HOME ABOUT LOGIN REGISTER SEARCH CURRENT

NNOUNCEMENT.

ARCHIVES

Home > About the Journal > Editorial Team

Editorial Team

Advisory Editors

Prof. Dr. Patricia Melin, Tijuana Institute of Technology, Mexico

Prof. Neil Bergmann, The University of Queensland, Australia

Dr. Argyrios Zolotas, Cranfield University, United Kingdom

Prof. Daniel Thalmann, Nanyang Technological University, Singapore
Prof. Ajith Abraham, VSB Technical University of Ostrava, Czech Republic

Editor-in-Chief

Prof. Dr. Seifedine Kadry, Lebanese American University, Lebanon
Editors

Prof. Dr. Leo P. Ligthart, Delft University of Technology, Netherlands

Prof. Dr. Omar Lengerke, Universidad Auténoma de Bucaramanga, Colombia
Assoc. Prof. Dr. Wanquan Liu, Sun Yat-sen University, China

Dr. Arianna Mencattini, University of Rome "Tor Vergata", Italy
Mark S. Hooper, Analog/RF IC Design Engineer (Consultant) at Microsemi, United States

Associate Editors

Prof. Dr. Ahmad Saudi Samosir, Universitas Lampung (UNILA), Indonesia

Prof. Dr. Faycal Djeffal, University of Batna, Batna, Algeria

Prof. Dr. Muhammad Irfan, Beijing Institute of Technology, China

Prof. Dr. Nidhal Bouaynaya, Rowan University, United States

Prof. Dr. Nik Rumzi Nik Idris, Universiti Teknologi Malaysia, Malaysia

Prof. Dr. Luis Paulo Reis, University of Minho, Portugal

Prof. Dr. Sanjay_Kaul, Fitchburg State University, United States

Prof. Dr. Srinivasan Alavandar, CK College of Engineering and Technology, India

Prof. Dr. Vijayakumar Varadarajan, The University of New South Wales, Australia
Prof. Dr. Maja Stula, University of Split, Croatia

Prof. Anjan Kumar Ghosh, Tripura University, India

Prof. Essam M. Rashad, Tanta University, Egypt

Prof. Ezra Morris Gnanamuthu, Universiti Tunku Abdul Rahman, Malaysia

Prof. Jodo Criséstomo Weyl, Universidade Federal do Paradisabled, Brazil

Prof. Larbi Boubchir, University of Paris 8, France

Prof. Mohammed Alghamdi, Al-Baha University, Saudi Arabia

Assoc. Prof. Octavian Postolache, ISCTE-Lisbon University Institute, Portugal

Prof. Ranathunga Arachchilage Ruwan Chandra Gopura, University of Moratuwa, Sri Lanka
Assoc. Prof. Ahmed Nabih Zaki Rashed, Menoufia University, Egypt

Assoc. Prof. Dr. Jumril Yunas, Universiti Kebangsaan Malaysia, Malaysia

Assoc. Prof. Dr. Lunchakorn Wuttisittikulkij, Chulalongkorn University, Thailand
Assoc. Prof. Dr. Mario Versaci, Universita degli Studi di Reggio Calabria, Italy

Assoc. Prof. Valentina Emilia Balas, Aurel Vlaicu University of Arad, Romania
Asst. Prof. Dr. Ahmet Teke, Cukurova University, Turkey

Asst. Prof. Dr. Dinh-Thuan Do, Ton Duc Thang University, Viet Nam

Asst. Prof. Dr. Ehsan O. Sheybani, University of South Florida, United States

Asst. Prof. Dr. Supavadee Aramvith, Chulalongkorn University, Thailand

Assoc. Prof. Dr. Ljiljana Seric, University of Split, Croatia

Dr. Abdalhossein Rezai, University of Science and Culture, Iran

Dr. Ahmed Boutejdar, German Research Foundation DFG Braunschweig-Bonn, Germany
Dr. Anand Nayyar, Duy Tan University, Viet Nam

Assoc. Prof. Aniruddha Chandra, National Institute of Technology, India

Dr. Arafat Al-Dweik, Khalifa University, United Arab Emirates

Assoc. Prof. Dr. Arcangelo Castiglione, University of Salerno, Italy

Assoc. Prof. Chau Yuen, Singapore University of Technology and Design, Singapore
Dr. Chinmay Chakraborty, Birla Institute of Technology, India

Dr. Fagiang_Wang, Xi'an Jiaotong University, China

Assoc. Prof. Han Yang, University of Electronic Science and Technology of China, China
Dr. Harikumar Rajaguru, Bannari Amman Institute of Technology, India

Dr. Imran Shafique Ansari, University of Glasgow, United Kingdom

Assoc. Prof. Jinsong Wu, Universidad de Chile, Chile

Dr. Makram Fakhry, University of Technology, Baghdad, Iraq

Dr. Mohammed Dregham Zidan, University of Science and Technology, Egypt

Dr. Mohd Khair Hassan, Universiti Putra Malaysia, Malaysia

Dr. Munawar A Riyadi, Universiti Teknologi Malaysia, Malaysia

Dr. N. Ramesh Babu, M Kumarasamy College of Engineering, India

Dr. Nuno Rodrigues, Instituto Politécnico de Braganga, Portugal

Asst. Prof. Dr. Praveen Malik, Dr. B. R. Ambedkar National Institute of Technology, India
Asst. Prof. Dr. Rama Reddy, Kakatiya University, India

Assoc. Prof. Shahrin Md. Ayob, Universiti Teknologi Malaysia, Malaysia

Dr. Sudhanshu Shekhar Jha, Leipzig University, Germany

Prof. Surinder Singh, Sant Longowal Institute of Engg. & Technology Longowal, India
Dr. Tarek Djerafi, Institute of Energy, Materials and Telecommunications (INRS), Canada
Dr. Tianhua Xu, Tianjin University, China

Dr. Vassilis S. Kodogiannis, CEng, University of Westminster, United Kingdom

Assoc. Prof. Dr. Wei Wang, Harbin Engineering University, China

Prof. Wei Zhouchao, China University of Geosciences, China

Dr. Yin Liu, Symantec Core Research Lab, United States

Dr. Youssef Errami, Chouaib Doukkali University, Morocco

Dr. Yutthapong Tuppadung, Provincial Electricity Authority (PEA), Thailand

Editorial Board Members

Assoc. Prof. Murad Abusubaih, Palestine Polytechnic University, Palestinian Territory, Occupied
Prof. Abdelmadjid Recioui, Universitry of Boumerdes, Algeria

SR 2621
0.276

USER

— 1

Username|sukarsa

Password |eeseeee

D Remember me

CITATION ANALYSIS

Dimensions
Google Scholar
Scimagojr
Scinapse
Scopus

QUICK LINKS

Author Guideline
Editorial Boards
Online Paper
Submission
Publication Fee
Abstracting and
Indexing
Publication Ethics
Visitor Statistics
Contact Us

JOURNAL CONTENT

Search

Search Scope
All v

Search |

Browse

By Issue
By Author
By Title

INFORMATION

For Readers
For Authors
For Librarians

a: Lag

SNIP 2021
0.513



Prof. Ahmed El Qualkadi, Abdelmalek Essaadi University, Morocco
Prof. Meerja Akhil Jabbar, Vardhaman College of Engineering, India
Prof. Arthur Swart, Central University of Technology, South Africa
Prof. Felix J. Garcia Clemente, University of Murcia, Spain
Prof. Mohamed Habaebi, International Islamic University Malaysia, Malaysia
Prof. Priya Ranjan, Bhubaneswar Institute of Technologydisabled, India
Prof. Sattar B. Sadkhan, University of Babylon, Iraq
Prof. Wajeb Gharibi, University of Missouri-Kansas City, United States
Dr. Arun Sharma, Delhi Technological University, India
Dr. Dimitri Papadimitriou, University of Antwerp, Belgium
Dr. Duy Huynh, HUTECH University, Viet Nam
Dr. Hamed Mojallali, University of Guilan, Iran, Islamic Republic of
Dr. Hasan Ali Khattak, National University of Sciences & Technology, Pakistan
Asst. Prof. Dr. Jérome Le Masson, CREC Saint Cyr, France
Dr. Jitendra Mohan, Jaypee Institute of Information Technology, India
Assoc. Prof. Jose Soler, Technical University of Denmark, Denmark
. Kamal Kant Sharma, Chandigarh University, India
. Kamil Dimililer, Yakin Dogu Universitesi, Cyprus
. Ke-Lin Du, Concordia University, Canada
. K.K. Thyagharajan, RMK College of Engineering and Technology, India
Maria Chiara Caschera, Istituto Di Ricerche Sulla Popolazione E Le Politiche Sociali, Italy
. Milica Petkovic, University of Novi Sad, Serbia
Asst. Prof. Dr. Marwan Nafea, University of Nottingham Malaysia, Malaysia
Dr. Media A Ayu, Sampoerna University, Indonesia
Dr. Mohammad Yazdani-Asrami, University of Glasgow, United Kingdom
Dr. Mohd Syakirin Ramli, Universiti Malaysia Pahang, Malaysia
Dr Mritha Ramalingam, University Malaysia Pahang, Malaysia
Assoc. Prof. Dr. Norliza Noor, Universiti Teknologi Malaysia, Malaysia
Dr. Pratap Kumar Sahu, Foxconn, Taiwan
Dr. Philipp Fechteler, Fraunhofer HHI, Germany
Dr. Ratna Kalos Zakiah Sahbudin, Universiti Putra Malaysia, Malaysia
Dr. Rupak Kharel, University of Central Lancashire, United Kingdom
Prof. Sai Kiran Oruganti, Jiangxi University of Science and Technology Ganzhou, China
Dr. Sanjaya Kumar Panda, National Institute of Technology, India
Assoc. Prof. Dr. Santoso Wibowo, Central Queensland University, Australia
Dr. Stylianos Basagiannis, United Technologies, Cork, Ireland
Dr. Suneeta Suneeta, Vemana Institute of Technology, India
Asst. Prof. Dr. Taghi Javdani Gandomani, Shahrekord University, Iran
Asst. Prof. Dr. Tanmoy Maitra, Kalinga Institute of Industrial Technology, India
Dr. Tianhua Xu, Tianjin University, China
Assoc. Prof. Vasaka Visoottiviseth, Mahidol University, Thailand
Dr. Vicente Ferreira De Lucena, Universidade Federal do Amazonas, Brazil
Dr. Zhi-Xiang_Zhang, Hefei University of Technology, China
Dr. Yasin Kabalci, Nigde Omer Halisdemir University, Turkey
Asst. Prof. Dr. Ying-Khai Teh, San Diego State University, United States
Assoc. Prof. Dr. Zeashan Hameed Khan, Air University, Pakistan
Mr. Abdelfatteh Haidine, National School of Applied Sciences, Morocco
Prof. Dr. Mihai Gavrilas, Technical University of Iasi, Romania

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

IJEECS visitor statistics



a: Lag

SOR 2021 SNIPF 2021
- - 0.276 0.513
HOME ABOUT LOGIN REGISTER SEARCH CURRENT ARCHIVES
NNOUNCEMENT. USER
— 1
Home > Archives > Vol 28, No 2 Username|sukarsa
Password
VO] 28, No 2 [J remember me
November 2022
DOI: http://doi.org/10.11591/ijeecs.v28.i2 CITATION ANALYSIS
- Dimensions
« Google Scholar
Table of Contents - Scimagojr
« Scinapse
Photovoltaic system DC series arc fault: a case study PDF « Scopus
Alaa Hamza Omran, Dalila Mat Said, Siti Maherah Hussin, Sadiq H. Abdulhussain 625-635
QUICK LINKS
Optimal sizing_of hybrid system through particle swarm optimization for rural areas in Iraq PDF . Author Guideline
Zaidoon Waleed Al-Shammari, Ali Hadi Algeboory, Safaa Hadi Al-Jebory, Ihsan Ahmed Taha, 636-643 . Editorial Boards
Hussam Almukhtar, Muhammad Mokhzaini Azizan, Rahman Ahmad Shukri Fazil, Khairunnisa . Online Paper
Hasikin Submission
« Publication Fee
Optimum energy._management strategy with enhanced time of use tariff for campus building_using PDE : »IAbdstra_ctmg and
particle swarm optimization 644-653 PTJbTifjlant?On Ethics
Nurul Agilah Mahmud, Nofri Yenita Dahlan . Visitor Statistics
« Contact Us
Synthesized carbon material with semi-organic and aqueous electrolyte for supercapacitor PDF
application 654-662 JOURNAL CONTENT
Avinash P. Moholkar, Deepak S. Bankar, Parshuram B. Karandikar
Search
The different approach for supercapacitor modelling_in the perspective of self-discharge study PDF Search Scope
Muhammad Abdul Jabbar Bin Abu Bakar, Muhammad Izuan Fahmi, Shamshul Bahar Yaakob, 663-673 All v
Liew Hui Fang, Muhammad Zaid Aihsan E
Single current sensor based fault tolerant control of interior permanent magnet synchronous PDF Browse
machine for drive applications 674-685 + By Issue
Sankhadip Saha, Urmila Kar « By A_uthor
« By Title
Cadmium sulfide doped with silver as CO2 gas sensor using_pyrolysis technique PDF INFORMATION
Uday Ali Sabeeh Al-Jarah, Haidar Jawad Mohamad, Yahya Mustafa Abdul-Hussein 686-692
- For Readers
« For Authors
- For Librarians
The impacts from Sr4La(PO4)30: Ce3+, Tb3+, Mn2+ phosphor resulting_in luminous flux of WLED PDF
devices 693-699

Huu Phuc Dang, Bui Van Hien, Nguyen Le Thai

Positive-sequence virtual-flux control of grid-connected converter during_unsymmetrical voltage PDF

dips 700-709
Francis Mulolani, Matthew Armstrong, Mohammed Elgendy, Ahmed Althobaiti

Green-phosphor Ca35¢2Si3012:Ce3+ for solid-status illumination: gel-combustion structural and PDE
luminous characteristics 710-715
Huu Phuc Dang, Bui Van Hie, Nguyen Le Thai

Eully synthesizable multi-gate dynamic voltage comparator for leakage reduction and low power PDF
application 716-723
Udara Yedukondalu, Vinod Arunachalam, Vasudha Vijayasri Bolisetty, Ravikumar Guru Samy

Hue dual-chromatic calcium chlorosilicate phosphor for light-emitting_diode having_yellow and PDF
white illumination 724-728
Huu Phuc Dang, Bui Van Hien, Nguyen Le Thai

Study of phosphor Ba2Si308:Eu2+ to produce WLED devices with support from ZnCdSe/ZnSe PDE

guantum dot 729-734
Huu Phuc Dang, Bui Van Hien, Nguyen Le Thai

Intelligent voltage controller based on firefly algorithm for DC-DC boost converter PDF

Darmansyah Darmansyah, Imam Robandi 735-743
Performance comparison between proportional-integral and backstepping_control of maximum PDF
power in photovoltaic system 744-752

Omar Diouri, Ahmed Gaga, Mohammed Ouazzani Jamil



Speech-based gender recognition using_linear prediction and mel-frequency cepstral coefficients
Yusnita Mohd Ali, Emilia Noorsal, Nor Fadzilah Mokhtar, Siti Zubaidah Md Saad, Mohd Hanapiah
Abdullah, Lim Chee Chin

Multi-modal image fusion using_contourlet and wavelet transforms: a multi-resolution approach
Bhavana V, Krishnappa H. K.

Auto electronic recognition of the Arabic letters sound
Omar Ibrahim Alsaif, Kifaa Hadi Thanoon, Asmaa Hadi Al_bayati

Impulse noise recuperation from grayscale and medical images using_supervised curve fitting
linear regression and mean filter
Shiju Thomas, Addapalli Krishna

Medical diagnostic support system based on breast thermography_using_Raspberry Pi and cloud
computing
Nabil Karim Chebbah, Mohamed Ouslim

Ahmed Kareem Abdullah, Hadi A. Hamed, Ali A. Abdullah Albakry, Ahmed Ghanim Wadday

Energy _efficient with prolonging_lifetime in homogeneous wireless sensor networks
Shaimaa Hadi, Hayder Rahm Dakheel, Atyaf Jarullah Yaseen

Enhancement of spectrum sensing_technique with energy harvesting_for cognitive radio network
Oladapo Seun Okediran, Festus Kehinde Ojo, John Adedapo Ojo, Olasunkanmi Fatai Oseni,
Oluwole Oladele Obanisola

wave communications
Adib Othman, Noor Azwan Shairi, Huda A. Majid, Zahriladha Zakaria, Imran Mohd Ibrahim,
Mohd Haizal Jamaluddin, Anwar Faizd Osman

output
Delson Therambath Rajanbabu, Iven Jose

Classification of lower limb rehabilitation exercises with multiple and individual inertial
measurement units
Rashmin S. Tanna, Chandulal H. Vithalani

Arwa A. Moosa, Malik A. Alsaedi, Hussein Jumma Jabir, Mays Afif Anaee

Performance study of reactive routing_protocol in wildfire detection using_maobile ad-hoc network
Nadia Al-Aboody, Muhsin Al-Amery

Towards a new method of estimating_the student attention based on the eye gaze
Tarik Hachad, Abdelalim Sadiq, Fadoua Ghanimi, Lamiae Hachad, Ahmed Laguidi

A systematic literature review of automatic ontology construction
Zayanah Zafirah Zulkipli, Ruhaila Maskat, Noor Hasimah Ibrahim Teo

Abeer Khalid Al-Mashhadany, Ahmed T. Sadiq, Sura Mazin Ali, Amjed Abbas Ahmed

Computer modeling_and simulation to predict COVID-19 propagation patterns via factual cellular
automata
Shahinaz M. Al-Tabbakh, Marwa A. Karim

Mathematical and computer simulation of particle redistribution and inertial swarming_in dispersed
systems
Bakhtiyar Rashidovich Ismailov, Leyla Mukhamedjanovna Musabekova, Zhanat Rysbayevna
Umarova, Khairulla Bakhtiyarovich Ismailov, Kuttybek Arystanbayev

Instantaneous channel characteristics and progression factor based collaborative routing
Bhairavi Ramasamy, Gnanou Florence Sudha

Deepali Pankaj Javale, Sharmishta Suhas Desai

An enhanced approach for solving winner determination problem in reverse combinatorial auctions
Jawad Abusalama, Sazalinsyah Razali, Yun-Huoy Choo

PDF
753-761

PDF
762-768

EDE
769-776

PDF
777-786

PDF
787-792

PDF
793-800

PDF
801-809

PDF
810-819

PDF
820-829

PDF
830-839

PDF
840-849

PDF
850-858

PDF
859-866

PDF
867-877

PDF
878-889

PDE
890-897

PDF
898-908

PDE
909-917

BDF
918-925

PDF
926-933

PDF
934-945



Thamer Hassan Hameed, Haval Tariq Sadeeq

Congestion aware and game based odd even adaptive routing_in network on chip many-core
architecture
Radha Doraisamy, Minal Moharir, Rajakumar Arul

An automate failure recovery for synchronous distributed database system
Ahmad Shukri Mohd Noor, Auni Fauzi Che Fauzi, Ainul Azila Che Fauzi, Noraziah Ahmad,
Mohamad Syaugi Mohamad Arifin

Asraa A. Abd Al-Ameer, Ghufran Abdulameer Hussien, Hajer. A. Al Ameri

ISO/IEC 25010 based evaluation of rice seed analyzer: a machine vision application using_image
processing_technique
Ertie Abana, Benedict Sy

loan default of peer-to-peer lending
Much Aziz Muslim, Yosza Dasril, Muhammad Sam'an, Yahya Nur Ifriza

Matrix-matrix multiplication on graphics processing_unit platform using_tiling_technique
Rahman Ghasempour Balagafshe, Alireza Akoushideh, Asadollah Shahbahrami

Threat modeling_in application security_planning_citizen service complaints
Agus Tedyyana, Fajar Ratnawati, Elgamar Syam, Fajri Profesio Putra

Kelulut honey-filled pots detection using_image processing_based techniques
Wan Nur Azhani W. Samsudin, Mohd Harizan Zul, Mohd Zamri Ibrahim, Rohana Abdul Karim

Nabeel Zuhair Tawfeeq, Omar Ghanim Ghazal, Wisam Saeed Abed

Virtual tools in distance education: university satisfaction regarding_its application as part of
teaching_strategies
Guillermo Morales-Romero, José Antonio Arévalo-Tuesta, Lilia Rodas-Camacho, Elizabeth Auqui-
Ramos, Carlos Palacios-Huaraca, César Trujillo-Hinojosa, Elvira Caceres-Cayllahua

Asynchronous learning: evaluation of virtual classroom metrics according_to the perception of
university students
Guillermo Morales-Romero, Adrian Quispe-Andia, César Ledn-Velarde, Irma Aybar-Bellido,
Elizabeth Augui-Ramos, Shirley Quispe-Guia, Carlos Palacios-Huaraca

Missing_values imputation in Arabic datasets using_enhanced robust association rules
Awsan Salem, Nurul Akmar Emran, Azah Kamilah Muda, Zahriah Sahri, Abdulrazzak Ali

Recognition of crowd abnormal activities using_fusion of handcrafted and deep features
Manasi Pathade, Madhuri Khambete

Determination of support vector regression parameters using_African buffalo optimization

algorithm
Inusa Sani Maijama’a, Yuhanis Yusof, Mohamad Farhan Mohsin

An efficient hybrid technique for message encryption using_caesar cipher and deoxyribonucleic
acid steganography.
Yalmaz Najm Aldeen Taher, Kameran Ali Ameen, Ahmed M. Fakhrudeen

imbalanced dataset
Alaa Khalaf Hamoud, Mohammed Baqr Mohammed Kamel, Alaa Sahl Gaafar, Ali Salah Alasady,
Ageel Majeed Humadi, Wid Akeel Awadh, Jasim Mohammed Dahr

Internet of things search engines: toward a general architecture
Fatima Zahra Fagroud, Lahbib Ajallouda, El Habib Ben Lahmar, Ahmed Zellou, Hicham Toumi,
Sanaa El Filali, Youssef Baddi

Data storage model in low-cost mobile applications
I Made Sukarsa, I Kadek Ari Melinia Antara, Putu Wira Buana, I Putu Agung Bayupati, Ni Wayan
Wisswani, Dina Wahyuni Puteri

PDE
946-953
PDE
954-961
EDE
962-972
PDE
973-979
PDE
980-986
PDE
987-993
PDE
994-1001
PDE
1002-1011
PDE
1012-1019
PDE
1020-1027
PDE
1028-1036
PDE
1037-1048
PDE
1049-1057
PDE
1058-1066
PDE
1067-1075
PDE
1076-1087
PDE
1088-1095
PDE
1096-1104
PDE
1105-1116
PDE
1117-1127
PDE
1128-1138



Graphical-based password for user authentication in internet of things
Fatimah Saif Alshahrani, Manal Abdullah

Alyaa Mahdi Al-khafagy, Sarah Rafil Hashim, Rusul Ali Enad

Firefly optimized robust, imperceptible, secure watermarking scheme
Sushama Agrawal, Anjali Bhalchandra

An overview of number theory research unit variant development security
Saba Alaa Abdulwahhab, Qasim Mohammed Hussein, Imad Fakhri Al-Shaikhli

Kawa Qambar Aziz, Baban Ahmed Mahmood

Global convergence of a modified RMIL+ nonlinear conjugate gradient method with strong_wolfe
Abdelrhaman Abashar, Osman Omer Osman Yousif, Awad Abdelrahman Abdalla Mohammed,
Mohammed A. Saleh

A deep learning_based system for accurate diagnosis of brain tumors using T1-w MRI
Mona Ahmed, Fahmi Khalifa, Hossam EI-Din Moustafa, Gehad Ahmed Saleh, Eman AbdElhalim

This work is licensed under a Creative Commons Attribution-ShareAlike 4.0 International License.

IJEECS visitor statistics

PDF
1139-1146

EDE
1147-1154

PDFE
1155-1163

PDF
1164-1173

PD

1174-1183

=

PDE
1184-1191

PDE
1192-1202



Indonesian Journal of Electrical Engineering and Computer Science
Vol. 28, No. 2, November 2022, pp. 1128~1138
ISSN: 2502-4752, DOI: 10.11591/ijeecs.v28.i2.pp1128-1138 d 1128

Data storage model in low-cost mobile applications

I Made Sukarsa?, | Kadek Ari Melinia Antara?, Putu Wira Buana?, | Putu Agung Bayupati?,

Ni Wayan Wisswani?, Dina Wahyuni Puterit
!Department of Information Technology, Udayana University, Bali, Indonesia
2Department of Informatic Management, Bali State Polytechnic, Bali, Indonesia

Article Info ABSTRACT

Article history: Mobile applications that have data transactions between users require a
. database relational database management system (RDBMS) and RESTful
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1. INTRODUCTION

Mobile applications are software that allows for mobility using mobile devices [1]. Mobile
applications require data transactions to a relational database management system (RDBMS) via a RESTful
application programming interface (API). A good application design must pay attention to database and API
design so that optimally synchronization and integration can be carried out [2]. Efficiency in data processing
is a challenge in application development, synchronization, integration, and concurrency, which is strongly
influenced by processing activities (read, write, delete) [3], [4]. The goal is to produce a light/fast, and
efficient application in database usage.

Database creation and Restful API are key in the data management process in an application [5].
Hosting services are required so all application users can access that data. Creating or renting a hosting
service requires a fee that is not cheap unless you use the free version of the hosting service. Generally, the
free version of the hosting service has several drawbacks; it does not provide full access rights to the
database, and the server used has the potential to collapse [6].

Application programming interface (API) is a software interface used to facilitate the data exchange
between two or more software applications [7]. The RESTful APl implements the representational state
transfer (REST) architecture to develop web services [8]. According to its function, RESTful APIs are often

Journal homepage: http://ijeecs.iaescore.com
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called RESTful web services or REST web services. The REST architecture is run via hypertext transfer
protocol (HTTP) and reads Extensible Markup Language (XML) or JavaScript Object Notation (JSON) files
on web pages [9], [10]. The performance of REST web services has been studied to work efficiently both on
local services and cloud servers, especially on mobile devices [11]. RESTful APIs can be built using various
frameworks and programming languages, where the implementation process takes a long time depending on
the data transaction processes that occur in an application [12].

The database becomes a data storage container in making mobile and web applications. The popular
database technology used nowadays is the relational database management system (RDBMS). RDBMS has
structured data in tables (rows and columns) and has relations between tables connected through primary and
foreign keys [13]. RDBMS is the right choice when the type of data used is structured, but if the kind of data
used is unstructured and requires high response and speed, the solution that can be used is the NoSQL
database [14].

Not only SQL (NoSQL) is a database system that does not have to use structured query language
(SQL) commands to perform the data manipulation process [15]. NoSQL, in its practice, is an efficient
choice for simplicity, high work analytics, distributed scalability, and good adaptability, which certainly
makes the process of storing and retrieving data easier [15]. Furthermore, the performance of query execution
speed and the use of NoSQL database storage using MongoDB and Redis has been researched to be better
than RDBMS with the percentage of processing time in the range of nanoseconds or milliseconds [16], [17].
RDBMS and NoSQL have their respective advantages based on the type of data that needs to be used.
Combining SQL and NoSQL databases can produce more flexible and scalable database management
because NoSQL can maximize large amounts of data processing more effectively [18].

Mobile application development includes various aspects in the implementation process, which will
undoubtedly require no small expenditure if calculated in terms of costs [19]. Thus, the main focus of this
research is minimizing the costs incurred in the application development process but still focusing on the
efficiency of memory usage and data processing. One of the Firebase services, namely the free version of
Cloud Firestore, can solve development costs, memory, and processing time efficiency problems.

Cloud Firestore is specifically reviewed as being able to be used for non-relational database
implementations on mobile devices because it supports mobile client implementations while also can make
integration into hosted databases relatively easier [20]. The Cloud Firestore service provides full access rights
to the NoSQL database. It has an API to manage data to facilitate data storage, synchronization, and querying
data on mobile applications [21]. Cloud Firestore uses a NoSQL database by storing data in collections
containing a collection of documents containing data containing keys and values [22]. As a result, cloud
Firestore has further complete and faster query features than realtime database services [23]. In addition to
the advantages, the free version of Cloud Firestore also has limitations in storage capacity, read, write, and
delete processes. Referring to the conditions provided by the Cloud Firestore website as of early November
2021, the storage capacity is only 1 GB, the read process is limited to 50,000 requests per day, the write
process is limited to 20,000 requests per day, and the delete process is limited to 20,000 requests per day. If
the process or storage area exceeds the usage limit that has been set, it will be charged according to the
provisions of the Cloud Firestore service [24]. Thus, these problems can be overcome by redesigning the
relational database model into a low-cost version of the database model.

The redesign process in this research uses a low-cost version of the NoSQL database and the SQL.ite
database. SQL.ite database is used as a data storage medium that can operate locally [25]. The purpose of
creating a low-cost version of the database model is to reduce the use of storage and processing (read, write
and delete) on the Cloud Firestore service; thereby, it can save on data storage and processing costs.
Denormalization will be involved in the migration process from RDBMS to NoSQL, followed by
Optimization to get an optimal database design on Cloud Firestore [26]. The optimization process is carried
out to eliminate redundancy and ambiguity in the data caused by the denormalization process. In principle,
there is no specific method for denormalizing [27].

2. RESEARCH METHODS

The research was conducted by creating a low-cost version of the database model obtained from
redesigning the relational database model (RDBMS). The research flow started from the creation of the
SQLite database by determining data that can operate locally and not be used for data transactions between
users. In contrast, other data or tables will be converted into a low-cost version of the NoSQL database
model. These two databases will be the low-cost version of the database model. The research continued with
the testing process of the relational database model and the low-cost version of the database on Cloud
Firestore. Furthermore, the test results were analyzed and compared. The research flow in the form of a
flowchart can see in Figure 1.

Data storage model in low-cost mobile applications (I Made Sukarsa)



1130 O ISSN: 2502-4752

Start

\ 4

SQL database
normalization
model

Denormalization of the
relational database model to a
low-cost version database
model

Can be operated
locally

Database SQlite #—Yes No—P»

- Low-cost version ‘et
database model

\ 4

Testing the relational
database model and the low-
cost version database model

l

Analyze the test results

End

Figure 1. Research flow

2.1. Relational database model

Relational database model is a database structure that has been normalized to a certain level and has
a relationship between tables. Normalization is a technique for forming database structures so that most of
the ambiguity and data redundancy can be eliminated [28]. The existence of non-constant data will
undoubtedly affect the conceptual design of the designed database. Thus the task of normalization becomes
very important in the database design process [29]. The relational database created contains five tables
related to each other and has their respective functions. User’s favorite item data is stored in th_favorite, user
data is stored in tb_user, item data is stored in tb_barang, sales transaction data is stored in tb_transaksi, and
every detail of the sales amount of goods will be stored in th_detail_transaksi. The relational database design
in Figure 2 will redesign to a low-cost version of the database model.

2.2. Redesign process for database optimization

The low-cost version of the database model uses two types of databases, namely SQL.ite databases to
store data that can operate locally and are not used for data transactions between users and a low-cost version
of the NoSQL database to be used on Cloud Firestore. SQL.ite database is an alternative Relational Database
Management System that does not require an installation process since it is free and supported by many
programming languages [30], [31]. SQLite can define as SQLite database used to store constant data on the
final application, where the stored data is data that rarely changes or is static to avoid frequent interactions
with the server [32]. Database redesign and optimization done on necessary tables as illustrated in Figure 3.
Tb_favorite is built on SQLite database because the data in the table can be processed and operated locally
and not used for data transactions between users which is illustrated in Figure 3(a). Tb_transaksi and
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tb_detail_transaksi are created in the NoSQL database by denormalizing the two tables that have foreign
keys. Denormalization is conducted by modifying the table structure and ignoring (controlled) duplicate data
to improve database performance [33]. Changes that occur in th_transaksi after denormalization are the
column replacement and addition. The id_user column is removed and replaced with the name, address,
no_telp, and email columns. Additional columns are used to store detailed item information in tb_transaksi,
namely kode_barang, nama_barang, jumlah and harga_jual as illustrated in Figure 3(b).

Optimization of the data structure is carried out to minimize ambiguity and redundancy in the data.
Cloud Firestore has a data type in the form of an array that can be used to store data or transaction detail
information without causing redundancy or ambiguity in the data. Fields used to store user information, and
item information can be made into two different fields/columns with column names data user and
data_barang using array data types. Cloud Firestore also has a unique code that is automatically generated
for each document to distinguish one document from another. Thus, it can delete the primary key in each
table to optimize storage space. The low-cost version of the NoSQL database that will be implemented in
Cloud Firestore includes three tables, namely tb_barang, th_transaksi, and User. The data types of the low-
cost version of the NoSQL database model have been adapted to the Cloud Firestore service, where the table
names in the database model are used as collection names. Further, the column name will be used as the field
name in the document where the data is stored, as illustrated in Figure 3(c).

2.3. Test data

The total data used for testing is 6,030 data. The total data consists of 10 item data, 10 user data, 10
favorite data, and 1000 transaction data, with each transaction having five types of goods. Item data will be
inputted into the th_barang collection, user data into the tb_user collection, favorite data into the th_favorite
collection, each of which will be stored in the relational database models and low-cost databases. Overall test
data are presented in Tables 1, 2, 3and 4, 5.

Transaction data will be input into the th_transaksi collection in the relational database model and
the low-cost version of the database. The storage process in the low-cost version of the database model is
slightly different from the relational database. In the low-cost version of the database model, the user does
not have to input id_user but instead inputs the name, address, no_telp, and email data based on the id_user.
The transaction detail data that will be input into the th_detail_transaksi collection in the relational database
model includes the transaction id_transaksi, id_barang, jumlah and harga_jual barang fields. Meanwhile, in
the low-cost version of the database, the data will be input into the tb_transaksi collection in the data_barang
field, where the field contains kode_barang, nama_barang, jumlah and harga_jual.

th_favorite th_user
fH  id_favorite int D_|—'E| id_user int 1
E id_user int nama Varchar(255)
— [ id_barang int alamat Varchar(255)
no_telp Varchar(20)
th_detail_transaksi .
email Varchar(255)
E id_detail_transaksi ; bigint
th_transaksi
[ id_transaksi bigint aL
Pl id_transaksi int
ot [FH id_barang int
id_user int 3o
jumlah int B i
) . tanggal datetime
harga_jual int
diskon int
th_barang
total_harga int
L#fFK  id_barang int

kode_barang Varchar(10)

nama_barang | Varchar(255)

jumlah int
satuan Varchar(50)
harga_barang int
harga_jual int

Figure 2. Relational database model
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tb_favorite
id_favorite Int
id_barang int
kode_barang Varchar(10)
nama_barang | Varchar(255)
(a)
th_transaksl
id_transaksi int
nama Varchar(255)
alamat Varchar(255)
no_telp Varchar(20)
email Varchar(255)
kode_barang Varchar(10)
nama_barang ;| Varchar(255)
jumiah int
harga_jual int
diskon int
total_harga int
tanggal datetime
(b)
tb_transaksi
data_user
tb_barang
data_barang i
kode_barang String ) i
diskon
nama_barang String
total_harga
jumlah Number H.
tanggal | timestamp
satuan String
th_user
harga_barang : Number 1
nama | String
harga_jual Number
alamat ;String
no_telp String
email Estring

Figure 3. Database redesign and optimization, (a) tb_favorite as SQL.ite Database, (b) Denormalization of

tb_transaksi and (c) Low-Cost Version of NoSQL Database Model

Test is done by processing write data or inputting item data, user data, favorite data, transaction data,
and transaction detail data. The test is continued by reading the transaction data along with user information
and item details. Further, do the process of delete user data along with transaction data and details. Tables 1-5
are examples of data in the database structure to be tested.
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Table 1. Th_barang

Id Kode_brg Nama_brg Jml Satuan Harga_brg Harga_jual
1 B001 CPU 100 Pcs 3.500.000 4.000.000
2 B002 Monitor 150 Pcs 1.200.000 1.500.000
3 B003 Laptop Asus 200 Pcs 5.700.000 6.500.000
4 B004 Laptop Acer 100 Pcs 6.200.000 7.000.000
5 B005 Mouse 150 Pcs 120.000 150.000
6 B006 Keyboard 150 Pcs 200.000 250.000
7 B007 Printer 50 Pcs 1.250.000 1.750.000
8 B008 Kabel USB 150 Pcs 50.000 75.000
9 B009 Flashdisk 75 Pcs 300.000 350.000
10 B010 HDD 50 Pcs 512.000 600.000
Table 2. Th_user
Id Nama Alamat No_telp email
1 Aprilia JIn. Mangga 5 blok D 62 RT 001 RW 003 Perumahan 082122365943 Aprilia@gmail.com
Klodran Indah, Klodran, Colomadu, Karanganyar
2 Sri Astuti JI. Meran No.88 Cilodong 081202365976 Sri.Astuti@gmail.com
3 Annisa Dk. Ceper RT 01/06, Ds. Ceper, Kec. Ceper, Kab. 085322365943 Annisa@gmail.com
Klaten
4 Bella Blulukan I1 rt01/06 Colomadu, Karanganyar 087865759393 Bella@gmail.com
5 Dina Desa Kelet Rt 23 Rw 4 Kecamatan Keling Kabupaten 087765570027 Dina@gmail.com
Jepara Provinsi Jawa Tengah
6  Fahdilla jl tarmidi samarinda kaltim 087765691216 Fahdilla@gmail.com
7  Fitri Ayu Jajar RT 02/04 Laweyan, Surakarta 081933125331 Fitri. Ayu@gmail.com
8 Putri Ayu  Jalan raya Kedondong desa Cimanuk kecamatan way 087864727201 Putri.Ayu@gmail.com
Lima kab.pesawaran
9 Hendra Banjarsari Nusukan prawit RT 06 RW 03 087864411708 Hendra@gmail.com
10 Indra Batur citrosono Grabag Magelang Jawa tengah 081907986555 Indra@gmail.com

Table 3. Th_favorite

Id Id_user Id_barang Kode_barang Nama_barang

1 1 1 B001 CPU

2 2 2 B002 Monitor

3 3 3 B003 Laptop Asus

4 4 4 B004 Laptop Acer

5 5 5 B005 Mouse

6 6 6 B006 Keyboard

7 7 7 B0O7 Printer

8 8 8 B008 USB Cable

9 9 9 B009 Flashdisk

10 10 10 B010 HDD

Table 4. Th_transaksi

Id Id_user Tanggal Diskon Total_harga

1 1 2021-11-04 20:25:40 0 19.150.000

2 2 2021-11-04 19:50:04 0 15.400.000

3 3 2021-11-04 18:00:32 0 15.650.000

4 4 2021-11-04 17:40:53 0 9.225.000

5 5 2021-11-04 16:55:32 0 2.575.000

6 6 2021-11-04 16:04:45 0 3.025.000

7 7 2021-11-04 15:55:44 0 19.150.000

8 8 2021-11-04 15:40:33 0 15.400.000

9 9 2021-11-04 15:05:00 0 15.650.000

10 10 2021-11-04 14:34:05 0 9.225.000

11 1 2021-11-03 13:00:54 0 2.575.000

12 2 2021-11-03 12:04:00 0 3.025.000

dst dst Dst dst dst
1000 10 2021-07-28 22:11:41 0 9.225.000

Tests are carried out using the Python programming language and the firebase_admin library.
Python is a programming language that is widely used for the analysis process because it is dynamic, object-
oriented, and has good modularity [34]. Python also claims to be a language that combines capabilities,
abilities, and an obvious code syntax and is equipped with automatic memory management [35], [36]. Python
programming language also has advantages in developing a software product with a large and extensive
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library [37]. Test conducts for relational databases and a low-cost version in the Python programming
language, as illustrated in Figure 4.

Table 5. Th_detail transaksi

Id Id_transaksi Id_barang Jumlah Harga_jual
1 1 1 1 4.000.000
2 1 2 1 1.500.000
3 1 3 1 6.500.000
4 1 4 1 7.000.000
5 1 5 1 150.000
6 2 2 1 1.500.000
7 2 3 1 6.500.000
8 2 4 1 7.000.000
9 2 5 1 150.000
10 2 6 1 250.000
dst dst dst dst dst
5000 1000 8 1 75.000
Low-Cost Version of Database Testing Low-Cost Version of Database Testing
Program Code Program Code
docUser = db.collection('tb user') docTrx.add ({
docBarang = db.collection('tb barang') 'data_user':|[
docTrx = db.collection('tb transaksi') listNama[idUser],
i=20 listAlamat[idUser],
#write data listNoHp[idUser],
while i<10 : listEmail[idUser], 1,
docUser.add ({ 'data_barang':dataBarang,

'nama': item, 'tanggal':tanggalStr,

'alamat': listAlamat[i], 'diskon':0,

'no_telp': listNoHpl[i], 'total harga': listTotalHarga[i]

'email': listEmail[i], })

}) #read data
docBarang.add ({ doc_trxData = docTrx.stream()

'kode _barang':listKodeBrgl[i], for doc in doc_trxData:
'nama_barang':listNamaBrgl[i], print (f'{doc.id} => {doc.to_dict()}")
'"Jumlah':1listdml[i], #delete data
'satuan':'Pcs', doc_userData = docUser.where('nama', '==',
'harga barang':listHargaBrg[i], 'Bella') .get ()

'harga jual':listHargaJdual[i], for doc in doc_userData:
}) key = doc.id
i+=1 docUser.document (key) .delete ()
i=20 doc_trxData = docTrx.where('data user',
while i < 1000: 'array contains', 'Bella').get()
=0 for docTrx in doc_trxData:
dataBarang = [] keyTrx = docTrx.id
while 3<5: docTrx.document (keyTrx) .delete ()

dataBarang.append ({
"kode barang":listKodeBrg[index],

"nama barang":listNamaBrg[index],
_"jumlah":l,
"harga jual":listHargaJdual [index],
})
j+=1

Figure 4. Program Code Implementation in Python

3. RESULTS AND DISCUSSION
3.1. Test results on the relational database model

The write data process is carried out by inputting user data, item data, favorite data, transaction data,
and transaction detail data. The request used for the write data process is 6,030 requests. The use of storage
space to accommodate all the data is 0.0011 GB. The read data process is carried out by reading/retrieving
transaction data along with user and item information. The request used is 12,000 request read. Finally, the
delete process is carried out by deleting user data along with transactions and transaction details. The request
used is 601 request read and 601 request delete. The test results are shown in Table 6.
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3.2. Test results on the low-cost version of the database model

The write data process is carried out by inputting user data, item data, and transaction data. The
request used is 1020 request write. The use of storage space to accommaodate all the data is 0.00058 GB. The
read data process is carried out by reading/retrieving transaction data along with user and item information.
The request used is 1000 requests. The delete process is carried out by deleting user data along with
transactions and transaction details. The request used is 101 request read and 101 request delete. The test
results are shown in Table 7.

Table 6. Test results on the normalized database model

Testing Result
Storage Usage 0.0011GB
Write Data 6030 request write
Read Data 12000 request read
Delete Data 601 request read & 601 request delete

Table 7. Test results on the low-cost version of the database model

Testing Result
Storage Usage 0.00058GB
Write Data 1020 request write
Read Data 1000 request read
Delete Data 101 request read & 101 request delete

3.3. Test result analysis

The test results show that the use of storage, write processes, read processes, and delete processes in
the low-cost version of the database model is smaller than the relational database model. The percentage
value of comparison obtained in storage savings of 47.27%, write process of 83.08%, read process of
91.26%, and delete process of 83.19% compared to the relational database model. The percentages generated
in Table 8 show that the low-cost version of the database with the Cloud Firestore implementation provides
the advantage/savings compared to the relational database. The percentage value generated from the test
results obtains using (1).

P = (NVH — NN) = NN x 100% )

The variables description in (1) is as follows. NP is the percentage value wanted to find, and NVH is
the value obtained from the test results on the low-cost version of the database model. Besides, NN is the
value obtained from the test results on the relational database model. The test results are shown in Table 8.

Table 8. Results comparison
Model Database

Testing Normalized Version Low-Cost Version Percentage
Storage Usage 0.0011GB 0.00058GB 47,27%
Write Data 6030 request write 1020 request write 83,08%
Read Data 12000 request read 1000 request read 91,26%

Delete Data 601 request read & 601 request delete 101 request read & 101 request delete 83,19%

The low cost version model in this study is not only suitable for use on transaction-based (OLTP) as
in the example above, but also need to be applied to various services such as data exchange between
applications and chatbots [38]-[40].

4. CONCLUSION

The process of redesigning the database to produce a low-cost version of the database model was
obtained from breaking the relational database into SQLite and NoSQL databases, followed by a
denormalization process. An optimization process will be carried out in the NoSQL database by changing the
table structure and data type to become a low-cost version of the NoSQL database. The purpose of making
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this database model is to save the cost of storing and processing data transactions (write, read and delete) on
Cloud Firestore. The database model test was carried out with 6,030 data consisting of 10 item data; 10 user
data; 10 favorite data; 1,000 transaction data; and 5,000 transaction detail data. The test results obtained from
the low-cost version of the database model were the storage usage of 0.00058GB, the write process usage of
1,020 requests, the read process usage of 1,101 requests, and the delete process usage of 101 requests. In
addition, savings in storage usage of 47.27%, the write process usage of 83.08%, the read process usage of
91.26%, and the delete process usage of 83.19% compared to the test results of the relational database model.
Furthermore, it is necessary to test database stress with various transactions both in terms of query variations,
volume and user redundancy so that a critical point is obtained related to key matters in the application of
design in non relational databases.
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