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1 Angkoon Phinyomark, Pornchai Phukpattaranont, and 2554 Application of wavelet analysis in EMG Measurement Science Review 11 2 45-52 English 100 0.400
Chusak Limsakul feature extraction for pattern classification

2 Angkoon Phinyomark, Pornchai Phukpattaranont, and 2554 Wavelet based denoising algorithm for robust | Fluctuation and Noise Letters 10 2 157-167 English 100 0.317
Chusak Limsakul EMG pattern recognition
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Pornpana Suklaead, Pornchai Phukpattaranont Positions for EMG Pattern Classification Based

and Chusak Limsakul on Linear and Non-linear Features
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Application of Wavelet Analysis in EMG Feature Extraction
for Pattern Classification
A. Phinyomark', C. Limsakul, P. Phukpattaranont

Department of Electrical Engineering, Faculty of Engineering, Prince of Songkla University,
15 Kanjanavanich Road, Kho Hong, Hat Yai, 90112, Songkhla, Thailand, 'angkoon.p@hotmail.com

Nowadays, analysis of electromyography (EMG) signal using wavelet transform is one of the most powerful signal processing
tools. It is widely used in the EMG recognition system. In this study, we have investigated usefulness of extraction of the EMG
features from multiple-level wavelet decomposition of the EMG signal. Different levels of various mother wavelets were used to
obtain the useful resolution components from the EMG signal. Optimal EMG resolution component (sub-signal) was selected and
then the reconstruction of the useful information signal was done. Noise and unwanted EMG parts were eliminated throughout
this process. The estimated EMG signal that is an effective EMG part was extracted with the popular features, i.e. mean absolute
value and root mean square, in order to improve quality of class separability. Two criteria used in the evaluation are the ratio of a
Euclidean distance to a standard deviation and the scatter graph. The results show that only the EMG features extracted from
reconstructed EMG signals of the first-level and the second-level detail coefficients yield the improvement of class separability in
feature space. It will ensure that the result of pattern classification accuracy will be as high as possible. Optimal wavelet
decomposition is obtained using the seventh order of Daubechies wavelet and the forth-level wavelet decomposition.

Keywords: Electromyography signal, EMG, feature extraction, wavelet transform, mean absolute value, root mean square,

multi-resolution analysis

1. INTRODUCTION

LECTROMYOGRAPHY (EMGQG) signal is one of the

most important physiological signals that are widely

used in clinical and engineering applications [1-2]. In
order to use the EMG signal as a diagnostic tool or a control
signal, feature extraction technique becomes a significant
step to achieve good classification performance on EMG
recognition systems. In the last decade, wavelet transform
(WT) became an effective tool to extract useful information
from the EMG signal [3]. A wide class of literatures has
focused on the evaluation and investigation of an optimal
feature extraction obtained from wavelet coefficients [4-11].
Many applications have been proposed, such as studies of
combat sports and martial arts strikes [4], characterization of
low back pain [5], determination of muscle fatigue for an
automated system [6], estimation of knee joint angle for
control of leg prostheses [7], determination of muscle
contraction during human walking [8] and identification of
hand motion commands for control of upper-limb prostheses
[9-12]. Most of the research works have paid more attention
to identifying hand motion commands. Hence, in our study,
the EMG data that were recorded during six daily-life upper-
limb movements from two useful forearm muscles were
deployed as a representative EMG signal.

WT is a time-frequency analysis method that is successful
in the analysis of non-stationary signals including the EMG
signal. However, the WT yields a high-dimensional feature
vector [9]. Commonly, the high dimensionality of a feature
vector causes an increase in the learning parameters of a
classifier [10]. Hence, reduction of dimensions of the feature
vector without loss of classification accuracy is required.
Moreover, the dimensionality reduction method can increase
both classifier speed and classification accuracy [10-12]. For
this reason, in wavelet analysis, selection of an optimal
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dimensionality reduction method is essential before
applying the feature vector to a classifier.

Feature projection is the popular way to reduce dimensions
of the feature vector. Linear and non-linear transformation
methods are critical to the success of the time-frequency
based feature sets during the last decade. Englehart et al.
[10] extracted a feature vector through the WT and used
principal component analysis (PCA), a common linear
transformation method, for dimensionality reduction.
Moreover, various types of the transformation method have
been proposed, such as a combination between PCA and a
self-organizing feature map (SOFM) [11], nonlinear
discriminant analysis (NLDA), and linear discriminant
analysis (LDA) [12]. Another approach that is frequently
used for dimensionality reduction is the simple time domain
and frequency domain extraction method [4, 7, 13-17], such
as mean absolute value (MAV), energy, variance, zero
crossing (ZC), mean and median frequency, and auto-
regressive coefficients (AR). In this study, we used two
popular and successful EMG features in both clinical and
engineering applications, root mean square (RMS) and
MAV [2, 18], as the representative features.

The main benefit of the WT is generation of the useful
subset of the frequency components or scales of the
interested signal, whereas all research works introduced
above used all components or scales as a feature vector for a
classifier. In this study, we have investigated the usefulness
of an extraction of EMG features from some effective
wavelet components or scales instead of extracting features
from all wavelet components [19-20]. The useful resolution
components from the EMG signal were generated and
selected [17, 19]. Noise and unwanted parts were reduced
effectively through the selection of the valuable frequency
components [20]. In addition, to extract the successful EMG
information, a suitable wavelet basis function should be
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A successful pre-processing stage based on wavelet denoising algorithm for electromyog-
raphy (EMG) signal recognition is proposed. From the limitation of traditional universal
wavelet denoising, the optimal weighted parameter is assigned for universal threshold-
ing method. The optimal weight for increasing EMG recognition accuracy is 50-60%
of traditional universal threshold with hard transformation. Experimental results show
that it improved approximately from 2 to 50% of recognition accuracy for EMG with
signal-to-noise ratio (SNR) in the range of 20 to 0 dB compared to a baseline system
(without pre-processing stage) and traditional universal wavelet denoising. The results
are evaluated through a large EMG dataset with seven kinds of hand movements and
eight types of muscle positions.

Keywords: Electromyography (EMG) signal; white Gaussian noise; wavelet transform;
wavelet denoising; robust recognition.

1. Introduction

The EMG signal is one of the useful electrophysiological signals. It is measured
by surface electrodes that are placed on the skin superimposed on the muscle. A
compound of the whole motor unit action potentials (MUAPS) occurred in the
muscles subjacent to the skin. The MUAPs are useful information in a number of
medical and engineering applications. For instance, EMG signals are used for the
diagnosis of neuromuscular and neurological problems in the clinic [1, 2] and also
are used in the control of assistive devices and rehabilitation systems such as a
prosthesis, electric-powered wheelchair, and exoskeleton robotic arm in engineering
[3, 4]. Normally, in order to use the EMG signal as a diagnosis tool or a control
signal, a feature is often extracted before performing the classification stage because
a lot of information is obtained from the raw EMG data [5]. However, EMG signals
that originate in various muscles and activities are also contaminated by various
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Abstract

Electric Power Wheelchairs (EPWSs) are becoming increasingly important in assistive technology and reha-
bilitation devices. Normally EPWs are controlled by a joystick. However, this may not be suitable for disabled
people who lack full control of their upper-limbs. Recent advances in the control of EPWs based on electro-
myography (EMG) signals are able to meet the needs of users with restricted limb movement and provide
high performance control. Hence, EPWs controlled by EMG signals are highly appropriate for elderly and
disabled users. The purpose of this article is to review the state-of-the-art of EMG controlled EPWs and to
present the achievements so far in this technology. A study of a variety of methods for EMG-based control in
literature was studied here. Two types of control methods for EPWs, pattern recognition and hybrid recogni-
tion systems are discussed. Four major criteria are applied to compare the quality of control resulting from
the use of these control methods: Accuracy of control, response time or real-time operation, robustness, and
intuitiveness of control. Based on these four criteria, the use of the support vector machine classifier using
features based on the time domain such as mean absolute value, waveform length, and zero crossing are
suggested for the pattern recognition method. Furthermore, a combination of the pattern recognition and
non-pattern recognition methods is recommended in order to increase the control commands by use of a
small number of muscle positions.

Keywords
Classification, Electric power wheelchair, Electromyography signal, Feature extraction, Hybrid system, Myo-
electric control, Pattern recognition.

hands-free human-machine interfaces (HMIs) have been
proposed during the last two decades, notably, vision-
based, head or hand gesture [2,3], voice recognition
[4,5], sip and puff [6], head or chin control [7], ultrasonic
non-contact head control [8], electrooculography (EOG)
eye tracking control [9], electroencephalography (EEG)
signal based control [10] and electromyography (EMG)

1. Introduction

Recently, electric power wheelchairs (EPWs) have
become increasingly important as assistive technology
and rehabilitation devices, and the number of EPW users
has grown considerably. The survey study conducted
by Fehr et al. [1] found that wheelchairs controlled by

joysticks make up 81% of all types of EPWs. However,
there are limitations inherent in the traditional user inter-
faces currently available to control EPWs for elderly and
disabled people who lack full control of their upper or
lower limbs as a result of, notably, spinal cord injuries,
quadriplegia, hemiplegia, Parkinson’s disease or mus-
cular dystrophy. Nearly half of the people in Fehr et al.
[1] survey could not control EPWs using conventional
controller interfaces. The authors suggested that approxi-
mately one quarter of a million users would benefit if
new controller interfaces accommodating their needs
and abilities were developed.

Many advanced alternative controllers or advanced
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signal based control [11,12]. However, each alternative
controller has its own disadvantages. For instance, vision
based head gesture control is unnatural because the user
is normally not allowed to look around while the control
is in active mode, an unsatisfactory restriction for the
user. Voice recognition and vision gesture have major
operational problems in noisy or outdoor environments
which limits their usage. Sip and puff, and chin control
are uncomfortable when used for a long time, and ultra-
sonic non-contact head controllers have a relatively low
standard of performance.

Recent advances in the control of EPWs based on elec-
trophysiological signals (EPSs) can meet the needs of

IETE TECHNICAL REVIEW | VOL 28 | ISSUE4 | JUL-AUG 2011
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Electromyography (EMG) signal is a useful signal in various medical and engineering
applications. To extract the useful information in the EMG signal, feature extraction
method should be performed. The extracted features of the EMG signal are usually cal-
culated based on linear or statistical methods, but the EMG signal exhibits the nonlinear
and more complex in the properties. With recent advances in nonlinear analysis we are
proposing the study of the EMG signals from upper-limb movements using Detrended
Fluctuation Analysis (DFA) method. This study used EMG signals obtained from eight
upper-limb movements and five muscle positions as representative EMG signals. The
usefulness of the DFA method has been proposed to discriminate the upper-limb move-
ments. Complete comparative studies of an optimal parameter of the DFA method were
performed. From the viewpoints of maximum class separability, robustness, and com-
plexity, scaling exponent obtained from the DFA method shows the appropriateness to
be used as a feature in the classification of the EMG signal. From the experimental
results, an optimal DFA method is obtained under these conditions: the minimum box
size is approximately four, the maximum box size is one-tenth of the signal length, the
box size increment is based on a power of two, and the quadratic polynomial fits is used
in the fitting procedure. Moreover, the classification performance of the DFA method is
better than other existing nonlinear methods, including the Higuchi’s method.

Keywords: Electromyography (EMG) signal; Detrended Fluctuation Analysis (DFA);
fractal dimension; feature extraction; robust pattern recognition.
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Electromyography (EMG) signal is a useful signal in various medical and engineering applications.
To extract the useful information in the EMG signal, feature extraction method should be performed.
The extracted features of the EMG signal are usually calculated based on linear or statistical meth-
ods, but the EMG signal exhibits the non-linear and more complex in the properties. With recent ad-
vances in non-linear analysis we are proposing the study of the EMG signals from upper-limb
movements using detrended fluctuation analysis (DFA) method. This study used EMG signals ob-
tained from eight upper-limb movements and five muscle positions as representative EMG signals.
The usefulness of the DFA method has been proposed to discriminate the upper-limb movements.
Complete comparative studies of an optimal parameter of the DFA method were performed. From
the viewpoints of maximum class separability, robustness, and complexity, scaling exponent ob-
tained from the DFA method shows the appropriateness to be used as a feature in the classification
of the EMG signal. From the experimental results, an optimal DFA method is obtained under these
conditions: the minimum box size is approximately four, the maximum box size is one-tenth of the
signal length, the box size increment is based on a power of two, and the quadratic polynomial fits is
used in the fitting procedure. Moreover, the classification performance of the DFA method is better
than other existing non-linear methods, including the Higuchi’s method.

Keywords: Electromyography (EMG) signal; detrended fluctuation analysis (DFA); fractal dimen-
sion; feature extraction; robust pattern recognition.

1. Introduction

Electrophysiology is an investigation of the electrical properties of the biological cells.
One of the most important kinds of electrophysiological signals is the surface electromy-
ography (EMG) signal. It is acquired from surface electrodes that are put directly on the
skin. It compounds a whole muscle fiber action potentials occurring in the muscles under-
lying the skin. The major properties of the surface EMG signal are complexity, random-
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Abstract

Based on recent advances in non-lincar analysis, the surface electromyography (SEMG) signal has been studied
from the viewpoints of self-affinity and complexity. In this study, we examine usage of critical exponent analysis
(CE) method, a fractal dimension (FD) estimator, to study properties of the SEMG signal and to deploy these
properties to characterize different movements for gesture recognition. SEMG signals were recorded from thirty
subjects with seven hand movements and eight muscle channels. Mean values and coefficient of variations of the
CE from all experiments show that there are larger variations between hand movement types but there is small
variation within the same type. It also shows that the CE feature related to the self-affine property for the SEMG
signal extracted from different activities is in the range of 1.855~2.754. These results have also been evaluated
by analysis-of-variance (p-value). Results show that the CE feature is more suitable to use as a learning
parameter for a classifier compared with other representative features including root mean square, median
frequency and Higuchi’s method. Most p-values of the CE feature were less than 0.0001. Thus the FD that is
computed by the CE method can be applied to be used as a feature for a wide variety of sSEMG applications.

Keywords: biomedical signal processing, electromyography signal, feature extraction, fractal analysis, human-
machine interface, pattern classification.
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1. Introduction

A surface electromyography (SEMG) signal is one of the most valuable electro-
physiological signals. It is generally used to measure activities of the muscles and offers
useful information for the study of numerous clinical and engineering applications [1-2]. In
engineering applications, the use of the SEMG signal as an effective signal for the control of
assistive devices based on gesture recognition has currently gained a high interest. This is due
to the fact that the use of the SEMG signal is very easy, fast and convenient. In order to use
the sSEMG signal as a control signal, the feature extraction method should be used before the
classification step because the raw SEMG signal contains a lot of hidden information in a
huge data [2-3].

Feature extraction is a method to preserve the useful SEMG information and discard the
undesirable SEMG parts [3]. Over the last two decades, a lot of techniques have been
proposed and we can classify these techniques into two main types [3-8]:

— linear and non-linear analysis techniques,
— time and frequency domain techniques.

Linear analysis techniques based on time domain and frequency domain are most
frequently used in SEMG recognition systems [3-5]. Features in these groups are used to
describe characteristics of the SEMG signals based on an analysis of the mathematical

Article history: received on Aug. 12, 2011; accepted on Nov. 16, 2011; available online on Dec. 12, 2011.
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Wheelchair Control Based on Bioimpedance
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ABSTRACT

This article presents a novel design and develop-
ment on bioimpedance-based wheelchair control for
the disabled people and the elderly. We use three
electrodes to measure two channels of bioimpedance
from the trapezius muscle. Bioimpedance changes
when there is a movement in the segment of trapezius
muscle. We can classify six types of motions result-
ing in six operation capabilities for wheelchair con-
trol based on six types of shoulder movements, i.e.
left shoulder up, right shoulder up, and both shoul-
der up for short time and long time. Our system
is composed of the modified Howland current bridge
circuit, which supplies the 0.5 mA. ac current to the
measurement system at the frequency of 50 kHz. NI
PCI-6250 DAQ board was adopted to collect the data
and Labview 8.2 was used to implement the signal
processing and control system. Algorithms applied
in the system are an automatic threshold value ad-
justment, which adapt its value to the measured sig-
nal. Pump value detection is used to detect the unex-
pected large change of the signal to avoid the wrong
operation. Results indicate that the change of signal
according to the shoulder movement is very stable.
Moreover, we can use the shoulder movement to con-
trol LED on Labview8.2 with an accuracy of 100%.
In addition, the proposed system is evaluated by con-
trolling a model wheelchair on a computer. Results
show that we can control the wheelchair smoothly on
the complicated map.

Keywords: Bioimpedance, wheelchair, motion de-
sign, shoulder movement

1. INTRODUCTION

Recently, a large amount of rehabilitative devices
is required by many populations who have diseases
such as myelopathy, upper limb disabled, lower arm
disabled, loss of skeletal muscle control from below
the shoulders, and hand amputees. The limitations
imposed by these diseases deprive the injured individ-
uals from operating electronic devices. Besides the
drastic quality of life reduction directly imposed by
the impairments, individuals also face a communica-
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Engineering, Faculty of Engineering, Prince of Songkla Univer-
sity Hat Yai, Songkhla, Thailand, 90112.
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tion shutdown as they are often incapable of operat-
ing devices that make possible to communicate with
others (computer, cell phone, and PDA etc.). It is
a worldwide concern to restitute disabled users com-
municative and control skills to improve their quality
of life. Therefore, human machine interface comes
with these reasons. As we know, the main studies
in this field are prosthesis and wheelchair. Prosthe-
sis is the most important and is in commercial ap-
plication. However, wheelchair is also a very useful
application. In this paper, we are focusing on hu-
man machine interface for disabled people applied on
a wheelchair control. There are researchers who stud-
ied the EMG-based electric wheelchair control [1]-[4].
In the recent few years, researchers have started to
study the use of bioimpedance on movement anal-
ysis [7]-[10]. However, none of these studies have
examined a bioimpedance-based wheelchair control.
In our study, we proposed to use the bioimpedance
from shoulders to analyze the human movement and
develop a hand-free wheelchair control to help the
disabled people with the high level spinal cord in-
jury, quadriplegia and others who can not use their
hands. In order to complete the basic function of
the wheelchair operation, four classes of motions are
required, i.e. run, stop, turn left, and turn right.

The main characteristics of segment movement
analysis using bioimpedance are as follows:

1) When we excite a constant current, the
bioimpedance change between the measuring elec-
trodes is directly proportional to the intensity of seg-
ment movement.

2) Bioimpedance signals are time and spatial in-
variant on a given segment of limbs and the chest for
healthy subjects at rest [5].

3) Bioimpedance almost can be considered as the
kinematic information because its change follows the
segment movement [6].

2. THEORY
2.1 Four electrodes system

The four electrodes method is a widely accepted
technique used to measure the bioimpedance. The
four electrodes method uses two electrodes to sup-
ply current to the tissue and another two electrodes
to measure the bioimpedance. As a result, the bio-
impedance z can be calculated by

z = 7, (1)



European Journal of Scientific Research

ISSN 1450-216X Vo0l.62 No.1 (2011), pp. 24-34
© EuroJournals Publishing, Inc. 2011
http://www .eurojournals.com/ejsr.htm

Evaluation of Movement Types and Electrode Positions for
EMG Pattern Classification Based on Linear and
Non-linear Features

Angkoon Phinyomark
Department of Electrical Engineering, Prince of Songkla University
15 Kanjanavanich Road, Kho Hong, Hat Yai
Songkhla 90112 Thailand
E-mail: angkoon.p@hotmail.com

Montri Phothisonothai
College of Research Methodology and Cognitive Science
Burapha University
Chonburi 20131, Thailand

Pornchai Phukpattaranont
Department of Electrical Engineering, Prince of Songkla University
15 Kanjanavanich Road, Kho Hong, Hat Yai
Songkhla 90112 Thailand

Chusak Limsakul
Department of Electrical Engineering, Prince of Songkla University
15 Kanjanavanich Road, Kho Hong, Hat Yai
Songkhla 90112 Thailand

Abstract

Fractal dimension (FD) obtained from the critical exponent analysis (CEA) method
is established as one of the useful extracted features for the electromyography (EMG)
pattern classification. The CEA method is a fractal estimator based on frequency domain
analysis. It has led to understand a self-affinity and a complexity of the EMG signal. To
yield an optimal performance in EMG signal classification, selections of movement types
and electrode placements are the important issues. In this study an evaluation of both issues
is proposed by using the separation ability of the CEA feature and another popular feature,
root mean square (RMS). Seven daily-life hand movements and eight useful muscle
electrode positions from ten healthy subjects are proposed in the experiments. The optimal
movement types and electrode positions are evaluated and displayed using an analysis-of-
variance (p-value) and the multiple comparisons. The results indicate that p-values of the
FDs for six muscle positions are less than 0.0001; while that of the RMS for two electrode
placements are less than 0.001. For optimization of the movement types, among seven
movements, results obtained from multiple comparisons of the FDs show that four
movements, including hand open, hand close, wrist flexion and wrist extension, have a
good ability to be used in the EMG upper-limb movement classification. On the other hand,
forearm pronation and forearm supination movements are difficult to be classified for both
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