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WELCOME MESSAGE

General Chair of FORTEI-ICEE 2024

It is my pleasure to extend a warm welcome to all participants of
2024  FORTEI-International ~ Conference on  Electrical
Engineering (FORTEI-ICEE), taking place in Bali, Indonesia
from October 24th through October 25th, 2024. The purpose of
the conference is to provide a platform for the exchange of
findings, ideas, innovations, and visions related to the
advancement of the future of semiconductor technologies. The
FORTEI-ICEE 2024 is presented in a hybrid format, and is
organized by Forum Pendidikan Tinggi Teknik Elektro
Indonesia (FORTEI) and the Department of Electrical
Engineering Udayana University.

The FORTEI-ICEE 2024 accepted submissions from multiple fields, including Electronics,
Power and Energy Systems, Control Systems Engineering, Telecommunications & Signal
Processing. Each submission underwent a peer review process before being accepted for
presentation. The conference received 109 submissions, with only 55 being chosen for
presentation. In addition to the paper presentations, the program features plenary keynote
speeches, gala dinner and social events.

I would like to thank Professor Tuo-Hung Hou of Taiwan Semiconductor Research Institute,
Taiwan, for sharing his latest perspectives and research in the field of Semiconductor
Technologies. I also would like to thank Professor Trio Adiono of Indonesia Chip Design
Collaborative Center, Indonesia and Dr. Ali Murtopo Simbolon, the Coordinating Ministry
for Economic Affairs, Deputy for Commerce and Industry Coordination, Indonesia for their
insight of future development and policy in the semiconductor industry.

I would like to express my gratitude to the IEEE Indonesia Section, the IEEE Industrial
Electronics Society, and the IEEE Udayana University Student Branch, for their valuable
support.

In addition, I would like to extend my appreciation to the Technical Program Committee and
the Organizing Committee for their diligent efforts in coordinating the conference. Last but
not least, gratitude is extended to all the presenters and authors who have selected FORTEI-
ICEE 2024 as their platform for disseminating their research. Their participation has been
instrumental in making this conference a reality.

I wish all conference attendees a productive and gratifying experience.

Best regards,

Dr. Gede Sukadarmika
General Chair of FORTEI-ICEE 2024
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Chair of Forum Pendidikan Tinggi Teknik Elektro Indonesia (FORTEI)

Starting from concerns about climate change on earth, currently
all parties are trying to carry out more environmentally friendly
activities to reduce greenhouse gas emissions. One of them is the
use of renewable energy which is more environmentally friendly.
Indonesia, as one of the countries in the world that has large
renewable energy potential, has also taken important steps in
reducing the effects of greenhouse gases with an energy transition
plan based on the NZE target in 2060. The use of renewable
energy for the electricity sector cannot be separated from power
electronics converter technology and supporting components. The
need for semiconductors for the energy sector will increase
rapidly. This prompted the Indonesian government to prepare a
road map towards a new era in the semiconductor sector. FORTEI as a higher education
forum for electrical engineering in Indonesia has an important role in developing science and
preparing human resources in the field Electrical Engineering, of semiconductors. Therefore,
the biennial International Conference on Electrical Engineering (FORTEI-ICEE) raised the
theme "Empowering Innovations: Navigating the Future of Semiconductor Industry". This
conference is aimed at publishing and promoting the latest results of research in Electrical
Engineering fields, especially on semiconductor technology. In this conference, researchers,
academics, and practitioners exchange ideas in developing and improving knowledge and
technology on semiconductors to help the Indonesian government in paving the road to a new
era of semiconductors in Indonesia.

Finally, success of this conference is achieved by hard work of many parties, especially
University of Udayana as the organizer in collaboration with Directorate of Academic &
Publication of FORTEIL. We also thank to keynote speakers, authors, participants, and
sponsors who had full support in the success of FORTEI-ICEE 2024. We wish you all can
enjoy the conference and also the beauty of Bali, Island of Gods. We hope to meet you again
in the next conference, FORTEI-ICEE 2026.

Best regards,

Dedet Candra Riawan, Ph.D.
Chair of Forum Pendidikan Tinggi Teknik Elektro Indonesia (FORTEI)
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Chair of IEEE Indonesia Section

Dear distinguished guests, colleagues, researchers, professionals,
ladies, and gentlemen,
A prosperous, warm, and spirited greetings to all of you.

On behalf of the IEEE Indonesia Section, I would like to extend
our warmest welcome to all keynote speakers, presenters, and

¥ participants of FORTEI-International Conference on Electrical
%&m Engineering (FORTEI-ICEE 2024). The conference is held on 24"
o -25™ October 2024 in University of Udayana, Jimbaran, Bali,
Indonesia in hybrid mode by Forum Pendidikan Tinggi Teknik Elektro Indonesia (FORTEI),
with the IEEE Indonesia Section and Industrial Electronics Society as co-sponsor.

In 2024, the IEEE Indonesia Section co-sponsors many international conferences held in
Indonesia, including this conference. But co-sponsoring conferences is not the only activity
we do. The IEEE Indonesia Section has carried out a large variety of activities since its
formation in February 1988. The IEEE and the IEEE Indonesia Section share the same
mission, namely, Advancing Technology for Humanity, but for us it is within the scope of
Indonesia. However, at the same time we are also contributing to the IEEE mission
internationally.

The IEEE Indonesia Section presently have 22 Technical Society Chapters and Joint Chapters
covering the fields of interest of 27 IEEE Societies, widely ranging from power and energy,
to communications, to oceanic engineering, to education, and to social implications of
technology. These Chapters support various scientific and academic activities in Indonesia,
including technical co-sponsorship of international conferences.

The IEEE Indonesia Section technically co-sponsors more than 70 international conferences
annually. As the co-sponsor of these conferences, we strive to assist them to maintain the
quality of the papers at the highest level and within the scientific scope of the IEEE. In terms
of international publication, as of July 2024 there are more than 36,000 scientific papers in
total with at least one author coming from Indonesia published in the IEEE Xplore, which
consist of those published in IEEE conferences and others in IEEE journals. However, out of
those 36,000, there are only around 1,000 papers that have been published in IEEE journals
with at least one Indonesian author. Accordingly, we would like to encourage Indonesian
researchers to publish their research works in IEEE journals, which have been widely
recognized as high impact journals.

To conclude this remark, we highly appreciate the commitment shown by the organizer of
FORTEI-ICEE 2024 to keep the quality of accepted papers at the highest level, focusing only
on papers within the scope of the IEEE. We hope that such a strong commitment be sustained
through the coming years.
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Finally, we wish all participants an enjoyable and valuable experience during this conference
by sharing your best knowledge in the research area of your interest. Please make FORTEI-
ICEE 2024 a memorable event.

Thank you and have a good day.

Prof. Ir. Gamantyo Hendrantoro, M.Eng, PhD., SMIEEE.
Chair of IEEE Indonesia Section



Chair of IEEE IES Indonesia Section Chapter

Ladies and gentlemen, esteemed colleagues, and distinguished
guests,

In the 3" International Conference on Electrical Engineering,
organized by the Forum Pendidikan Tinggi Teknik Elektro
Indonesia (FORTEI), we gather to explore the transformative
potential of technology in shaping the future landscape of the
semiconductor industry. This conference provides us with a unique
platform to discuss the latest developments, share knowledge, and
collaboratively address the pressing challenges we face as we move towards an increasingly
interconnected world.

As many of you are aware, semiconductors serve as the backbone for a plethora of
innovations, from the smartphones that connect us to the vast networks of information, to the
smart devices that monitor our health and optimize our energy consumption. The continuous
evolution of semiconductor materials and fabrication techniques opens new frontiers for
high-performance computing, energy-efficient solutions, and innovative electronic devices.
The integration of artificial intelligence and machine learning with semiconductor
technologies is paving the way for smarter systems, enabling us to automate processes,
enhance data processing capabilities, and create unprecedented efficiencies across sectors like
healthcare, manufacturing, and transportation. The advancements in this field not only drive
economic growth but also foster breakthroughs in various applications such as automation,
telecommunications, and biomedical engineering. Moreover, this era compels us to consider
not just technological innovation, but the ethical implications and responsibilities that come
with these advancements. As we develop new technologies, we must also ensure that they
contribute to societal well-being and sustainability.

In closing, I would like to express my sincere gratitude for your participation and dedication.
I am confident that the connections we establish and the knowledge we share during this
conference will resonate far beyond these walls and contribute meaningfully to our
communities and industries. By harnessing cutting-edge technologies and fostering
collaboration among academia, industry leaders, and policymakers including the invaluable
support of the IEEE Industrial Electronics Society, we can prepare ourselves for the future
and develop a skilled workforce that meets the demands of this new era, and together we can
craft strategies that ensure the semiconductor industry thrives in Indonesia.

Thank you and let us move forward with purpose and passion.

Prof. Dr. Ir. Mauridhi Hery Purnomo, M.Eng.
Chair of IEEE Industrial Electronics Society (IES) Indonesia Section Chapter

vi



2024 FORTEI-International Conference on Electrical Engineering (FORTEI-ICEE) | 979-8-3315-4220-7/24/$31.00 ©2024 IEEE | DOI: 10.1109/FORTEI-ICEE64706.2024.10824515

COMMITTEE

General Chair:
Gede Sukadarmika

Co-Chair:
Dian Retno Sawitri
Wayan Gede Ariastina

Technical Programs Chair:
Ngurah Indra ER

Devan Junesco Vresdian
Brainvendra Widi Dionova

I Nyoman Satya Kumara

Publication Chair:
Prasetiyono Hari Mukti
I Made Arsa Suyadnya
Duman Care Khrisne

Secretary:
Ni Made Ary Esta Dewi Wirastuti

Treasurer:
I Nyoman Setiawan
Devy Kuswidiastuti

TPC Members:

Norkhairani Abdul Rawi (Malaysia)
Azinoor Azida Abu Bakar (Malaysia)
Iwan Adhicandra (Indonesia)

Andi Adriansyah (Indonesia)

Nur Afiyat (Indonesia)

Mohammad Afroni (Indonesia)
Mohd Ashraf Ahmad (Malaysia)
Ali Othman Al Janaby (Iraq)

Omar Ibrahim Al saif (Iraq)

Jawad K. Ali (Iraq)

Mohammad Alibakhshikenari (Spain)
Farrikh Alzami (Indonesia)

Cucun Very Angkoso (Indonesia)
Zaenal Arifin (Indonesia)

Farrukh Arslan (USA)

Rustam Asnawi (Indonesia)
Muhammad Attamimi (Indonesia)
Aniruddha Bhattacharjya (India)
Puneeth Bhurat (India)

Sergey B. Biryuchinskiy (USA)
Ankur Bist (India)

vii



Novie Theresia Br. Pasaribu (Indonesia)
Angelo Bruno (Italy)

Rodrigo Campos Bortoletto (Brazil)
Alessandro Carrega (Italy)

Pablo Corral (Spain)

Puput Dani Prasetyo Adi (Indonesia)
Arsyad Ramadhan Darlis (Indonesia)
Narottam K. Das (Australia)

Sorin Ioan Deaconu (Romania)
Jayanta Kumar Debnath (USA)
George Dekoulis (Cyprus)

Ika Novita Dewi (Indonesia)

Yoga Divayana (Indonesia)

Nishant Doshi (India)

Machmud Effendy (Indonesia)
Mochammad Facta (Indonesia)
Omar Farooq (India)

Helmy Fitriawan (Indonesia)
Dhomas Hatta Fudholi (Indonesia)
Indra Gamayanto (Indonesia)
Siamack Ghadimi (Sweden)

Alireza Ghasempour (USA)

A Ginting (Indonesia)

Nyoman Gunantara (Indonesia)

Brij B. Gupta (Taiwan)

Fakhriy Hario (Indonesia)

Hanny Haryanto (Indonesia)
Norazlan Hashim (Malaysia)

Sri Heranurweni (Indonesia)

Duy C Huynh (Vietnam)

Nur Iksan (Indonesia)

Astria Nur Irfansyah (Indonesia)
Ramkumar Jaganathan (India)

UC Jha (India)

Mohd Muzafa Jumidali (Malaysia)
Apri Junaidi (Malaysia)

S Kannadhasan (India)

Chutisant Kerdvibulvech (Thailand)
Muhammad Khosyi'in (Indonesia)
Dragana Krsti¢ (Serbia)

Samir Ladaci (Algeria)

Magfirawaty Magfirawaty (Indonesia)
Ida Bagus Gede Manuaba (Indonesia)
Rina Mardiati (Indonesia)

Ronny Mardiyanto (Indonesia)
Ernita Dewi Meutia (Indonesia)
Totok Mujiono (Indonesia)
Kusprasapta Mutijarsa (Indonesia)
Aris Nasuha (Indonesia)

I Putu Elba Duta Nugraha (Indonesia)

viii



Yurid Nugraha (Indonesia)

Aryo Nugroho (Indonesia)

Levy Olivia Nur (Indonesia)
Nurussa'adah Nurussa'adah (Indonesia)
Rosaura Palma-Orozco (Mexico)
Sarwo Pranoto (Indonesia)

Sri Arttini Dwi Prasetyowati (Indonesia)
Tri K Priyambodo (Indonesia)
Gigih Priyandoko (Indonesia)
Muhammad Puriza (Indonesia)
Fajar Purnama (Indonesia)

Djoko Purwanto (Indonesia)
Nining Purwasih (Indonesia)

Ali Rafiei (Canada)

Helmy Rahadian (Indonesia)
Harikumar Rajaguru (India)

Priya Ranjan (India)

Dedet Riawan (Indonesia)
Arwindra Rizqiawan (Indonesia)
Ikhsan Romli (Indonesia)

Komang Oka Saputra (Indonesia)
Nyoman Putra Sastra (Indonesia)
Siti Sendari (Indonesia)

Novianto Sendi (China)

De Rosal Ignatius Moses Setiadi (Indonesia)
Iwan Setiawan (Indonesia)

Widyadi Setiawan (Indonesia)

Iwan Setyawan (Indonesia)

Dean Sharafi (Australia)

Aditi Sharma (India)

Bambang Sujanarko (Indonesia)

I. N. Sukajaya (Indonesia)
Hung-Min Sun (Taiwan)

Catur Supriyanto (Indonesia)

Titiek Suryani (Indonesia)

Heri Suryoatmojo (Indonesia)
Cucut Susanto (Indonesia)
Ming-Fong Tsai (Taiwan)

Ardian Ulvan (Indonesia)

Herlina Wahab (Indonesia)
Wahyudi Wahyudi (Indonesia)
Dimas Aditya Putra Wardhana (Indonesia)
Theophilus Wellem (Indonesia)
Eliana Werbin (Argentina)

Rony Seto Wibowo (Indonesia)

I Made Oka Widyantara (Indonesia)
Wijono Wijono (Indonesia)

Tri Ngudi Wiyatno (Indonesia)
Phang Yook Ngor (Malaysia)

iX



Rindra Yusianto (Indonesia)
Ahmad Turmudi Zy (Indonesia)



2024 FORTEI-International Conference on Electrical Engineering (FORTEI-ICEE) | 979-8-3315-4220-7/24/$31.00 ©2024 IEEE | DOI: 10.1109/FORTEI-ICEE64706.2024.10824459

TABLE OF CONTENTS

(010700 0 1o 11 A T USRS i
WEICOME IMESSAZE ...eeeveieeeiiieeeiiieeeieeeeite ettt e e seteeestaeeetaeeesebeessseeessseeessseeessseeessseeeasseesnnseesnsseeans i
(0707111011111 vii
BT o) (S0 00331153 LSRR X1

Analysis of Weather Changes on the Performance of On-Grid Solar Power Plants at the
Qosim Al-Hadi Islamic Boarding School, Mijen, Semarang ...............c.ccccoceevveeniienennnn. 1
Dian R Sawitri, Soma Santoso, Agung Prastyo, Muhammad Taufiq Handika, Arifin Andry
Putra, Dedi Nurcipto

The Influence of Parallel Multigap Rod Electrodes on the Breakdown Probability
DIESTEADUEION. ......ooiiiiii ettt ettt e et e s e 8
Moch Dhofir, M. Igbal Satria, Teguh Utomo, Unggul Wibawa, Rini Nur Hasanah, Hadi
Suyono

Comparison of W-Lambert and F-Solve Methods in Micro Solar Cell Modeling .......... 13
Widyastuti Widyastuti, Busono Soerowirdjo, Dyah Nur'ainingsih, Eri Prasetyo Wibowo,
Robby Kurniawan Harahap, Antonius Irianto Sukowati

Thermoelectric Efficiency in Micro-Scale Waste-to-Energy Power Plants Using The
SeebeCk MEthOd ...........oooniiiiie e e et e e e e e e e taa e e e e ra e e e e s nraaeas 18
Dian Budhi Santoso, Arnisa Stefanie, Ririn Solekha, Laila Aida Fatimah, Maimun Zaki

Frequency Control of Interconnected Power System Utilizing Novel Optimization
APPIOACKES ...t ettt st et e e beeesabeeen 24
Abdelrahman Mohamed Abushanab, Hany M. Hasanien, R. M. Sharkawy

Comparison Analysis of Forecasting Accuracy for Electricity Consumption Using
Extreme Learning Machine and Backpropagation Algorithms.............................ce. 30
Nanda Putri Miefthawati, Sukma Akbar, Zulfatri Aini, Sutoyo

Pedestrian Object Distance Prediction on Robot Car Using YOLOv4 and Bounding Box
ADMALYSES ...t e et e et e ettt e e bt e e s bte e st e e nabeeenabeeens 36
Yuliarman Saragih, Resi Sujiwo Bijokangko, Tiarmin Saragih, Agatha Elisabet Saragih,
Carolan Ignatius Saragih, Bahterayudha Bahterayudha

Video Processing and Monitoring Animal Movement Models to Measure Learning and
Memory in the T Maze Spontaneous Alternation Test with YOLO Implementation..... 41
Dian Eka Febriyanti Adz Zahra, Sutrisno Ibrahim, Joko Hariyono, Faisal Rahutomo, Subuh
Pramono, Muhammad Hamka Ibrahim, Meiyanto Eko Sulistyo, Nanang Wiyono

Real-time Potholes Detection and Localization using YOLOVS...............cccoooiiiiiiniiinnn. 47

Enggar Nurcahyo, Joko Hariyono, Sutrisno Ibrahim, Faisal Rahutomo, Meiyanto Eko
Sulistyo, Subuh Pramono, Muhammad Hamka Ibrahim, Teguh Muttaqie

xi



Navigation System in Dynamic Indoor Environment Using Deep Reinforcement
Learning with AcCtOr-CriticC .............oooviiiiiiiiie e s e e 52
Siti Sendari, Muladi Muladi, Firman Ardiyansyah, llham Ari Elbaith Zaeni, Triyanna
Widiyaningtyas, Danang Arengga Wibowo, Mahesa Yuztar, Samsul Setumin

Vulnerability Analysis on Internet of Things (IoT) Networks using Raspberry Pi and
Open Web Application Security Project (OWASP) .......cccooomiiiiiiiiiiee e 58
Setiyo Budiyanto, Lukman Medriavin Silalahi, Arif Rahman Hakim, Abdul Hamid, Dirman
Hanafi

Network Reconfiguration Optimization for Reduce Power Losses and Voltage Deviation
Using Particle Swarm Optimization.................coooooiiiiiiiiiiiiiicceee e 64
Sujito Sujito, Al Vito Anasrulloh, Faizal Restu Nugroho, Erdhinka Stievano Yogi, Yuni
Rahmawati, Wahyu Sakti Gunawan Irianto

LTE-Advanced Network Planning with Inter-Band Non-Contiguous Carrier
Aggregation in Mampang Prapatan.................ccocooiiiiiiiiiii e 70
Lukman Medriavin Silalahi, Khafabi Qhumaeni, Setiyo Budiyanto, Dirman Hanafi, Abdul
Hamid

Implementation and Design of Fiber To The Building using Higher Splitter Ratio
IMEEROM ... ..ottt ettt e sttt ettt et s e 76
Lukman Medriavin Silalahi, Reka Marinda Dewi, Setiyo Budiyanto, Abdul Hamid, Dirman
Hanafi

Field Testing and QoS Analysis of ESP-NOW Communication on ESP32..................... 82
Mutiara Mutiara, Hollanda Arief Kusuma, Tonny Suhendra

Enhancing the Detection of Botnet Attacks in the Internet of Things Networks Through
the Utilization of Hybrid Feature Selection...................ccccooiiiiiiiiniiiii e 89
Hartanto Kurniawan, Samsudiat, Cahyono Nugroho, Andri Saputra, Aditya Nursyahbani

Smart Control Design Battery Charger with Sampling Method for Lithium-Ion .......... 95
Imam Saukani, Hadi Suyono, Mochammad Rusli, Panca Mudjirahardjo

Application of Carbon Nanoparticles with Arc-Discharge Synthesis as an Anode
Material in Lithium-Ion Batteries..............cccccccovvviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeee 101
Muhammad Ibnu Sina, Miftahul Anwar, Sutrisno Ibrahim, Teguh Endah Saraswati, Inayati

Feasibility Study of SuperSUN Solar Power Plant for Enhanced Electrification and
Sustainability in Remote RegIOns ...............ccoooiiiiiiiiiiiiceeee e 107
Samsurizal Samsurizal, Luluil Maknunah Wisudawati

Simulation of a Single-Phase Bidirectional DC-AC Converter Using Hysteresis Current
Control Method with DC Bus Voltage Regulation Based on Fuzzy Logic....................... 113
Mugni Ahmad Hikam, Dedet Riawan, Heri Suryoatmojo

Variable Speed Drive of Three Phase Induction Motor based on Internet of Things..... 119
Fatimah Hanifah, Muldi Yuhendri, Nevi Faradina

xii



Design of IoT-Based Ground Resistance Monitoring and Control Systems .................... 124
Agus Ramelan, Irwan Iftadi, Dina Mifika Sari

Comparative Study of Mutual Coupling Effects in Microstrip Antenna Arrays Using
Array Factor and Simultaneous Excitation Methods...............c...coccoiiiiiniiininne. 130
Muhammad Athallah Adriansyah, Aditya Inzani Wahdiyat, Catur Apriono

Performance Evaluation of Soft FFR Scheme in RIS-aided Ultra Dense
Femto-Macrocellular INGEWOTK .........cooovvmmeieiiiiiieieeeeee et 136
Alisha Gita Gumilang, Misfa Susanto, Helmy Fitriawan, Azrina Abd Aziz

Investigating DDoS Attack Mitigation Strategies and Simulation Tools Using GNS3 ... 142
Abdifatah Farah Samatar, Abdinasir Hirsi, Abdirisak Mohammoud Omar, Mohamoud Jama
Abdiaziz

Network Performance Evaluation Based on RSSI for Inpatient Room Monitoring
APPIICALION.........eiiiiiiiiie ettt e et e ettt e sttt e s bt e e sabeeesabeeesabeesnabeeens 148
Michelin Radina Putri, Misfa Susanto, Sri Purwiyanti, Fadil Hamdani, Azrina Abd Aziz

Optimizing Energy-Aware Trusted Distance Routing for Wireless Sensor Network..... 154
Ali Hamzah Najim, Worod Adris Shutnan, Areej Qassim Einad, Mustafa Yahya Hassan

Torque and Flux Characteristic of IPMSMs with Various Rotor Constructions ........... 160
Wijono Wijono, Waru Djuriatno, Muhammad Aziz Muslim, Adli Arisyi Suhaili

Modeling and Output Feedback Control Design of a CoreXY system................ccccueeeenn. 166
Richie Ryulie Suganda, Tua Agustinus Tamba

Comparative Design of Low Power Half Adder Using MGDIB and CMOS

TECRIIQUES ...ttt e e ettt e e e e tbe e e e e s antaeeeennsaeeeeenseeeeennnees 171
Robby Kurniawan Harahap, Antonius irianto Sukowati, Widyastuti Widyastuti, Dyah
Nur'ainingsih, Desy Kristyawati, RA Sekar Ciptaning Anindya

BLDC Motor Sizing Analysis on P1 Topology Hybridization of Single Cylinder ICE ... 177
I Wayan Adiyasa, Fransisco Danang Wijaya, Eka Firmansyah

Modeling and Cascade PID Controller Design of a Spinbath Circulation Process......... 183
Immanuel Raynaldo Santjoko, Tua Agustinus Tamba, Ali Sadiyoko

Hydrothermal Growth of Semiconducting Zinc Oxide for Ethanol Sensor

APPIICALION. ...ttt e et e et e e ettt e s bt eesabee e sabeeesabeesnnbeeens 189
Romi Naufal Karim, Arya Widya Ramadhan, Zainal Arif Burhanudin, Irman Idris, Khabib
Khumaini, Teuku Muhammad Roffi

Dynamic Emission Dispatch using Quadratic Constrained Programming...................... 194
Patria Julianto, Norudin Norudin

xiil



Error Angle Sun Earth Geometry Analysis on Fuzzy Logic Method in Dual-Axis Solar
Tracking Mounting DeSi@n .............ooooiiiiiiiiiiiii e e 199
Rocky Alfanz, Muhammad Firman Fauzy, Felycia Felycia, Teguh Firmansyah, Alimuddin
Alimuddin

Implementation of ADAS for Electric Vehicle Safety for Pediatric Patients Based on
FUZZY LLOGIC.......oooieiiieeee ettt ettt st s e e st e e sabeeesabeeennbeeens 205
Muhammad Rahmat, Mohamad Agung Prawira Negara, Gramandha Wega Intyanto, Mubh.
Nurkoyim Kustanto, Widjonarko Widjonarko, Khairul Anam

Performance of DCT-DWT Feature Extraction in Recognizing Guitar Chords............. 211
Linggo Sumarno

Parameter Estimation of Two-Element Rectangular Microstrip Patch Antenna Using
Artificial Neural NEtWOTK .............ooooiiiiiiiiiiii et 216
Syahrial Syahrial, Muhammad Khalid Al Faqi, Ernita Dewi Meutia, Rizal Munadi, Roslidar
Roslidar

Optimizing Data Transfer through Duplication for Increased Energy Efficiency in

Green Internet of Things..............oooiiiiiiiii e e 222
Asep Andang, Agus Purnomo, Muhammad Rifki Gunawan, Dwi Ilham Maulana, Ervan
Paryono

The Design and Implementation of An IoT-Supported Collaborative Learning
Rustam Asnawi, Nopa Widiyanto, Meida Fitriani

Wireless Sensor Network for Power Control and Monitoring Public Street Lighting

with Earthquake Early Warning...............coooooiiiiiiiiiieeeeeeee e 235
Setiyo Budiyanto, Juen Olivil Manduapessy, Lukman Medriavin Silalahi, Abdul Hamid,
Dirman Hanafi

Edge AI-Driven Video Analytics: A Mobile Deep Learning Framework for Victim
Detection in SAR RODOLICS ........ocooiiiiiiiiiii e 241
Muhammad lhsan, Karisma Trinanda Putra, Muhamad Yusvin Mustar, Aufa Faiz Setyawan,
Hsueh-Ting Chu, Hsing-Chung Chen

Performance Analysis of Multiple Machine Learning Models Applied to Dissolved Gas
Analysis under Thermal Fault Classification Considering IEEE C57.104-2019TM
Standard for Substation Transformer ...................ccoooiiiie, 247
Jestoni P. Tan, Jayson C. Jueco, Emerita M. Tan

Multilevel Selection Keyboard with Huffman Encoding for Individuals with Upper

Limb Disabilities ..........cooooiiiii e 253
1lham Ari Elbaith Zaeni, Dyah Lestari, Soraya Norma Mustika, M. Igsyarifal Fakhri, Putra
Wisnu Agung Sucipto, Mahesa Anam Saputra

X1V



Design of Wearable Device as a Fatigue Detector in Sports Activities Based on the
Internet of TRINES ..........ooooiiiiii et e et e e et e e s earreeeenns 259
Mohammad Fariza Igbal Prastyo, llham Ari Elbaith Zaeni, Putra Wisnu Agung Sucipto,
Aryansyah Pratama

Design of Control and Monitoring System in the Development of CNC Machines for
Plasma-Based Scanning Probe..............c.cccooiiiiiiiiiiiiee e 264
Ahmad Yudistira, Miftahul Anwar, Joko Slamet Saputro, Muhammad Yusuf Zaimal Khunafai,
Feri Adriyanto, Teguh Endah Saraswati

Prototype of Automatic Calibration System Based on IoT for Weights Using Conveyor

Elsa Elida, Arisa Olivia Putri, Dian Nugraha, Devan Junesco Vresdian, Mauludi
Manfaluthy, Legenda Prameswono Pratama

Harmonic Distortion Reduction Analysis of Railway Static Inverter Output Using
Passive Filter and PI Controller with Matlab Simulink.........................ci, 278
Erdhinka Stievano Yogi, Sujito Sujito, Faizal Restu Nugroho, Al Vito Anasrulloh, Hari
Putranto, Heru Wahyu Herwanto

Speed Motor and Temperature Controller for Coffee Roasting Machine Using PID ....284
Mila Fauziyah, Setyawan Purnomo Sakti, Muhammad Aziz Muslim, Mochammad Rusli

Testing and Calibration of Electronic Sensor Devices for Application of Smart Hospital
Ro0m Monitoring SYSteIM..........cccoiiiiiiiiiiiiiie ettt e e e e esaree e 289
Muhammad Ferdillah Ghalib, Misfa Susanto, Sri Purwiyanti, Fadil Hamdani, Azrina Abd

Aziz

Assessing Food Photo Aesthetics through Dominant Color and Color Harmony with
Adaptive Smoothing Regularization .....................cccoiiiiiiiiiiii e 295
Dwika Lovitasari Yonia, Shintami Chusnul Hidayati

Control and Monitoring System for Aeroponic Lettuce Spraying using Logistic
REGIESSION ..ottt e et e e e et e e e e satt e e e e aaeeeeenseeeeeennaeeeanns 301
Agila Dwi Salsabila, Andi Ejah Umraeni Salam, Faizal Arya Samman, Dianti Utamidewi,

Ida Rachmaniar Sahali, Maya Itasari

River Detection Using Fast Fourier Transform, Contour Detection, and Hough Line
TIANSTOIIN......ooiiiiii ettt ettt st eb e s e 306
Nabil Bachmid, Ronny Mardiyanto, Muhammad Attamimi, Kai-Yi Wong

AUENOT INAEX ... e e e e e e e et e e e e e e e e e eaeeeeeaeeeaeen 312

XV



2024 FORTEI-International Conference on Electrical Engineering (FORTEI-ICEE) | 979-8-3315-4220-7/24/$31.00 ©2024 IEEE | DOI: 10.1109/FORTEI-ICEE64706.2024.10824451

2024 FORTEI-International Conference on Electrical Engineering (FORTEI-ICEE)

Performance of DCT-DWT Feature Extraction in
Recognizing Guitar Chords

Linggo Sumarno
Electrical Engineering Study Program
Sanata Dharma University
Yogyakarta, Indonesia
lingsum@usd.ac.id

Abstract— This work deals with optimization problems in the
field of audio signals with particular emphasis on recognizing
guitar chords. As an extension to the previous works done in this
field, the primary goal was to minimize the feature extraction
length without loss of recognition performance. In this case, this
work used two such well known methods in audio signal
processing as the Discrete Cosine Transform (DCT) and the
Discrete Wavelet Transform (DWT). This method is based on
the iterative analysis of three main system attributes: the frame
blocking length; the choice of wavelet functions; and the DWT
coefficient selection offset. After careful tuning of these
parameters, this work was able to optimize the feature
extraction length to only three, which however represents a
modest improvement on the previous works in this field. The
system developed in this research obtained recognition accuracy
of up to 91.43% when the optimized feature extraction length
was employed. The significance of this study extends to the non-
conventional applications of guitar chord recognition.
Shortening the feature extraction length is expected to improve
more usages in the different applications of the music
technology.

Keywords—DCT, DWT, feature extraction, guitar chord
recognition

I. INTRODUCTION

Feature extraction is one of the important steps in the
analysis of data. It helps in reducing the bulk of data into a few
critical components. This not only reduces the volume of data
but also optimizes the performance of later data processing. In
the context of chord recognition, feature extractions methods
can be divided into two groups: chroma-based features and
non chroma-based features.

Chroma-based feature extraction methods aim to capture
the harmonic contents in the musical signals. The Pitch Class
Profile (PCP) is a classic example [1], it has a feature
extraction length of 12. This feature extraction describes the
energy distribution over the fundamental frequencies of a
chord. Some subsequent improvements of the original PCP
have been proposed [2-4]. All of these improvements also
have feature extraction length of 12.

On the other hand, there are other approaches, such as non
chroma-based feature extraction methods such as those of Mel
Frequency Cepstral Coefficients (MFCC) [5-6] and Discrete
Sine Transform (DST)-Wavelet [7]. At a fundamental level,
these two MFCC and the DST-Wavelet are aimed at capturing
the spectral shape of a chord. The more recent developments
in MFCC [6] and DST-Wavelet [7] for the purpose of chord
recognition have been able to perform a fairly effective
recognition of chords with a feature extraction length of only
four. By applying the above-mentioned feature extraction, the

chord recognition system was able to do so with a recognition
accuracy of up to 92.14 % and 92.86 % respectively.

Nevertheless, there is still room for further optimization.
Reducing the length of feature extraction could improve the
efficiency of data processing operations, which would be
beneficial for applications like Field Programmable Gate
Array (FPGA)-implemented chord recognition [8-9]. FPGA
systems offer an advantage in developing application-specific
integrated circuits (ASICs) for electronic devices, which can
be further improved for both performance and power
efficiency.

This work investigates the feasibility of further reducing
the feature extraction length by incorporating the use of DCT-
DWT feature extraction method for chord recognition. More
specifically, this work investigates the effect of varying three
parameters: frame blocking length, wavelet functions and
DWT coefficient selection offset on achieving feature
extraction length to be less than four while retaining the
recognition accuracy.

II. METHODOLOGY

A. Developing Chord Recognition System

The chord recognition system developed for this work is
illustrated in Fig. 1. The figure presents a detailed block
diagram of the system. As a note, the implementation of this
system utilized Python software. A thorough explanation of
each block depicted in Fig. 1 is provided below.

o — Silence and
(wav)_| Normalization Transition  —»! Frame
7 ] Removal Blocking

SHPS [ DFT l«—| Windowing

Coefficient
DCT g DWT > Selection
Output
(text) Chord Distance Normalization
€ Decision  [€ ] Calculation [€]
Feature
Database

Fig. 1. The system developed for chord recognition.
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1) Input: The chord recognition system uses isolated
guitar chord signal recordings in WAV format as the input. It
consists of seven guitar chords. They are C, D, E, F, G, A,
and B. The sampling rate for the recordings was five kHz.
The duration for each recording was two seconds. The
number of channels for the recordings was one channel. The
guitar for the recordings was Yamaha CPX-500-II. The
recordings were taken in a quiet environment. More
information about the recordings can be obtained from the
publicly available dataset on GitHub:
https://github.com/lingsum/Chord-DST-DWT. As a note this

dataset is considered as primary data.

2) Normalization 1: Normalization 1 standardizes the
input signal data by scaling its maximum value to a fixed
range of either 1 or -1. This scaling is crucial as the maximum
amplitude of recorded chord signals can fluctuate due to
variations in recording conditions and musical equipment

3) Silence and transition removal: Silence and transition
removal eliminates non-informative segments from the signal
data sequence. This step performs in sequence as follows.

1. Silence removal: By visually inspecting the signal, a
threshold of [0.5| is applied to the left side of the
sequence. Signal data with absolute values below this
threshold are discarded when scanning from left to
right.

2. Transition removal: The initial 200 milliseconds of the
signal, identified through visual inspection, is removed
to account for transient effects.

4) Frame blocking: Frame blocking involves segmenting
a short sequence of signal data [10]. This segmentation is
typically performed on the left side of the signal data. The
length of this short sequence, known as the frame blocking
length, significantly impacts the signal's resolution after
applying the DFT step. Both too low and too high signal
resolutions can detrimentally affect the feature extraction's
discrimination capability, ultimately lowering recognition
accuracy. Therefore, this work evaluated frame blocking
length of 128, 256, 512, 1024, and 2048. As a note there was
no overlap in this frame blocking.

5) Windowing: Windowing minimizes the effects of the
left and right edges of a signal data sequence. If these edges
are not reduced, spectral leakage may occur in the signal data
after the Discrete Fourier Transform (DFT) step. This leakage
introduces extraneous frequencies that do not correspond to
the actual frequencies present in the chord. To mitigate
spectral leakage, windowing is employed. This work used the
Hamming window, a commonly applied windowing function
in signal processing [11].

6) DFT: The Discrete Fourier Transform (DFT) maps a
finite sequence of the signal data into a finite sequence of
complex values in the frequency domain. This work utilizes
the magnitude of these complex values. Due to the symmetry
of the magnitude sequence, only the left half of the data
sequence could be considered.

Level-3

Co

Level-2 Fy @
Level-1 i 12 £l

Ca dO

Fo (12
C3 d]
F (12

d
ARGE

Fig. 2. Example of DWT with three-level decomposition.

7) SHPS: The Simplified Harmonic Product Spectrum
(SHPS) improves the visibility of peaks at the fundamental
frequency and its harmonics. This method, as introduced by
Sumarno [12], is a variation of the Harmonic Product
Spectrum (HPS) originally developed by Noll [13].

8) DCT: The Discrete Cosine Transform (DCT)
concentrates the signal's energy into a small number of
coefficients. As a result, most of the relevant information
about the signal is captured in the lower-frequency
components. This characteristic makes the DCT especially
valuable for feature extraction tasks.

9) DWT: The Discrete Wavelet Transform (DWT)
decomposes signals into components representing different
frequency bands and resolutions. Fig. 2 illustrates an example
of this DWT. Low-pass (LPF) and high-pass (HPF) filters,
derived from the chosen wavelet filter, are applied as shown,
represented by Fj and F;, respectively. This work evaluated
Haar, Daubechies (2-6), and biorthogonal (1.3, 1.5, 2.2, 2.4,
2.6,2.8,3.1, 3.3, 3.5, 3.7) wavelet filters. To preserve signal
length, periodization was applied in filtering mode. The |2
symbol in Fig. 2 denotes a downsampling factor of 2.

In Fig. 2 and Fig. 3, c3 is the input of DWT, while ¢y,
dy, dq, and d, are the resulting DWT coefficients at different
scales and frequencies. Additionally, Fig. 3 illustrates the
decomposition steps of the DWT shown in Fig. 2, for an 8-
point DWT input.

10) Coefficient selection: Coefficient selection involves
choosing a set of DWT coefficients that will be used to
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Fig. 3. Decomposition steps from DWT in Fig. 2, for an 8-point DWT
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TABLE L. TESTING RESULTS USING A DWT COEFFICIENT SELECTION OFFSET OF 2 AND A HAAR WAVELET FILTER.
RESULTS SHOWN: RECOGNITION ACCURACY (%)

Frame Feature extraction length
blocking
length 1 2 3 4 5 6 7 8
128 20.71 45.71 63.57 63.57 71.43 68.57 74.29 76.43
256 16.43 52.14 57.86 76.43 77.14 81.43 83.57 85.71
512 27.14 61.43 71.43 72.86 81.43 88.57 81.43 86.43
1024 28.57 80.00 91.43 92.86 91.43 94.29 94.29 94.29
2048 28.57 72.86 61.43 69.29 94.29 91.43 97.14 97.14

TABLE II. TESTING RESULTS USING A FRAME BLOCKING LENGTH OF 1024 AND A HAAR WAVELET FILTER.
RESULTS SHOWN: RECOGNITION ACCURACY (%)

represent the feature extraction of the input signal.
Coefficient selection is carried out in the following manner.

1. Let the result of the previous DWT step be W =
{wg, wy, ..., wy_1} where N is the length of IW.

2. Determine the number of coefficients to be selected,
n, wheren < N.

3. Determine the DWT coefficient selection offset, m,
wherem +n < N.

4. The result of the coefficient selection is C =
{Wm, Wm+1! LA Wm+n—1}

This work evaluated the number of coefficients to be selected
(feature extraction length) as 1, 2, ..., and 8, as well as the
DWT coefficient selection offsets of 0, 1, ..., and 4.

11) Normalization 2: Normalization 2 standardizes the
output from the Coefficient Selection step by scaling its
maximum value to a fixed range of either 1 or -1. This scaling
improves the performance of the classification algorithms
[14]. It is important to note that the data resulting from
Normalization 2 is referred to as the feature extraction from
the input signal.

12) Distance Calculation, Feature Database, and
Chord Decision: Distance calculation and feature database
refer to a classification approach that employs template
matching techniques [15-17]. The feature database includes a
set of features for the chords utilized in this work. In this
work, distance calculations employed the cosine distance
function, derived from cosine similarity. This measure is
commonly used to compute similarity values [18-19]. The
distance calculation yields a number of seven distance values.
These values represent the comparison between the feature
extraction of the input signal data and a number of seven
feature extraction references in the feature database.

DWT Feature extraction length
coefficient
selection offset 1 2 3 4 5 6 7 8
0 14.29 58.57 74.29 87.14 92.86 92.86 92.86 95.71
1 22.86 35.71 87.14 92.86 92.86 92.86 95.71 95.71
2 28.57 80.00 91.43 92.86 91.43 94.29 94.29 94.29
3 28.57 59.29 85.71 90.00 93.57 92.86 92.86 92.86
4 28.57 75.71 88.57 92.86 92.86 92.86 94.29 92.86
Chord decision involves identifying the chord

corresponding to the input signal. Among the seven distance
values calculated, the one with the smallest distance is
selected. The chord associated with this minimum distance is
then identified as the output chord.

B. Developing Training and Testing

Training was conducted by developing the feature
database. Firstly, features were extracted from 10 training
samples for each chord using the output from the
Normalization 2 step. Secondly, the average of these features
was then computed, and the resulting averages served as the
feature extraction references. Finally, the feature database
includes seven feature extraction references, one for each
chord. Testing was conducted by using 140 testing samples
where it consisted of 20 testing samples for each chord.

III. TESTING RESULTS AND DISCUSSIONS

A. Testing Results

TABLEL II, and 11 present testing results of this work. They
were obtained by simultaneously evaluating three different
parameters: frame blocking length, wavelet filter, and DWT
coefficient selection offset. Detailed descriptions of these
parameter variations can be found in the Methodology section
above.

B. Discussions

TABLE I indicates that both too short and too long frame
blocking lengths can negatively impact recognition accuracy.
A frame blocking length that is too short results in insufficient
detail in the signal data derived from the DFT step, leading to
low signal resolution. Conversely, extensively long frame
blocking length introduces excessive detail, resulting in high
signal resolution. Both insufficient and excessive detail can
impair the feature extraction process, ultimately diminishing
recognition accuracy.
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TABLE III. TESTING RESULTS USING A FRAME BLOCKING LENGTH OF 1024, AND A DWT COEFFICIENT SELECTION OFFSET OF 2.
RESULTS SHOWN: RECOGNITION ACCURACY (%)

Feature extraction length
Wavelet filter
1 2 3 4 5 6 7 8

Haar 28.57 80.00 91.43 92.86 91.43 94.29 94.29 94.29
Daubechies 2 24.29 42.14 65.00 78.57 92.86 92.86 90.71 92.86
Daubechies 3 14.29 57.86 62.86 80.00 85.00 85.00 89.29 86.43
Daubechies 4 14.29 57.86 81.43 70.71 84.29 84.29 78.57 87.14
Daubechies 5 14.29 49.29 60.71 84.29 85.71 85.71 83.57 78.57
Daubechies 6 14.29 49.29 55.00 75.00 78.57 80.00 89.29 75.00
Biorthogonal 1.3 28.57 50.71 79.29 87.86 88.57 90.00 90.00 82.86
Biorthogonal 1.5 14.29 60.00 56.43 75.71 82.14 71.43 75.71 76.43
Biorthogonal 2.2 14.29 52.86 67.14 75.71 84.29 86.43 88.57 88.57
Biorthogonal 2.4 14.29 48.57 49.29 72.86 77.86 80.71 78.57 82.86
Biorthogonal 2.6 14.29 47.86 65.71 78.57 85.00 84.29 77.86 82.14
Biorthogonal 2.8 14.29 47.86 60.71 78.57 80.71 85.71 79.29 77.86
Biorthogonal 3.1 28.57 71.43 81.43 88.57 90.00 90.00 90.00 88.57
Biorthogonal 3.3 28.57 70.00 75.71 81.43 84.29 82.86 85.71 84.29
Biorthogonal 3.5 28.57 72.86 79.29 75.71 82.14 87.14 80.00 81.43
Biorthogonal 3.7 14.29 55.71 67.14 78.57 81.43 78.57 72.86 75.00

TABLE II indicates that both very small and very large
DWT coefficient selection offset can reduce recognition
accuracy. If the offset is too small, the feature extraction data
offset is too large, the feature extraction data may have too
many details that are not essential for distinguishing between
different patterns. Both scenarios can impair the
discrimination ability of feature extraction, leading to
decreased recognition accuracy.

TABLE 111 indicates that selecting an appropriate wavelet
filter enhances recognition accuracy. This is because the
effectiveness of a wavelet filter depends on its ability to
effectively separate low and high-frequency components
using its LPF and HPF in a multi-resolution context. Proper
separation improves feature extraction discrimination,
leading to optimal recognition accuracy.

TABLE I, 11, and 11l indicate that, generally, increasing the
feature extraction length (from 1 to 8) tends to improve

TABLE IV. PERFORMANCE COMPARISON OF FEATURE EXTRACTION

METHODS
Feature Extraction Featm:e Recognition Chord
Methods Extraction Accuracy Test Set
Length (%) Size
Improved PCP [2] 12 95.83 192
CRP Enh[gl]qced PCP 12 9996 4608
MEFCC [5] 6 91.43 140
MF(;C w1t'h Kaiser 4 92.14 140
windowing [6]
DST-Wavelet [7] 4 92.86 140
DCT-DWT
(this work) 3 91.43 140

Note: The displayed table presents the shortest feature extraction length to exceed 90% recognition
accuracy.

recognition accuracy. This indicates that up to feature
extraction length 8, the feature extraction data still captures
fundamental features. Utilizing these features allows for
capturing the fundamental information from the input data.
This information relates to the most relevant and
discriminative characteristics, which helps in class separation
[20]. In this work, increasing the number of fundamental
features (from 1 to 8) enhances the feature extraction's
discriminative capability, thereby improving recognition
accuracy.

C. Performance Comparison

TABLE IV presents a performance comparison between the
proposed feature extraction method and other previous
feature extraction methods. As shown in Table 4, when
considering recognition accuracy above 90%, the proposed
method proves to be the most efficient. The proposed method
enables the recognition system to achieve a recognition
accuracy of up to 91.43% using a feature extraction length of
three. In comparison, the previous feature extraction methods
needed to use a feature extraction length of more than three
to achieve a recognition accuracy of above 90%. As a note,
the results from TABLE 1V, namely those in [5-7] and this
work, were obtained from the same dataset.

IV. CONCLUSION AND FUTURE WORK

This work proposes a novel combination of DCT-DWT
for a feature extraction method in guitar chord recognition.
The method achieves a recognition accuracy of up to 91.43%
using a feature extraction length of only three. This level of
performance is attained with a frame blocking length of 1024,
a Haar wavelet filter, and a DWT coefficient selection offset
of 2.
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For future work, it is recommended to explore other
feature extraction methods that may offer not only higher
recognition accuracy but also a feature extraction length of
less than three. This ongoing exploration will contribute to
optimizing the accuracy and efficiency of guitar chord
recognition systems.
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