LEMBAR
HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW
KARYA ILMIAH: PROSIDING

Judul Prosiding limiah (Artikel)  : Mamdani Fuzzy Inference System (FIS) for Early
Diagnosis of Diabetes Mellitus (DM) and Calorie Needs
Penulis Prosiding limiah : Humaidillah Kurniadi Wardana, Imamatul Ummah,
Lina Arifah Fitriyah,
Identitas Prosiding limiah

a. Nama Prosiding : Proceedings of the International Joint Conference on
Science and Engineering (IJCSE 2020)

b. Volume 196

c. Halaman : 387-394

d. Penerbit . Atlantis Press Advances in Engineering Research

e. ISSN : 2352-5401

f. ISBN : 978-94-6239-276-2

Kategori Prosiding : |:| Prosiding llmiah Internasional Terindeks

[ V] Prosiding limiah Internasional
|:| Prosiding lImiah Nasional

I. Hasil Penilaian Validasi

No Aspek Uraian/Komentar Penilaian
1 | Indikasi Plagiasi Indeks plagiasi 5%.
2 | Linearitas Kajian artikel ini tentang bidang ilmu fisika.

[l. Hasil Penilaian Peer Reviewer

Nilai Maksimal Prosiding (isikan kolom yang sesuai)
Internasional | Internasional o .
No Komponen yang dinilai i i Nilai Akhir
P yang Te_rmdek_s Terindeks Internasional Nasional yang
Scimagojr Scopus, IEEE Diperoleh
dan Scopus Explore, SPIE P
1 | Kelengkapan unsur isi artikel (10%) 1,5 1,45
Ruang lingkup dan kedalaman
2 pembahasan (30%) 45 4,35
3 Kecukupan dan kemutakhiran 45 44
data/informasi dan metodologi (30%) ' '
Kelengkapan unsur dan kualitas
4 penerbit (30%) 45 44
Total = (100%) 15 14,6
Kontribusi Penulis: Penulis Utama/Anggota o _
Utama 20% x 14,6 = 2,92




Komentar/Ulasan Peer Review

1 | Kelengkapan dan - Penyusunan artikel telah sesuai unsur yaitu abstrak, pendahuluan,

kesesuaian unsur metodologi penelitian, hasil dan pembahasan, kesimpulan dan
daftar pustaka.

- Artikel menggunakan bahasa Inggris.

- Abstrak yang ditulis penulis telah sesuai yang menguraikan latar
belakang, tujuan, metode, dan hasil penelitian.

- Pencapaian tujuan dan penggunaan metode juga telah relevan
yang menjelaskan tentang pengembangan sistem logika fuzzy
dalam mendiagnosis dini penyakit DM dan kebutuhan kalori bagi
penderita penyakit DM dengan metode yang digunakan adalah

mamdani.
2 | Ruang lingkup dan - Secara keseluruhan artikel dijelaskan dengan baik dan diperkuat
kedalaman kajian yang relevan.
pembahasan - Hasil dan pembahasan telah dijabarkan dengan baik. Artikel

membahas proses dan hasil pengembangan sistem dalam
mendiagnosis secara dini penyakit DM dan kebutuhan kalori yang
dibutuhkannya.

3 | Kecukupan dan - Metode pengembangan aplikasi ini adalah mamdani.
kemutakhiran data dan |- Data penelitian berupa sistem fuzzy dalam mendiagnosis DM dan
metodologi kebutuhan kalori yang diujicobakan kepada penderita DM di RSUD

Jombang.

- Penggunaan sistem fuzzy termasuk dalam kemutakhiran aplikasi di
bidang kesehatan untuk mendiagnosis dini DM.
- Daftar pustaka telah menggunakan rujukan 10 tahun terakhir.

4 | Kelengkapan unsur dan | - Artikel prosiding ini dipublikasikan Atlantis Press Advances in
kualitas penerbit Engineering Research.
- Artikel dipublikasi pada Volume 196 halaman 387-394.

Ambon,
Reviewer

Dhamas Mega Amarlita, S.Si, M.Pd

NIDN : 1227058101
Unit Kerja . Stikes Pasapua Ambon
Jabatan Fungsional : Lektor

Bidang limu : Pendidikan Kimia




Judul Prosiding limiah (Artikel)

Penulis Prosiding limiah

Identitas Prosiding limiah
a. Nama Prosiding

b. Volume

¢. Halaman
d. Penerbit
e. ISSN

f. ISBN

Kategori Prosiding

|. Hasil Penilaian Validasi

LEMBAR
HASIL PENILAIAN SEJAWAT SEBIDANG ATAU PEER REVIEW
KARYA ILMIAH: PROSIDING

Lina Arifah Fitriyah,

Science and Engineering (IJCSE 2020)

: 196

. 387-394
- Atlantis Press Advances in Engineering Research
. 2352-5401
: 978-94-6239-276-2

[¥] Prosiding limiah Internasional
’:| Prosiding limiah Nasional

: Mamdani Fuzzy Inference System (FIS) for Early
Diagnosis of Diabetes Mellitus (DM) and Calorie Needs
- Humaidillah Kurniadi Wardana, Imamatul Ummah,

- Proceedings of the International Joint Conference on

: [:] Prosiding limiah Internasional Terindeks

No Aspek Uraian/Komentar Penilaian
1 | Indikasi Plagiasi Aeh Wi pampunys Iy plagyiok: t%
2 | Linearitas Topik / bgion ar¥ pog . g addah 4iska -

Il. Hasil Penilaian Peer Reviewer

Nilai Maksimal Prosiding (isikan kolom yang sesuai)

Internasional

Internasional

Total = (100%)

No Komponen yang dinilai Terindeks Terindeks ) Nilai Akhir
Scimagojr Scopus, IEEE Internasional Nasional o y::"cﬂeh
dan Scopus | Explore, SPIE P
1 | Kelengkapan unsur isi artikel (10%) 1.5 1,40
Ruang lingkup dan kedalaman
2 pembahasan (30%) 45 4 /40
Kecukupan dan kemutakhiran
3 | gatasinformasi dan metodologi (30%) 4.5 4, 10
Kelengkapan unsur dan kualitas
4 penerbit (30%) 4,5 4’ 3¢
15 14, ¢t

Kontribusi Penulis: Penulis Utama/Anggota
Utama

0% %X \14,¢¢2= 2,01




Komentar/Ulasan Peer Review

1

Kelengkapan dan
kesesuaian unsur

R grdemafien ardfel T Jelah Segun fovan
E@ﬂgm rf.m‘ahm momuat abidrak , %Fﬂ
[ ‘9an pembobason , [Qg.mqmtm%n ?nf!fw-

~ Preitkel Wlmn bahis & Tpp T -
.MM &WW w.@n‘&bfm Mﬁem "‘MI

¥
ﬁ%mw rouan poctitfar 70, aetobt,

ﬁmmw Svr T ol e

t

porRrn pm Stefm S»Jmmba» apalah mandan
2 | Ruang lingkup dan - Ronpiuan ~lah belatom, | {a5ion Urerodw JaBabulo
kedalaman 0N ,)ﬂ@mn Mm %mkn&:an %g(qlran ol fenw Rpon

pembahasan

bk Pan prsglam

- AdhiR Mmb»lw W Krem Balam
Mg*a;\d#‘ Lo P W'} M han Mﬂ
Kuhhtongo «

Kecukupan dan
kemutakhiran data dan
metodologi

- Dot ‘pg(,\m., Senpr Brkn quzy Yedan e Ragnoss DM Pon
petibhan fled groy Bi@botan beprn @uﬁ% DM RIUD

fhayﬂmg}n SRl guizy Renony hanudoblican oglibon 9 idog.
boshom 90am norioAMEr Gk DM sugunakan peie AUy
e e iy ot S i 3. g k-
Puacrlor *Mw%n

Kelengkapan unsur dan
kualitas penerbit

Akl @rowiey. borban olh AHlards Brar Advaner
™ Engincedp, %ﬁ@mwm 96 hulaman 387 ~394 -

Malang,
Reviewer
1

Febi Dwi Widayanti, S.Pd, M.Pd

NIDN - 0707028401

Unit Kerja . Universitas Wisnuwardhana Malang
Jabatan Fungsional : Lektor

Bidang limu : Pendidikan Kimia



Bukti Prosiding Internasional

& > C @ ijcunesaacid QA B % N

Home Keynote Speakers. Submission System Important Dates Committee Payment Contact 4

INTERNATIONAL JOINT CONFERENCE ON SCIENCE AND ENGINEERING
2020 (1ICSE 2020)

INTERNATIONAL JOINT CONFERENCE ON SCIENCE AND ENGINEERING 2020

‘Welcome to the Joint Science and 2020
held by Universitas Negeri Surabaya.

atures three in

ation Education a
and Education In:

¢ (ICVEE). Mathematics
(MISEIC), and

nd Academic Community Services (ICRACOS).
ering. and t

Conf

rid to discuss and

Thi: will take place East Java, Ind i 3-4,
2020.

Due to COVID-19 pandemic in Indonesia and over the globe, the orpanize

&« > € & ijcunesaacid a =2 % BN

Home  KeynoteSpeakers  SubmissionSystem ~  ImportantDates  Committee  Payment  Contact 1

INTERNATIONAL JOINT CONFERENCE ON SCIENCE AND ENGINEERING
2020 (1ICSE 2020)

INTERNATIONAL JOINT CONFERENCE ON SCIENCE AND ENGINEERING 2020

Welcoime to the Joint Science ing 2020
held by Universitas Negeri Surabaya.

This joint conference features three international conferences: International
Conference on Vocation Education and Electrical Engineering ICVEE), Mathematics,
Informatics, Science, and Education International Conference (MISEIC), and
International Conference on Research and Academic Commurity Services (ICRACOS).
It encourages dissemination of ideas In science, engineering, and technology and
provides a forum for intellectuals from all over the world to discuss and present their
research findings on the research areas.

will take place ya, East Java, Indonesia, on October 3-4,
2020.

Due to COVID-19 pandemic in Indonesia and over the globe, the organizers of
International Conferences in Universitas Negeri Surabaya will hold the event virtually.

We are in

ing academics, researchers, and practitioners to submit research-based
papers or theoretical papers that address any topics within the broad areas of Science
and Technology.




&« = C & atlantis-press.com/proceedings/ijcse-20 QA e W »

’ ML%IE‘E@? PRODUCTS & SERVICES POLICIES INDUSTRY AFFILTATIONS

Part of SPRINGERNATURE

JOURNALS BOOKS Sesrch n

Series: Advances in Engineering Research

Proceedings of the International Joint Conference on
Science and Engineering (IJCSE 2020)

HOME
SREFACE PREVIOUS VOLUME IN SERIES NEXT VOLUME IN SERIES
ARTECLES International Joint Conference on Science and Technology (IJCSE) 2020 was successfully
AUTHORS held on October 3, 2020 at Universitas Negeri Surabaya, Surabaya, Indonesia. This

co features three international conferences organized by Universitas Negeri
sESsIoNs N Surabaya including the 3rd International Conference on Vocation Education and Electrical
ORGANTZERS Engineering (ICVEE), the 4th Mathematics, Informatics, Science and Education International

Conference (MISEIC), and the 2nd International Conference on Research and Academic
Community Services (ICRACOS). The joint conference was completely conducted online
using Zoom as a platform. This event was also broadcasted live via an official YouTube
channel of Universitas Negeri Surabaya. Through this scientific forum, Universitas Negeri
Surabaya invited scientists, education experts, practitioners, and students all over the world
to share and discuss their ideas, research findings, and issues about relevant topics, as well
as to build scientific networks. This event shows the the commitment of Universitas Negeri
Surabaya in supporting research activities of the community.

PUBLISHING INFORMATION

Please click here for the conference website.

Atlantis Press

Aflantis Press — now part of Springer Nature - is a professional publisher » PROCEEDINGS » ABOUT
of scientific, technical & medical (STM) proceedings, journals and books.

b JOURNALS b HEWS
‘We offer world-class services, fast turnaround times and personalised

&« > C @ atlantis-press.com/proceedings/ijcse-20/articles Qe * N

ATLANTIS PRODUCTS & SERVICES POLICIES INDUSTRY AFFILIATIONS

PRESS

Part of SPRINGERNATURE PROCEEDINGS JOURNALS BOOKS Search E

Series: Advances in Engineering Research
Proceedings of the International Joint Conference on
Science and Engineering (IJCSE 2020)

HOME
Search
PREFACE earc
ARTICLES + Advanced search
77 articles
SESSICNS A
ORGANIZERS Proceedi Article

PUBLISHING INFORMATION

in Smart Campus Environments
Arifin N. Asyikin, Aulia A. Syahidi, Subandi

In Indonesia, waste is still a very serious problem. Garbage causes bad odors, air pollution,
disease, and even flooding. Whenever and wherever each individual produces waste, waste
can come from househelds and industries which have various types and forms. Public
awareness to dispose of trash in the...

© Article details
@ Download article (PDF)

Proceedings Article
Early Warning System for Flood Disasters
Yuyun, Hamka Zulfaesa, Latief Arda Abdul

sing the Internet of Things

&« > ¢ # atlantis-press.com/proceedings/ijcse-20/articles?q=humaidillah Q 2 % B

ATLANTIS PRODUCTS & SERVICES INDUSTRY AFFILIATIONS

PRESS

Sart of SPRINGERNATURE FROCEEDINGS J0URNALS so0ks Search u

Series: Advances in Engineering Research
Proceedings of the International Joint Conference on
Science and Engineering (IJCSE 2020)

HOME
p—— humaidillsh
pe—— + Advanced search
1articles
SESSIONS v
ORGANIZERS Proceedings Article
PUBLISHING THFORMATION Mamdani Fuzzy Inference System (FIS) for Early Diagnosis of Diabetes

Mellitus (DM) and Calorie Needs
Humaidillah Kurniadi Wardana, Imamatul Ummabh, Lina Arifah Fitriyah

Diabetes Mellitus (DM) is a frightening type of disease because DM causes complications for
the patients if it is not treated quickly. From year to year DM in Indonesia undergone a
significant increase and was ranked 6th in the world. In this study, a fuzzy logic system was
created for the early diagnosis.

© Article details
@ Download article (PDF)




€« > C @ atlantis-press.com/proceedings/ijcse-20/pecple Q & 1

ATLANTIS PRODUCTS & SERVICES INDUSTRY AFFILIATIONS

PRESS

“art of SPRINGERNATURE JOURNALS BOOKS Search

Series: Advances in Engineering Research

Proceedings of the International Joint Conference on
Science and Engineering (IJCSE 2020)

HOME
Steering Committee Chairman
PREFACE
J—— Prof. Bambang Yulianto
Universitas Negeri Surabaya, Indonesia
AUTHORS
SESSIONS v Steeriing Committee Members
ORGANIZERS Prof. Nurhasan
PUBLISHING IHFORMATION Universitas Negerl Surabaya, Indonesia
Prof. Damni

Universitas Negeri Surabaya, Indonesia

Organizing Committee Chairperson
Enny Susiyawati, Ph.D

Universitas Negerl Surabaya, Indonesia
Organizing Committee Members

Prof. Bambang Suprianto

Universitas Negeri Surabaya, Indonesia

[
X

« - C & atlantis-press.com/proceedings/ijcse-20/people Q

HoME Dr. Nurhayati, MT

FREFACE Universitas Negeri Surabaya, Indonesia

ARTICLES
Dr. Euis Ismayati, MPd

AUTHORS 5 .
Universitas Negeri Surabaya, Indonesia

Aries Dwi Indriyanti, M.Kom

Universitas Negeri Surabaya, Indonesia
PUBLISHING INFORMATION

Naim Rohmawati., MLKom

Universitas Negeri Surabaya, Indonesia

Arif Widodo.,M.Sc.

Universitas Negeri Surabaya, Indonesia

Dr. Ricky Eka Putra., MT

Universitas Negeri Surabaya, Indonesia

Rindu Puspita Wibawa., M.Kom.
Universitas Negeri Surabaya, Indonesia
Yeni Anistyasari, MEKom

Universitas Negeri Surabaya, Indonesia
Reza Rahmadian, MengSc

Universitas Negeri Surabaya, Indonesia

Universitas Negeri Surabaya, Indonesia

& > C @ atlantis-press.com/proceedings/ijcse-20/people Q © W

HOME Dwi Anggorowati Rahayu, M.Si.

SREFACE Universitas Negeri Surabaya, Indonesia

ARTICLES Laily Rosdiana, M.Pd.

AUTHORS Universitas Negeri Surabaya, Indonesia

SESSIONS v

Lisa Lisdiana, Ph.D.

Uni itas Negeri Surabaya, Indonesia

Rudianto Artiono, MLSi.

Universitas Negeri Surabaya, Indonesia

Aris Rudi Purnomo, M.Pd.

Universitas Negeri Surabaya, Indonesia

Dhita Ayu Permata S., M.Pd.

Universitas Negeri Surabaya, Indonesia

Sari Kusuma Dewi, MLSi.

Universitas Negeri Surabaya, Indonesia

Dr. Warju, S.Pd, M.T.

Universitas Negeri Surabaya, Indonesia

Dr. Mutimmatul Faidah

Universitas Negeri Surabaya, Indonesia




&« (&) @ atlantis-press.com/proceedings/ijcse-20/people

HOME

FREFACE

RRTICLES

AUTHORS

SESSIONS M

PUBLISHING INFORI

Paramitha Nerisafitra, M. Kom

Universitas Negeri Surabaya, Indonesia

Ghea Sekar Palupi, M. 1. M

Universitas Negeri Surabaya, Indonesia

Amalia Ruhana, M. PH.

Universitas Negeri Surabaya, Indonesia

Ima Kurrotun Ainin, M. Pd.

Universitas Negeri Surabaya, Indonesia
Syafiatul Mardliyah, M. A.

Universitas Negeri Surabaya, Indonesia
Editorial Board

Prof. Alexandre Manigoba De Oliveira

Federal Institute of Sao Paulo, Brazil

Prof. Hadi Susanto

University of Essex, UK and Khalifa University of Science and Technology, Abu Dhabi

Prof. Madlazim

Universitas Negeri Surabaya, Indonesia

Eppy Yundra, PhD

Universitas Negeri Surabaya, Indonesia

&S

PREFACE

ARTICLES

RUTHORS

SESSIONS v

PUBLISHING INFORM,

Atlantis Press

Prof. Supari Muslim

Universitas Negeri Surabaya, Indonesia

Prof. Endang Susantini

Universitas Negeri Surabaya, Indonesia

Prof. Sari Edy Cahyaningrum
Universitas Negeri Surabaya, Indonesia

Prof. Tukiran

Universitas Negeri Surabaya, Indonesia

Dr. Elly Matul Imah

Universitas Negeri Surabaya, Indonesia

Atlantis Press — now part of Springer Nature — is a professional publisher
of scientific, techmical & medical (STM) proceedings, journals and books.
We offer world-class services, fast turnaround times and personalised
communication. The proceedings and journals on our platiorm are Open
Access and generate millions of downloads every month.

For more information, please contact us at: contact@atlant

ress.com

PROCEEDINGS
JOURNALS
BOOKS
POLICIES

MANAGE COOKIES/DD NOT SELL MY INFO

ABOUT

NEWS

CONTACT

SEARCH

Copyright © 2006-2022 Atlantis Press -

iger Nature




« 2> C @ atlantis-press.com/procesdings/ijese-20/125946429 Q 2 W

ATL.;&%‘Q? PRODUCTS & SERVICES POLICIES INDUSTRY AFFILIATIONS

Partof SPRINGER NATURE PROCEEDINGS JOURNALS BOOKS Search m

Proceedimjs of the International Joint Conference on
Science and Engineering (IJCSE 2020)

HOME

PREFACE PREVIOUS ARTICLE IN VOLUME NEXT ARTICLE IN VOLUME

ARTICLES Mamdani Fuzzy Inference System (FIS) for Early Diagnosis of Diabetes Mellitus

AUTHORS (DM) and Calorie Needs

SESSIONS - Authors
Humaidillah Kurniadi Wardana, Imamatul Ummah, Lina Arifah Fitriyah

ORGANIZERS

o ling Anthor
PUBLISHING INFORMATION Humaidillah Kurniadi Wardana

Available Online 24 November 2020,

DOl
https://doi.org/10.2991/aerk 201124070  How to use a DOI?

Keywords
FIS, Mamdani, Diabetes Mellitus, Calorie

Abstract

Diabetes Mellitus (DM) is a frightening type of disease because DM causes complications for
the patients if it is not treated quickly. From year to year DM in Indonesia undergone a
significant increase and was ranked 6th in the world. In this study, a fuzzy logic system was
created for the early diagnosis of DM and calorie needs using the Mamdani method. The trial
was conducted in collaboration with Jombang Regional Hospital by comparing the results of
the doctor's diagnosis with the fuzzy system created by taking 50 samples of inpatient's
medical record data. The first result of this research was a DM diagnosis system with 6 input

<« > C @ atlantis-press.com/proceedings/ijcse-20/125946429 Q

[
P

satract
Dishetes Mellitus (M) is a frightening type of disease because DM causes complications for
the patients if it is not treated quickly. From year to year DM in Indonesia undergone a
significant increase and was ranked 6th in the world. In this study, 3 fuzzy logic system was
created for the early diagnosis of DM and calorie needs using the Mamdani method. The trial
was conducted in collaboration with Jombang Regronal Hospital by companng the results of

M the doctor’s diagnosis with the fuzzy system created by taking 50 samples of inpatient's
medical record data. The first result of this research was a DM diagnosis system with 6 input
variables, 3 output variables and 155 rules with MAPE achieved 29 48% The second wasa
system of calorie requirement with 2 input variables, 2 output varisbles and 9 nules with the
results achieved BMI with MAPE of 1057% and BMR of MAPE of 9.7%.

oREaNIZERS

FuE.

okt
1 2020, the Authors. Published by Aflantis Press.

Open Acsess

under the OC BY-NC license
y-nc/d i)

@ Dowmload article (FDF)

|:| EVIOUS ARTICLE [N VOLUME NEXT ARTICLE [N VOLUME

Volume Title

= of the International Joint Co
Enginesring (LICSE 2020)

Science and

Series Advances in Engineering Research
Publication Date 24 Noversber 2020

1SBN 978-94-6230-776-2

1556 23525401

Dol hit

{fdoi.org/10.299)/aer k 201124070 oo e 2 D017

Copyright 02000, the Authors. Published by Atlantis Press.

Open Access Thisis &n open sccess article distributed under the CC BY-NC license
> /4 00,

Cite this article

<« > C @ atlantis-press.com/proceedings/ijcse-20/publishing aQ 2 W

ATL»:';‘lE'gg FRODUCTS & SERVICES POLICIES INDUSTRY AFFILIATIONS

Farl of SPRINGERNATURE

INGS JOURNALS BOOKS Search E

Series: Advances in Engineering Research
Proceedings of the International Joint Conference on
Science and Engineering (IJCSE 2020)

HOME
I Bibliographic information:
ARTICLES Title Proceedings of the International Joint Conference on Science and
Engineering (IJCSE 2020)
AUTHORS
Editors Prof. Alexandre Manigoba De Oliveira
SESSIONS T Prof. Hadi Susanto
ORGANIZERS Frof. Madlazim

Eppy Yundra, Ph.D

Prof. Supari Muslim

Prof. Endang Susantini

Prof. Sari Edy Cahyaningrum
Prof. Tukiran

Dr. Elly Matul Imah

PUBLISHING INFORMATIO

Part of series AER

Volume 196

155N 2352-5401

1SBN 978-04-6230-276-2
Indexing

All articles in these proceedings are submitted for indexation in CPCI CNKI and Google




ATLANTIS
PRESS

R
Advances In
Engineering
Research



ATLANTIS

PRESS

Advances in Engineering Research, volume 196

International Joint Conference on Science and Engineering (I JCSE 2020)

Mamdani Fuzzy Inference System (FIS) for Early
Diagnosis of Diabetes Mellitus (DM) and Calorie Needs

Humaidillah Kurniadi Wardanal”, Imamatul Ummah?, Lina Arifah Fitriyah?

! Department of Electrical Engineering Universitas Hasyim Asy’ari Jombang, Indonesia

*Corresponding author. Email: bhindere.adi3@gmail.com

ABSTRACT

Diabetes Mellitus (DM) is a frightening type of disease because DM causes complications for the patients if it is not
treated quickly. From year to year DM in Indonesia undergone a significant increase and was ranked 6th in the world.
In this study, a fuzzy logic system was created for the early diagnosis of DM and calorie needs using the Mamdani
method. The trial was conducted in collaboration with Jombang Regional Hospital by comparing the results of the
doctor's diagnosis with the fuzzy system created by taking 50 samples of inpatient’s medical record data. The first result
of this research was a DM diagnosis system with 6 input variables, 3 output variables and 155 rules with MAPE achieved
29.48%. The second was a system of calorie requirement with 2 input variables, 2 output variables and 9 rules with the
results achieved BMI with MAPE of 10.57% and BMR of MAPE of 9.7%.

Keywords: FIS, Mamdani, Diabetes Mellitus, Calorie

1. INTRODUCTION

Diabetes Mellitus (DM) comes from the Latin word,
Diabetes meaning to drain and Mellitus meaning sweet.
This disease arises due to metabolic disorders in the body
so that blood sugar levels increase (hyperglycemia).
Metabolic disorders occur if the pancreas cannot produce
enough insulin as what the body needs [1], [2]. The
hormone insulin has the function of maintaining blood
sugar levels to remain balanced so that the metabolic
processes of carbohydrates, fats, and proteins are
converted into energy needed by the human body.

The development of DM in Indonesia from year to
year has increased. According to the Atlas International
Diabetes Federation (IDF) report in 2017 the DM
epidemic in Indonesia was ranked sixth in the world after
China, India, America, Brazil, and Mexico with DM at
the age of 20-79 years of 10.3 million people.
Furthermore, the Basic Health Research (Riskesdas)
report in 2018 DM sufferers in Indonesia increased up to
8.5% when it is compared to 2013 which was 6.9%.

One of the ways to maintain the health of people with
DM is by maintaining dietary habit through a healthy diet
[3]. Dietary habit are managed by considering calorie
need in a day [4]. The number of calories needed by the
body affects the energy needed to do daily activities.
Energy needs of each person is different because it is

influenced by factors of age, gender, activity and body
condition of a person.

DM cannot be cured completely. DM treatment is
only used to control or manage blood sugar levels in the
body to remain normal. Therefore, we need a method to
control and provide early diagnostic information about
DM. One of them is by using Fuzzy Inference System
(FIS). Fuzzy system is very suitable to be applied in
helping to make decisions quickly and well because it is
easily understood and practical.

Some researches that have been done by utilizing the
fuzzy system were determining the risk level of DM with
the Sugeno method which input variables consisted of
fasting blood sugar, fasting plasma blood sugar, sleeping
plasma sugar, 2 hour PP blood sugar, HbAlc levels, HDL
levels, triglyceride levels and insulin levels [5], DM
diagnosis using Mamdani and Sugeno methods [6], DM
detection using fuzzy hierarchical models [7], using
Mamdani method for DM disease detection with input
variables consisting of age, weight, blood pressure [8],
prediction and classification of DM using the adaptive
neuro FIS application [9], using the Sugeno method in
determining the type of DM with input variables
consisting of age, insulin levels and body weight [10].
Based on the description above, the researchers had a
purpose to apply Mamdani method to diagnose early DM
and the calorie needs needed by sufferers of this disease.

Copyright © 2020 The Authors. Published by Atlantis PressB.V.
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The results of the study were expected to be used as an
information system in making decision in the early
selection of DM disease.

2. METHOD

Some basic and supporting theories used in this study
are:

2.1. Diabetes Mellitus (DM)

DM occurs due to metabolism disturbance because
pancreas cannot produce the hormone insulin effectively.
The purpose of the pancreas to produce the hormone
insulin to control blood sugar levels in the body remains
balanced. There are two types of DM namely [11]:

1) Type | (Depending on Insulin)

It is characterized by failure to produce partial or total
insulin by pancreatic bet cells. The cause of this factor is
still unclear, but several viruses, autoimmune diseases,
and genetic factors can be the causes. Children and adults
can suffer DM of type 1. The treatment is by giving
insulin injections to control blood sugar levels.

2) Type Il (Not Depending on Insulin)

It is characterized by insulin resistance when the
hormone insulin is produced in an ineffective amount.
This DM is cuased by strong genetic and obesity and
usually experienced by adults. DM of type 2 is treated by
diet and exercise and the use of diabetes medications.

2.2. Mamdani Fuzzy Inference System (FIS)

The Mamdani method was introduced by Ebrahim
Mamdani in 1975, often called the max-min method [12].
To produce an output, four stages need to be passed
namely:

1) Fuzzyfication

Formation of input and output variables in the form
of crips so that it becomes a fuzzy set.

2) Function of Implications
The function used in this case is min (minimum).
3) Composition of Rules

What is done is the rule with the max (maximum)
method. This method is obtained from the maximum
value, then used to modify the fuzzy area and apply to the
output with the OR (union) operator. The resulted output
contains fuzzy set which is a reflection of the contribution
of each proportion. The formulation is written as follows:

g (%) = max(aeg (%), 15 (%)) (1

with:
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g (%) = fuzzy solution member values up to the i-th

rule;

1 () = fuzzy consequent member values up to the i
rule;

4) Defuzzy

The defuzzyfication process input contains a set of
fuzzy rule compositions while the output is a number in
the origin area of the fuzzy membership. So if it is given
a certain range of fuzzy set, the crisp value must be taken
as output. The method used in this stage is the centroid
method (composite moment). The centroid method is a
crisp solution obtained from the central point (z *) of the
fuzzy region

«_1,2u(2)dz for continuous variables or )
[, n(z)dz

;o 201.2i#(2)) for discrete variables (3)
Z::NU(ZJ)

2.3. Calories Needs

Calorie needs needed by people with DM are related
to the food consumed every day. Foods that are
consumed as what the body needs are balanced foods
between nutrients, carbohydrates, proteins, fats, vitamins
and minerals. Here are some types of diets and the
number of calories for people with DM [13].

Table 1. DM Diet Type

Diet Energy | Carbohydrate | Protein Fat
Type | (Kalori) (9) 9) Q)
| 1100 172 43 30
I 1300 192 45 35
i 1500 235 51.5 36.5
v 1700 275 55.5 36.5
\% 1900 299 60 48
| 2100 319 62 53
VII 2300 369 73 59
VIl 2500 396 30 62
Explanation:

1) Types of Diet | to Il

It is given to people with fat DM and very fat (obese)
DM.

2) Types of Diet IV to V

It is provided for people with DM without
complications or normal weight.
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3) Types of Diet VI to VIII

It is given to people with thin, very thin, and
complicated diabetes.

The calculation of the number of calories needed for
people with DM is also related to the Mass Body Index
(BMI) which is calculated using the BMI formula:

_ Body _ Mass(Kg)

" )
Height(m) - Heignt(m)

BMI

2.3. Research Stages By Using Fuzzy Mamdani
Method

The stages of fuzzy research using the Mamdani
method are described in the following flowchart as in

Figure 1.

r

Literature Review

r

Interview and Recording The
Patient’s Medical Record Data

r

Establishment of
Membership Functions

L 4

The Formation of
Fuzzy Logic Rules

3

r

FIS Design

Trials
and
Analysis
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Figure 1 Research Flow Diagram

Based on Figure 1. The stages of research consist of:
e Literature review

The initial stage is to collect various information
about DM disease from journal articles, books, internet
and other various sources.

e Interviewing and Writing the Data of Patients’
Medical Record

Direct interviews were conducted with doctors and
nutritionists at a Jombang regional hospital to find out
firsthand DM disease and continued to the data retrieval
in the form of patients’ medical record data related to DM
variables.

e Establishment of Membership Functions

The formation of membership functions in the logic
of the two fuzzy systems that will be made in this study
are: the first system consists of 7 inputs and 3 outputs.
Input variables consist of: systole, dystol, glucose, total
cholesterol, HDL levels, LDL levels, triglycerides.
Output variables are normal, prediabetes, and diabetes.
The detailed fuzzy process can be described as follows:

1) Blood Pressure

Table 2. Blood Pressure (mmHg)

Range
- Fuzzy Set
Systole | Diastole
100-120  |20-80 Normal
115-145  [75-95 Prehypertension
140-160  |90-100 Hypertension State |
155-240 |95-140 Hypertension State Il

2) Glucose ata Time

Table 3. Glucose at a Time (mg/dl)

Range Fuzzy Set
100-200 Normal
200-300 Diabetes

3) Total Cholesterol
Table 4. Cholesterol Total (mg/dl)

Range Fuzzy Set
100-200 Normal
190-250 Rather High
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240300 |High |

4) HDL Levels
Table 5. HDL Levels (mg/dl)

Range Fuzzy Set
20-50 Low
45-65 Normal
60-80 High

5) LDL Levels
Table 6. LDL Levels (mg/dl)

Range Fuzzy Set
50-100 Optimal
90-135 Near Optimal
130-160 High Boundary Line
155-195 High
190-210 Very High

6) Triglycerides
Table 7. Triglycerides (mg/dl)

Range Fuzzy Set
50-150 Normal
145-205 Rather High
200-500 High
495-600 Very High

The second system is to determine the calories needed
by people with DM. The membership function consists
of 2 input variables namely body weight and height as
well as output variables namely BMI and BMR. The
detailed fuzzy process can be described as follows:

1) Body’s Weight
Table 8. Body Mass (kg)

Range Fuzzy Set
25-50 Thin
38-60 Normal
58-80 Fat
2) Height
Table 9. Height (meter)
Range Fuzzy Set
1.20-1.45 Short
1.40-1.65 Normal
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160-185  |High

e Establishment of Fuzzy Logic Rules

Fuzzy logic rules are arranged based on a combination of
fuzzy sets of each input variable.

e FIS Design

Making the application of function implications,
composition of rules, and defusion is a step to interfere with
fuzzy systems in a case sample.

e Trial and Analysis

The trial was conducted in collaboration with Jombang
Regional Hospital by comparing the results of the doctor's
diagnosis with the fuzzy system created by taking 50 samples
of inpatient’s medical record data. Analysis is made by using
the Mean Absolute Percent Error (MAPE) method. The
calculation of MAPE is as follows:

P\ x100

MAPE = ————— ®)

with:

Y, = actual data

Y_t = predictive data

N =sum of data

3. RESULT AND DISCUSSION

This research consisted of 2 fuzzy systems, in which
the first system diagnoses diabetes, prediabet, and normal
and the second system determines the calories needed by
using the Mamdani fuzzy method. The results of each
system were as follows.

3.1. Diagnosis of Diabetes Mellitus (DM)

In the first system, the inputs used to build a fuzzy
system for diagnosing diabetes mellitus are systole,
diastole, glucose, total cholesterol, HDL, LDL and
triglyceria. The fuzzyfication stage in this system forms
the range and fuzzy sets of each input and output using a
shoulder curve. The results of the membership function
of the input variable at each set of fuzzy sets are as
follows.

1) Blood Pressure
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3) Total Cholesterol

N-‘:rmal i ! ) ! Ralhe‘r High ! ! l‘-hgh
t / / While the output in this system was divided into 3
s /f \ / A fuzzy sets, namely normal, prediabetes and diabetes.

g X Fuzzy sets of DM output formed as follows:
2 06 4
£ /-/ \ Table 10. Output DM
x 04 B
. 02 ] Range Fuzzy Set

0 \ 50-100 Normal

0T T W e %o P o 0 B0 w 95-125 Prediabetes

120-200 Diabetes

Figure 5 Total Cholesterol Membership
4) HDL Levels The inference stage in this system is 155 rules. So that

the diabetes mellitus system was formed with 7 inputs, 1
output and 155 rules as shown in Figure 9 below.
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Figure 9 DM Diagnosis System

The results of the analysis of 50 data obtained from
Jombang Regional Hospital with a fuzzy system using
MAPE were 29.48%. For example if blood pressure was
140/90 mmHg, glucose at 107 mg / dI, total cholesterol
203 mg / dl, HDL 44 mg / dl, LDL 140 mg / dl and
triglyceria 94 mg / dl., then the rule formed was:

R27 If systole prehypertension and diastole
prehypertension and glucose when normal and
total cholesterol are rather high and HDL is low
and LDL is in high borderline and triglyceria is
normal, then the diagnosis is hormal

R27 If systole prehypertension and diastol
prehypertension and glucose at time are normal
and total cholesterol is rather high and HDL is low
and LDL is in high boundary and triglyceria is
normal, then the diagnosis is prediabetes.

Based on the results of the DM fuzzy diagnoss system
obtained 85.5 which meant normal, while according to
data from Jombang Regional Hospital 98 whose meaning
was that it was normal. The difference of results of the
system from the data obtained was only 12.5 but both
showed normal diagnoses. The results of the DM
diagnosis system based on fuzzy system can be seen in
Figure 10.

Systole = 140 Diastole = 50 Glucose At a Time = 107 Total Cholesterol = 203

1 1| h
3 i i

100 240 20 140 50 500 100 300

(@)
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HDL Levels = 44 LDL Levels = 140 Trighycerides = 54

Diagnosig = 855

-
n
.

&

(b)
Figure 10 (a), (b) Results of DM Diagnosis by Using
Fuzzy System

3.2. Calories Needs

This second system was to determine the calories
needed. This study used two outputs namely BMI and
BMR, in the forms of inputs of weight and height. This
kind of system was the same as the first system also using
shoulder curves. It had two inputs, two outputs and 9
fuzzy IMT and BMR system rules as shown in Figure 13
below. The results of the input variables of membership
function at each fuzzy set are as follows.

1) Weight
5 :I'hln ! ! ' Nurn';al ! ! ! ! ! Fat
A\
! 7
08 \ / g
& /i
- A\
[ \
é 0.6 \\ / 4
E X /
g 0.4 I.‘\\ // b
= % o
o \ / 1
’ A
25 30 35 a0 45 50 55 60 65 70 75 &0
Weight
Figure 11 Membership of Weight
2) Height
5 Short k Normal ' e i High
,’/\I\: III{'
08 // '\.\: fJ
E: v \ /
%’ 06 ‘\\ /
£ \
= \
2 04 \\
z \
02 N\
/ "\\
. gy
1.2 1.3 I‘4 I‘S I.G |‘7 |‘B

Height

Figure 12 Membership of Height
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BMR (3)

BMI DAN BMR

(mamdani)

M: —

Height (3)

System BMI DAN BMR: 2 inputs, 2 outputs, 9 rules

Figure 13 IMT and BMR System with 2 Inputs, 2
Outputs and 9 Rules

For instance, if you weigh was 53 kg and your height
was 1.63 m., so the formed rule was

R5 If the weight and height are normal, BMI and BMR
are normal

R8 If your weight is normal and you are tall, BMI and
BMR are normal

Fuzzy sets of IMT output formed as follows:
Table 11. Output IMT

Range Fuzzy Set
15-18.5 Thun
18.5-23 Normal
23-30 Fat

Fuzzy sets of BMR output formed as follows:
Table 12. Output BMR

Range Fuzzy Set
1500-1600 Fat
1700-2300 Normal
2300-2500  ([Thin

Based on the results of the fuzzy IMT and BMR
system in Figure 12, the BMI of 20.8 kg/m2 was normal
so that the required BMR was 2000 calories. Whereas,
according to the formula, IMT of 19.94 means normal
and the required BMR was around 1700 to 2100 calories.
The difference of the fuzzy system results from those of
the system with the formula is only 0.86 and both of them
show the normal BMI with the appropriate BMR.
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Figure 14 (a), (b) Results of IMT and BMR with Fuzzy
Systems

Correlation between calorie requirements and DM
according to the description of Table 1. Suppose the type
of diet I to diet 1l was given to people with DM fat and
very fat (obese) required calories of 1100 to 1500
calories.

4. CONCLUSION

Based on the results and discussion of this study, it
could be concluded that an application in the health field
had been made, namely early diagnosis of DM using the
Fuzzy Mamdani method and calorie needs. The DM
diagnosis system consisted of 6 input variables: blood
pressure, glucose time, total cholesterol, HDL, LDL,
triglycerides and 3 output variables: normal, prediabetes
and diabetes by producing 155 rules with a MAPE of
29.48%. The calorie need system comprised of 2 input
variables: body weight, and height and 2 output variables:
BMI with MAPE of 10.57% and BMR of MAPE of 9.7%
by producing 9 rules.
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