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Preliminary results of a computer based system

for acquisition and processing of ECG signals
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Abstract - We present the preliminary results of a computer based system for acquisition and
processing of ECG signals in this paper. The proposed system is capable of acquiring, storing, and
analyzing an ECG signal. The system is composed of two main parts, i.e. hardware and software. The
hardware part consists of an instrumentation amplifier, a notch filter, and a non-inverting amplifier.
Based on the proposed hardware, the ECG signal from human body was amplified with a gain of
1000 and 50-Hertz power line interference was removed. The amplified ECG signal can be stored in
a digital storage for later analysis. The software part comprises noise removal and ECG peak (R
wave) detection algorithms. Results from the proposed system shows that it is capable of acquiring
ECG data from a volunteer. The peak detection algorithm was evaluated with two sets of ECG data:
ECG from the volunteer and ECG from the MIT-BIH Arrhythmia Database. The analytical results
show the correct detection of ECG peaks for both data.

Keywords - Electrocardiogram (ECG), Signal Processing, R Wave Detection, Data Acquisition
System.
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Time-Dependent EMG Power Spectrum Features of Biceps Brachii
During Isotonic Exercise
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Abstract— Median frequency and mean frequency
(MDF and MNF) features are global used methods of EMG
power spectrum to assess muscle fatigue. However, a disad-
vantage of these parameters is a non-linear relationship with
muscle load or force, especially in dynamic contraction and
in large muscle. Instead of using a whole signal fast Fourier
transformation (FFT), a concept of using consecutive FFT
has been proposed. In order to analyze EMG power spec-
trum in both of muscle fatigue and muscle load indices, we
investigate time dependence of MDF and MNF of a time-
sequential data, which are called “Time-Dependent MDF
and MNF” (TD-MDF and TD-MNF). The performances of
TD-MDF and TD-MNF used determine muscle load are
proposed. Furthermore, the effects of window size and win-
dow overlapping are evaluated. EMG signals were acquired
by two electrodes on biceps brachii (BB) muscle. EMG
signals were recorded from four normal subjects with dif-
ferent loads: two, four, six and eight kg. EMG signals were
measured during round-trip isotonic contraction with three
seconds in range of 0-180 degrees. The sampling rate was
set to 1024 Hz and a 20-500 Hz band-pass filter was used.
After that TD-MDF and TD-MNF were extracted and were
compared with MDF and MNF features that were calculated
based on the whole data. Lastly, optimal window size and
overlapping were selected. Results showed that the pro-
posed methods have a linear relationship with muscle loads.
In other words, a significant difference between TD-MDF
(and TD-MNF) value for different loading conditions
(p<0.001) was observed. The TD-MDF and TD-MNF of
isotonic EMG data showed a dynamical change with respect
to time and it was found that there was a certain pattern of
TD-MDFs and TD-MNFs for each data and each subject
that was not found for traditional MDF and MNF features.
The selection of suitable range of TD-MDF (and TD-MNF)
features vector will offer better separability of muscle load
and will provide less variation of feature value. The meth-
ods of overlapping consecutive windows have better ability
than disjoint consecutive methods. Moreover, some statistic
parameters are suggested to apply with selected efficient
TD-MDF (or TD-MNF) feature vectors in order to be easily
observed and used in application.

Keywords— Isotonic contraction, Power spectrum, Mean
frequency, Median frequency, Electromyography (EMG)
signal.

I. INTRODUCTION

Surface electromyography (EMG) signal is a method to
measure electrical activity which exists and compounds
from muscle action potential. It is usually used to identify
muscle load or muscle force, and analyze muscle fatigue.
The commonly quantitative used method in detection of
muscle load is feature based on time domain such as root
mean square (RMS), integral of EMG (IEMG), and zero
crossing per second. Nevertheless, an analysis of time do-
main features for muscle fatigue detection is a drawback.
Ordinarily, frequency parameters i.e. MDF and MNF are
used to ascertain fatigue of the muscle. However, perfor-
mance of MDF and MNF features used in determining mus-
cle force illustrates the contradiction findings [1-8]. A num-
ber of literatures [1-2] show that MDF and MNF values
increase with force levels. On the contrary, the decrease of
MDF and MNF values with force levels is demonstrated [3-
4] and in some experimental results, the values of MDF and
MNF become independent of contraction levels [5-6]. All of
these literatures are analyzed with the EMG signals record-
ed from BB muscle during isometric or static contraction.
Moreover, a non-linear relationship with muscle load is also
investigated in isotonic or dynamic contraction [7], and in
large muscle [8]. In this study, instead of using a whole
signal FFT, a concept of using consecutive FFT has been
proposed for resolving the above problems.

Il. METHODS
A. Time-Dependent MDF and MNF methods

In order to analyze EMG power spectrum in both of
muscle fatigue and muscle load indices, we investigate TD-
MDF and TD-MNF methods. The performances of these
methods used to determine muscle load and muscle fatigue
are proposed and the effects of window size and window
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Abstract— Eyes need regular exercise in order to keep
them healthy, just like any other muscles in the body. The
aims of eye exercises are to strengthen the eye muscles and
improve the vision. Recently, in order to promote the eye
exercises in daily life of human, development of an eye
training recognition system is proposed. Various kinds of
eye exercise can be detected based on classification of
electrooculography (EOG) signal. In this paper, simple and
efficient eye exercises are studied and optimal discriminant
algorithm for EOG classification is proposed. Five surface
electrodes are put around the eyes. Horizontal signals are
acquired by two electrodes on right and left of outer canthi.
Vertical signals are acquired on above and below of right
eye. A reference electrode is placed on forehead. The EOG
signals were recorded from three normal subjects with
eleven eye exercises: eyes move-up, -down, -left, and -right,
eyes look to left and right cheeks, eyes look to left and right
tail eyebrows, eyes move clockwise and counterclockwise,
and eyes close. The sampling rate is set to 1024 Hz. In order
to discriminate these activities, raw bio-electrical signals are
separated into two efficient frequency bands. A 1-10 Hz
band-pass filter is used for detecting low frequency band of
EOG signal (trend) and a 10-45 Hz band-pass filter is used
for detecting EOG signal at high frequency band and
electromyography (EMG) signal (fluctuation). After that
unique time domain feature from fluctuation are extracted.
Lastly, the optimal threshold values are selected to
discriminate both of trend and fluctuation of these activities.
Results show that the proposed algorithm can successfully
classify EOG signals from various eye activities based on
the waveform shapes and frequency components of EOG
signals.

Keywords— Eye exercise, Eye movement, Threshold
analysis, Classification, Electrooculography (EOG) signal.

I. INTRODUCTION

Eyes are one of the most important organs of the body.
Hence, they need regular exercise for maintain them
healthy, just like any other part of the body. The aims of eye
exercises are to strengthen the eye muscles, and maintain
the flexible lenses and sharper vision. Unfortunately, over
the last decade the number of people who wear glasses and
the number of computer users and television viewers have
been drastically increased. For this reason, people who
spend hours on the computer or television each day should

take 5-10 minutes per day for a few of the eye exercises [1].
In this study, in order to promote the eye exercise in daily
life of human, development of the eye exercise recognition
is proposed. EOG signal, a bio-electrical signal from the
change in eye position, is used to record eye movements. It
is an electrical signal generated by the potential difference
between the cornea and the ocular fundus which is
commonly referred to as cornea-retinal potential (CRP) [2].
This potential difference comes from the large presence of
electrically active nerves in the retina equate to the front of
the eye and the potential can be considered as a steady
electrical dipole with a positive pole at the cornea and a
negative pole at the retina [3]. Because of its relatively
large amplitude (15-200 pV) compared to other bio-
electrical signals, about linear relationship between EOG
signal and eye movements, and easy waveform detection,
the EOG signal may look like an ideal candidate for an eye
exercise recognition system. Therefore, the various kinds of
eye activities can be detected based on the classification of
EOG signal. Finally, the simple and efficient eye trainings
are selected and optimal discriminant algorithm is proposed.

Il. METHODS AND EXPERIMENTAL RESULTS
A. Data acquisition

Independent measurement can be obtained from both
eyes. However, two eyes move in conjunction in the vertical
direction. Hence, for the vertical signal, only one eye is
used. Five surface electrodes were put around the eyes, as
shown in Fig. 1. Vertical leads are acquired on the above
and below of the right eye (Ch.V+ and Ch.V-). Horizontal
leads are acquired by two electrodes on the right and left of
outer canthi (Ch.H+ and Ch.H-). A reference electrode is
placed on the forehead (G). All EOG signal recordings were
carried out using a Mobhi6-6b (TMS International BV,
Netherlands). A band-pass filter of 1-500 Hz bandwidth and
an amplifier with 19.5 times are set for the system. The
sampling rate is set to 1024 Hz.

The EOG signals were recorded from three normal
subjects with thirteen eye exercises: eyes move-up, -down, -
left, and -right, eyes look to left and right cheeks, eyes look
to left and right tail eyebrows, eyes look to left and right
shoulders, eyes move clockwise and counterclockwise, and
eyes close. All of these activities were hold 3 seconds. The
direction of these eye exercises are shown in Table 1. Each
activity was performed ten times throughout a trial. For
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Optimal Wavelet Functions in Wavelet
Denoising for Multifunction Myoelectric
Control
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ABSTRACT

Wavelet analysis is one of the most important
methods for analyzing the surface Electromyography
(SEMG) signal. The aim of this study was to investi-
gate the wavelet function that is optimum to identify
and denoise the sEMG signal for multifunction myo-
electric control. This study is motivated by the fact
that there is no universal mother wavelet that is suit-
able for all types of signal. The right wavelet function
becomes to achieve the optimal performance. In this
study, the optimal wavelets are evaluated in term of
mean square error of two criterions, namely denois-
ing and reconstruction. Fifty-three wavelet functions
are used to perform an iterative denoising and re-
construction on different noise levels that are added
in SEMG signals. In addition, various possible de-
composition levels and types of wavelets in the de-
noising procedure are tested. The results show that
the best mother wavelets for tolerance of noise in de-
noising are the first order of Daubechies, BioSplines,
and ReverseBior but the classification results are not
recommended. The fifth order of Coiflet is the best
wavelet in perfect reconstruction point of view. Var-
ious families can be used except the third order of
BiorSplines and Discrete Meyer are not recommended
to use. Suitable number of decomposition levels is
four and optimal wavelets are independent of wavelet
denoising algorithms.

Keywords: Wavelet, Wavelet Function, Denoising,
EMG, Electromyography, Myoelectric Control

1. INTRODUCTION

Surface electromyography signal is one of the most
significant biomedical signals [1]. Tt is widely studied
and applied in clinic. This is owing to the fact that
the use of sSEMG signal is very easy, fast and conve-
nient. In other words, sEMG signal is more advantage
than the other biomedical signal such as Electroocu-
lography (EOG), and Electroencephalography (EEG)

Manuscript received on August 1, 2009 ; revised on October
16, 2009.

12,3 The authors are with Department of Electrical Engi-
neering, Faculty of Engineering, Prince of Songkla University,
Hatyai, Songkhla, Thailand, E-mail: angkoon.p@hotmail.com,
chusak.l@psu.ac.th, and pornchai.p@psu.ac.th

signals in because of its higher amplitude and signal
to noise ratio (SNR) [2]. Feature extraction is the
method that uses to model and analyze sEMG signal.
It is an important stage to achieve the better perfor-
mance in myoelectric control. Feature extraction can
be divided into three groups [3]. Firstly, time domain
group is very easy to understand and calculate such
as mean absolute value and root mean square. Nev-
ertheless, features in time domain group were limited
successful because these methods assume that sEMG
signal is stationary, while the sEMG signal is non-
stationary. In addition, the time domain is very sensi-
tive with various noises. Thus changing trend toward
the use of information contained in frequency domain,
some characteristic variables in power spectral den-
sity are presented. Mean frequency and median fre-
quency are the most popular frequency method but it
is not usefulness in multifunction myoelectric control
[4]. Current advances in time-frequency analysis are
crucial to understand the complexity of SEMG signal
[5]. Wavelet analysis is becoming more important in
time-frequency method. Most popular in sSEMG ap-
plication is Discrete Wavelet Transform (DWT) and
Wavelet Packet Transform (WPT) [6]. The most ad-
vantages of using DWT and WPT is that features can
be easily extracted and contain useful information in
both of frequency content and time domain. More-
over, DWT and WPT can perform local analysis of
sEMG signal and expose the trends of sEMG signal
[7]. DWT and WPT decomposes original SEMG sig-
nal into some multi-resolution components according
to a basis function called mother wavelet or wavelet
function. The wavelet function is both translated and
extended in time undertaking a two-dimensional cross
correlation with the time domain sSEMG signal. How-
ever, the difference between DWT and WPT is that
WPT offers more range of possibilities for signal anal-
ysis than DWT.

The problem is what a high quality feature is.
Three properties of feature [4] including maximum
class separability, robustness, and computational
complexity were used to indicate the high quality
EMG feature extraction. The first property is to
guarantee that the resulting percentage accuracy clas-
sification will be as high as possible. In the previous
works, lots of researchers have successfully evaluated
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