghufran Khalid, Jun
Jiang, and  DingchangZheng.
"Extraction of coronary
atherosclerotic ~ plaques  from
computed tomography imaging: a
review of recent
methods." Frontiers in
Cardiovascular Medicine (2021):

51.

. Lopez-Palop, Ramon, Pilar Carrillo,

PilarAgudo, Alberto  Cordero,
Araceli  Frutos, SamerMashlab,
Ruben Martinez, Amin El Amrani,
and David Ramos. "Factors
associated with errors in visual
estimation of the functional
significance of coronary
lesions." Revista Esparnola de
Cardiologia (English Edition) 69,
no. 7 (2016): 657-663.

Cheimariotis, Grigorios-Aris,
Maria  Riga, Kostas  Haris,
KonstantinosToutouzas, Aggelos K.
Katsaggelos, and NicosMaglaveras.
"Automatic Classification of A-
Lines in Intravascular OCT Images
Using Deep Learning and
Estimation of Attenuation
Coefficients." Applied Sciences 11,

no. 16 (2021): 7412.

. Kolluru, Chaitanya, Juhwan Lee,

YazanGharaibeh, Hiram G.
Bezerra, and David L. Wilson.

"Learning with fewer images via



10.

11.

image clustering: Application to
OCT image
segmentation." [EEE Access 9
(2021): 37273-37280.

intravascular

Rico-Jimenez, Jose J., Daniel U.
Campos-Delgado, Martin Villiger,
Kenichiro Otsuka, Brett E. Bouma,
A. Jo.

and Javier "Automatic

classification of atherosclerotic
plaques imaged with intravascular
OCT." Biomedical optics express 7,
no. 10 (2016): 4069-4085.

Kolluru, Chaitanya, David Prabhu,
YazanGharaibeh, Hiram Bezerra,
GiulioGuagliumi, and  David
Wilson. "Deep neural networks for
A-line-based plaque classification
in coronary intravascular optical
coherence tomography
images." of Medical

Imaging 5, no. 4 (2018): 044504.

Journal

Ali, Ziad A., Jennifer Horst,
PrakritiGaba, Leslee J. Shaw,
Sripal ~ Bangalore, Judith S.

Hochman, David J. Maron et al.
"Standardizing the Definition and
Analysis Methodology for

Complete Coronary Artery
Revascularization." Journal of the
American Heart Association 10, no.
9 (2021): €020110.

Cavallo, Armando Ugo, Jacopo
Troisi, EmanueleMuscogiuri,

PierpaoloCavallo, Sanjay

13.

14.

Rajagopalan, = Rodolfo  Citro,
Eduardo Bossone et al. "Cardiac
Computed Tomography
Radiomics-Based Approach for the
of Left

Detection Ventricular

Remodeling in Patients with
Arterial
Hypertension." Diagnostics 12, no.

2 (2022): 322.

. Jin, Xin, Yuze Li, Fei Yan, Ye Liu,

Xinghua Zhang, Tao Li, Li Yang,
and Huijun Chen. "Automatic

coronary plaque detection,
classification, and stenosis grading
using deep learning and radiomics
on computed tomography
angiography images: a multi-center
multi-vendor  study."
Radiology (2022): 1-11.

Zreik, Majd, Robbert W. Van

FEuropean

Hamersvelt, Jelmer M. Wolterink,
Tim Leiner, Max A. Viergever, and
Ivana ISgum. "A recurrent CNN for
automatic detection and
classification of coronary artery
plaque and stenosis in coronary CT
angiography." [EEE transactions
on medical imaging 38, no. 7
(2018): 1588-1598.

Erdal, Barbaros S., Luciano M.
Prevedello, SongyueQian,
MutluDemirer, Kevin Little, John
Ryu, O’Donnell, and

Richard D. White. "Radiology and

Thomas



15.

enterprise medical imaging
extensions (REMIX)." Journal of
digital imaging 31, no. 1 (2018):
91-106.

Denzinger, Felix, Michael Wels,
NishantRavikumar, Katharina
Breininger, Anika Reidelshofer,
Joachim Eckert, Michael Siihling,
Axel Schmermund, and Andreas
Maier. "Coronary artery plaque
characterization from CCTA scans
using deep learning and
radiomics." In  International
Conference on Medical Image
Computing and Computer-Assisted
Intervention, pp. 593-601. Springer,
Cham, 2019.


https://www.researchgate.net/publication/360890967

