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Abstract- Design and Implementation of prosthetic functional human limb/finger replacements, using surface based 
acquisition of Electromyogram bio electric signals pertaining to the underlying muscle tissue. At times people are born with 
physical disabilities with respect to their limbs, or suffer loss of digits, fingers or toes or the human limbs as results of 
various scenarios such as severing, amputation in cases of conditions such as diabetes, gangrene, surgery, accidents, loss due 
to frost bites etc., which leads to partial or complete loss of functional finger tissue and bone. This paper aims at maximum 
replication of the human finger through the use of mechanical prosthetic replacements and re-establishing limb/finger 
functions. This can be achieved by observing muscle electrical activity at the required points, which control human limb and 
finger movement, tap that electrical signal and use it to drive a prosthetic replacement that is controlled by a servo. This way, 
the lost limb or finger is partially restored. 
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I. INTRODUCTION 

 
The Motivation, being given a chance to bring our 
creative ideas to life and to be able to showcase it on 
a technical platform.  
 
The origin of our concept was the prior use of 
inanimate prosthetic replacements for the human 
limbs and fingers, which did not provide the 
dynamics of a natural human limb. Hence the concept 
can be thought of as an extension to the original 
prosthetics.  
 
The inspiration was a personal life experience of my 
teammate-Shankar’s interaction with a physically 
challenged schoolmate. Further work on this paper 
can help millions of disabled people by giving them 
back the locomotor function of the limbs or finger 
that they weren’t born with or had to lose them under 
circumstances.     
 
A. Technical Background 
This work is a Medical electronics based project, 
based on surface EMG signal acquisition and put the 
same to provide specific functionality pertaining to the 
human locomotory organs. EMG is the acronym for 
Electro Myogram, which is a measure of the electrical 
activity of the muscles.  
The electrical activity is the result of a signal 
generated in the brain, which is transmitted through 
the nervous system to the motor neurons attached to 
the muscle fibers. The wave creates an action potential 
in the muscle fiber, resulting in the movement of 
electrical charges. It is well established that the 
amplitude of the EMG signal is stochastic (random) in 
nature and can be reasonably represented by a 
Gaussian distribution function.  

 
Figure 1: Frequency spectrum of the EMG signal detected 
from the Tibialis Anterior muscle during a constant force 

isometric contraction at 50% of voluntary maximum 
 
This electrical activity which amounts from 6mv to 
200mv, with a frequency ranging from 20 to 500 Hz, 
can be picked up by using well placed electrodes. 
These electrodes can be of two kinds, surface type and 
needle type. 

 
These signals may contain noise of such forms: 

 Noise due to electronic components. 
 50Hz line noise. 
 Ambient noise. 
 Motion artifacts. 
 Instability of the signal. 

 
It is required to process these signal. 
 
Common types of EMG signal processing.  

 RAW (with or without Band pass 
filtering) 

 Full wave rectified (absolute value). 
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 Average or root mean squared. 
 Linear enveloped. 
 Ensemble averaged. 
 Integrated Emg (iEMG) 
 Frequency or power spectrum. 

 
We have made use of a full wave rectified, integrated 
processing technique. 
 
B. Proposed Solution 
Full wave rectified EMG is same as taking the 
absolute value of the raw signal,shown in Figure 2. It 
is mainly used as an intermediate step before another 
process such as rectification shown in Figure 3, 
averaging, integration, and linear envelope, shown in 
Figure 4. 
 
It can be done electronically in real time. 

 

 
Figure 2: raw EMG Signal – biomechanics laboratory, 

University of Ottawa 
 

 
Figure 3: Full wave rectified EMG – biomechanics laboratory, 

University of Ottawa  
 

 
Figure 4: Integrated EMG – biomechanics laboratory, 

University of Ottawa 
 

Integrated EMG is important for quantitative EMG 
relationships (EMG vs. force, EMG vs. work). It is the 
best measure for total muscular force and is useful for 
quantifying activity for ergonomic research. 
 

 
Figure 5: Top level block diagram 

 
A simple block diagram as shown in Figure 5, 
indicates the procedure to harness the muscular 
electrical activity and convert it suitable for digital 
processing. 

C. Organization of the Paper 
In the previous section, the paper describes the 
fundamentals of EMG and how its role. Further 
sectionsfocuses on how this EMG signal is acquired, 
using acquisition circuits and processed hereon to 
drive electronics such as Nano servo motors. 
 
II. PROPOSED SOLUTION 
 

 
Figure 6: Hardware layout 

 
Figure 6, denotes the hardware and circuitry of the 
process. 
The input data from the electrodes is an analog EMG 
signal, of a value ranging from 2mv to 200mv.The 
output is a pulse width modulated signal in order to 
drive the servos. The analog constraints were with 
respect to signal conditioning. 
 
III. IMPLEMENTATION 
 
A. Hardware Implementation 

 

 
Figure 7: EMG signal acquisition circuit – TINA TI 

 
The EMG circuit shown in Figure 7, has been 
simulated using TINA TI, supplied by Designsoft, 
Texas Instruments. 
 
It consists of 4 stages: 
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 Stage 1 – Instrumentation Amplifier. 
 Stage 2 – Precision full wave rectifier. 
 Stage 3 – Integrator. 
 Stage 4 – Power amplifier. 

 
Stage 1: 

 
Figure 8: Stage 1 - Instrumentation Amplifier 

 
The Instrumentation Amplifier, INA114AP shown in 
Figure 8, is provided by Texas Instruments. 
 
The Instrumentation amplifier plays the role of a 
differential amplifier, which amplifies the difference 
between the EMG signal inputs from two different 
points, placed at active muscle activity regions. 
 
It is preferred due to its low offset voltage, drift, input 
bias current high CMMR, and low quiescent current. 
Its inputs are obtained from electrodes, placed one at 
the mid muscle, one at the end muscle whose 
electrical activity has to be measure, and a third as a 
reference electrode placed at the bony part of the arm. 
 The electrodes are to be placed at a distance of 
greater than 2cm from each other. 
 
Stage 2: 

 
Figure 9: Stage 2 – Precision full wave rectifier– TINA TI 

 
The Precision full wave rectifier, shown in Figure 9, 
is the TL082CP, provided by Texas Instruments. 
The Precision full wave rectifier is used in order to 
average the signal, which is one of the most common 
methods of EMG signal processing. 
This is preferred due to its low operating voltage, low 
noise, low offset voltage temperature coefficient, 
current, low input bias and high slew rate. 

Since the amplitude of the acquired EMG signal is 
about 2 to 6mv, it is not possible to rectify it using 
conventional rectifiers. Hence a precision rectifier is 
used.  
 
This also helps in converting the negative peaks to 
positive peaks so that it can be sampled using the 
ADC of MSP430. 
Stage 3: 

 
Figure 10: Integrator – TINA TI 

 
The Integrator shown in Figure 10, is TL082CP, 
provided by Texas Instruments. It makes sure that a 
smooth signal is obtained after rectification at the 
previous stage.  
 
Integrated EMG is important for quantitative EMG 
relationships (EMG vs. force, EMG vs. work). It is the 
best measure for total muscular force and is useful for 
quantifying activity for ergonomic research. It 
converts the continuous samples to a smooth DC 
waveform [3]. 
 
Stage 4: 

 
Figure 11: Amplifier – TINA TI 

 
The Amplifier shown in Figure 11, is TL082CP, 
provided by Texas Instruments. It does its native 
function of amplifying the signal such that it is 
sufficient enough in amplitude for the MSP430 to 
detect. 
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The threshold voltage levels are adjusted by varying 
the gain of the amplifier through the precision 
potentiometer.  
B. Software Implementation 
The software is implemented on the Energia platform, 
which is an MSP – GCC based open source platform, 
and Processing platform, is usedto plot the real time 
data from the serial port of the MSP430. 
 
The onboard ADC of the MSP430 G2553 
continuously samples the signal which is compared to 
a threshold value. This value defines the position of 
the analog servo. The sampled value is 
simultaneously sent to the serial port for plotting. The 
ADC has a resolution of 10 bits, and thus values 
range from 0 to 1023. 
 

 
Figure 12: Program flow 

 
Electro - Myography indicates peaks in voltage levels 
when compression and expansion of the muscle fibers 
takes place. 

A nominal voltage level exists when the muscles are 
in a sedentary mode. This voltage is taken as a 
reference voltage and any voltage above it is 
considered active muscular activity, and is acquired 
and sampled. Thus the software flow shown in Figure 
12, indicates, when the threshold value is crossed, the 
servo is required to rotate to its maximum set 
position, and return to a minimum set position when 
muscular activity is absent, imitating the expansion 
and contraction of the arm muscles required to move 
the human fingers. 
 
IV. RESULTS 
 

 
Figure 13: Final Prototype 

 
The snapshot of the prototype is shown in Figure 13, 
with its various components. The setup is portable 
and can be worn similar to sling. 
 

 
Figure 14: Energia platform 
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The snapshot of the code, running on the platform 
Energia is shown in Figure 14, provides a simple and 

effective means of software control for the designed 
circuitry. 

 

 
Figure 15: Real time data plot on processing platform – Sebastian Nelson 

 
The snapshot of the real time plot shown in Figure 15 
running on the Processing platform, shows peaking in 
voltage level upon contraction of muscles. 

 

 
Figure 16: The prototype 

CONCLUSIONS 
 
The goal was to design fully functional imitation of 
the human fingers. But we managed to deliver the 
concept and that there is further room for 
improvement and advancement.  
 
Strengths – Comparatively compact and portable, low 
power operation, battery powered, cost effective. Uses 
open source tools such as Processing, Energia. 
 
Drawbacks – Surface EMG electrodes are rough on 
the skin. 
 
Dynamics of the human finger couldn’t be completely 
achieved. 
 
The future scope is that it can be further designed to 
successfully achieve the dynamic complexity of the 
human fingers. Instead of the INA114AP, the INA126 
can be used. Similarly, the TL082 can be replaced by 
the OP1227, which enables lower voltage operation of 
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3.5v, and can be easily interfaced with the MSP430, 
whose maximum operating voltage is ideally 3.5v. It 
can be implemented as Bionic limbs and arms,a cost 
effective product for people seeking prosthetic 
replacements. 
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