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Abstract - The Electromyogram — the electrical activity of skeletal muscle — finds useful applications in many fields, such 
as biomechanics, rehabilitation medicine, neurology, gait analysis, exercise physiology, pain management, orthotics, 
incontinence control, prosthetic device control, even unvoiced speech recognition and man–machine interfaces. An 
electromyogram signal detection and conditioning circuit has been designed by Prof. E. Clancy in 2003. Although the circuit's 
performance characteristics are satisfactory, the circuit is large in size and power consumption in comparison to technology 
that may be used today to perform the same functionality. The goal of this project was to investigate technological advances 
that may be used to improve Clancy's design size, power consumption and, potentially, performance. This research can then 
be used to design a new electromyogram signal conditioning circuit that would have at least the same performance 
characteristics, will be reduced in size and power and be possible to manufacture and maintain in an academic setting. 
 
I. INTRODUCTION 
 
Surface electromyography (sEMG) is the 
non–invasive recording of electrical muscle activity 
that is used to diagnose neuromuscular disorders, 
among other applications. Muscle fibers are activated 
by motor neurons and the resulting electrical signals 
produced by the muscle fibers can be detected by 
electrodes placed on the surface of the skin. EMG 
finds many useful applications in biomechanics, 
rehabilitation medicine, neurology, gait analysis, 
exercise physiology, pain management, orthotics, 
incontinence control, prosthetic device control, even 
unvoiced speech recognition and man–machine 
interfaces (Merletti et al., 2004, Rechtien et al., 1999).  
Most sEMG signals have a frequency content ranging 
from 0 to 500 Hz, with dominant energy between 50 to 
150 Hz. However, content at up to 2000 Hz may be 
useful.  
 
The amplitude of the signal may vary from less than 
50 μV up to 30 mV (Clancy et al., 2002). The nature of 
sEMG signals and various EMG equipment properties 
determine the quality of a recording. Besides motor 
unit (muscle cell group) and electrode characteristics, 
there are other factors that distort and add undesirable 
noise to the signal. A DC offset due to half–cell 
potentials within the tissues can be as high as 300 mV. 
Muscle crosstalk (signals from motor units of 
neighboring muscles) may result in misleading 
information about the investigated muscle. Ambient 
60 Hz noise from power supplies (50 Hz for European 
power supplies) may result in power line noise 
three-fold the magnitude of the sEMG itself. Inherent 
noise generated by electronic equipment can range 
from zero to thousands of Hz. Motion artifacts due to 
electrode or cable movement add noise to the EMG 
signal in the frequency range of 1 to 5 Hz (Merletti et 
al., 2004). Typically, sEMG is acquired in two stages. 
The first (electrode–amplifier) stage includes signal 

transduction/detection and pre–amplification. This 
stage is placed as close to the skin as possible, 
generally with the electrodes and the electronic 
amplification arranged within a single package. The 
second (signal conditioner) stage provides further 
signal conditioning. An electrode–amplifier circuit 
that detects the EMG signal, amplifies and removes 
some of the unwanted noise was designed by E.A. 
Clancy of Worcester Polytechnic Institute in 2003. 
The electrode–amplifier has a high input impedance 
to limit current drawn from the impedance drives the 
following electronic stage without change in output 
voltage. Modern operational amplifiers have an input 
impedance of over 100 MΩ and output impedance 
under 100 Ω. A gain of 20 is implemented to improve 
electronic performance within the electrode–amplifier 
(increase common mode rejection ratio, decrease 
noise) and decrease inherent noise in subsequent 
stages. The amplifier is situated very close the 
electrodes, insuring the most precise information 
about the sEMG prior to amplification and 
diminishing noise from cable movement.  
 
This configuration is preferred by many researchers 
because it attenuates noise and motion artifact by 
buffering the acquired signal near the source and 
amplifying the signal early in the process; and 
minimizes physical dimensions of a device by only 
including a pre–amplification stage near the subject. 
To prevent hazardous current from entering the 
subject, the power supply of all components on the 
subject's side of the circuitry is isolated from earth 
ground. The design by Clancy also includes an 
eight-channel signal conditioning circuit. Each 
channel begins with an eighth–order high pass filter 
with cutoff frequency of 15 Hz and gain of 10, to 
attenuate motion artifact and any DC offset. The 
channel continues with selectable gain of 1, 2, 4, 8, 16, 
32 or 64 to optimize the signal range for subsequent 
digitization and allow biasing of the following stage. 
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The signal is then electrically isolated via 
opto–coupling. Power and signal on the subject's side 
of the isolator are referenced to an isolated ground; the 
other side of the isolator is earth–referenced. The final 
stage is fourth–order low pass filtering to reject noise 
from frequencies above the EMG signal frequency 
range of about 1800 Hz and for anti–aliasing purposes 
(Clancy 2003).  
 
Although the existing device has a satisfactory 
performance, it was designed in 2003. The circuit 
requires a relatively large power supply and has 
relatively large physical dimensions. It is also 
comprised of a large number of parts. The goal of this 
Major Qualifying Project was to investigate advances 
in EMG instrumentation and find alternative ways to 
design a sEMG recording device. The 
electrode–amplifier circuit is sufficiently small and 
meets necessary signal detection and transmission 
parameters. Therefore, it is the signal conditioning 
circuit that needs alteration to minimize size and 
power consumption. Depending on the results of the 
investigation, parts of or the entire existing EMG 
signal conditioning circuit will be modified. Possible 
modifications include finding alternative power and 
signal isolation options, analog–to–digital conversion 
options, decreasing size and power consumption of the 
front–end or even finding implementations that would 
permit elimination of some of the signal processing 
stages.  
 
Improvements can be achieved by various methods 
which may include hardware modification, using 
integrated circuits, new components of smaller size 
and power supply needs, new components that permit 
the combination of multiple functions, and a 
PC–based system. The design should meet or exceed 
performance characteristics of the existing device. 
Performance specifications of the current device by 
Clancy include a common mode rejection ratio of 
minimum 100 dB at 60 Hz, high input impedance of 
each of the front–end channels, ability to accept 
signals with amplitude in the range of 0 to 30 mV with 
16–bit resolution and frequency range of up to 1800 
Hz, accommodate DC offsets up to 300 mV, eliminate 
DC offsets and attenuate motion artifacts, and have a 
noise power less than 1,5 μV RMS referred to the 
input over the frequency range of 20 to 500 Hz. It is 
highly desirable that the new design is manageable to 
build and maintain in an academic setting.  
 
Upon the completion of the research, two major 
electromyograph circuit designs were created. Both 
design's approaches to the problem were essentially 
very similar, as their initial and final stages included 
the same type of filtering and were storing collected 
data on a medically isolated personal computer. The 

main differences between designs included 
approaches to signal amplification and digitization. 
 
II. AIM OF THE PROJECT 
 
The aim of the project is to present a robotic hand that 
can be controlled by EMG signals, 
 
2.1 PHYSIOLOGY 
 
Designing a functional system for EMG signal 
analysis is impossible without understanding the 
physiology of an EMG signal. The Background 
contains information about the structure of skeletal 
muscle, EMG signal generation and physical 
parameters, factors that affect a signal and various 
types of noise the signal acquires while propagating 
through an electromyograph.  
 
2.2 EMG PHYSIOLOGY 
 
Muscle contraction and relaxation is controlled by the 
central nervous system. The nervous system sends a 
signal through a motor neuron to a grouping of muscle 
cells, called fibers. That grouping of muscle cells, and 
the motor neuron that innervates them, is a motor unit 
— a basic building block of the neuromuscular system, 
the smallest functional part of muscle tissue. The 
signal of the motor neuron causes a chemical reaction 
that changes the membrane potential of muscle fibers. 
If the threshold potential is reached a motor unit 
action potential (MUAP) occurs, causing the electrical 
activation to spread along the entire surface of the 
muscle fiber at a rate of approximately 3–5 m/s. A 
muscle contraction twitch results (Martini, 2005). 
Figure 1 is an image of a motor neuron connected to a 
group of muscle fibers. 
 

 
Figure 1 – Motor Neuron Attached to a Motor Unit 

(Martini, Frederic H. "Chapter 10. Muscle Tissue." Anatomy & 
Physiology. San Francisco: Benjamin Cummings, 2005.) 
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Figure 2 depicts the composition of a skeletal muscle. 
A muscle consists of bundles of muscle fibers that are 
wrapped by endomysium and form muscle fascicles. 
Muscle fascicles are wrapped by a connective tissue 
called perimysium (Mann). 

 
Figure 2 – Skeletal Muscle Structure 

(Martini, Frederic H. "Chapter 10. Muscle Tissue." Anatomy & 
Physiology. San Francisco: Benjamin Cummings, 2005.) 

 
2.3 COMPONENT 
 
2.3.1. MyoWare muscle sensor: 
The MyoWare Muscle Sensor is the latest revision of 
the Muscle Sensor of old, now with a new wearable 
design that allows you to attach biomedical sensor 
pads directly to the board itself getting rid of those 
pesky cables. This new board also includes a slew of 
other new features including, single-supply voltage of 
+3.1V to +5V, RAW EMG output, polarity protected 
power pins, indicator LEDs, and (finally) an on/Off 
switch. Additionally, measuring muscle activity by 
detecting its electric potential, referred to as 
electromyography (EMG), has traditionally been used 
for medical research. However, with the advent of ever 
shrinking yet more powerful microcontrollers and 
integrated circuits, EMG circuits and sensors have 
found their way into all kinds of control systems, 
Fig(1.1). 
 

  Fig(1.1) 

 
 
2.3.2. MyoWare Cable Shield: 
The MyoWare Cable Shield is equipped with two rows 
of 3-pin plated through-holes on each end of the 
board. This allows for standard 0.1" headers to be used 
to stack the shield with other MyoWare boards.  
2.3.3. MyoWare LED Shield: 
The MyoWare Cable Shield is equipped with two rows 
of 3-pin plated through-holes on each end of the 
board. This allows for standard 0.1" headers to be used 
to stack the shield with other MyoWare boards. 
2.3.4. MyoWare Power Shield: 
 The MyoWare Power Shield is designed to take two 
standard CR2032 coin cell batteries to power the 
MyoWare Muscle Sensor. We have made this board in 
a way that the coin cell batteries are connected in 
parallel for extended capacity at a nominal 3.0V. 
Connecting the MyoWare Muscle Sensor to battery 
power allows for a cleaner signal while also 
eliminating the possibility of creating a dangerous 
current path to the power grid. 

 
2.3.5.Servo motor MG995 : 

 
Fig(2.5) 
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This servo can be purchased with 180 or 360-degree 
rotation for robotics applications. Fig(2.5) 
 
This is the most famous servo made by TowerPro. 
MG995 is a digital metal gear high torque servo for 
airplane, helicopter, RC-cars from 10 to 6-th 
scale truggy and monster and many RC model. 
We are the original manufacturer of TowerPro 
MG995 servo. 
 
There are many counterfeit servos of TowerPro from 
China dealers selling on eBay, Amazon and Alibaba 
websites. 
 
If the suppliers removed “TowerPro” logo from the 
photos and the products description, they are selling 
counterfeits low quality servo. 
Please identify the supplier before you purchased the 
goods. Only our authorized dealers who provide 
reliable quality servos and after services. 
Specification: 
 
Weight: 55g 
Dimension: 40.7×19.7×42.9mm 
Stall torque: 9.4kg/cm (4.8v); 11kg/cm (6v) 
Operating speed: 0.20sec/60degree (4.8v); 
0.16sec/60degree (6.0v) 
Operating voltage: 4.8~ 6.6v 
Gear Type: Metal gear 
Temperature range: 0- 55deg 
Dead band width: 1us 
servo wire length: 32cm 
Servo Plug: JR (Fits JR and Futaba) 
servo arms &screws included and fit with Futaba servo 
arm. 
 
It’s universal “S” type connector that fits most 
receivers, including Futaba, JR, Hitec ,GWS, Cirrus, 
Blue Bird, Blue Arrow, Corona, Berg, Spektrum. 
CE &RoHS approved 
We have upgraded our servo gear set and shaft to 
aluminum 6061-T6. 
It is stronger and lighter than copper. 
 
2.3.6. Controller used: (Arduino Uno) 
Arduino/Genuino Uno is a microcontroller board 
based on the ATmega328P, It has 14 digital 
input/output pins (of which 6 can be used as PWM 
outputs), 6 analog inputs, a 16 MHz quartz crystal, a 
USB connection, a power jack, an ICSP header and a 
reset button. It contains everything needed to support 
the microcontroller; simply connect it to a computer 
with a USB cable or power it with a AC-to-DC adapter 
or battery to get started. You can tinker with your 
UNO without worrying too much about doing 
something wrong, worst case scenario you can replace 
the chip for a few dollars and start over again. Fig(2.6) 

 
Fig(2.6a) 

Fig(2.6b) 
 
Making the robotic hand by using 3D printer: 
3D printing or additive manufacturing is a process of 
making three dimensional solid objects from a digital 
file. 
 
 2.4   3D Printer: 
Stereoscopic three-dimensional printing is a machine 
for the manufacture of three-dimensional objects 
(stereoscopic) through a digital file. Publications are 
making holograms through the process of the 
"Extension". In addition, the process, is the synthesis 
of the body through the compaction successive layers 
of raw top of each other to complete the body shape. 
Each layer of these layers can be considered as high as 
a segment taken from a cross-section in the final body 
after compaction process begins this final model 
integration taking the shape of the body that we have 
designed 
 
How to print three-dimensional works: 
It starts with the work of imaginative designs of the 
objects that we want to make ourselves. This 
imaginative design file is stored in the CAD 
(computer-aided design CAD: Computer Aided 
Design) through a three-dimensional drawing 
program solildworks (this is to make a new model of 
fully) or using (3D Scanner) (to copy 
anthropomorphic already exist). Scanner, he makes a 
digital version of the stereo, and then put it in 3D 
drawing program. Processing digital file made using a 
3D drawing of the print driver, the software will cut 
the final drawing to hundreds or thousands of spin-off 
classes. And when this is lifted processed file to the 3D 
printer, the printer synthesized holographic layer to 
layer screens. The printer is read each slide (flat 
image) and begin to surround synthesis by mixing 
these layers together without leaving any sign of 
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separating the classes and some of them, resulting in 
the end a three-dimensional model of one 
We used the MakerBot Replicator Mini+ because its 
available in labs and its easy to use  ,Fig(2.7)  
To ensure easy, accessible 3D printing, the MakerBot 
Replicator Mini+ comes with the Smart Extruder+ 
and all the standard features such as an on-board 
camera, as well as connectivity via Wi-Fi and USB 
cable. 

 
Fig(2.7)  

 
The result hand parts with 3D printer: 

 
 

 
2.5 Programming: 
Using MATLAB with Ardunio and Simulink 

 
 
III. THE FINAL RESULT AFTER 
CONNECTING ALL PARTS AND THE SERVO  
 
3.1 motors: 

 
 



International Journal of Electrical, Electronics and Data Communication, ISSN(p): 2320-2084, ISSN(e): 2321-2950 
Volume-6, Issue-5, May-2018, http://iraj.in 

Controlling of Robotic Hand using EMG Signals 
 

49 

3.2 Signal readings using lap tutor program: 

 
 
3.3 Signal readings tables using lap tutor program: 

 

 

 
 
DISCUSSION 
 
1. The project can be used online (with the myo muscle 
sensor attached to the circuit) and it can be used offline 
(recording the muscle signals and inserting them to 
the MATLAB program). 
2.  The robotic hand design can be changed to a more 
developed design which is closer to the human hand 
this design can be made by using different materials. 
3. The MyoWare sensor gives a filtered and rectified 
signal so its easier to deal with it than the typical EMG 
signals 
4. The applications of this project is that it can be used 
in medical robots, games, lifting heavy weights and 
many others. 
 
CONCLUSION 
 
CONCLUSION EMG signal carries valuable 
information regarding the nerve system. So the aim of 
this paper was to give brief information about EMG 
and reveal the various methodologies to analyze the 
signal. Techniques for EMG signal detection, 
decomposition, process and classification were 
discussed along with their advantages and 
disadvantages. Discovery of a problem or 
disadvantage in one method leads to other improved 
methods. 
 
RECOMMENDATIONS 
 
1. Adding motors to the elbow and wrist to make the 
movement range of the hand to make it useful in more 
applications 
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2. Classifying the signals using neural network to 
move each finger separately 
3. Designing more flexible robotic hand closer to the 
real human hand 
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