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Focus and Scope

Bulletin of Electrical Engineering and Informatics publishes original papers in the field of electrical,
computer and informatics engineering which covers, but not limited to, the following scope:

Computer Science, Computer Engineering and Informatics: Computer Architecture, Parallel and
Distributed Computer, Pervasive Computing, Computer Network, Embedded System, Human—Computer
Interaction, Virtual/Augmented Reality, Computer Security, Software Engineering (Software: Lifecycle,
Management, Engineering Process, Engineering Tools and Methods), Programming (Programming
Methodology and Paradigm), Data Engineering (Data and Knowledge level Modeling, Information
Management (DB) practices, Knowledge Based Management System, Knowledge Discovery in Data),
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Network Traffic Modeling, Performance Modeling, Dependablé Computing, High Performance Computing,
Computer Security, Human-Machine Interface, Stochastic Systems, Information Theory, Intelligent Systems,
IT Governance, Networking Technology, Optical Communication Technology, Next Generation Media, Robotic
Instrumentation, Information Search Engine, Multimedia Security, Computer Vision, Information Retrieval,
Intelligent System, Distributed Computing System, Mobile Processing, Next Network Generation, Computer
Network Security, Natural Language Processing, Business Process, Cognitive Systems.

Electronics: Electronic Materials, Microelectronic System, Design and Implementation of Application Specific
Integrated Circuits (ASIC), VLSI Design, System-on-a-Chip (SoC) and Electronic Instrumentation Using CAD
Tools, digital signal & data Processing, , Biomedical Transducers and instrumentation, Medical Imaging
Equipment and Techniques, Biomedical Imaging and Image Processing, Biomechanics and Rehabilitation
Engineering, Biomaterials and Drug Delivery Systems;

Electrical and Power Engineering: Electrical Engineering Materials, Electric Power Generation, Transmission
and Distribution, Power Electronics, Power Quality, Power Economic, FACTS, Renewable Energy, Electric
Traction, Electromagnetic Compatibility, High Voltage Insulation Technologies, High Voltage Apparatuses,
Lightning Detection and Protection, Power System Analysis, SCADA, Electrical Measurements;

Telecommunication and Information Technology: Modulation and Signal Processing for
Telecommunication, Information Theory and Coding, Antenna and Wave Propagation, Wireless and Mobile
Communications, Radio Communication, Communication Electronics and Microwave, Radar Imaging,
Distributed Platform, Communication Network and Systems, Telematics Services and Security Network;

Instrumentation and Control Engineering: Optimal, Robust and Adaptive Controls, Non Linear and
Stochastic Controls, Modeling and Identification, Robotics, Image Based Control, Hybrid and Switching
Control, Process Optimization and Scheduling, Control and Intelligent Systems, Artificial Intelligent and Expert
System, Fuzzy Logic and Neural Network, Complex Adaptive Systems;

Section Policies

Peer Review Process

This journal operates a conventional single-blind reviewing policy in which the reviewer's name is always
concealed from the submitting author. Authors should present their papers honestly without fabrication,
falsification, plagiarism or inappropriate data manipulation. Submitted papers are evaluated by anonymous
referees for contribution, originality, relevance, and presentation. Papers will be sent for anonymous review by
at least two reviewers who will either be members of the Editorial Board or others of similar standing in the
field. In order to shorten the review process and respond quickly to authors, the Editors may triage a
submission and come to a decision without sending the paper for external review. The Editor shall inform you
of the results of the review as soon as possible, hopefully in 8-12 weeks. The Editors’ decision is final and no
correspondence can be entered into concerning manuscripts considered unsuitable for publication in this
ournal. All correspondence, including notification of the Editors’ decision and requests for revisions, will be
sent by email.

Open Access Policy

This journal adhere to the best practice and high publishing standards and comply with the following
conditions:

—_

Provides immediate open access to its content on the principle that making research freely available
to the public supports a greater global exchange of knowledge;

Allows the author to hold the copyright and to retain publishing right without restrictions;

Deposits content with a long term digital preservation or archiving program;

Uses DOls as permanent identifiers;

Embeds machine-readable CC licensing information in articles;

Allows generous reuse and mixing of content, in accordance with CC BY-NC license;

Can Provide Provide article level metadata for any indexers and aggregators

Has a deposit policy registered with a deposit policy registry, e.g. Sherpa/Romeo.

O N O A WN

If you would like to make a donation and help us to support the cost of wide open access dissemination of
research results, to manage the various costs associated with handling and editing of the submitted
manuscripts, and the Journal management and publication in general, kindly please contact:
info@journal.uad.ac.id

Archiving

This journal utilizes the LOCKSS system to create a distributed archiving system among participating libraries
and permits those libraries to create permanent archives of the journal for purposes of preservation and
restoration. More...

Indexing and Abstracting
Bulletin of Electrical Engineering and Informatics indexed and abstracted by:

BASE - Bielefeld Academic Search Engine
CORE (COnnecting REpositories)

EBSCO

Goletty

Google Scholar

Indiana University

IPI Indonesian Publication Index

Islamic World science citation center (ISC)
JIB Jednotna informacni brana

JournalClick Limited

JournalTOCs (Heriot-Watt University, UK)
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Latest Journal Articles

MOBIUS (Columbia)

National Library of Czech Republic
ProQuest

Scilit

SHERPA/RoMEO

States Library New South Wales (Australia)
The European Library

The University of Hong Kong (HKU)
Western Theological Seminary
WorldCat

Publication Ethics and Publication Malpractice
Statement

This statement clarifies ethical behaviour of all parties involved in the act of publishing an article in our
journals, including the authors, the editors, the peer-reviewers and the publisher (Universitas Ahmad Dahlan
and Institute of Advanced Engineering and Science). This statement is based on COPE’s Best Practice
Guidelines for Journal Editors.

Ethical Guideline for Journal Publication

The publication of an article in a peer-reviewed IAES Journals is an essential building block in the
development of a coherent and respected network of knowledge. It is a direct reflection of the quality of the
work of the authors and the institutions that support them. Peer-reviewed articles support and embody the
scientific method. It is therefore important to agree upon standards of expected ethical behavior for all parties

involved in the act of publishing: the authors, the journal editors, the peer reviewers, the publisher and the
society.

Universitas Ahmad Dahlan (UAD) and Institute of Advanced Engineering and Science (IAES) as publisher of
this Journal takes its duties of guardianship over all stages of publishing extremely seriously and we
recognize our ethical and other responsibilities. We are committed to ensuring that advertising, reprint or
other commercial revenue has no impact or influence on editorial decisions. In addition, the UAD, IAES and
Editorial Board will assist in communications with other journals and/or publishers where this is useful and
necessary.

Publication decisions

The editors of the IAES journals are responsible for deciding which of the articles submitted to the journal
should be published. The validation of the work in question and its importance to researchers and readers
must always drive such decisions. The editors may be guided by the policies of the journal's editorial board

and constrained by such legal requirements as shall then be in force regarding libel, copyright infringement
and plagiarism. The editors may confer with other editors or reviewers in making this decision.

Fair play

An editor at any time evaluate manuscripts for their intellectual content without regard to race, gender, sexual
orientation, religious belief, ethnic origin, citizenship, or political philosophy of the authors.

Confidentiality

The editor and any editorial staff must not disclose any information about a submitted manuscript to anyone
other than the corresponding author, reviewers, potential reviewers, other editorial advisers, and the publisher,
as appropriate.

Disclosure and conflicts of interest

Unpublished materials disclosed in a submitted manuscript must not be used in an editor's own research
without the express written consent of the author.

Duties of Reviewers

Contribution to Editorial Decisions

Peer review assists the editor in making editorial decisions and through the editorial communications with the
author may also assist the author in improving the paper.

Promptness

Any selected referee who feels unqualified to review the research reported in a manuscript or knows that its
prompt review will be impossible should notify the editor and excuse himself from the review process.
Confidentiality

Any manuscripts received for review must be treated as confidential documents. They must not be shown to
or discussed with others except as authorized by the editor.

Standards of Objectivity

Reviews should be conducted objectively. Personal criticism of the author is inappropriate. Referees should
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express their views clearly with supporting arguments.

Acknowledgement of Sources

Reviewers should identify relevant published work that has not been cited by the authors. Any statement that
an observation, derivation, or argument had been previously reported should be accompanied by the relevant
citation. A reviewer should also call to the editor's attention any substantial similarity or overlap between the
manuscript under consideration and any other published paper of which they have personal knowledge.

Disclosure and Conflict of Interest

Privileged information or ideas obtained through peer review must be kept confidential and not used for
personal advantage. Reviewers should not consider manuscripts in which they have conflicts of interest
resulting from competitive, collaborative, or other relationships or connections with any of the authors,
companies, or institutions connected to the papers.

Duties of Authors

Reporting standards

Authors of reports of original research should present an accurate account of the work performed as well as
an objective discussion of its significance. Underlying data should be represented accurately in the paper. A
paper should contain sufficient detail. and references to permit others to replicate the work. Fraudulent or
knowingly inaccurate statements constitute unethical behaviour and are unacceptable.

Data Access and Retention
Authors are asked to provide the raw data in connection with a paper for editorial review, and should be
prepared to provide public access to such data (consistent with the ALPSP-STM Statement on Data and

Databases), if practicable, and should in any event be prepared to retain such data for a reasonable time after
publication.

Originality and Plagiarism

The authors should ensure that they have written entirely original works, and if the authors have used the
work and/or words of others that this has been appropriately cited or quoted.

Multiple, Redundant or Concurrent Publication

An author should not in general publish manuscripts describing essentially the same research in more than
one journal or primary publication. Submitting the same manuscript to more than one journal concurrently
constitutes unethical publishing behaviour and is unacceptable.

Acknowledgement of Sources

Proper acknowledgment of the work of others must always be given. Authors should cite publications that
have been influential in determining the nature of the reported work.

Authorship of the Paper

Authorship should be limited to those who have made a significant contribution to the conception, design,
execution, or interpretation of the reported study. All those who have made significant contributions should be
listed as co-authors. Where there are others who have participated in certain substantive aspects of the
research project, they should be acknowledged or listed as contributors. The corresponding author should
ensure that all appropriate co-authors and no inappropriate co-authors are included on the paper, and that all
co-authors have seen and approved the final version of the paper and have agreed to its submission for
publication.

Hazards and Human or Animal Subjects

If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their use,
the author must clearly identify these in the manuscript.

Disclosure and Conflicts of Interest

All authors should disclose in their manuscript any financial or other substantive conflict of interest that might
be construed to influence the results or interpretation of their manuscript. All sources of financial support for

the project should be disclosed.

Fundamental errors in published works

When an author discovers a significant error or inaccuracy in his/her own published work, it is the author’s

obligation to promptly notify the journal editor or publisher and cooperate with the editor to retract or correct
the paper.

Withdrawal of Manuscripts

Author is not allowed to withdraw submitted manuscripts, because the withdrawal is waste of valuable
resources that editors and referees spent a great deal of time processing submitted manuscript, money and
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works invested by the publisher.

If author still requests withdrawal of his/her manuscript when the manuscript is still in the peer-reviewing
process, author will be punished with paying $200 per manuscript, as withdrawal penalty to the publisher.
However, it is unethical to withdraw a submitted manuscript from one journal if accepted by another journal.
The withdrawal of manuscript after the manuscript is accepted for publication, author will be punished by
paying US$500 per manuscript. Withdrawal of manuscript is only allowed after withdrawal penalty has been
fully paid to the Publisher.

Bulletin of EEI Stats
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Brain computer interface (BCI) technology connects humans with machines
via electroencephalography (EEG). The mechanism of BCI is pattern recognition,
which proceeds by feature extraction and classification. Various feature
extraction and classification methods can differentiate human motor
movements, especially those of the hand. Combinations of these methods
can greatly improve the accuracy of the results. This article explores
the performances of nine feature-extraction types computed by a multilayer
extreme learning machine (ML-ELM). The proposed method was tested on
different numbers of EEG channels and different ML-ELM structures.
Moreover, the performance of ML-ELM was compared with those of ELM,
Support Vector Machine and Naive Bayes in classifying real and imaginary
hand movements in offline mode. The ML-ELM with discrete wavelet
transform (DWT) as feature extraction outperformed the other classification

Multilayer ELM methods with highest accuracy 0.98. So, the authors also found that
the structures influenced the accuracy of ML-ELM for different task,
feature extraction used and channel used.
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1. INTRODUCTION

Technological advances, especially in Brain—Computer Interfaces (BCls), play a crucial role in
assisting patients with physical disabilities or paralysis [1]. BCI detects the brain activity in the cortex as
electroencephalography (EEG) signals. One of the most popular BCI applications is classifying human motor
movements, especially hand movements, for various assistive robots [2, 3]. Hand movements can be
recognized and classified by various recognition/classification methods [4], [5] that distinguish between
right- and left-hand movements in real-time [6, 7] or in imagery [8, 9]. The pattern recognition method
must be optimized before implementing the EEG signal on an assistive robot that controls the robot
hand/robot therapy.

In EEG signal processing, the signal information is first extracted and then classified [9]. Among the most
popular classification methods are the support vector machine (SVM) [10, 11], linear discriminant analysis [12, 13],
artificial neural networks [14, 15], and fuzzy algorithms [16, 17]. The accuracy obtained in each
classification method also varies in each study, like the results obtained by Farooq ef al. [18]. In this research,
the classification method used the principal component analysis (PCA) and independent component analysis
(ICA) as feature extraction with the K nearest neighbor (KNN) as a classifier which obtained an accuracy

Journal homepage: http://beei.org
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rate of 80.6%. Besides that, Kevric et al. [19] also use KNN as its classifier with discrete wavelet transform
(DWT) as feature extraction. From this study, the accuracy of the system reaches 92.8%. Deep learning was
also used in this case, one of which was a study conducted by Korhan ef al. [20] who tried to solve problems
using common spatial filter (CSP) and convolutional neural network (CNN). In this study, the system reaches
an accuracy of 93.75%. However, the existing classification methods often struggle to meet the following
requirements: (1) ease of use, (2) low computational complexity, and (3) high accuracy [1], [21].
One classification methods that can achieve these criteria is the extreme learning machine (ELM) [22].

The ELM was applied to EEG classification by Tan et al. [23]. They reported that ELM delivers
excellent performance compared to other classification methods. However, other studies have reported poor
performance stability in ELM. The poor performance is caused by the randomness of assigning weights (w)
to the neurons and the threshold between the input layer and the hidden layer [24]. These problems degrade
the accuracy of ELM classification. However, the problems found in ELM have been resolved by
the existence of a multilayer extreme learning machine (ML-ELM). With its multi-layered structure,
ML-ELM overcomes the problems found in ELM. In particular, the data are transformed in each layer,
accelerating the convergence and minimizing the errors [24]. Research conducted by Duan ef al. [25] has
proven the superiority of this ML-ELM. In that study, researchers used the PCA and linear discriminant
analysis (LDA) as feature extraction with the ML-ELM as the classifier. The results obtained indicate that the
accuracy rate of this system is 94.2%. But unfortunately, Duan et al. [25] only explored the use of
ML-ELM in the extraction feature, even though many feature extractions can be used to improve
the accuracy of the classification of EEG signals such as power spectral density (PSD) and also DWT.
Therefore, to this end, the authors explore various feature extraction methods employed in previous studies,
and integrate them into a multilayer (ML) ELM classifier.

In this exploration study, the performance of hand classification will be improved by using several
step. First, the ML-ELM was paired with nine feature extractions that are popularly used in EEG.
After selecting the best feature extraction—classifier pairs, we tracked the performances of the optimized
ML-ELM classifier with different numbers of channels and different structures. To demonstrate the superior
performance of ML-ELM, the classifier was competed against the ELM, SVM and Naive Bayes (NB)
classifiers. Each of the three classifiers performed nine types of feature extractions. The nine-feature
extraction was selected because in our previous research, the features used were limited to power features
[23]. Feature extraction in EEG has many variations [26] which can be combined with ML-ELM. This
opportunity must be exploited because different feature extraction and classification methods can pool their
specific advantages to improve the accuracy of the result. The accuracy performances of the classification
methods were evaluated by the K-fold technique. The ML-ELM outperformed the other classifiers. When
paired with discrete wavelet density, ML-ELM delivered its highest performance, with the highest
classification accuracy of 0.98 (98%).

2. RESEARCH METHOD
2.1. Multilayer extreme learning machine

As explained in the previous section, ML-ELM is ELM with more than one hidden layer [27]. The last
hidden layer generally processes the ELM algorithm. To qualify as ML-ELM, some articles require the ELM
to possess more than two hidden layers [24]. ML-ELM differs from ELM in fundamental ways. ML-ELM is
based on the ELM auto-encoder [28], and is algorithmically similar to deep learning. The ELM auto-encoder
operates on the weights (w) of the hidden layers during training with unsupervised learning. However, unlike
deep learning, there is no fine-tuning in ML-ELM. The activation function in ML-ELM can be linear or
nonlinear. If the number of nodes L, in the 4-th hidden layer equals the number of nodes L;_; in the (k-1)-th
hidden layer, g is a linear function; otherwise, g is a nonlinear connection such as a sigmoidal function.
The output matrix H* of hidden layer  is given by:

H* =g (B)"H ™) )

The input layer x can be considered as the 0-th hidden layer (i.e., £ = 0). The output of the connection between
the last hidden layer and the output node ¢ is analytically calculated by the regularized least-squares method.

2.2. Dataset and system construction

The data in this research were provided by Hohyun Cho from the School of Electrical Engineering
and Computer Science, Gwangju Institute of Science and Technology, South Korea [29]. The dataset consists
of 52 data with two types of hand movements: real right- and left-hand movements, and imaginary right- and
left-hand movements. The dataset contains 64 channels of EEG data. In this study, the EEG signals in this
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dataset were extracted by several signal processing methods. The methods were evaluated on nine popular
feature extraction types used in existing studies as shown in Table 1.

Table 1. The nine feature-extraction types employed in the present study

No Feature Extraction Equation Information
1 Bandpower [30] Fres idxDelta is the power at a specific
deltaBP = w(idxDelta) frequency (bandpass).
n=1

E_F _1

Fres=—-=-"2="_

res = T
2 Hurst Coeffecient [31] Hc = log(R/S)/log(T) T is the sampling period, R/S' is

the rescaled range value.

3 Detrended Fluctuation X(k) is the EEG in the time series

Analysis (DFA) [32]

data, X,, (k) is the local trend.

1 N
F(n) = jﬁzkl(x(m ~ X, (0))?

Activity = 02, 0, 18 the average signal power or
Mobility = /(0 /07)% — (01/0,)? variance. g; and o, are variants of
Complexity = g, / o, the first and second signal
derivatives, respectively.

{xd(n)} is a sequence with d =
1,2,3...L signal intervals, each of
length M. U stands for
the normalization factor of power
in the window function. w(n)
denotes the windowed data.

4 Hijorth[31]

5 Power Spectral Density 2

1 M-1 2
(SD) [30] pd () =g | Y. xd owmyeszns

1 —M-1 i
Uu=—= w(n
ME,F(,l ]

_ 1Mt
PWelch(f) =Zzn=OPd(f)

6 Mean Absolute Value 1 Wy x is a signal in a large sample of

(MAV) [33] MAV = N leil size N, i is the sequence index.

i=1
7 Standard Deviation [33] SN (x,— 7)2 X is the average of x.
D) = (EEEE
N-1

8 Petrosian Fractal k K is the number of samples in the

Dimension (PFD) [31] PFD = logyok / | logyok + logye (m) signal. N6 denotes the number of

’ signal changes in the signal

derivative.

9 Discrete Wavelet
Transform (DWT) [34]

x[n] is a discrete-time signal,
g[.] is first passed through a half-

band high-pass filter and then
allk] = ylow[k] = Z x[n]. h[2k —n] through A[. ] in the low-pass filter.
iz dl  and al are level-l
approximation coefficients.
yhighl[k] and ylow[k] are the
outputs of the high-pass and low-
pass filters, respectively, after
subsampling.

d1[k] = yhighlk] = Zx[n].g[Zk —n]

n

Prior to extraction, the EEG signal was preprocessed through a bandpass filter operated at 8—14 Hz
with a sampling frequency of 512 Hz. For the present study, the authors chose the data on subjects 3, 5, 9, 14,
15, 35, 41, 43, 46, and 52 from the provided dataset. The preprocessed and extracted EEG signals were then
classified by various types of extraction methods applied in the literature. The classification methods
are required to discriminate between right- and left-hand movements. This study compared the results of
three classification methods: ELM, ML-ELM, SVM and NB. Figure 1 is a flowchart of the work process.
The proposed system is implemented in Python 3.6.5.
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Figure 1. Methods adopted in the present research

2.3. Testing methods and parameters

The method was tested for different numbers of channels and different structures of the ML-ELM.
The testing methods are detailed by:
Testing Method 1: The dataset was classified by pairs of classification methods. Altogether, there were 36
pairs of classification methods (nine feature extractions performed by four classifiers). Each pair was
required to classify the five selected dataset subjects on 3, 5, 9, 15, 41, or 64 channels. The details of
the channels were as follows: 3 channels: C3, Cz, C4; 5 channels: C3, C1, Cz, C2, C4; 9 channels: C3, C2,
CZ, C2,C4, FZ, FCz, CP2, Pz; 15 channels: FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPZ,
CP2, CP4; 41 channels: AF3,AFZ,AF4,F5,FC3,FC1, FCz, FC2, FC4, FC6, C5, C3, C1, Cz, C2, C4, C5, CP5,
CP3, CP1, CPZ, CP2, CP4, CP6, P5, P3, P1, Pz, P2, P4, P6, PO3, POz, PO4; and 64 channels: all channels in
the dataset. The number of neurons was 1000 in the ELM classifier and 1000 in each layer (five layers) of
the ML-ELM classifier.
Testing Method 2: Using the two feature extractions yielding the highest accuracy and the two number of
the optimal channels, the system was tested for different structures of the ML-ELM. From an initial sequence
of two layers, the ML-ELM was built to a maximum of eight hidden layers with a maximum neuron number
of 100 per layer. Before adding a new hidden layer, each neuron in the present layer was increased by ten
neurons. All tests were performed on the ten subjects selected from the dataset. The results in the following
section report the average accuracy over all subjects and all channel used, as obtained in the 5-fold evaluation.

3. RESULTS AND DISCUSSION
This section reports and discusses the results under the test scenarios described in the previous section.

3.1. Testing method 1

The results of the ML-ELM, ELM, SVM and NB methods are shown in Figures 2, 3, and 4,
respectively. Figures 2 and 3 are the performance data for each pair of classification methods. The results
contained in the Figures are the result of the accumulation of all subjects used and the entire channel used.
The accumulated results are then averaged based on feature extraction and classifier. After that, the results
are displayed in a graph contained in Figures 2 and 3. The results obtained indicate that PSD and DWT have
higher performance compared to other extraction features. This claim is found in the ELM and ML-ELM
classifier types. In the Movement type, PSD has the best accuracy on the combination with ML-ELM 0.92.
As for DWT, the performance is owned by ELM with an accuracy of 0.95.

For imagery types, ML-ELM has the best accuracy on PSD with an accuracy of 0.93. In DWT,
ML-ELM also has the best performance with a value of 0.96, while ELM has an accuracy of 0.958. Related
to the performance of each classifier, then analyzing of head-to-head comparison data is needed for each task.
It can be known by adding up the overall accuracy contained in the nine extraction features used. The best
performance data can be seen in Figure 4. The results show that ML-ELM has the best performance
compared to the other three classifiers. The total accuracy obtained by ML-ELM on the nine feature
extractions are 5.47 for movement task and 5.28 for imagery task. Even so, ELM has almost the same
performance as ML-ELM, with a value of 5.40 for imagery and 5.25 for movement.
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3.2. Testing method 2

This test was performed for different structures of ML-ELM. The test was intended to determine
the effect of changing the number of hidden layers and neurons on the accuracy results. The results
are presented in Figures 5 and 6. Labels such as "PSD-I-15" describe the feature extraction type, type of
movement (“I”” or “M”)—number of channels (15 or 41). The numbers along the x-axis are the combined
numbers of hidden layers and neurons. The number of tens symbolizes the number of hidden layers and
the unit number symbolizes the number of neurons. For example, 23 denotes three hidden layers with 1000
neurons in that layer and 30 neurons in the fourth layer. The selected numbers of channels (15 and 41)
provided the highest accuracy in the previous test. The results of the present test are the average accuracies
over the ten selected subjects.
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Figure 5. DWT performance in structure change of  Figure 6. PSD performance in structure change of
ML-ELM ML-ELM

Bulletin of Electr Eng & Inf, Vol. 9, No. 6, December 2020 : 2404 — 2410


http://repository.unej.ac.id/
http://repository.unej.ac.id/

Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 2409

From the results obtained indicate that the ML-ELM structure has a significant effect on the level of
accuracy obtained. This proves that there is a need for tuning the ML-ELM structure in different types of
tasks, feature extraction and the number of channels to get the best performance. For example in the task
movement data with DWT extraction feature using 41 channels, it is found that the average of the accuracy
of 10 subjects, the best performance is located in the 7th ML-ELM structure or with the structure [1000, 700]
which means 1000 is the first number of neurons and 700 for neurons second. Whereas in other structures, it
has fluctuating accuracy. The lowest value obtained is in the 49th structure (1000 neurons for layers 1 to 5
and 900 neurons for layer 6) with an accuracy of 0.9. Whereas the type of task imagery with DWT extraction
feature uses 41 channels, the best structure is in structure number 17 (1000 neurons for layers 1 to 2 and 700
neurons in layer 3) with an accuracy of 0.984. When viewed in the use of a different number of channels,
the best structure that is produced is also different. For example, on the use of channel number 15, DWT on
imagery task has the best performance on structure number 6, and on the movement task has the best
performance on structure number 19. This is also experienced on PSD feature extraction both on using
the different number of channels and various tasks. However, when compared, DWT still has the best
performance compared to PSD. When examined, the phenomenon that occurs in the form of fluctuating
accuracy values is caused by underfitting and overfitting problems. This can be observed from Figure 5
and Figure 6. If with the addition of structure, the accuracy rate is getting better, then the system
is underfitting. Conversely, if the addition of structure precisely decreases the accuracy level, it means the system
is overfitting.

4. CONCLUSION

The results confirmed the superior classification performance of multilayer extreme learning
machine (ML-ELM) over ELM, Support Vector Machine and Naive Bayes on almost every feature-
extraction evaluation. Moreover, ML-ELM delivered its best results with DWT as feature extraction.
The accuracy of ML-ELM depended on the number of channels used, the feature extraction, and the task.
However, the accuracy was sometimes degraded by underfitting and overfitting problems, causing accuracy
fluctuations in the results of different structure change. In this article, the combinations of feature extractions
and classification methods were somewhat limited. In future research, the underfitting and overfitting
problem will be resolved by combining ML-ELM with optimization algorithms. The second line of research
is related to combinations of feature extractions. Instead of a single feature extraction, ML-ELM can be
combined with several feature extractions. This is expected to improve the accuracy by increasing the ease of
differentiating the data. Finally, one could apply additional filters.
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