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code is paid through Copyright Clearance Center, 222 Rosewood Drive, Danvers, MA 01923. 

 

For reprint or republication permission, email to IEEE Copyrights Manager at pubs-
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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 FORTEI. 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 

Engineering (FORTEI-ICEE 2024). The conference is held on 24th 

-25th 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 
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Chair of IEEE IES Indonesia Section Chapter  
 

Ladies and gentlemen, esteemed colleagues, and distinguished 

guests, 

 

In the 3rd 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 
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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. 

 
 

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. 

 

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 𝐹𝐹0 and 𝐹𝐹1, 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, 𝑐𝑐3 is the input of DWT, while  𝑐𝑐0, 
𝑑𝑑0, 𝑑𝑑1, and 𝑑𝑑2 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  

 
 

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

 
 

Fig. 3. Decomposition steps from DWT in Fig. 2, for an 8-point DWT 
i  
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TABLE I. TESTING RESULTS USING A DWT COEFFICIENT SELECTION OFFSET OF 2 AND A HAAR WAVELET FILTER. 
RESULTS SHOWN: RECOGNITION ACCURACY (%) 

Frame 
blocking 

length 

Feature extraction 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 (%) 
DWT 

coefficient 
selection offset 

Feature extraction length 

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 

 
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 𝑊𝑊 =
{𝑤𝑤0,𝑤𝑤1, … ,𝑤𝑤𝑁𝑁−1} where 𝑁𝑁 is the length of 𝑊𝑊. 

2.  Determine the number of coefficients to be selected, 
n, where 𝑛𝑛 ≤ 𝑁𝑁. 

3. Determine the DWT coefficient selection offset, m, 
where 𝑚𝑚 + 𝑛𝑛 ≤ 𝑁𝑁. 

4. The result of the coefficient selection is 𝐶𝐶 =
{𝑤𝑤𝑚𝑚,𝑤𝑤𝑚𝑚+1, … ,𝑤𝑤𝑚𝑚+𝑛𝑛−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. 

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 
TABLE I, II, and III 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 (%) 

Wavelet filter 
Feature extraction length 

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 III 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, II, and III 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 
Methods 

Feature 
Extraction 

Length 

Recognition 
Accuracy 

(%) 

Chord 
Test Set 

Size 
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 

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 IV, 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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