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a b s t r a c t

The success of myoelectric pattern recognition (M-PR) mostly relies on the features extracted and
classifier employed. This paper proposes and evaluates a fast classifier, extreme learning machine (ELM),
to classify individual and combined finger movements on amputees and non-amputees. ELM is a single
hidden layer feed-forward network (SLFN) that avoids iterative learning by determining input weights
randomly and output weights analytically. Therefore, it can accelerate the training time of SLFNs. In
addition to the classifier evaluation, this paper evaluates various feature combinations to improve the
performance of M-PR and investigate some feature projections to improve the class separability of the
features. Different from other studies on the implementation of ELM in the myoelectric controller, this
paper presents a complete and thorough investigation of various types of ELMs including the node-based
and kernel-based ELM. Furthermore, this paper provides comparisons of ELMs and other well-known
classifiers such as linear discriminant analysis (LDA), k-nearest neighbour (kNN), support vector machine
(SVM) and least-square SVM (LS-SVM). The experimental results show themost accurate ELM classifier is
radial basis function ELM (RBF-ELM). The comparison of RBF-ELM and other well-known classifiers shows
that RBF-ELM is as accurate as SVM and LS-SVM but faster than the SVM family; it is superior to LDA and
kNN. The experimental results also indicate that the accuracy gap of the M-PR on the amputees and non-
amputees is not toomuchwith the accuracy of 98.55% on amputees and 99.5% on the non-amputees using
six electromyography (EMG) channels.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Ahand disability is one of themost frequent disability problems
that occur in the community. The hand disability can be caused by
either amputation or a motor function problem. The development
of the perfect technology for hand rehabilitation is a challenging
task. Various cutting-edge technologies have been developed to
deal with the hand rehabilitation. For hand amputees, Touch
Bionics Limited has introduced a revolutionary prosthetic hand
named iLimb (TouchBionics, 2007). The iLimb looks like a natural
hand, and it is designed in such a way that it conforms around the
shape of an object being grasped. I-LIMB has five fingers so that

⇤ Correspondence to: Faculty of Engineering and Information, University of
Technology, Sydney, Building 11 RoomW9.205.20, 15 Broadway, UltimoNSW2007,
Australia.

E-mail address: Khairul.Anam@student.uts.edu.au (K. Anam).

it can perform a large number of finger configurations. Another
example of a bionic hand that is available in the market is a
bebionic hand by RSLSteeper (Scheme & Englehart, 2011). Thus,
the hardware of the robotic hands thatmimic the hand in the shape
and functionality is available. These sophisticated prosthetic hands
need a sophisticated control system that can be applied in the real-
time application. In addition, the control system should work in
agreement with a human’s desire to enhance the convenience of
the wearer. A so-called myoelectric control system (MCS) which
utilized apattern-recognitionmethod canbe employed tomeet the
demands of the control system on the dexterous prosthetic hand
(Oskoei & Hu, 2007).

Feed-forward neural networks (FFNNs) or multi-layer percep-
tron (MLP) have become a popular classifier in the field of my-
oelectric pattern recognition system (M-PR). To the best of the
authors’ knowledge, Uchida, Hiraiwa, Sonehara, and Shimohara
(1992)were the first researchers implementing FFNNs on theM-PR
for finger movement classification. In the proposed system, FFNNs

http://dx.doi.org/10.1016/j.neunet.2016.09.004
0893-6080/© 2016 Elsevier Ltd. All rights reserved.

Digital Repository Universitas Jember

http://dx.doi.org/10.1016/j.neunet.2016.09.004
http://www.elsevier.com/locate/neunet
http://www.elsevier.com/locate/neunet
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neunet.2016.09.004&domain=pdf
mailto:Khairul.Anam@student.uts.edu.au
http://dx.doi.org/10.1016/j.neunet.2016.09.004
http://repository.unej.ac.id/
http://repository.unej.ac.id/

	Neural Networks
	Evaluation of extreme learning machine for classification of individual and combined finger movements using electromyography on amputees and non-amputees
	Introduction
	Extreme learning machine (ELM)
	The development of ELM
	Basic concept of ELM
	Kernel based ELM

	ELM based classification for the myoelectric finger motion recognition
	Proposed system
	Data acquisition and processing
	Subjects
	Acquisition device
	Acquisition protocol
	The channel number
	Data segmentation
	Feature extraction
	Dimensionality reduction
	Classification
	Post-processing
	Simulation environment


	Experiments and results
	The number of channels
	Window length
	Feature extraction
	Feature reduction
	Majority vote
	Classification
	ELM performances
	ELM and other classifiers
	Two-channel experiment
	Towards real-time implementation

	Discussion

	Conclusion
	Acknowledgements
	References


