12/13/24, 12:10 PM

International Journal of Applied Sciences
and Smart Technologies

HOME ABOUT LOGIN REGISTER SEARCH CURRENT
ANNOUNCEMENTS

ARCHIVES

Home > Volume 06, Issue 2, December 2024

International Journal of Applied Sciences
and Smart Technologies

p-ISSN
e-ISSN

International Journal of Applied Sciences and Smart Technologies

SERTIFIKAT

International Journal of Applied Sciences and Smart Technologies (IJASST) is published by Faculty of Science
and Technology, Sanata Dharma University Yogyakarta-Central Java-Indonesia. IJASST is an open-access
peer reviewed journal that mediates the dissemination of academicians, researchers, and practitioners in
engineering, science, technology, and basic sciences which relate to technology including applied
mathematics, physics, and chemistry. IJASST accepts submission from all over the world, especially from
Indonesia

Announcements

National Accreditation for IJASST

IJASST has been nationally accredited by the Ministry of Research and
Technology/National Research and Innovation Agency of the Republic of Indonesia
(Volume 2 No 1 2020 - Volume 6 No 2 2024) and indexed in SINTA 4.

Decree No. 204/E/KPT/2022 on October 03rd, 2022

A R

SE

[p——
International Journal of Applied Sciences and Smart Technologies
EISSN. 26450432

Prf . N MSc. DIC,PAD. P, ASEAX E

Posted: 2023-01-02

More Announcements...

Volume 06, Issue 2, December 2024

IJASST, Volume 06, Issue 2, December 2024

Full Issue

View or download the full issue PDF

Table of Contents

Articles

Inorganic Geochemistry of Coal from Patappa Village, Bone District, and PDF

Masenrengpulu Village, Barru District, South Sulawesi Province Using XRF Method 211-228
Anshariah Anshariah, Alam Budiman Thamsi, Mohammad Tholib

4 DOI: https://doi.org/10.24071/ijasst.v6i2.7159 | <@ Abstract views: 12 times

Characterization The Flavonoids Extract of Tridax Procumbens |. Leaves and Betel Lime PDF

as Materials for Open Wound Analgesic Ointment 229-240
Muhammad Zainullah, Mina Devika Setiana, Vera Nur Fatimah, Ilma Fitriana, Robi
Kurniawan

4 DOI: https://doi.org/10.24071/ijasst.v6i2.7915 | <@ Abstract views: 9 times

https://e-journal.usd.ac.id/index.php/IJASST

OPEN JOURNAL SYSTEMS

Journal Help

USER

2655 - 8564
2685 - 9432

AN

Username

Password

D Remember me

NOTIFICATIONS

. View
« Subscribe

LANGUAGE
Select Language
English e

JOURNAL CONTENT
Search

Search Scope
All v
Search

Browse
« By Issue
« By Author
- By Title
« Other Journals

FONT SIZE
A Al

INFORMATION
- For Readers
« For Authors
« For Librarians

Article
Template

AR MENDELEY

turnitink)

13


javascript:void(0);
javascript:void(0);
javascript:void(0);
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
http://pkp.sfu.ca/ojs/
javascript:openHelp('https://e-journal.usd.ac.id/index.php/IJASST/help/view/user/topic/000001')
https://e-journal.usd.ac.id/index.php/IJASST/notification
https://e-journal.usd.ac.id/index.php/IJASST/notification/subscribeMailList
https://e-journal.usd.ac.id/index.php/IJASST/issue/archive
https://e-journal.usd.ac.id/index.php/IJASST/search/authors
https://e-journal.usd.ac.id/index.php/IJASST/search/titles
https://e-journal.usd.ac.id/index.php/index
https://e-journal.usd.ac.id/index.php/IJASST/information/readers
https://e-journal.usd.ac.id/index.php/IJASST/information/authors
https://e-journal.usd.ac.id/index.php/IJASST/information/librarians
https://docs.google.com/document/d/1DgTaBbLkVkiR5A4d_tQSuIv9OxpWuOJM/edit?usp=sharing&ouid=115117438023463388456&rtpof=true&sd=true
https://docs.google.com/document/d/1DgTaBbLkVkiR5A4d_tQSuIv9OxpWuOJM/edit?usp=sharing&ouid=115117438023463388456&rtpof=true&sd=true
https://www.mendeley.com/?interaction_required=true
https://www.mendeley.com/?interaction_required=true
https://www.turnitin.com/
https://www.turnitin.com/
https://e-journal.usd.ac.id/index.php/IJASST/index
https://e-journal.usd.ac.id/index.php/IJASST/about
https://e-journal.usd.ac.id/index.php/IJASST/login
https://e-journal.usd.ac.id/index.php/IJASST/user/register
https://e-journal.usd.ac.id/index.php/IJASST/search
https://e-journal.usd.ac.id/index.php/IJASST/issue/current
https://e-journal.usd.ac.id/index.php/IJASST/issue/archive
https://e-journal.usd.ac.id/index.php/IJASST/announcement
https://e-journal.usd.ac.id/index.php/IJASST/index
https://e-journal.usd.ac.id/index.php/IJASST
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
https://e-journal.usd.ac.id/index.php/IJASST/announcement
https://e-journal.usd.ac.id/index.php/IJASST/issue/viewIssue/592/389
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7159
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7159
https://dx.doi.org/10.24071/ijasst.v6i2.7159
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7159/4378
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7915
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7915
https://dx.doi.org/10.24071/ijasst.v6i2.7915
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7915/4379

12/13/24, 12:10 PM International Journal of Applied Sciences and Smart Technologies

Density Functional Theory Investigation on The Electronic Structure, Properties and IR PDE
Spectra of 9,10-Iphenylanthracene 241-266
Owolabi J Adeyemi, Hassan Gambo, Onimisi M Yusuf, Gidado S Abdulkadir, Ali
Haruna, Bankole J Akinade, Akusu C Onma, Muhammed L Madugu, Sakinat L Usman @ grammar'y
4 DOI: https://doi.org/10.24071/ijasst.v6i2.8686 | <@ Abstract views: 11 times
An Analysis of Principals’ Digijtal Literacy Capabilities as Instructional Leaders in PDE
Indonesia 267-276

Dwiniasih Dwiniasih, Jaja Jaja, Jajo Firman Raharjo
4 por: https://doi.org/10.24071/ijasst.v6i2.8843 | <@ pbstract views: 9 times

Laws of Gravitation and Motion in the Ancient Indian Texts PDE
Jumisree Sarmah Pathak 277-290

4 DOI: https://doi.org/10.24071/ijasst.v6i2.8877 | @ Abstract views: 6 times

Red Wine Classification Using_ SVM and RBF Kernel PDF

P Kevin.SiIvan%Js Hu'tabarat, Rosalia”Arum K.umalasanti, I\</Iél'> . o 291-300 gl 7025551856004
DOI: https://doi.org/10.24071/ijasst.v6i2.7416 | Abstract views: 8 times

Recent Developments in The Influencing_Variables of Hydrodistillation for Enhancing PDF |SSN (pnnt}

Essential Oil Yields in Indonesia: A Brief Review 301-320

Awaly Ilham Dewantoro, Alvita Rahma Alifia, Tanti Handini, Latifah Zainul Qolbi, Dita
Amelia Ihsani, Desy Nurliasari

4 DOI: https://doi.org/10.24071/ijasst.v6i2.9191 | @ Abstract views: 3 times

Automated Detection of Spine Deformities: Advancing Orthopedic Care with PDF
Convolutional Neural Networks 321-336
Deepesh Pratap, Saran Sinha, A. Charan Kumari, K. Srinivas
4. DOI: https://doi.org/10.24071/ijasst.v6i2.9280 | @ Abstract views: 8 times
Essay Answer Detection System Uses Cosine Similarity and Similarity Scoring_in PDF
Sentences 337-348
Siti Yuliyanti, Diah Hidayatul Ula gz 7285945300
4 DOI: https://doi.org/10.24071/ijasst.v6i2.9152 | @ Abstract views: 7 times i
ISSN Online
Comparative Analysis of Three Solid Waste Management Systems Towards Full PDF
Automation 349-366

Abolade David Omiyale, Ladi F. Ogunwolu, Olawale Olaniyi Ajibola
4 DOI: https://doi.org/10.24071/ijasst.v6i2.9153 | @ Abstract views: 8 times

The Effect of Gamma Irradiation as A Food Preservation Technology on The Shelf Life PDF
and Quality of Fresh-cut Watermelon 367-378
Rieka Arkaninto Adeska, Nur Octaviany, Renaldy Bernardo Saragih, Retno Andrianti,
Ridho Ridho, Harum Azizah Darojati, Dhita Ariyanti

4 DOI: https://doi.org/10.24071/ijasst.v6i2.9256 | @ Abstract views: 4 times

Evaluation of Tartrazine Solution as a Potential Gamma Dosimeter Material PDF
Farhansyah Yunandani Arumbifa, Deni Kurniawan, Desalsa Anggoro Diani, Dika 379-392
Bhakti Praja, Fauziah Ulfah Ajri, Ariyani Kusuma Dewi, Dhita Ariyanti

4 DOI: https://doi.org/10.24071/ijasst.v6i2.9283 | @ Abstract views: 6 times

Prediction of Life Expectancy in Indonesia by Implementing_Website-Based Lagrange PDF
Polynomial Interpolation 393-406
Syamsul Maarip, Aam Hermansyah, Sopi Nuryani Hadraeni, Salman Migdad, Ardhan
Dimas Nuryadin, Siti Yuliyanti

4 DOI: https://doi.org/10.24071/ijasst.v6i2.9167 | <@ Abstract views: 49 times

Quantitative Analysis of Magnetohdrodynamic Sustained Convective Flow via Vertical PDF

Plate 407-416
D R Kirubaharan, A D Subhashini, Narendra V.N Babu, Gundagani Murali

4 DOI: https://doi.org/10.24071/ijasst.v6i2.9171 | @ Abstract views: 3 times

Evaluating_The Performance of DWT-DCT Feature Extraction in Guitar Chord PDF
Recognition 417-428
Linggo Sumarno

4 DOI: https://doi.org/10.24071/ijasst.v6i2.9972 | @ Abstract views: 5 times

The Study of 3D Simulation on Heat Transfer Enhancement on Fin Tube Heat PDE
Exchanger Using_Delta Wing_and Winglet Vortex Generators 429-442

Stefan Mardikus, Claudia Agata Putri, Michael Seen, Rines Rines, Y. B. Lukiyanto,
Doddy Purwadianto, Heryoga Winarbawa, Gilang Argya Dyaksa, Wibowo Kusbandono

4 DOI: https://doi.org/10.24071/ijasst.v6i2.10467 | @ Abstract views: 5 times

Publisher : Faculty of Science and Technology.

Society/Institution : Sanata Dharma University

fe) GARUDA  Google Scholar

\

; Crossref BASE INDE:{@COPERMCUS

I8 T ¥

AT 1 & N a L

https://e-journal.usd.ac.id/index.php/IJASST 2/3


https://www.grammarly.com/
https://www.grammarly.com/
https://issn.brin.go.id/terbit/detail/1543485788
https://issn.brin.go.id/terbit/detail/1543485788
https://issn.brin.go.id/terbit/detail/1566199289
https://issn.brin.go.id/terbit/detail/1566199289
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8686
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8686
https://dx.doi.org/10.24071/ijasst.v6i2.8686
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8686/4380
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8843
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8843
https://dx.doi.org/10.24071/ijasst.v6i2.8843
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8843/4382
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8877
https://dx.doi.org/10.24071/ijasst.v6i2.8877
https://e-journal.usd.ac.id/index.php/IJASST/article/view/8877/4383
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7416
https://dx.doi.org/10.24071/ijasst.v6i2.7416
https://e-journal.usd.ac.id/index.php/IJASST/article/view/7416/4384
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9191
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9191
https://dx.doi.org/10.24071/ijasst.v6i2.9191
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9191/4385
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9280
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9280
https://dx.doi.org/10.24071/ijasst.v6i2.9280
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9280/4386
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9152
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9152
https://dx.doi.org/10.24071/ijasst.v6i2.9152
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9152/4387
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9153
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9153
https://dx.doi.org/10.24071/ijasst.v6i2.9153
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9153/4388
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9256
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9256
https://dx.doi.org/10.24071/ijasst.v6i2.9256
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9256/4389
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9283
https://dx.doi.org/10.24071/ijasst.v6i2.9283
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9283/4390
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9167
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9167
https://dx.doi.org/10.24071/ijasst.v6i2.9167
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9167/4391
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9171
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9171
https://dx.doi.org/10.24071/ijasst.v6i2.9171
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9171/4392
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9972
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9972
https://dx.doi.org/10.24071/ijasst.v6i2.9972
https://e-journal.usd.ac.id/index.php/IJASST/article/view/9972/4393
https://e-journal.usd.ac.id/index.php/IJASST/article/view/10467
https://e-journal.usd.ac.id/index.php/IJASST/article/view/10467
https://dx.doi.org/10.24071/ijasst.v6i2.10467
https://e-journal.usd.ac.id/index.php/IJASST/article/view/10467/4394
https://www.usd.ac.id/fakultas/sainsdanteknologi/
https://usd.ac.id/
https://garuda.kemdikbud.go.id/journal/analysis/17266
https://garuda.kemdikbud.go.id/journal/analysis/17266
https://scholar.google.com/citations?user=MD70zhoAAAAJ&hl=en&authuser=2
https://scholar.google.com/citations?user=MD70zhoAAAAJ&hl=en&authuser=2
https://search.crossref.org/?from_ui=&q=International+Journal+of+Applied+Sciences+and+Smart+Technologies
https://search.crossref.org/?from_ui=&q=International+Journal+of+Applied+Sciences+and+Smart+Technologies
https://www.base-search.net/Search/Results?type=all&lookfor=international+journal+of+applied+sciences+and+smart+technologies&ling=0&oaboost=1&name=&thes=&refid=dcresen&newsearch=1
https://www.base-search.net/Search/Results?type=all&lookfor=international+journal+of+applied+sciences+and+smart+technologies&ling=0&oaboost=1&name=&thes=&refid=dcresen&newsearch=1
https://journals.indexcopernicus.com/search/details?id=69903&lang=en
https://journals.indexcopernicus.com/search/details?id=69903&lang=en

12/13/24,12:10 PM International Journal of Applied Sciences and Smart Technologies

¢)sinta WDOAJ

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

https://e-journal.usd.ac.id/index.php/IJASST 3/3


https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://doaj.org/toc/2685-9432?source=%7B%22query%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222655-8564%22%2C%222685-9432%22%5D%7D%7D%5D%7D%7D%2C%22size%22%3A100%2C%22sort%22%3A%5B%7B%22created_date%22%3A%7B%22order%22%3A%22desc%22%7D%7D%5D%2C%22_source%22%3A%7B%7D%2C%22track_total_hits%22%3Atrue%7D
https://doaj.org/toc/2685-9432?source=%7B%22query%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222655-8564%22%2C%222685-9432%22%5D%7D%7D%5D%7D%7D%2C%22size%22%3A100%2C%22sort%22%3A%5B%7B%22created_date%22%3A%7B%22order%22%3A%22desc%22%7D%7D%5D%2C%22_source%22%3A%7B%7D%2C%22track_total_hits%22%3Atrue%7D
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

12/13/24, 12:12 PM Editorial Team

International Journal of Applied Sciences
and Smart Technologies

HOME ABOUT
ANNOUNCEMENTS

LOGIN REGISTER SEARCH CURRENT ARCHIVES

Home > About the Journal > Editorial Team

Editorial Team

Editor In Chief

Dr. Eng. I Made Wicaksana Ekaputra, Sanata Dharma University, Yogyakarta, Indonesia

Associate Editor

p-ISSN
e-ISSN

2655 - 8564
2685 - 9432

AN

OPEN JOURNAL SYSTEMS

Dr. Pham Nhu Viet Ha, Vietnam Atomic Energy Institute, Hanoi, Viet Nam dourns| Help
Dr. Hendra Gunawan Harno, Department of Aerospace and Software Engineering Gyeongsang National

University, Korea, Republic of USER

Dr Monica Cahyaning_Ratri, Sanata Dharma University, Indonesia, Indonesia Username
Dr. Mukesh Jewariya, National Physical Laboratory, New Delhi, India P d
Dr. Mongkolsery Lin, Institute of Technology of Cambodia, Phnom Penh, Cambodia asswor

Dr. Yohanes Baptista Lukiyanto, Sanata Dharma University, Yogyakarta, Indonesia

Dr. Apichate Maneewong, Thailand Institute of Nuclear Technology, Bangkok, Thailand
Prof. Dr. Sudi Mungkasi, Sanata Dharma University, Indonesia

Dr. Mahardhika Pratama, Nanyang Technological University, Singapore

[] Remember me

Dr Pranowo Pranowo, Teknik Informatika, Universitas Atma Jaya Yogyakarta, Indonesia NOTIFICATIONS
Dr. Eng. Rando Tungga Dewa, Indonesian Defense University, Indonesia . View
Prof. Dr. Leo Hari Wiryanto, Bandung Institute of Technology, Bandung, Indonesia . Subscribe
Editorial Assistant

LANGUAGE

Rosalia Arum Kumalasanti, M.T., Sanata Dharma University, Indonesia
Vittalis Ayu, M.Cs., Sanata Dharma University, Yogyakarta, Indonesia

Publisher : Faculty of Science and Technology

Society/Institution : Sanata Dharma University

Select Language
English e

JOURNAL CONTENT
Search

Search Scope
All v

Search

Browse

By Issue

By Author

By Title

Other Journals

FONT SIZE
A A AL
e GARUDA  Google Scholar

BASE

.
I NTE T 1 O N A

; Crossref _
¢)sinta WDOAJ

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

https://e-journal.usd.ac.id/index.php/IJASST/about/editorial Team

INDEX ﬂ@ COPERNICUS

For Readers
For Authors
For Librarians

Article
Template

AR MENDELEY

turniting’

12


javascript:void(0);
javascript:void(0);
javascript:void(0);
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
http://pkp.sfu.ca/ojs/
javascript:openHelp('https://e-journal.usd.ac.id/index.php/IJASST/help')
https://e-journal.usd.ac.id/index.php/IJASST/notification
https://e-journal.usd.ac.id/index.php/IJASST/notification/subscribeMailList
https://e-journal.usd.ac.id/index.php/IJASST/issue/archive
https://e-journal.usd.ac.id/index.php/IJASST/search/authors
https://e-journal.usd.ac.id/index.php/IJASST/search/titles
https://e-journal.usd.ac.id/index.php/index
https://e-journal.usd.ac.id/index.php/IJASST/information/readers
https://e-journal.usd.ac.id/index.php/IJASST/information/authors
https://e-journal.usd.ac.id/index.php/IJASST/information/librarians
https://docs.google.com/document/d/1DgTaBbLkVkiR5A4d_tQSuIv9OxpWuOJM/edit?usp=sharing&ouid=115117438023463388456&rtpof=true&sd=true
https://docs.google.com/document/d/1DgTaBbLkVkiR5A4d_tQSuIv9OxpWuOJM/edit?usp=sharing&ouid=115117438023463388456&rtpof=true&sd=true
https://www.mendeley.com/?interaction_required=true
https://www.mendeley.com/?interaction_required=true
https://www.turnitin.com/
https://www.turnitin.com/
https://e-journal.usd.ac.id/index.php/IJASST/index
https://e-journal.usd.ac.id/index.php/IJASST/about
https://e-journal.usd.ac.id/index.php/IJASST/login
https://e-journal.usd.ac.id/index.php/IJASST/user/register
https://e-journal.usd.ac.id/index.php/IJASST/search
https://e-journal.usd.ac.id/index.php/IJASST/issue/current
https://e-journal.usd.ac.id/index.php/IJASST/issue/archive
https://e-journal.usd.ac.id/index.php/IJASST/announcement
https://e-journal.usd.ac.id/index.php/IJASST/index
https://e-journal.usd.ac.id/index.php/IJASST/about
https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeam
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/436')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/553')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/37321')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/86665')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/552')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/551')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/138')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/549')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/55')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/550')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/35327')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/45283')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/554')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53898')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/134')
https://www.usd.ac.id/fakultas/sainsdanteknologi/
https://usd.ac.id/
https://garuda.kemdikbud.go.id/journal/analysis/17266
https://garuda.kemdikbud.go.id/journal/analysis/17266
https://scholar.google.com/citations?user=MD70zhoAAAAJ&hl=en&authuser=2
https://scholar.google.com/citations?user=MD70zhoAAAAJ&hl=en&authuser=2
https://search.crossref.org/?from_ui=&q=International+Journal+of+Applied+Sciences+and+Smart+Technologies
https://search.crossref.org/?from_ui=&q=International+Journal+of+Applied+Sciences+and+Smart+Technologies
https://www.base-search.net/Search/Results?type=all&lookfor=international+journal+of+applied+sciences+and+smart+technologies&ling=0&oaboost=1&name=&thes=&refid=dcresen&newsearch=1
https://www.base-search.net/Search/Results?type=all&lookfor=international+journal+of+applied+sciences+and+smart+technologies&ling=0&oaboost=1&name=&thes=&refid=dcresen&newsearch=1
https://journals.indexcopernicus.com/search/details?id=69903&lang=en
https://journals.indexcopernicus.com/search/details?id=69903&lang=en
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://doaj.org/toc/2685-9432?source=%7B%22query%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222655-8564%22%2C%222685-9432%22%5D%7D%7D%5D%7D%7D%2C%22size%22%3A100%2C%22sort%22%3A%5B%7B%22created_date%22%3A%7B%22order%22%3A%22desc%22%7D%7D%5D%2C%22_source%22%3A%7B%7D%2C%22track_total_hits%22%3Atrue%7D
https://doaj.org/toc/2685-9432?source=%7B%22query%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222655-8564%22%2C%222685-9432%22%5D%7D%7D%5D%7D%7D%2C%22size%22%3A100%2C%22sort%22%3A%5B%7B%22created_date%22%3A%7B%22order%22%3A%22desc%22%7D%7D%5D%2C%22_source%22%3A%7B%7D%2C%22track_total_hits%22%3Atrue%7D
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

12/13/24, 12:13 PM People

International Journal of Applied Sciences
and Smart Technologies

HOME ABOUT
ANNOUNCEMENTS

LOGIN REGISTER SEARCH CURRENT ARCHIVES

Home > About the Journal > People

People

Reviewers
Dr Augustinus Bayu Primawan, Sanata Dharma University, Yogyakarta, Indonesia

Dr. Zhenquan Li, Charles Sturt University, Australia

Prof. Dr. Patrick Then, Swinburne University of Technology, Sarawak Campus, Malaysia

p-ISSN
e-ISSN

2655 - 8564
2685 - 9432

AN

OPEN JOURNAL SYSTEMS

Journal Help
Hoang_Sy Minh Tuan, Ph.D, Thu Dau Mot University, Viet Nam

USER
Gregorius Harvianto, Ph.D, Benit. Co. Ltd., Korea, Republic of Username

Password

Dr. Eng. Vega Pradana Rachim, POSTECH, Korea, Republic of

Dr. Eng. Charles Stanley C. Punuhsingon, S.T., M.T., Sam Ratulangi University, Indonesia

Dr. Eng. Gunawan Dwi Haryadi, Diponegoro University, Indonesia

[] Remember me

NOTIFICATIONS
Dr. Anastasia Rita Widiarti, Sanata Dharma University, Indonesia . View
« Subscribe
Dr. Eng. Stenly Tangkuman, ST, MT, Sam Ratulangi University, Indonesia
Dr. Yusup Sigit Martyastiadi, Universitas Multimedia Nusantara, Indonesia LANGUAGE

Johanes Eka Priyatma, Ph.D, Sanata Dharma University, Indonesia

Dr. I Gusti Ketut Puja, Sanata Dharma University, Indonesia

Dr. Jan Setiawan, National Research And Innovation Agency, Research Organization for Nanotechnology and

Materials, Research Center for Advanced Material., Indonesia

Cyprianus Kuntoro Adi, Ph.D., Sanata Dharma University, Indonesia

Septia Rani, S.T., M.Cs., Islamic University of Indonesia, Indonesia

Haris Sriwindono, Ph.D, Sanata Dharma University, Indonesia

Select Language
English e

JOURNAL CONTENT
Search

Search Scope
All v

Search

Browse
Damar Widjaja, Sanata Dharma University, Thailand « By Issue
« By Author
Trismayanti Dwi Puspitasari, S.Kom., M.Cs., State Polytechnic of Jember, Indonesia - By Title

Publisher : Faculty of Science and Technology.

Society/Institution : Sanata Dharma University

GARUDA

GARBA RUJUKAM DIGITA

Google Scholar

; Crossref BASE

Asinta @ DOAJ

INDEX@C
E N A

I8 T

https://e-journal.usd.ac.id/index.php/IJASST/about/displayMembership/72

OPERNICUS

[

b

A

Other Journals

FONT SIZE

Jal A A

INFORMATION

For Readers
For Authors
For Librarians

Article
Template

AR MENDELEY

turniting’

12


javascript:void(0);
javascript:void(0);
javascript:void(0);
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
https://drive.google.com/file/d/1LaCIsb7HzeMSiBcwdT2u6cjgnkeai1pb/view?usp=share_link
http://pkp.sfu.ca/ojs/
javascript:openHelp('https://e-journal.usd.ac.id/index.php/IJASST/help')
https://e-journal.usd.ac.id/index.php/IJASST/notification
https://e-journal.usd.ac.id/index.php/IJASST/notification/subscribeMailList
https://e-journal.usd.ac.id/index.php/IJASST/issue/archive
https://e-journal.usd.ac.id/index.php/IJASST/search/authors
https://e-journal.usd.ac.id/index.php/IJASST/search/titles
https://e-journal.usd.ac.id/index.php/index
https://e-journal.usd.ac.id/index.php/IJASST/information/readers
https://e-journal.usd.ac.id/index.php/IJASST/information/authors
https://e-journal.usd.ac.id/index.php/IJASST/information/librarians
https://docs.google.com/document/d/1DgTaBbLkVkiR5A4d_tQSuIv9OxpWuOJM/edit?usp=sharing&ouid=115117438023463388456&rtpof=true&sd=true
https://docs.google.com/document/d/1DgTaBbLkVkiR5A4d_tQSuIv9OxpWuOJM/edit?usp=sharing&ouid=115117438023463388456&rtpof=true&sd=true
https://www.mendeley.com/?interaction_required=true
https://www.mendeley.com/?interaction_required=true
https://www.turnitin.com/
https://www.turnitin.com/
https://e-journal.usd.ac.id/index.php/IJASST/index
https://e-journal.usd.ac.id/index.php/IJASST/about
https://e-journal.usd.ac.id/index.php/IJASST/login
https://e-journal.usd.ac.id/index.php/IJASST/user/register
https://e-journal.usd.ac.id/index.php/IJASST/search
https://e-journal.usd.ac.id/index.php/IJASST/issue/current
https://e-journal.usd.ac.id/index.php/IJASST/issue/archive
https://e-journal.usd.ac.id/index.php/IJASST/announcement
https://e-journal.usd.ac.id/index.php/IJASST/index
https://e-journal.usd.ac.id/index.php/IJASST/about
https://e-journal.usd.ac.id/index.php/IJASST/about/displayMembership/72
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/548')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/60735')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/60736')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53635')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53621')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53619')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53637')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/45282')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/45277')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53622')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/55920')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/45280')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/45279')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53623')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/45278')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53636')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/178')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/179')
javascript:openRTWindow('https://e-journal.usd.ac.id/index.php/IJASST/about/editorialTeamBio/53624')
https://www.usd.ac.id/fakultas/sainsdanteknologi/
https://usd.ac.id/
https://garuda.kemdikbud.go.id/journal/analysis/17266
https://garuda.kemdikbud.go.id/journal/analysis/17266
https://scholar.google.com/citations?user=MD70zhoAAAAJ&hl=en&authuser=2
https://scholar.google.com/citations?user=MD70zhoAAAAJ&hl=en&authuser=2
https://search.crossref.org/?from_ui=&q=International+Journal+of+Applied+Sciences+and+Smart+Technologies
https://search.crossref.org/?from_ui=&q=International+Journal+of+Applied+Sciences+and+Smart+Technologies
https://www.base-search.net/Search/Results?type=all&lookfor=international+journal+of+applied+sciences+and+smart+technologies&ling=0&oaboost=1&name=&thes=&refid=dcresen&newsearch=1
https://www.base-search.net/Search/Results?type=all&lookfor=international+journal+of+applied+sciences+and+smart+technologies&ling=0&oaboost=1&name=&thes=&refid=dcresen&newsearch=1
https://journals.indexcopernicus.com/search/details?id=69903&lang=en
https://journals.indexcopernicus.com/search/details?id=69903&lang=en
https://sinta.kemdikbud.go.id/journals/profile/9349
https://sinta.kemdikbud.go.id/journals/profile/9349
https://doaj.org/toc/2685-9432?source=%7B%22query%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222655-8564%22%2C%222685-9432%22%5D%7D%7D%5D%7D%7D%2C%22size%22%3A100%2C%22sort%22%3A%5B%7B%22created_date%22%3A%7B%22order%22%3A%22desc%22%7D%7D%5D%2C%22_source%22%3A%7B%7D%2C%22track_total_hits%22%3Atrue%7D
https://doaj.org/toc/2685-9432?source=%7B%22query%22%3A%7B%22bool%22%3A%7B%22must%22%3A%5B%7B%22terms%22%3A%7B%22index.issn.exact%22%3A%5B%222655-8564%22%2C%222685-9432%22%5D%7D%7D%5D%7D%7D%2C%22size%22%3A100%2C%22sort%22%3A%5B%7B%22created_date%22%3A%7B%22order%22%3A%22desc%22%7D%7D%5D%2C%22_source%22%3A%7B%7D%2C%22track_total_hits%22%3Atrue%7D

IJASS‘I‘ Volume 06

International Journal of I ssue 92
Applied Sciences and Smart Technologies
p-1SSN 2655-8564, e-ISSN 2685-943, pp. 417-428, 2024

Evaluating The Performance of DWT-DCT
Feature Extraction in Guitar Chord Recognition

Linggo Sumarno

Department of Electrical Engineering, Faculty of Science and Technology,
Sanata Dharma University, Yogyakarta, Indonesia
lingsum@usd.ac.id

(Received 07-10-2024; Revised 25-10-2024; Accepted 26-10-2024)

Abstract

This study presents advancements in audio signal processing techniques, specifically in
enhancing the efficiency of guitar chord recognition. It is a continuation of the previous
studies, which also aim at minimizing the feature extraction length with the intended
performance. This study adopted two signal processing techniques that are common: Discrete
Wavelet Transform (DWT) and Discrete Cosine Transform (DCT) for use in the feature
extraction method. By conducting a systematic evaluation of two key parameters: frame
blocking length and wavelet filter selection, a significant achievement could be achieved.
The recognition system managed to obtain chord recognition with an accuracy of up to
91.43%, by using a feature extraction length of only three, which brought about smaller
representation than the previous studies. The outcome of this study will help improve the data
processing, which can be applied in real time, in this case in Field Programmable Gate Array
(FPGA)-based chord recognition systems.

Keywords: chord recognition, Discrete Wavelet Transform, Discrete Cosine

Transform, feature extraction

1 Introduction

The extraction of relevant information from the data is one of the crucial and critical
processes in tasks like chord recognition. It is the transformation of raw information,
usually a lot and difficult to work with, into a small number of useful features. These
features encapsulate relevant information contained in the data and are useful in

subsequent processes like classification and clustering. The feature extraction approaches

@ O) 417
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can be roughly separated into two types: spectral representation-based and non spectral
representation-based.

The spectral representation-based feature extraction approach tries to represent the
harmonic content of the musical data. One of the popular methods is the so-called Pitch
Class Profile (PCP) [1], where it has the feature extraction length of 12, which represents
the distribution of power across the pitches in a chord. Several improvements [2-4] have
been developed to enhance the performance of this PCP further. However, the feature
extraction length for these improvements is also 12.

On the other side, the non spectral representation-based approach tries to represent
the spectral shape of the musical data. Thus, two examples of feature extraction methods
based on this approach are Mel Frequency Cepstral Coefficients (MFCC) [5-6]and
Discrete Sine Transform (DST-Wavelet) [7]. Recently, some studies on chord recognition
in MFCC [6] and DST-Wavelet [7] showed effective recognition with a length of four in
feature extraction. By using these feature extraction methods, the chord recognition
system was able to achieve up to 92.14% and 92.86%, respectively.

Developments in the above chord recognition methods still leave scope for further
optimization. Reducing the feature extraction length may further enhance data processing
efficiency and make applications like chord recognition viable on FPGA systems [8-9].
This FPGA system will provide an added advantage of creating Application-Specific
Integrated Circuits (ASICs) for electronic devices that can be customized and enabled for
low power and performance.

This study introduces adopting DCT-DWT for feature extraction in a chord
recognition, in order to further reduce the feature extraction length. This study particularly
investigates the impact of evaluating two parameters—frame blocking length and wavelet
filter selection—on attaining fewer than four feature extraction lengths while keeping the

intended recognition accuracy.
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2 Methodology

2.1 Recognition System Development

Fig. 1 depicts the chord recognition system built for this study, including a full block
diagram of the system. It is necessary to point out that this system was implemented using
Python software. The following subsections give an in-depth description of each block

represented in Fig. 1.

Input and output. The input are isolated guitar chord recordings in WAV format.
These recordings consist of seven major chords (C, D, E, F, G, A, B) and are sourced
from a publicly available GitHub repository (https://github.com/lingsum/Chord-DST-
DWT). The output indicates the corresponding chord text (C, D, E, F, G, A, or B) for each

input signal.

Normalization. Normalization modifies the incoming signal data such that its peak
value falls within a predetermined range, usually from 1 to -1. This modification must be
made because the maximum loudness of recorded chord signals might vary greatly

depending on recording conditions and how the musical equipment is used.

Input Silence and [
(wav) —p| Normalization —» Transition > Blocki i »  Windowing
Elimination
DCT < DWT < SHPS < DFT
ot } Output
Coefficient | Distance o Chord L 5 teft)
Selection 71 Calculation | Decision
A
Feature
Database

Figure 1. The developed recognition system.
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Silence and transition elimination. Silence and transition elimination eliminates
unnecessary portions from the signal data array. These eliminations are detailed in more
depth below.

1. Silence elimination: A threshold of |0.5] was set, identified through visual
examination, in order to distinguish between silence and audible segments. Data
points with absolute values below this threshold are eliminated during the left-to-
right scan. The scanning stops once a data point with an absolute value meeting or
exceeding the threshold is found.

2. Transition elimination: The initial time of 200 milliseconds of the signal was set,
identified through visual examination, in order to distinguish between transition and
steady state segments. By using this initial time, the initial 200 milliseconds of the
signal are eliminated.

Frame blocking. Frame blocking entails segmenting a small array of signal data
[10]. This segmentation is normally carried out on the left side of the signal data. The
length of this small array, also known as the frame blocking length, has a major influence
on the signal's resolution resulting from the Discrete Fourier Transform (DFT) step.
Either too low or too high signal resolution could have a negative impact on feature
extraction discriminating capabilities, resulting in decreased identification accuracy. This
study explored frame blocking lengths of 128, 256, 512, 1024, and 2048.

Windowing. Windowing diminishes the impact of a signal data array's left and right
edges. If these edges are not diminished, the signal data may exhibit spectral leakage
resulting from the DFT step. This leakage introduces unimportant frequencies that do not
relate the chord's actual frequencies. Windowing is used to help diminish spectral leakage.
This study made use of the Hamming window, a popular window in signal processing
[11].

DFT. The Discrete Fourier Transform (DFT) converts a finite array of signal data
into a finite array of complex values in the frequency domain. This study made use of the
magnitude of the signal data’'s complex values. Since, the magnitude sequence is

symmetric, so only the left side of the data array will be used. As a note, this study used
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Fast Fourier Transform (FFT) instead of DFT. This is because FFT computation is more
efficient than DFT.

SHPS. The Simplified Harmonic Product Spectrum (SHPS) is useful for reducing
harmonic distortion and noise in the frequency domain. SHPS could reduce the influence
of non-harmonic noise by accentuating the fundamental frequency and its harmonics
while decreasing non-harmonic components. Sumarno [12] offered this technique, which
is a lite version of the Harmonic Product Spectrum (HPS) introduced by Noll [13].

DWT. The Discrete Wavelet Transform (DWT) transforms a signal into a number
of scales and frequency bands. Fig. 2 shows the type of DWT employed in this study. The
symbols Lo and L represent low-pass (LPF) and high-pass (HPF) filters, respectively,
generated from the chosen wavelet filter. The |2 notation indicates a down sampling
factor of 2. The notation az denotes the input to the DWT, while ao, do, ..., dr-2, and dn-1
represent the resulting DWT coefficients at different scales and frequency bands. To
maintain the signal length, periodization was applied during filtering. This study
evaluated Haar, Daubechies (2-6), and Symlet (2-7) wavelet filters.

DCT. The Discrete Cosine Transform (DCT) compacts the signal's energy into a
relatively small set of coefficients, a phenomenon known as energy compaction. This
means that the lower-frequency components in the transformed data hold most of the

important information about the signal. As a result, the DCT is especially effective for

Level-1 Level-2 Level-n

ay -1 Q-2 a o
> Lo > |2 > Lo > 12 > - Lo > |2 >

\ do

L] > l2 —>»
dn—2

L |2 >
dn-[

— L, ¥ |2 >

Figure 2. The type of DWT used in this study.
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feature extraction, as these lower-frequency components typically carry the most
discriminative information.

Coefficient Selection. Coefficient selection entails picking a subset of DCT
coefficients to represent the feature extraction of the input signal. The selection process
is conducted as follows.

1. Let the result of the previous DCT step be C = {cy, ¢y, ..., cy_1} Where N is the

length of C.

2. Determine the number of coefficients to be selected, n, wheren < N — 1.
3. The result of the coefficient selection is S = {cy, ¢y, ..., Cp}

This study evaluated the number of coefficients to be selected (the feature extraction
length) 1, 2, ..., and 6.

Distance Calculation and Feature Database. Distance calculation and feature
database relate to a classification method that uses template matching techniques [14-16].
The feature database contains a collection of reference feature extraction of the chords
used. Distance calculation in this study used the cosine distance function, which is derived
from cosine similarity. This similarity is frequently used to calculate similarity scores
[17-18]. The distance calculation produces seven distance values, which indicate the
comparison between the feature extraction of the input signal data and the seven feature
extraction references in the feature database.

Chord decision. Chord decision entails determining the chord that corresponds to
the given input signal. The smallest distance value is chosen among the seven calculated
distances. The chord corresponding to this smallest distance is then assigned as the output

chord.

2.2 Training and Testing

The training procedure entailed creating a thorough feature database. Firstly,
features were extracted from ten training samples for each chord using the Coefficient
Selection step's output in Fig. 1. Secondly, the average of these features (from ten training
samples) was then calculated. Finally, these average results (from each chord) were used

as feature extraction references. The final feature database had seven feature extraction
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references, one for each chord. For testing purposes, other 140 samples were utilized,

with 20 samples for each chord.

3 Results and Analysis

3.1 Testing Results

Tables 1 and 2 show the study's testing findings. They were acquired by
systematically evaluating two parameters: frame blocking length and wavelet filter
selection. Details on the variations of these two parameters can be seen in the
Methodology section above.

Table 1. Testing results using Symlet 6 wavelet filter.
Results shown: Recognition accuracy (%).

Feature set size

Frame
blocking size 1 2 3 4 5 6
128 14.29 2643 3786 57.86 62.14 82.86
256 25.71 66.43 82.14 90.00 90.71 94.29
512 28.57 39.29 9143 95.00 9429 95.00
1024 27.14 79.29 8143 8286 87.14 87.14
2048 21.43 67.86 7429 80.00 84.29 84.29

Table 2. Testing results using a frame blocking size 512.
Results shown: Recognition accuracy (%).

Feature set size
2 3 4 5 6
Haar 28,57 4143 7429 7500 66.43 75.00
Daubechies 2 25,71 62.86 8286 87.86 87.14 9143
Daubechies 3 28,57 79.29 8286 90.00 8857 8857
Daubechies 4 28,57 7571 8571 80.00 8357 90.00
Daubechies 5 25.71 63.57 80.00 8143 8214 8214
Daubechies 6 16.43 4143 7286 7857 80.00 80.00

Wavelet filter
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Symlet 2 2571 6286 8286 87.86 87.14 91.43
Symlet 3 28,57 79.29 8286 90.00 8857 88.57
Symlet 4 28,57 40.00 9143 90.71 9429 95.71
Symlet 5 28,57 48,57 7214 80.71 7143 79.29
Symlet 6 28,57 39.29 9143 95.00 9429 95.00
Symlet 7 2857 77.14 7429 8571 8429 8571

3.2 Discussions

Table 1 shows that recognition accuracy suffers from either too short or too long
frame blocking lengths. A too-short frame blocking length cannot capture enough detail
in the signal data from the DFT step, leading to a too-low resolution of the signal. On the
contrary, a too-long frame blocking length captures too much detail, leading to a too-high
resolution of the signal. Both too low or too high a resolution of the signal has a negative
impact on the discrimination level of feature extraction, thereby reducing recognition
accuracy.

Table 2 shows that choosing the proper wavelet filter can increase recognition
accuracy. This improvement is due to the wavelet filter’s ability to properly separate low-
frequency and high-frequency components through its LPF and HPF in a multi-resolution
domain. This proper separation enhances the discrimination level of feature extraction,
leading to increased recognition accuracy.

Tables 1 and 2 show that generally, increasing the feature extraction length from
1 to 6 improves recognition accuracy. This suggests that up to a length of 6, the extracted
features still capture the essential features. These essential features help in capturing the
most important and discriminative characteristics from the input data, aiding in class
separation [19]. In this study, increasing the number of essential features from 1 to 6
enhances the discrimination level of feature extraction, thereby increasing recognition
accuracy.

Table 3 compares the performance between the introduced feature extraction
method with the other previous methods. Table 3 shows the feature extraction method in

this study is the most efficient for accuracy greater than 90%. With a feature extraction
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Table 3. Performance comparison between the introduced feature extraction method

with the other previous methods.

Feature Recognition

Feature Extraction Methods Extraction Accuracy Chord .TESt
Set Size
Length (%)
Improved PCP [2] 12 95.83 192
CRP Enhanced PCP [3] 12 99.96 4608
MFCC [5] 6 91.43 140
MFCC with Kaiser windowing [6] 4 92.14 140
DST-Wavelet [7] 4 92.86 140
DWT-DCT (this study) 3 91.43 140

Note: The table shows the shortest feature extraction length required to achieve more than 90%

recognition accuracy

length of three, the recognition system is able to achieve a recognition accuracy of up to
91.43%.

Notes on FPGA Implementation
There are two notes on FPGA implementation related to this study. These notes are

described as follow.

1. This study uses three kinds of transformation, namely DFT, DWT, and DCT. For
FPGA implementation, in order to reduce the processing time, we can use some
examples of efficient architectures [20-22] for these kinds of transformations.

2. The improved data processing in this study can be applied in real-time FPGA based
system by utilizing hardware-software co-design, which exploit native parallelism
of the FPGA hardware [23].

4  Conclusions and Future Studies

This study explored, in detail, the recognition accuracy of a novel feature extraction
method that adopted DWT-DCT. The novel method was able to achieve a recognition

accuracy of 91.43% with this particular feature extraction length of only three. Such
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accuracy was achieved by using a frame blocking length of 512 and also by using the
Symlet 4 and 6 wavelet filters. With this adoption of DWT-DCT in the feature extraction
method, it is further ensured that the relevant and discriminative features of the guitar
chords are well captured, leading to better recognition performances.

This study still leaves room for improvement in terms of accuracy and efficiency.
Therefore, in future studies, the focus should be directed to exploring different methods
for feature extraction. In this case, the methods are expected to provide recognition

accuracy that exceeds 91.43%, and the length of feature extraction is three or less.
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