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LEMBAR HAK ATAS KEKAYAAN INTELEKTUAL

EeH @

Tugas Akhir yang tidak diterbitkan ini terdaftar dan tersedia di Perpustakaan
Universitas Islam Negeri Sultan Syarif Kasim Riau adalah terbuka untuk umum, de-
gan ketentuan bahwa hak cipta ada pada peneliti. Referensi kepustakaan diperke-
nankan dicatat, tetapi pengutipan atau ringkasan hanya dapat dilakukan atas izin
—peneliti dan harus dilakukan mengikuti kaedah dan kebiasaan ilmiah serta menye-
=butkan sumbernya.

= Penggandaan atau penerbitan sebagian atau seluruh Tugas Akhir ini harus
Zmemperoleh izin tertulis dari Dekan Fakultas Sains dan Teknologi Universitas Islam
(CDNegeri Sultan Syarif Kasim Riau. Perpustakaan dapat meminjamkan Tugas Akhir
%ni untuk anggotanya dengan mengisi nama, tanda peminjaman dan tanggal pinjam

;Pada form peminjaman.
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..u. :ﬂf 1. Dilarang mengutip sebagian atau seluruh karya tulis ini tanpa mencantumkan dan menyebutkan sumber:

»Dr h.. a. Pengutipan hanya untuk kepentingan pendidikan, penelitian, penulisan karya ilmiah, penyusunan laporan, penulisan kritik atau tinjauan suatu masalah.
/\h_ b. Pengutipan tidak merugikan kepentingan yang wajar UIN Suska Riau.

unsuscaray 2+ Dilarang mengumumkan dan memperbanyak sebagian atau seluruh karya tulis ini dalam bentuk apapun tanpa izin UIN Suska Riau.
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Dengan menyebut nama Allah yang maha pengasih lagi maha penvayang

Assalamu’alaikum \Warahmatullahi Wabarakatuh.
Alhamdulillahi Rabbil 'Alaamiin, segala puji bagi Allah Subhanahu Wa
cTa’ala sebagai bentuk rasa syukur atas segala nikmat yang telah diberikan tanpa
2ada kekurangan sedikitpun. Shalawat beserta salam tak lupa pula kita ucapkan
Q;é}(epada Nabi Muhammad Shallallahu ’Alaihi Wa Sallam dengan mengucapkan “A4!/-
olahumma Sholli’ala Sayyidina Muhammad Wa 'ala Alihi Muhammad”. Semoga kita
Ssemua selalu senantiasa mendapat syafa’at-Nya di dunia maupun di akhirat, Aami-
in Ya Rabbala’Alaamiin. Peneliti persembahkan karya kecil ini sebagai salah satu
bentuk bakti, rasa terima kasih, dan hormat kepada orang tua Peneliti tercinta.
Ayah dan ibu tersayang, terima kasih atas setiap perjuangan, doa, bimbingan
serta dukungan yang diberikan kepada Peneliti. Terima kasih atas segala pengor-
banan yang dilakukan. Sampai kapanpun tiada rasa, tiada cara yang dapat mem-
balas semua yang telah kalian lakukan. Untuk itu, Peneliti selalu mendoakan yang
terbaik agar ayah dan ibu bahagia dunia dan akhirat serta diberikan tempat istimewa
di sisi-Nya kelak sehingga kita bisa berkumpul kembali bersama-sama di Jannah-
oINya. Peneliti juga berterima kasih yang tak terhingga kepada saudara kandung
ga:tercinta Peneliti yaitu kakak dan adik yang telah memberikan Peneliti pelajaran dan
m_pemahaman mengenai indahnya kehidupan yang damai sebagai saudara.

2 Terima kasih Peneliti ucapkan kepada Bapak Mustakim, ST., M.Kom selaku

%pembimbing Tugas Akhir yang telah membimbing dari awal perkuliahan hingga
“Csaat ini dengan setulus hati. Terima kasih Peneliti ucapkan kepada Bapak dan Ibu
=Dosen Program Studi Sistem Informasi yang selama ini sudah mewariskan ilmu,
smotivasi, dan arahan untuk menyelesaikan studi di Program Studi Sistem Informasi
Ejni. Terima kasih juga Peneliti ucapkan kepada kakak-kakak tingkat dan teman-
‘gteman Peneliti yang telah membantu dan memberikan semangat dalam menyele-
~saikan Tugas Akhir ini.

Wassalamu 'alaikum Warahmatullahi Wabarakaatuh.
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KATA PENGANTAR

Assalamu’alaikum Warahmatullahi Wabarakatuh.
Alhamdulillahi Rabbil ’Alamin, bersyukur kehadirat Allah Subhanahu Wa

~Ia’ala atas segala rahmat dan karunia-Nya sehingga Peneliti dapat menyelesaikan
gTugas Akhir ini. Tidak lupa shalawat beriringan salam selalu tercurahkan untuk
—Nabi Muhammad Shallallahu ’Alaihi Wa Sallam dengan melantunkan “Allahumma
=Sholli’ala Sayyidina Muhammad Wa 'ala Alihi Muhammad”. Tugas Akhir ini dibuat
ESebagai salah satu syarat untuk mendapatkan gelar Sarjana Komputer di Program
<Studi Sistem Informasi Universitas Islam Negeri Sultan Syarif Kasim Riau. Banyak
(CDpemangku kepentingan telah berperan dalam mendukung dan membimbing Peneliti
ﬁpada proses penelitian dan penulisan Tugas Akhir ini. Oleh karena itu, ungkapan
“terima kasih juga Peneliti ucapkan kepada :
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1.

Bapak Prof. Dr. Hairunas, M.Ag sebagai Rektor Universitas Islam Negeri
Sultan Syarif Kasim Riau.

Bapak Dr. Hartono, M.Pd sebagai Dekan Fakultas Sains dan Teknologi.
Bapak Eki Saputra, S.Kom., M.Kom sebagai Ketua Program Studi Sistem
Informasi sekaligus Penguji Il Tugas Akhir ini yang telah banyak melu-
angkan waktu dan memberikan masukan, nasehat, serta motivasinya baik
itu dalam penyelesaian Tugas Akhir ini.

Ibu Siti Monalisa, ST., M.Kom sebagai Sekretaris Program Studi Sistem
Informasi.

Bapak Tengku Khairil Ahsyar, S.Kom., M.Kom sebagai Kepala Laboratori-
um Program Studi Sistem Informasi.

Bapak Nesdi Evrilyan Rozanda, S.Kom., M.Sc sebagai Ketua Sidang Tugas
Akhir yang telah membantu dan meluangkan waktu dalam proses Sidang
Tugas Akhir ini.

Bapak Mustakim, ST., M.Kom selaku Dosen Pembimbing Tugas Akhir
yang telah berkenan membimbing, mengarahkan, dan meluangkan waktu
dalam menyelesaikan Tugas Akhir ini.

Ibu Dr. Rice Novita, S.Kom., M.Kom selaku Penguji | Tugas Akhir ini yang
telah banyak meluangkan waktu dan memberikan masukan dalam penyele-
saian Tugas Akhir ini.

Seluruh Pegawai dan Staff Fakultas Sains dan Teknologi Universitas Islam
Negeri Sultan Syarif Kasim Riau yang telah membantu dan mempermudah
proses administrasi selama perkuliahan ini.
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10.

11.

12.

13.

Ibu Medyantiwi Rahmawita M, ST., M.Kom sebagai Dosen Pembimbing
Akademik Peneliti yang telah banyak memberikan arahan, masukan, dan
motivasi.

Teristimewa untuk kedua orang tua Peneliti yang selalu memberi support
dari awal hingga akhir masa perkuliahan untuk Peneliti dalam menyele-
saikan segala urusan dalam perjalanan karir serta memberi motivasi agar
dapat cepat menyelesaikan kuliah dengan baik dan dapat melanjutkan cita-
cita yang ingin dicapai.

Teman-teman Kelas B Angkatan SIF’°21 Inoordinatus yang selalu membantu
dan memberikan semangat kepada Peneliti serta sama-sama berjuang untuk
dapat menyelesaikan Tugas Akhir dengan tepat waktu.

Semua pihak yang namanya tidak dapat disebutkan yang telah banyak mem-
bantu dalam pelaksanaan serta penyelesaian Tugas Akhir ini.

Semoga segala doa dan dorongan yang telah diberikan selama ini menja-

di amal kebajikan dan mendapat balasan setimpal dari Allah Subhanahu Wa Ta 'ala.

Peneliti menyadari bahwa penulisan Tugas Akhir ini masih terdapat kekurangan dan
jauh dari kata sempurna. Peneliti berharap untuk kritik dan saran yang membangun
yang dapat disampaikan melalui e-mail 12150321730@students.uin-suska.ac.id.
Semoga Laporan Tugas Akhir ini bermanfaat bagi kita semua. Akhir kata Peneliti
ucapkan terima kasih.
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Wassalamu 'alaikum Warahmatullahi Wabarakatuh.

Pekanbaru, 15 Januari 2025
Peneliti,

ALIKA RAHMARSYARAH RIZALDE
NIM. 12150321730
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i ]93/2@113'6 AM Email Universitas Islam Negeri Sultan Syarif Kasim Riau - [ICoCSETI 2025] Your paper #1571101261 (‘'Implementation Of
quvﬁmtl@al Neur'-a'rNetwork For Cardiomegaly Image Classification’)
¢ .nﬁ'F
« —— -
e — e —
'g_ ﬂ:"/fa ALIKA RAHMARSYARAH RIZALDE SISTEM INFORMASI <12150321730@students.uin-suska.ac.id>
=) (8 g '—v-
Y-
3[@6338E§ 2025] Your paper #1571101261 ('Implementation Of Convolutional
gl\t’gugal Network For Cardiomegaly Image Classification’)
Slges®
€ 8 a
~8¢ C
_8|cgcsg.t| =g 1ail.com@edas.info <icocseti=gmail.com@edas.info> 15 Desember 2024 pukul 12.34
gB@s %e Icocseti Indraprasta <icocseti@gmail.com>

atfh: AIikﬁfIkahmarsyarah Rizalde <12150321730@students.uin-suska.ac.id>, Mustakim Mustakim <mustakim@uin-
a.ac.id>,§ice Novita <rice.novita@uin-suska.ac.id>, Eki Saputra <EKi.saputra@uin-suska.ac.id>

=
ar Ms. Am(a Rizalde:

eg ynin

Py
ﬁlika Rahmd'a)rsyarah Rizalde, Mustakim Mustakim, Rice Novita and Eki Saputra

‘éongratulat%ns - your paper #1571101261 (‘Implementation Of Convolutional Neural Network For Cardiomegaly Image
%lassmcatlon) for ICOCSETI 2025 has been Accepted in Batch 2 to be presented and published in The 2025 International
Eonference on Computer Sciences, Engineering, and Technology Innovation (ICoCSETI) - ICoCSETI 2025, which will be
gyld in Virtual (Jakarta, Indonesia) during January 21, 2025.

©
%he double-blind review process has already been taken from three reviewers, and the results are attached to this email.
ou have to revise your paper aligned with the review results.

=]
She reviews are below or can be found at 1571101261.

u

Elease take some steps below.

1. Please register and make a payment to the conference through the EDAS system. (For Local Participants, please
get in touch with our representative)

2. Please download the Camera-Ready of IEEE Full Paper A4 Template from the website.
https://www.ieee.org/conferences/publishing/templates.html

3. Senwe revised full paper in the IEEE PDF eXpress format (see Instructions for IEEE PDF eXpress)

4. Please be aware, according to the IEEE regulation, the maximum similarity score has to be less than 25% using
i- Thsptlcate

5. Logqh to EDAS, and fill in the Electronics Copyright Form (ECF) and Presenter.

yingaAusaw uep ueyw

8Iease emaH—us if you have any questions related to ICOCSETI 2025.

S

ghank you éain for your time.
o (o)

Srth c
Regards E
g -

ICOCSETI Agimin

The 2025 Infernational Conference on

Computer SCience, Information Technology

and Engineering URL:

https://icocs%i,unindra.ac.id/

JI. Raya Teggah No0.80, RT.6/RW.1, Gedong, Kec. Ps. Rebo, Kota Jakarta Timur, Daerah Khusus Ibukota Jakarta 13760
E-mail: ico@ti@gmail.com

AS uej

:/Imail.google. corMnanl/u/O/%k 4c2addcde2&view=pt&search=all&permthid=thread-f:1818483348082997012&simpl=msg-f:1818483348082997012
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Lampiran Surat:
Nomor : Nomor 25/2021

Tanggal : 10 September 2021

SURAT PERNYATAAN

Saya yang bertandatangan di bawah ini :

Nama

NIM

Tempat/ Tgl. Lahir
Fakultas/Pascasarjana
Prodi

Alika Rahmarsyarah Rizalde
12150321730

Pekanbaru, 03 Desember 2002
Sains dan Teknologi

Sistem Informasi

Judul BiseﬁaﬁCFhes;sJSkrlpdeaqa-um;ah-lamnya*
Tmplementation Op Convolutional Nevral Network for

Cardiomeqaly \mage Classigication

Menyatakan dengan sebenar-benarnya bahwa:

1. Penulisan Bisertasi/Fhesis/ASkripsi/Karya—Hmiah lainnya* dengan judul
sebagaimana tersebut diatas adalah hasil pemikiran dan penelitian saya

sendiri.

2. Semua kutipan pada karya tulis saya ini sudah disebutkan sumbernya.
3. Oleh karena itu Pisertasi/Fhesis/SkripsiA&aryaHmiah lainnya* saya ini, saya

nyatakan bebas dari plagiat.

4. Apa bila dikemudian hari terbukti terdapat plagiat dalam penulisan
Disertasi/Thesis/Skripsi/(KaryaIlmiah- lainnya)* saya tersebut, maka saya
bersedia menerima sanksi sesuai peraturan perundang-undangan.

Demikian Surat Pernyataan ini saya buat dengan penuh kesadaran dan tanpa

paksaan dari pihak manapun juga

*pilih salah satu sesuai jenis karya tulis

Pekanbaru, \¢ Janvari 2025
.. Yang membuat pernyataan,

* -~ puxa nadmarsyarah Rizalde
NIM.12150321730
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g'_;ls‘ Alika Rahmarsyarah Rizalde

Department of Information System
aculty of Science and Technology

“Uhiversitas Islam Negeri Sultan Syarif

= Kasim Riau

" Pekanbaru, Indonesia

(. 12150321730@students.uin-

—_ suska.ac.id
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3 Rice Novita
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AbstractC—The heart plays a very important role for survival
s the main organ that functions to pump blood to meet the
Teeds of oxygen and nutrients throughout the body. However,
Shere are several heart diseases that can cause conditions where

e heart cannot perform its duties properly, including coronary
Mrtery disease, kidney disorders, hypertension, congenital
bnormalities, infections, and cardiomyopathy. The result of
%ese various heart diseases can cause cardiomegaly.
%ardiomegaly occurs when the size of the heart exceeds 50% of

e inner diameter of the rib cage. Cardiomegaly can be
diagnosed first. Diagnosis of cardiomegaly is usually done by
%hysical examination, blood tests, and medical imaging such as

hest x-ray. Traditional diagnostic methods for heart
-nlargement  usually involve  physical  examination,
giectrocardiogram (ECG), and medical imaging such as chest X-
Tay. Deep learning has emerged as the preferred method for
Fnage analysis. Convolutional Neural Network (CNN) is a

revalent deBp learning algorithm that is specifically used in
yarious irﬁge-related applications. This research uses
@enseNetl = InceptionResNetV2, and  MobileNetV2
g_rchitectuerith Adagrad, Nadam, and SGD optimizers,
@hich are epaluated using confusion matrix to determine the
:performangf model evaluation from each experiment. The

NS

Ub SIin) eAJeYy yninjas neje uelbeqes diynbusw Buele|q |

@xperiment results of several models have the highest accuracy
3alue, namety in the DenseNet169 architecture with Nadam
optimizer ©of 90% and also the MobileNetV2 Nadam
Qrchitecturﬁeaching 87%. These two architectures can be said
“to be good~enough to help detect cardiomegaly with image
classificatiort<This research is expected to contribute significant
knowledge In the medical field as well as the development of
deep learning models.
»

Keywords—cardiomegaly, deep learning, convolutional
neural netwstk, evaluation model
(@]

= I. INTRODUCTION

The hegll is essential for survival, pumping blood to
deliver oxygen and nutrients throughout the body [1]. The
heart can 8§50 beat faster in situations that require a lot of
energy whemd doing activities or sports. Thus, the heart is the
source of lifgyfor humans and other living things [2]. That way,
there are sexteral heart diseases that can cause the conditions
where the Heart cannot carry out its duties properly, this
disease ocewrs when the blood to the heart is stagnated or
blocked, rq';glting in severe damage to the heart [3]. The
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consequences of various heart diseases, one of which is
cardiomegaly, is a serious health problem for the community,
especially in Indonesia. Cardiomegaly occurs when the size of the
heart exceeds 50% of the inner diameter of the rib cage. This
condition can be caused by various factors, including coronary
artery disease, kidney disorders, hypertension, congenital
abnormalities, infections, and cardiomyopathy [4]. Heart
enlargement is not always diagnosed as heart disease and can
also be related to chest wall abnormalities, technical factors,
mediastinal abnormalities or lung conditions [5]. Cardiomegaly
often goes unnoticed in its early stages as the symptoms are not
always obvious. If not detected and treated properly, this
condition can lead to serious complications that impact the
quality of life of the sufferer. Early and accurate diagnosis is
essential to prevent further complications and ensure correct
treatment. Diagnosis of cardiomegaly is usually done by physical
examination, blood tests, and medical imaging such as chest x-
ray [6].

Traditional diagnostic methods for cardiac enlargement
usually involve physical examination, electrocardiogram
(ECG), and medical imaging such as chest X-ray. Although
chest X-ray is a commonly used diagnostic tool, interpretation of
X-ray images often requires high radiology expertise and can be
inherently subjective, so there is a risk of inaccurate diagnosis
[7]. In recent years, deep learning has emerged as the preferred
method for image extraction and has significantly influenced the
field of medical imaging. To help detect disease, image
classification can be done with a deep learning approach [8].
Deep Learning is widely regarded as one of the most
groundbreaking approaches in computer vision. It simulates the
way neurons in the human brain process information to carry
out tasks like image classification, object detection, image
generation, and language translation [9][10]. Convolutional
Neural Network (CNN) is a Deep Learning algorithm
commonly used in image-based applications. This algorithm
consists of several interconnected layers of convolution and
unification, which allows automatic feature extraction from
each pixel of the processed image during training [11]. CNN
have been shown to provide superior performance in
automatically detecting diseases in X-ray images [12]. CNNs
can also be used to diagnose cardiomegaly to obtain high
accuracy from chest X- ray images.
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) a study conducted by Sorour et al. (2024) by utilizing
%h X-rayqnages to detect cardiomegaly, the accuracy was
9.84.% usigg AdaMax for the CNN model and 99.73% using
deprad for the ResNet50 architecture [13]. The same thing
Ivagalso e by Yoo et al, in 2021, They explored the
e\,g_lopméﬁi of a cardiomegaly diagnosis support model
@itil&zing C@\I with ResNet architecture and an interpretable
gﬁeaare map. The ResNet model achieved nearly 80%
"accEracy ingiagnosing cardiomegaly and provided a visually
&t%pretablgfeature map [14].

=L
)
T

(‘g %or the pext, there is a study conducted by Sarpotdar, This
a;es@rch e yed a dataset of chest X-ray images to simulate
Andsimpleqeént the U-Net model, achieving a diagnostic
HccBracy 0f94%, a sensitivity of 96.2%, and a specificity of
@2. %. These results surpassed the performance of previous
&re‘ﬁrained%dels in identifying Cardiomegaly [15]. There is
so researh conducted by Bouslama, et al by conducting
search with end-to-end techniques that use U-Net-based
eep Convolutional Neural Network to detect Cardiomegaly
isease. Using this method, diagnostic accuracy exceeded
3%, surpassing previously published results for identifying
mardiomegﬂy [16].

S This Cresearch utilizes the DenseNet169,
%nceptionResNetV2, and MobileNetV2 architectures. Several
Studies using these architectures such as those conducted by
&Kurukshetra (2022) with the DenseNetl69 architecture,
dam's optimizer which achieved 93.29% accuracy in
fdetecting brain tumor diseases [17]. Furthermore, research
=<onducted by Ferreira et al. detection of breast cancer
glassification using InceptionResNetV2 architecture, SGD
ptimizer gets an accuracy of 76% [18]. And research on
Tobusta coffee leaf disease detection conducted by Aufar and
@Kaloka (2022) uses several architectures such as
obileNetV2, DenseNet169, ResNet50, and
gbnceptionResNetV2 with Adam's optimizer and the best
ccuracy is on the MobileNetV2 architecture which achieves
g high level of accuracy, up to 99.93% [19].

3 This research also utilizes the architecture of
enseNet169, InceptionResNetV2, and MobileNetV2 and
gses severa' optimizers to test models such as Adagrad,
adam, an@*SGD from the results also use confusion matrix
&8s a model gvaluation. This research aims to provide valuable
@nsights inte the diagnosis of cardiomegaly and to create
Avenues forgiliture studies focused on the advancement of deep
Hearning matlels. The gradual findings of this research were
=xpected to-fulfill the objectives of the study, specifically to
%fntify the highest accuracy achieved through the
z plementﬁon of the model.
=
ek o
<
There @ several stages that will be carried out in this
study to facg_litate the research process in order to achieve the
desired go@. The following research stages can be seen in
Figure 1.

A. Data Cdlfection

This r@arch uses the cardiomegaly image dataset
contained #=Kaggle as a training dataset. The data has 2
classes, narﬁ’ély normal and cardiomegaly disease with a total
of about 4438 data available on Kaggle for the cardiomegaly
class has aptal data of 2219 images equal to the amount of
data in thesabrmal class. This research will use these images

Il. RESEARCH METHODOLOGY

¥ wrIsey] yire

to train and test the model in recognizing and classifying
cardiomegaly disease. The dataset can be seen in Figure 2.
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Fig. 1. Research Methodology.
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Fig. 2. Images Dataset Visualization.

B. Data Preprocessing

Once the raw data is collected, the next step involves
preprocessing. This includes tasks such as resizing, color
transformation, normalization, and labeling the images.
Preprocessing is a crucial initial phase in the computer vision
and image analysis workflow, designed to enhance the quality
and uniformity of images, ensuring better outcomes in
subsequent analysis or processing [13].

C. Split Data

For the next stage, the dataset is divided into training data,
validation data, and testing data. The data division technique
used in this context is Holdout which serves to separate the
dataset into two or more subsets of this data division using a
ratio of 80:20. This technique is commonly used in machine
learning and deep learning, especially in models such as CNN.
The purpose of the following data division is to ensure that the
model built can be evaluated properly.

D. DenseNet169

DenseNet169 is a well-known Convolutional Neural
Network (CNN) architecture used for image recognition and
computer vision applications. In the DenseNet design, every
layer is connected to all subsequent layers. The total number
of connections in a network with N layers can be determined
using the formula N(N+1)/2. DenseNet-169 features an initial
set of convolutional and pooling layers, followed by four
dense blocks. After each dense block, there is a transition
layer, and the network concludes with a classification layer
that employs a softmax activation function [20].

A

Fig. 3. DenseNet169 Architecture.

Cardiomegaly

predicted
class
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ghe Inc@ption-ResNet-v2 method is commonly employed
gorKET-scaNmage classification because of its effectiveness
Sh e=ractingycritical features from medical images. This deep
Eea@ng framework combines the strengths of two well-
(;Pxnown arc;ﬁ;ectures, Inception and ResNet. The Inception
‘@'logel is saidl to excel in extracting features at various scale

Vs, while,ResNet is effective in counteracting the problem
Hf gadientdoss during model training. InceptionResNetV2 is

eded to address the limitations of both models, resulting in
gmoved }écuracy in image classification [21]. The
Qnegption-ResNet model has several blocks that contain
Soriolutioh—

-—
@
QO
D

K layers, merging filters, ReLU activation
ghunglions, %esNet, and the initial structure [22]. The
grc@tectur ayout of this block is depicted in Figure 4.

Q rn

11Ul SIn} eAJeY yninjas

yaw edue

ig. 4. InceptionResNetV2 Architecture.

MobileNetV2

MobileNetV2 is a transfer learning architecture based
=pn an inverted residual structure, with thin bottleneck
gayers acting as input and output residual blocks. It also
ilters out features in the mid expansion layer using
g‘ightweight and deep convolutions [23]. In the image
—lassification experiments, MobileNetV2 achieved higher
Saccuracy compared to MobileNetV1 by using fewer
g)arameteré_."_"l' he architecture of MobileNetV2 can be seen

NJURO

|
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3
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input

Input

Strides1 block

]
wn
Fig. 5. Mobils'fd'_etVZ Architecture

G. Optimi?ﬁr

In implaomenting using CNN, an optimizer is also needed
in the modelgtesting process. The role of the optimizer is very
important t@zdirect the model training process towards optimal
convergences Optimizers used in this research include
AdaGrad, Igadam, and Stochastic Gradient Descent (SGD).

Adagragpnadjusts each model parameter by scaling it
inversely tadhe square root of the cumulative sum of all past
squared gradient values [24][25]. In cardiomegaly image
classificatioEiesearch using CNN, AdaGrad helps handle data

Stridew= 2 block

¥ wisey]

that has sparse features, such as specific patterns in X-ray
images, by providing a larger learning rate for parameters with
small gradients and smaller for parameters with large
gradients.

Nadam combines the Nesterov Accelerated Gradient (NAG)
with Adam's momentum component, leveraging the benefits
of both for deep neural network training. This algorithm
updates parameters using one or very few parameters [24].
Nadam excels in reducing gradient oscillations and
accelerating learning on complex data such as X-ray images,
where important features such as cardiomegaly patterns can
be detected more accurately. And SGD is considered to be
advantageous in terms of convergence speed regarding model
experiments [26]. The main advantages of SGD are its
simplicity, computational efficiency, and ability to avoid
overfitting when combined with regularization techniques
such as dropout.

H. Evaluation Model

After conducting several experiments, model evaluation is
a critical stage in image classification research, which aims to
assess how well the trained model classifies new images. One
of the primary instruments employed for this evaluation is the
confusion matrix, which offers a comprehensive view of the
model's performance. The confusion matrix serves as a tool in
machine learning to evaluate the effectiveness of classification
models. It aids in understanding how the model generates
predictions and the accuracy of those predictions [27].

The outcomes of the confusion matrix reveal Accuracy,
Precision, Recall, and F1-score, which are included in the
classification report. Precision is calculated to assess the
likelihood of a positive classification. Recall measures the
percentage of correctly predicted positive instances. F1-score
is utilized to evaluate the balance between specificity and
recall. The performance metrics are represented in the
following equation [28].

TP+TN

Accuracy = o @
Recall =——— @)
TP+FN
Precision = ———— )
Precision x Recall
F1.- Soore = (5rcC i Recall) @

I1l. RESULTS AND DiscussiON

In this research, the data collection process uses a dataset
of 4438 images of cardiomegaly disease which has 2 classes,
namely detected cardio and normal or not detected cardio.
This dataset is available on the kaggle website as a dataset that
is often used for deep learning research. Then data
preprocessing is carried out with the image normalization
process, namely rescale image pixel values from the range 0-
255 to the range 0-1 which aims to make each pixel value have
the same data distribution and also change the size of the
image so that it has the same size in each image, which is
224x224 pixels. This size is commonly used in CNN
modeling.
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O Next, the-data splitting phase is divided into three subsets:
gaiang datg, validation data, and testing data. This division
dlﬁres to a-80:20 ratio, with 80% allocated for training and
0%; for te?‘)ing. Furthermore, the training data is split into

Iraig{ng and-validation sets, again following an 80:20 ratio,

gssaning 80% for training and 20% for validation as can be
geeg in Ta@ 1.
_g- Q 3TABLEI. RESULTS OF DATA SHARING
=
@ 5 Heldout 80:20
o e
Q|5 9{3.55 Data Data Data
Q (@ Training Validation Testing
g Cardiorfiggaly (true) 1420 355 444
© [3 Nornmat(false) 1420 355 444
— o =2
2 E Total 2840 710 838
% &
& Tests fgg the following models applied the Adagrad,

dNadam, and=SGD optimizers with a learning rate of 0.001 and
= batch sizef 256. The model training process is carried out
an 50 epochs,.each epoch includes one full session of training,
vhere the Model updates its weights based on training data
fﬁnd validatipn results. Further program evaluation of the
Snodel willghen be conducted using confusion matrix.

g. TABLE Il. AccurAcY OF THE MODELS

~+ CNN Model | Optimizer Train Validation Test
L Accuracy | Accuracy | Accuracy
O Adagrad 66.11% 65.43% 67.57%
O DenseNet169 Nadam 92.18% 92.43% 89.80%
§ SGD 72.33% 72.39% 72.87%
8 ] Adagrad 63.67% 63.86% 64.19%
@ Inception Nadam 62.77% 62.85 63.06%
3 ResNetv2 SGD 79.74% 50.56% 47.84%
§ Adagrad 64.06% 64.16% 63.02%
=t MobileNetV2 [ Nadam 87.06% 87.10% 87.03%
% SGD 68.01% 67.40% 68.20%
Q

% The training performed on this model uses 50 epochs. For

Ihe results of the highest accuracy value obtained on the
%sting datalfvhich is 89% using the DenseNet169 model with

e Nadan&"optimizer and then the accuracy value on
&obileNet using the Nadam optimizer reaches 87%, the
Sccuracy results obtained are optimal, as can be seen in Table
Al The results of the models that have been trained using the
PDenseNet18Y, InceptionResNetV2, and MobileNetV2
@rchitecturgccan be further evaluated using the Classification
FReport and=Confusion Matrix presented in the figures and

Sables beloWw.
=

(b)

@)

3 wiisey] yjredg

Confuson Matrix

©

Fig. 6. (a) Confusion Matrix DenseNet169 Adagrad (b) Confusion Matrix
DenseNet169 Nadam (c) Confusion Matrix DenseNet169 SGD.

In Figure 6. (a) shows that the evaluation of the
DenseNet169 Adagrad model using confusion matrix
obtained results, namely in the cardiomegaly class (true) 293
samples were predicted correctly and there were 131 errors.
While in the normal class (false) 307 were predicted correctly
and 157 were predicted incorrectly. For DenseNet169 Nadam
in Figure 6. (b) the cardiomegaly class (true) is predicted to be
correct as many as 422 samples and there are errors as many
as 42. Then in the normal class (false) is predicted as many as
375 correctly and predicted wrong as many as 49. And for
Figure 6. (c) the DenseNet169 optimizer SGD model the
cardiomegaly class (true) is predicted to be correct as many as
319 samples and there are errors as many as 105 and the
normal class (false) is predicted as many as 328 correctly and
predicted wrong as many as 136.

For the DenseNet169 model that is good enough to predict
cardiomegaly disease, namely by using the Nadam optimiser
with a prediction error of only 42 samples.

(b)

Confusion Matrix

©

Fig. 7. (a) Confusion Matrix InceptionResNetV2 Adagrad (b) Confusion
Matrix InceptionResNetV2 Nadam (c) Confusion Matrix InceptionResNetV2
SGD.
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O Figure -~ (a) shows that the evaluation of the
n

c%ionRg;NetVZ Adagrad model using confusion matrix
btggned resgdts, namely in the cardiomegaly class (true) there
@vegs, 365 samples predicted correctly and 99 samples
;pre%cted incorrectly. While in the normal class (false), 205

angples WWere predicted correctly and 219 samples were

regicted correctly. For InceptionResNetV2 Nadam in
igare 7. (b) the cardiomegaly class (true) is predicted
Qor@ctly agdmany as 353 samples and there are 111 errors.
§§'h the normal class (false) was predicted as many as 207
(§oruectly and-217 samples were wrongly predicted. And for
driggre 7. (€) the InceptionResNetV2 optimizer SGD model

asgro corrgct samples in the prediction of the cardiomegaly
&lagd (true)=While the normal class (false) predicted as many
&S & 4 correBtly and there were no errors in prediction.

(o=
(7] Lor thEnInceptionResNetVZ model using the SGD
timizer, ftis said that it is not reliable enough to predict the

Eardiomeg@ class.

Marix Contusion Motrix
» 3 .

(b)

ug

@

ue)ilnquuew uep ueanlueouenl nAllfT\ II:_I‘Lf:IInH:ﬁ[ [T U
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%ig. 8. (a) Corfflision Matrix MobileNetV2 Adagrad (b) Confusion Matrix
MobileNetV2[Nadam (c) Confusion Matrix MobileNetV2 SGD.

B[S 23e}S

308 samples;as true and actually had true original labels and
156 samplEs. were predicted incorrectly. Then the model
correctly pfédicted 249 samples as normal (false) and the
prediction &ror was 175 samples. For MobileNetVV2 Nadam
in Figure @, (b) the model predicted 431 samples as
cardiome (true) correctly and there were 33 samples
predicted incorrectly. And the model predicted 341 samples as
normal (falge) which really had the original label normal
(false) and.the model predicted 83 samples predicted not
according t8 the original label. Furthermore, MobileNetV2
with the S&b optimizer in Figure 8. (c) as many as 323
samples w&"e predicted correctly in the cardiomegaly class
(true) and tHe prediction error was 141 samples and in the
normal clagg(false) as many as 277 were predicted correctly
according ‘teithe original label and 147 samples had errors in
prediction.ﬁ-’or the evaluation results of the MobileNetV2
—

N
g In Figuegas. (a) Adagrad MobileNetVV2 model predicted

¥ wisey J

model which is quite good at predicting the cardiomegaly
class, namely using the Nadam optimizer because there are
only 33 samples that are predicted not according to the
original label.

TABLE II1. RESULTS OF CLASSIFICATION REPORT VALUE
CNN Optimizer | Precision | Recall |F1-Score|Accuracy
Model
Adagrad 68% 68% 66% 68%
DenseNet169 | Nadam 90% 90% 89% 90%
SGD 73% 5% 73% 3%

. Adagrad 65% 64% 63% 64%
Inception  —Nagam 4% 2% | 62% | 63%
ResNetV2 I —s5p 2% 50% | 329%% | 4%

Adagrad 63% 66% 63% 63%
MobileNetV2| Nadam 88% 87% 87% 87%
SGD 67% 70% 67% 68%

It can be seen in Table Ill. The results of the model

evaluation show a comparison of the performance of three
CNN (Convolutional Neural Networks) models namely
DenseNet169, Inception ResNetV2, and MobileNetV2 which
use three different types of optimizers, namely Adagrad,
Nadam, and SGD based on the Precision, Recall, F1-Score,
and Accuracy values obtained by the DenseNet169 Nadam
optimizer model produces the best performance with the
highest accuracy value of 90%. Then the MobileNetV2 model
with the same optimizer, Nadam, also provides the best
performance with an accuracy value of 87%.

COMPARISON OF MODEL EVALUATION ACCURACY VALUES

% % T
3 3%
0% 63% 5%
4%  63% 63%

0%

0% 45>
0%

0%
20%

10%

%

o
DenueNet 160 InceptionResNetV') MotsleNetV'

"
wAdsgod wNodom » SGD

Fig. 9. Model evaluation accuracy value comparison graph.

From the graph displayed in Figure 9, it shows that the
experiment with the DenseNet169 optimizer architecture
model of Nadam achieved an accuracy value of 90%, which
is the highest accuracy. Then the MobileNetV2 architecture
optimizer Nadam achieved an accuracy value of 87%, both of
these architectures work quite well in detecting cardiomegaly
using image datasets. The Nadam optimizer gives the best
results on both models, indicating that it works well in
balancing exploration and exploitation during training.
Whereas, Adagrad and SGD tend to give lower results because
they are less adaptive to data that has dynamic gradients or
varies between features. In this case, model selection and
optimizer play an important role in improving performance in
cardiomegaly classification.

1VV. CONCLUSION

From the model testing conducted using the DenseNet169,
InceptionResNetV2, and MobileNetV2 architectures as well
as the Adagrad, Nadam, and SGD optimizers, it can be applied
to classify cardiomegaly images with good model evaluation
results. The results obtained are that the DenseNetl169
architecture with the Nadam optimizer achieved the highest
accuracy of 90%, followed by MobileNetV2 with the Nadam
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Ghtthizer 0f-87%. These results indicate that DenseNet169

Q_Nit_g-Nada%optimizer is the most optimal configuration in
iggptudy. Jhe architecture is able to capture patterns in the

@m Welldesulting in superior performance. Meanwhile, the

Perf@rmance-of MobileNetV2 shows that lighter architectures

gar@lso pr“gide competitive results with the right approach.

(g ::rhis ré3earch reinforces that deep learning-based
-gpﬁ?eaches ve great potential in the medical field, especially
o Pﬁp diagrose diseases through medical image analysis. The
plementation of artificial neural networks such as CNN is
roxen to becable to classify cardiomegaly images with good
@céﬁracy, #s making a significant contribution to the
ze\@opme_of the field of deep learning. To be continued in
%tlge reseateh, it can be applied to a more diverse dataset to
Qnsore the reliability of the model in various clinical
@ofﬂitions well as a combination of various CNN
Qrchitecturg and optimizations.
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