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Abstract — The Electromyogram signals or EMG signals
are generated whenever there is any muscular activity. These
signals can be detected easily over the surface of the body. As
these signals are generated whenever there is any muscular
activity, so, we can recognize any muscular activity made by
the human by measuring the amplitude of the signal. Based
on decision made upon the amplitude of the EMG signal we
can take many decisions or we can make machine of our
interest. In simplest form any disabled person can turn on or
turn of the machines just by contracting his fist. In this paper
we have made an offline prototype of such machine which, in
our case, will move the robot in one direction whenever there
will be a sign of muscle contraction in the recorded EMG
signal.
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I. INTRODUCTION

Around the world, there are a large number of persons
with amputation due to war, disease and accidents [1].
There are many difficulties in their daily life, so it needs to
design a prosthetic control device such as control nature,
easy to use, the signal stability and painless to solve the
problem. Surface electromyography (SEMG) is a kind of
bioelectric phenomena as muscle activity associated on the
skin surface, which contains an abundance of muscle
movement information. SEMG can record muscle
biological signals on the surface skin by electrode when
the muscle movement [2]. Because of the control signal is
derived from the prosthesis surface of the skin of the
patient’s own biological signals, the SEMG is a source of
painless, steady and continuous prosthetic control [3]. For
example, it is used in the mechanical arm by EMG
application [4] and is used in upper limb prosthetic by
control of SEMG [5].

Il.NATURE OF EMG SIGNAL

The bioelectric potentials associated with muscle
activity constitute the electromyogram, abbreviated EMG.
In other way we can say the contraction of the skeletal
muscle results in the generation of action potentials in the
individual muscle fibres, a record of which is known as
electromyogram. In voluntary contraction of the skeletal
muscle, the muscle potentials range from 50 puV to 5 mV
and the duration from 2 to 15 ms. The values vary with
anatomic position of the muscle and the size and location
of the electrode. In a muscle, the intensity with which the
muscle acts does not increase the net height of the action
potential pulse but does increase the rate with which each
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muscle fibre fires and the number of fibers that are
activated at any given time. The amplitude of the
measured EMG waveform is the instantaneous sum of all
the action potentials generated at any Some important
details of EMG signals are given in reference [6-7]. Since,
most EMG measurements are made to obtain an indication
of the amount of activity of a given muscle, or a group of
muscles, rather than of an individual muscle fibre. The
EMG pattern is usually a summation of the individual
action potentials from the fibres constituting the muscle or
muscles being studied.

Because these action potentials occur in both positive
and negative polarities at a given of electrodes, they
sometimes add and sometimes cancel. Thus, the EMG
waveforms appear very much like a random noise wave
form [7]. Figure 1 shows the picture of row EMG signal.
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Fig. 1. Example of EMG signal

As shown in figure these EMG burst can be easily
identified and shows that at this interval there is a muscle
contraction EMG signal is taken. We can use this
information to design a system which will make any
device active when the muscle will be contracted.

In this paper we have designed an algorithm which will
convert these EMG burst into electrical pulses and then
these pulses will be sent to the custom made robot via
serial communication. These type of machines can help
several disabled man in their small day to day works.

I11. AcoQuisITION OF EMG SIGNAL

For the EMG acquisition, group of muscles involving
reciprocal movements were targeted. The flexor-pronator
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v. extensor-supinator group was selected due to their
isolation to movement of the arm as a whole and the close
relation to the hand muscles [8].
A. EMG Electrodes

The EMG can be measured by applying conductive
elements or electrodes to the skin surface, or invasively
within the muscle. Surface EMG is the more common
method of method of measurement, since it is non-
invasive and can be conducted by personnel other than
medical doctors, with minimal risk to the subject [9].

Measurement of surface EMG is dependent on a number
of factors and the amplitude of the surface EMG signal
(sEMGQG) varies from pV to the low mV range. The
amplitude and time and frequency domain properties of
the surface EMG signal are dependent on factors such as

[91:
» The timing and intensity of muscle contractions
» The distance of the electrode from the active muscle
o area
» The properties of the overlaying tissue (e.g. thickness
of
» overlying skin and adipose tissue)
» The electrode and amplifier properties
» The quality of contact between the electrode and the
» Skin

Two types of surface electrodes are commonly in use.
The first one is dry electrodes in direct contact with the
skin and the second one is jelled electrodes using an
electrolytic jell as a chemical interface between the
metallic parts of the electrode [9].

Jelled electrodes uses an electrolytic jell as a chemical
interface between the skin and the metallic part of the
electrode. Oxidative or reductive chemical reaction take
place in the contact region of the metal surface and the
jell. Silver-silver-chloride (Ag-AgCl) is the most common
composite for the metallic part of gelled electrodes. The
AgCI layer allows current from the muscle to pass more
freely across the junction between the electrolyte and the
electrode. This introduces less electrical noise into the
measurement, as compared with equivalent metallic
electrodes (e.g. Ag). Due to this fact, Ag-AgCl electrodes
are used in over 80% of surface application [10].

Jelled electrodes can either be disposable or reusable.
Disposable electrodes are the most common since they are
very light. Disposable electrodes come in a wide
assortment of shapes and sizes, and the materials
comprising the patch and the form of the conductive jell
varies between manufacturers. With proper application,
disposable electrodes minimize the risk of electrode
displacement even during rapid movements.
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Fig. 2. Disposal Jelled electrodes

In our experiment for the acquisition purpose of the
EMG signal we have used disposal jelled electrodes.
Figure 2 shows the picture of the electrodes used in our
experiment.

B. Biopac MP36 machine for Signal acquisition

Biopac is a company which makes biomedical signal
acquisition system. MP36 [11] is also one of them and this
machine can be used for acquiring various types of signal
like EMG, ECG, EEG, Respiration signal etc. This
machine comes with a software named Acknowledge,
which is used to display the acquired signal on the
computer screen in real time. This software also provides
the facility to implement various types of signal processing
tools like filters, FFT, PSD and many others. These tools
can be operated on the signal one signal is recorded. The
following figures 3 and 4 shows the biopac MP36 machine

and acquired signal on software.

Fig. 3. Biopac MP36 biomedical data acquisition machine
IV. PROTOTYPE AUTONOMOUS ROBOT
For implementing the algorithm we have developed we

have a custom made hardware. It is an autonomous robot
with AVR microcontroller on board. AVR microcontroller
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works as the brain for this device and receives the
commands given from the computer. We have attached
two d.c. motors to it to provide the movement to the robot.
There are two separate power supplies one drives the
microcontroller and other drives the d.c. motors. For
sending and receiving the command from the computer we
have an MAX2332 IC attached to the microcontroller.
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“Fig. 4. Display of the acquired EMG signal on software

The connector in order to connect the RS232 cable are
not on board they are separately attached to the board. The
code for receiving the commands and then performing the
desired operation is written in embedded C and is burned
or loaded into the microcontroller. The logic is like, If
there will be ‘1’ coming from the computer then it will
move the d.c. motors and robot will move in the forward
direction and when there will be ‘0’ coming from the
computer the d.c. motors will stop. Figure 5 shows the
picture of the custom made robot.

Fig. 5. Diagram of the prototype robot

V.RESULTS

The recorded EMG signal from MP36 is saved into
Matlab table and the data is used in Matlab in order to
develop the algorithm. First we made the algorithm in
Matlab then by using matlabscript node available in
Labview we write the Matlab code into it and called the
algorithm written in Matlab through Labview.

Figure 6 shows the picture of the recorded EMG
waveform which is taken from the MP36 machine. This
waveform is displayed on graph in LabView using
matlabscript node. Figure 7 shows the picture of the result
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of the algorithm which we have developed to convert these
EMG burst signal into the series of pulses. Wherever there
is muscle contraction in the figure 6, corresponding to
those events there is pulse in figure 7 having value “1”.
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Fig. 6. Recorded EMG signal displayed in LabView

Further we scan the result given by algorithm as in figure
7, to find out at which time instances there was muscle
contraction by the user. Whenever we find a ”1” for
sufficient long duration it indicates that during this time
period there was a muscle contraction by the user. Then
this information is send to the microcontroller unit via
serial communication and on receiving “1” microcontroller
starts the motor and robot start to move in the forward
direction.

Whenever we encounter the “0” in the scan on the result
we transfer it to the microcontroller and robot stop. It
indicates that during this time there was no muscle
contractiop and muscle was in relax position.

commson nta pukses

vero [N |

- LUURERAS AR A1 1 [T

A : o o D D n 0 o 0 0 . D . D . D D D 0 0 0 ol
0 S0 00 T D000 120 1000 1730 20000 250 200 750 NOW NS0 S0 VIO 00 2500 4500 00 000 5250 5600
Time

Fig. 7. Output of the algorithm developed

The scanning of the result and serial communication
program was written in LabView because of it’s simplicity
to interface the hardware with it. Figure 8 shows the
glimpse of the block diagram of the labview program.

concatenzted sifing

E
-5 )

Fig. 8. Block Diagram window of the LabView program

A. Discussion on the results

These results have been verified by my guide Mr. S.K.
Pahuja sir. The algorithm and labview program worked
well in normal conditions but when we go for other
recorded EMG signal the same result will not be achieved
and to achieve the desired result we have the adjust the
value of the threshold which we have used in the
development of the algorithm. This is primarily due to the
fact that amplitude of the EMG signal is not fixed to the
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defined value of voltage. It depends upon the many factors
like strength used to contract the muscle, electrolyte jel etc.

V1. CONCLUSION AND FUTURE WORK

In this paper an offline machine prototype based on
surface EMG signal has been tested and implemented. The
result and working of the machine has been verified. In
future the online version of this machine will be tested and
implemented and work is going on in this direction. We
will put our efforts to remove the dependency of the
machine on the varying nature of the EMG signal and we
will try to make a machine which can be suited for various
persons without and considerable changes. We will try to
make this machine adaptive in terms of the amplitude of
the EMG signal. We will also try to make our own EMG
amplifier [12] to take the signal directly to the labview.
This amplifier will be used to make real time machine.

REFERENCES

[1] Xitai Wang, Qiang Wang, Xiaoyu Wang, Lifeng Li, “ Based on
rehabilitation of lower extremity stumps of EMG sensors pattern
Recognition”, [J]. Chinese Rehabilitation Theory and Practice
2009, 15(1): 90-92.

[2] Armagan O, Tascioglu F, Oner C,” Electromyographic
Biofeedback in the Treatment of the Hemiplegia Hand: A
Placebo Controlled study”, American Journal of Physical
Medicine & Rehabilitation, 2003, 82, 856-861.

[3] Ton-Tai Pan, Ping-Lin Fan, Huihua, Kennay Chiang, Rongseng
Chan, Joe-Air Jiang, “ A Myoelectric Controller Partial Hand
Prosthesis Project”, IEEE transaction on education, vol. 47, no.
3, august 2004.

(4]

(5]

(6]

(71

(8]

(9]

(10]

[11]

[12]

International Journal of Electronics Communication and Computer Engineering

Volume 2 Issue 2: ISSN 2249 —071X

O. Fukuda, T. Tsuji, M. Kaneko and A. Otsuka.,” A Human
assisting manipulator teleoperated by EMG signals and Arm
motions”, IEEE transactions on robotics and automation, Vol 19,
No. 2, p.p. 210-222, april 2003.

Khadivi Alireza, Nazarpour Kianoush, Zadeh Hamid Soltanain,”
SEMG classification for upper-limb prosthetis control using
higher order statistics”, ICASSP, IEEE International conference
on acoustics, speech and signal processing- proceedings, V, p
V385-V388, 2005.

Leslie Cromwell, Fred J. Weibell, Erch A. Pfeiffer, “Biomedical
Instrumentation and Measurements”, PHI, 2nd Edition, 2005,
pp.61-62,301.

M.B.I Reaz, M.S.Hussain, F. Mohd-Yasin, “Techniques of EMG

signal analysis: detection, processing, classification and
applications.” Biol, Proced Online 2006:8(1);11- 35,
doi:10.1251/bpo115, March23, 2006.

[online]Available:http://www.bortec.ca/Images/pdf/EMG%20me
asurement%20and%20 recording.pdf

Andres Herrera, Andres Bernal, David lIsaza, Malek Adjouadi
“Design of an Electrical Prosthetic Gripper using EMG and
linear Motion Approach,” Center for Advance Technology and
Education, Department of Electrical and Computer Engineering,
Florida International
University.[online]Available:http://fcrar.ucf.edu/papers/tp2_ahab
dima_fiu.pdf.

Scott Day, Important Factors in Surface EMG Measurement,
Boretech
BiomedicalLtd,Manual.[Online]Available:http://www.bortec.ca/l
mages/pdf/EMG%20measurement%20and%20recording.pdf.
Gary L. Solderberg, Ph.D., PT, “Recording Technieqes”,
Chapter 3, NIOSH Selected Topicsin Surface EMG Document
91-100-c Electrode
Chapter[online] Available:http://www.humanicses.com/Selected
TopicsEMGsNIOSH.pdf.

Biopac systems URL: http://www.biopac.com/data-acquisition-
analysis-system-mp36r-system-mac.

Hao Li, Shan Xu, Peng Yang, Lingling Chen, “ A Research And
Design on Surface amplifier”, 2010 International Conference on
Measuring Technology and Mechatronics Automation, IEEE
computer society, p.p. 306-309,2010.

Copyright © 2011 IJECCE, All right reserved 201


http://www.bortec.ca/Images/pdf/EMG
http://www/
http://www.biopac.com/data-acquisition-analysis-system-mp36r-system-mac
http://www.biopac.com/data-acquisition-analysis-system-mp36r-system-mac

