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Abstract—Electromyography is widely used in the field
of Biomedical for determining the disorders in the human
muscles and for the prosthesis. The normal SEMGs
recorded from upper arms are used here for analysis. This
paper discusses the recorded set of SEMGs on PowerLab,
of four set of actions for the both Biceps and Triceps. FFT
and PSDs techniques are used for analysis. The recordings
here are done during in-activity which are not heavy duty,
phase of the muscles. In this paper the objective is to
identify the signals by computation of various statistical
characteristics.
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I. INTRODUCTION

The EMG signal is the electrical representation of the
neuromuscular activation associated with a contracting
muscle. It is an exceedingly complicated signal which is
affected by the anatomical and physiological properties of
muscles, the control scheme of the peripheral nervous
system, as well as the characteristics of the instrumentation
that is used to detect and observe it. Recent development in
the field of Prosthetic arms the analysis of EMGs has taken
a new turn which mainly starts with the recognition of the
motions analyzed widely by transforms like Wavelet [3]
[4], time frequency analysis[5] [7], neural network,etc. The
lack of a proper description of the EMG signal is probably
the greatest single factor which has hampered the
development of electromyography into a precise discipline.

Detection of EMG signals with powerful and advance
methodologies is becoming a very important requirement
in biomedical engineering. The main reason for the interest
in EMG signal analysis is in clinical diagnosis and
biomedical applications. The field of management and
rehabilitation of motor disability is identified as one of the
important application areas. The shapes and firing rates of
Motor Unit Action Potentials (MUAPs) in EMG signals
provide an important source of information for the
diagnosis of neuromuscular disorders. Once appropriate
algorithms and methods for EMG signal analysis are used,
the nature and characteristics of the signal can be properly

understood and hardware implementations can be made for
various EMG signal related applications/AD Instruments.
As of now, research and efforts have been made in
improving the detection techniques to reduce noise, and to
acquire accurate EMG signals., developing better
algorithms, upgrading existing methodologies, Few
hardware implementations have been done for prosthetic
hand control, grasp recognition, and human machine
interaction [3] [4].

When detecting and recording the EMG signal, there
are two main issues of concern that influence the fidelity of
the signal. The first is the signal-to-noise ratio. That is, the
ratio of the energy in the EMG signals to the energy in the
noise signal. Noise is the electrical signals that are not part
of the desired EMG signal. The other issue is the distortion
of the signal, which means that the relative contribution of
any frequency component in the EMG signal should not be
altered. Two types of electrodes have been used to acquire
muscle signal: invasive electrode and non-invasive
electrode. When EMG is acquired from electrodes mounted
directly on the skin, the signal is a composite of all the
muscle fiber action potentials occurring in the muscles
underlying the skin. These action potentials occur at
random intervals. So at any one moment, the EMG signal
may be either positive or negative voltage[1][5]. Individual
muscle fiber action potentials are sometimes acquired
using wire or needle electrodes placed directly in the
muscle. The combination of the muscle fiber action
potentials from all the muscle fibers of a single motor unit
is the motor unit action potential (MUAP) which can be
detected by a skin surface electrode (non-invasive) located
near this field, or by a needle electrode (invasive) inserted
in the muscle.

Electromyography (EMG) is a technique for
evaluating and recording the electrical activity produced by
skeletal muscles. EMG is performed using an instrument
called an electromyography, which in turn produces a
graph called electromyograph. An electromyography
detects the electrical potential generated by muscle cells
when these cells are electrically or neurologically
activated. The action of nerves and muscle is essentially
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electrical. Information is transmitted along nerves as a
series of electrical discharges carrying information in pulse
repetition frequency. The smallest functional unit to
describe the neural control of the muscular contraction
process is called a Motor Unit. It is defined as ‘the cell body
and dendrites of a motor neuron, the multiple branches of
its axon, and the muscle fibers that innervates it. The term
units outlines the behavior that all muscle fibers of a given
motor unit act as one within the innervations process. The
excitability of muscle fibers through neural control
represents a major factor in muscle physiology. This
phenomenon can be explained by a model of a semi-
permeable membrane describing the electrical properties of
the sarcolemma. An ionic equilibrium between the inner
and outer spaces of a muscle cell forms a resting potential
at the muscle fiber membrane (approximately -80 to -90
mV when not contracted).  This is termed as Ion Pump.
This difference in potential which is maintained by
physiological processes results in a negative intracellular
charge compared to the external surface. The activation of
an alpha-motor anterior horn cell results in the conduction
of the excitation along the motor nerve. After the release of
transmitter substances at the motor endplates, an endplate
potential is formed at the muscle fiber innervated by this
motor unit. The diffusion characteristics of the muscle fiber
membrane are briefly modified and Na+ ions flow in. This
causes a membrane Depolarization which is immediately
restored by backward exchange of ions within the active
ion pump mechanism, the Repolarization. If a certain
threshold level is exceeded within the Na+ influx, the
depolarization of the membrane causes an Action potential
to quickly change from – 80 mV up to + 30 mV. It is a
monopolar electrical burst that is immediately restored by
the repolarization phase and followed by an after
Hyperpolarization period of the membrane. Starting from
the motor end plates, the action potential spreads along the
muscle fiber in both directions and inside the muscle fiber
through a tubular system. This excitation leads to the
release of calcium ions in the intra-cellular space. Linked
chemical processes (Electro-mechanical coupling) finally
produce a shortening of the contractile elements of the
muscle cell. This model linking excitation and contraction
represents a highly correlated relationship. The EMG
signal is based upon action potentials at the muscle fiber
membrane resulting from depolarization and repolarization
processes as described above. The extent of this
depolarization zone based on the literature is
approximately 1-3mm². The travelling velocity of this zone
is 2-6m/s and passes the electrode side. An unfiltered and
unprocessed signal detecting the superposed MUAPs is
called a raw EMG Signal (Fig. 3). When the muscle is
relaxed, a more or less noise-free EMG Baseline can be
seen. The raw EMG baseline noise depends on many
factors, especially the quality of the EMG amplifier, the

environment noise and the quality of the given detection
condition. If we consider a good amplifier and good contact
of electrodes with skin, the averaged baseline noise should
not be higher than 3 – 5 microvolts, 1 to 2 should be the
target. The EMG baseline can be used as a checkpoint of
every EMG measurement.  The healthy relaxed muscle
shows no significant EMG activity due to lack of
depolarization and action potentials.

Raw EMG spikes are of random shape, which means
one raw recording burst cannot be reproduced in exact
shape and size. Such a effect is observed because the set of
motor neurons keeps changing for every moment of every
action. . If occasionally two or more motor units work up
at the same time and they are located near the electrodes,
they produce a strong superposition spike. A smoothing
algorithm like moving average or selecting a proper
amplitude parameter like area under the rectified curve, the
non- reproducible contents of the signal is eliminated or at
least minimized or linear discriminant analysis [2] [7].
Methods that are being used for determining, analyzing and
identifying the disorders by applying neural networks,
support vector machines [2], and so on.

In this paper, the Fourier transform and then spectral
analysis is done of the acquired EMG data. Spectral
analysis of signals by PSD provides information on
distribution of power over frequency which might be
different from one action to the other of healthy EMG,
although performed by the same muscle. Hence, the
objective of this paper is to classify the different actions
performed by Biceps by using the PSD. In this paper direct
EMG signal analysis is performed by dividing the EMGs
into 04 different group of actions. The paper is being
divided into sections viz; II-Proposed Method, III-
Experimental results, IV- Conclusion.

II. PROPOSED METHOD

In proposed method here, Fast Fourier Transform is
calculated of the recorded signals and power spectrum is
taken to get the frequency spectral analysis of the obtained
results.

Fig.1. Block Diagram
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A. Subject

EMG signals of a normal healthy female, age 28yrs
were recorded with her consent. All the data is collected
from Biceps Brachialis and triceps of the same female.
Total set of 04 actions were made to perform to the subject.
The subject was made to keep the upper limb at an right
angle resting on the lower limb, that being the initial
position.

B. Equipment

EMG Power Lab gives a consistent and reliable data
acquisition in a safest possible way. AD Instruments,
PowerLab from College (Courtesy-Cummins College of
Engineering for Women, Pune) was used for the recording
of the subjects EMGs of Upper arm, Biceps and Triceps,
simultaneously using the 05 electrode arrangement. The
LabChart  is used to view the recordings. The quality of an
EMG measurement strongly depends on a proper skin
preparation and electrode positioning. The main strategy of
skin preparation is stable electrode contact and low skin
impedance. The modern EMG-amplifiers are designed for
skin impedance levels between 5 and 50 kOhm (between
pairs of electrodes). Usually it is necessary to perform some
skin preparations before the electrodes can be placed, either
hair is removed first or gel is directly applied on the skin
surface.

The exact arrangements of the electrodes is mentioned
in the LabChart software, which enables users to determine
the muscles of interest and placement techniques for
electrodes. Skin was prepared. Several parameters can be
adjusted viz; duration of signal, exact recording time on
LabChart while recordings. The disposable surface
electrodes were used for the determination of the EMGs.

Fig. 2. EMG setup: EMGlab

C. Fast Fourier Transform and Spectral Analysis

Frequency being the most important parameter here,
FFT is applied to EMG signal in order to characterize the
frequency components. Each signal is composed of N
complex points, which in return has two numbers, the real

part and the imaginary part. It means each complex variable
has two numbers. Considering N as even integer, x(n) array
can be divide into two arrays with length N/2. Thus goes
the FFT as follows;

( ) = ∑ ( ) + ∑ ( )
(1)

And,
For n=2r and n=2r+1,( ) = ∑ (2 ) + ∑ (2 +1) ( ) (2)

The next step here being the application of the PSD to
the signal. Power Spectral Density (PSD) is the frequency
response of a random or periodic signal. It tells us where
the average power is distributed as a function of frequency.
It gives the measure of the power that each frequency
contributes to the EMG signal. The PSD of a wide sense
stationary random process X(t) is computed from the
Fourier transform of the autocorrelation function r(τ).The
basic equation being as below,

S(w)= ∫ ( ) .dt

(3)

Where = X(t).X(t+ )

In non-parametric methods the estimate of PSD is made
directly from signal itself. One of such type is termed as
Periodogram. In discrete time sequence, the PSD is given
by, (% ) = . ∑ ( ).
(4)

Where, x1, x2, x3…xk is the discrete time sequence.

III. EXPERIMENTAL ANALYSIS

Experimental analysis is performed for the
classification of the actions performed by the Biceps
Brachialis. Here in this section details are discussed about
the direction in which the action has taken place and the
statistical characteristics concerned with the data.

A. Database

Raw EMG were recorded of Biceps Brachialis with
surface electrodes. 04 different set of actions were
performed each having 05 sample of biceps EMG; Flexion,
extension, adduction and abduction. Each signal was
recorded for the duration of 10seconds having the number
of samples upto 10000.
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Fig.3. Bicep Flexion: Upward Movement

Figure 3 shows a typical raw EMG of biceps recorded
on EMGlab and displayed on Matlab. This signal shows the
Biceps Flexion motion, starting at the position of upper arm
keeping at an right angle and then moving it in the upward
direction (Flexion) at a normal pace, so that there is no
fatigue. Even though it is a normal action and not
aggressive, transients are seen. This shows that EMG
signals are random signals. Also the amplitudes run on both
sides of the X axis (positive and negative). The frequencies
of the upper arm EMG signals generally range from 100 to
2000Hz. Higher frequencies whenever there are aggressive
movements. There could be multiple reasons Number of
samples are in random. Later, we shall select only a certain
frame of the samples.

Fig.4.Biceps Flexion: Upward motion

Figure 4 shows the 05 different EMGs of biceps during
Flexion. Signal’s duration is of 10 secs and about 10000
samples are recorded.

Figure 5 shows the 05 EMGs of biceps during
Extension. The amplitude of the EMGs during the
downward motion changes abruptly. Here, we can see that
the maximum positive amplitude is between 0.24 to
0.31cms. Negative amplitude is also prominently seen in
this case.

Figure 6 shows raw EMGs obtained during Biceps
Adduction, the motion being performed from Centre to
Right (away from body). The maximum amplitude
achieved ranges from 0.2 to 0.39cms. It can be clearly seen
that no EMGs here are exactly similar to the other. Each
one shows its own characteristic properties, making it
difficult to analyze.

Fig.6. Biceps Adduction: Centre to Right

Fig.5. Biceps Extension: Downward motion
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Figure 7 below shows raw EMGs during Biceps

Abduction and the maximum amplitude observed is from
0.19 to 0.26cms. With all these amplitudes, the transients
and overlapping of the samples can be seen. Filtering is

solution

for the removal of transients. Power Spectral density is
plotted of all these EMGs.

Figure 8 shows the PSDs of the biceps during flexion
(upwards) of Biceps and we can see the distribution of
average power over frequency. In case of the flexion here,
initially we see the irregularity in the spectrum, that is
mainly because of the onset of the active potential, which
later goes on stabilizing with dominant frequency around
100-120Hz.The notable change in here is that, as the
frequency goes on increasing after a common pattern
appearing is the decrease in the power/frequency (dB/Hz)
on the PSD.

Figure 9 below shows the PSDs of Biceps during
flexion of the Biceps (downward movement). In this
case, at the initial point, the initial burst of the electric
potential as the action begins, the resulting in transient at

the very start of the PSD is clearly seen. The dominant
frequency is around 100-120Hz.

Fig.9. PSDs of Biceps Extension

PSDs in Figure 10 indicates pattern of the
Adduction movement of Biceps (Centre to Right, away
from body). Here the dominant frequency is around
100-110Hz. While figure 11 shows the frequency
distribution of Abduction of biceps (Centre to Left,
towards body), having the dominant frequency at
100Hz more specific than any other PSD.

Fig.7. Biceps Abduction: Centre to Left

Fig.8. PSDs of Biceps Flexion
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Fig.11. PSDs of Biceps Abduction

All these PSDs shows the power/frequency patterns for
different actions. One common thing amongst all these is
the decrease in the power over increase in the frequencies.
Interference of the active potentials from Triceps and other
muscles like Heart, since the upper arm actions are being
recorded; is also an additional parameter that can hinder the
more exact analysis of these signals. The scattered
frequencies lie in the range of -100 -120Hz.

The Statistical parameters of the above PSDs are
calculated to distinguish between the various actions and
understand the EMG in more details. Parameters like
Mean, median, Variance, Covariance, Standard Deviation,
skewness, kurtosis, maximum, minimum values and RMS
values are calculated. Table I shows these parameters, that
specifically appear for a particular type of action, thus
giving us the basic identification criteria.

Table I Statistical Parameters

Paramete
r

Threshold values of actions

Flexion
Extensio
n

Adductio
n

Abductio
n

Mean
2.24E-05 5.97E-06 8.77E-06 6.83E-06

Median
9.65E-07 4.31E-07 6.01E-07 2.86E-07

Standard
deviation

7.32E-04 1.38E-04 1.65E-04 1.66E-04

Variance
2.79E-06

2.00E-08
2.81E-08 2.95E-08

Co
variance

2.79E-06
2.00E-08

2.81E-08 2.95E-08

Skewness
2.74E+0

1
5.06E+01

5.07E+0
1 5.85E+01

Kurtosis
1.50E+0

3
2.89E+03

2.78E+0
3 3.60E+03

Maximum 4.87E-02
8.27E-03 9.44E-03

1.08E-02

Minimum 4.85E-12 1.21E-12 3.69E-12
1.80E-12

RMS 7.32E-04 1.38E-04 1.65E-04 1.66E-04

Table I shows the calculated Statistical Parameters with
the threshold values. This table gives information in
determining the type of the action that has taken place.

IV CONCLUSION

The random nature of EMG and no two EMGs can be
similar, while analyzing these signals. In this work, we
have taken into consideration the EMG signals for the
duration of 10s and with sample numbers about
10000.Thus we have taken the finite number of EMG
samples. With the FFT application PSD is plotted of all the
EMG signals. This helped in determining the frequencies’
distribution of every EMG of every action that was
performed. This method gives the power distribution of
EMG, wherein there is eventual decrease in dB/Hz with the
increase in the Frequency. This might indicate the starting
of fatigue of the muscle under performance. The statistical
parameters have provided the baseline start for
identifications of the actions, whether it being flexion,
extension, adduction or abduction. This forms a vital part
of this method. Although this method gives results, further
advanced methods are needed to be used for identifying and
analyzing of the EMG signals.
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Fig.10.PSDs of Biceps Adduction



772 Dipti Inamdar, Prof. H. T. Patil

International Journal of Engineering Technology Science and Research
IJETSR

www.ijetsr.com
ISSN 2394 – 3386
Volume 4, Issue 6

June 2017

REFERENCES

[1] D.K. Kumar, S.P. Arjunan and G. R. Naik,
“Measuring increase in synchronization to identify
muscle endurance limit,”IEEE Transcations on
Neural Systems and Rehabilitation Engineering,
Vol.19, 2011, pp.578-587.

[2] Venugopal G and Ramakrishnan S, “Analysis of
Surface EMG Signals in Biceps Curls Using
Maximum Singular Value Estimation”, 40th Annual
Northeast Bioengineering Conference
(NEBEC)Year: 2014, pages 1-2,
DOI: 10.1109/NEBEC.2014.6972964, IEEE
Conference Publications.

[3] Xin Guo, Peng Yang, Yang Li, “The SEMG
Analysis for the  lower limb Prothesis using wavelet
transformation”, School of Electrical Engg, and
Automation, Hebei University, Tianjin, China, IEEE
Proceedings of 26th Annual IC, CA, USA 2004

[4] MW jiang, RC wang, “A method of Recognizing
Finger Motion Using wavelet transform of surface
EMG signal,”  Division of Intelligence and
Biomechanical System, Tsinghua University,
Beijing, China, Proceedings of IEEE 2005

[5] Mamun B. I. Reaz 1, Mohd Alauddin Bin Mohd Ali
1, Ashrif A. A. Bakar 1, Kalaivani Chellappan 1 and
Tae G. Chang 2, “Surface Electromyography Signal
Processing and Classification Techniques’, Rubana
H. Chowdhury 1”, IEEE Journal, Sensors 2013, 13,
12431-12466; doi:10.3390/s130912431

[6] Nayan M. Kakoty and Shyamanta M. Hazarika,
“Recognition of Grasp Types through Principal
Components of DWT based EMG Features,”Tezpur
India, 2011 IEEE International Conference on
Rehabilitation Robotics, Rehab Week Zurich, ETH
Zurich Science City, Switzerland, June 29 - July 1,
2011

[7] Sachin Negi, Yatindra Kumar, V.M.
Mishra,“Feature Extraction and Classification for
EMG Signals Using Linear Discriminant Analysis”,
Uttarakhnad, 2016, 2nd International Conference on
Advances in Computing, Communication, &
Automation (ICACCA) (Fall)Year: 2016 , pages 1-6,

DOI: 10.1109/ICACCAF.2016.7748960, IEEE
Conference Publications.


