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Abstract- In this paper, displaying the plan and advancement of a straightforward, practical and low power surface EMG 
flag obtaining unit for a neuromuscular biofeedback framework. Biofeedback treatment has been turned out to be powerful 
in restoration forms for individuals experiencing neuromuscular maladies and for those recouping from sickness and 
wounds. The productivity of such an undertaking on account of individuals experiencing neuromuscular sicknesses can be 
essentially enhanced with the utilization of an Electromyography (EMG) biofeedback framework. The paper talks about the 
procurement end flag chain, the union of different squares in the flag chain, remote transmission of digitized information to a 
PC and acknowledgment of EMG checking framework. Biofeedback treatment has been turned out to be powerful in 
recovery forms for individuals experiencing neuromuscular infections and for those recouping from ailment and wounds. It 
defeats the impediments of subjective evaluations made by people, as they are not fit for detecting the incremental reactions 
of the patient to a treatment. The effectiveness of such an assignment on account of individuals experiencing neuromuscular 
infections can be altogether enhanced with the utilization of an Electromyography (EMG) biofeedback framework. 
 
Keywords- Rehabilitation, Biomedical electronics, Biomedical signal processing. 
 
I. INTRODUCTION 
 
Biofeedback treatment has been ended up being 
successful in restoration forms for individuals 
experiencing neuromuscular ailments and for those 
recuperating from disease and wounds [1]. It 
conquers the restrictions of subjective appraisals 
made by people, as they are not equipped for 
detecting the incremental reactions of the patient to a 
treatment. The proficiency of such an undertaking on 
account of individuals experiencing neuromuscular 
maladies can be essentially enhanced with the 
utilization of an Electromyography (EMG) 
biofeedback framework. Electromyography (EMG) is 
a trial strategy worried with the advancement, 
recording and examination of myoelectric signs. 
Myoelectric signs are framed by physiological 
varieties in the condition of muscle fibber films 
[1].These EMG signs can be procured from the 
human body through intrusive and non-obtrusive 
strategies. The non-obtrusive technique includes the 
utilization of surface cathodes and the procedure is 
named as Surface EMG (SEMG). 
 
Appropriate investigation of SEMG signs should be 
possible just if the gained signs are spotless and are of 
most extreme quality .Their quality is thusly dictated 
by the execution of the equipment utilized for their 
procurement [2-3]. Crude SEMG signs are weak in 
plentifulness and have low recurrence substance. 
Meddling electromagnetic signs from the human 
body and the environment additionally builds the 
outline multifaceted nature of the securing equipment. 
Relationship for Connected Psychophysiology and 
Biofeedback characterizes biofeedback [4] as a 
procedure that empowers a person to figure out how 
to change physiological action for the reasons for 
enhancing wellbeing and execution. These remedial 

methodology utilize electronic or electrical 
instruments to gauge the fancied movement, process 
and input to the concerned precisely and quickly. The 
deliberate signs have instructive and strengthening 
destinations. These signs give appropriate estimation 
of an action and furthermore help the patient to adjust 
the way of movement assuming any, by constantly 
nourishing with the data in regards to present state. 
Bio-criticism frameworks find broad application in 
the recovery procedure for individuals with 
neuromuscular infections. 
 
II. METHODOLOGY AND 
IMPLEMENTATION 
 
1)  Analog Front End 
It is entrenched that adequacy of SEMG signs are 
irregular in nature and may take after a Laplacian sort 
or Gaussian likelihood appropriation relying upon the 
level of muscle activation[5], [6]. Common surface 
EMG signals have abundancy in the scope of many 
miniaturized scale volts to a couple process volts. 
This low level of SEMG flag sufficiency builds the 
powerlessness of the framework to commotion 
antiquities which are of low power. This weakness 
requests a framework with high SNR and the securing 
end hardware should be outlined with gadgets of high 
Regular Mode Dismissal Proportion (CMRR). 
The investigation of recurrence dispersion of force is 
additionally imperative in assessing the required 
figure of value of the hardware. The framework ought 
to be altered or at the end of the day, enhanced 
relying upon the power dissemination of the flag. 
Written works [7], [8], [9], [10] examine in incredible 
profundity about the PSD of surface EMG flag. The 
usable vitality flag range of SEMG lies in the middle 
of 0 Hz – 500 Hz, with the predominant vitality 
spread between 50Hz - 150 Hz [7].This infers that 
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picking the data transfer capacity of framework 
exchange work relies on upon the territory of use. For 
instance, frameworks proposed for research 
application concentrate more on concentrate different 
perspectives and nature of the SEMG flag which 
regularly won't not have been broke down or 
examined previously. It takes after normally that 
restricting the data transmission of exchange capacity 
is not craved since the goal is to investigate as 
opposed to understanding a framework which tests 
just a part of the recurrence extend over which the 
SEMG power is appropriated. An EMG obtaining 
framework produced for research situated application 
requests a framework with predominant clamor 
invulnerability and ought to have the capacity to 
process motions in the 0Hz – 1000Hz district. 
Though, an EMG procurement framework where the 
securing end yield is sustained into a choice gadget to 
execute a specific end application requests an 
alternate approach. In such cases, inspecting the 
range where lion's share of force is appropriated is a 
basic yet productive method for enhancing the SNR 
and framework execution. The acknowledgment that 
is talked about here is of the second kind, where the 
goal is to understand a visual biofeedback framework 
by lessening false alert likelihood inside a given 
location likelihood. 
 
While handling a band restricted flag, one straight 
forward way to deal with enhance SNR is sift through 
the out of band commotion and this will essentially 
enhance the framework execution. In any case, this 
single-handedly would not take care of the issue of 
guaranteeing adequate SNR . A decent bit of flag 
vitality lies in 50Hz – 60Hz locale and this 
harmonizes with the electrical cable impedance 
commotion range. The electrical cable obstruction 
clamor can seriously influence the framework 
execution. A first request acknowledgment of the 
framework with no separating obstructs in the flag 
chain demonstrates that the commotion RMS level 
overwhelms the flag RMS level and consequently 
identification issue turns out to be to a great degree 
careful and unsuccessful. Acquaintance of a step 
channel with evacuate the undesirable flag get from 
the power supply lines causes the loss of critical flag 
and related data. To stay away from the power supply 
commotion of 50Hz [In Europe] or 60Hz [In US], we 
have utilized lithium particle batteries to control up 
the circuit. This measure additionally helped in 
accomplishing framework conveyability. Favorable 
circumstances of Lithium particle battery incorporate 
wide accessibility, simplicity of use and minimal 
effort contrasted with other DC supplies inferable 
from their enormous creation and far reaching use. 
The electrical cable impedance clamor and related 
relics were still present in the framework. To 
additionally enhance the commotion invulnerability, 
the strategy for basic mode scratching off utilizing 
Right Leg Driven hardware was received. 

Furthermore, the board was secured utilizing 
aluminum thwart. This gives electromagnetic 
protecting to the circuit and consequently enhances 
the clamor resistance. The clamor level in the 
envelope of the EMG flag was observed to be 
essentially lower with aluminum thwart cover. This 
technique was powerful monetarily too. 
 

 
Fig.1. Signal chain diagram of the Analog Front End. 

 
The utilitarian square chart for the EMG flag securing 
end is given in figure 1.As specified before, the EMG 
signs are frail in abundancy and are very inclined to 
commotion. The goal is to amplify the data from 
EMG motions by guaranteeing a high flag to clamor 
proportion. The outcome and execution of any 
arrangement of this kind is exceptionally subject to 
the prior transducer organize. For this framework, we 
can specifically quantify the electric voltage 
comparing to engine neuron activity potential. A 
general conviction is that SEMG applications request 
better quality anodes than accomplish attractive 
execution. Be that as it may, the usage here 
introduced conveyed attractive execution 
notwithstanding when ordinary conductive wire was 
utilized as a part of the place of surface EMG 
terminal. The principal examinations were done 
utilizing standard uninvolved anodes utilized by 
business EMG machines. The anodes were then 
supplanted by ordinary conductive wires and the flag 
yield gave practically identical execution to that of 
the principal case yet little measure of SNR 
corruption was watched. The position of conductive 
wire cathode utilized for the EMG flag obtaining is 
given in Fig. 2. The oscilloscope presentations of the 
flag gained amid muscle movement and muscle 
dormancy with conductive wire as anode are given in 
Fig. 3 and Fig. 4 individually. Conductive wire 
cathodes essentially cut down the general cost of the 
EMG securing framework. Be that as it may, the 
securing hardware would be all the more requesting 
as far as parameters prefer input impedance. Be that 
as it may, the cost for meeting these parameters is 
little contrasted with the high cost of monetarily 
accessible surface EMG terminals. 
 

 
Fig. 2. Conductive wire electrode placement 
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Fig. 3. EMG signal during muscle activity 

 

 
Fig. 4. EMG signal during muscle inactive 

 
In any case, the choice with respect to picking the top 
of the line anodes relies on upon the sort and nature 
of utilization. On the off chance that the application 
requests prevalent SNR execution, then top of the line 
cathodes are the ideal arrangement. Yet, this is not 
compulsory for some applications like those talked 
about in writings .Electro-conductive gel ought to be 
connected before putting the cathodes or wire to 
improve execution. The flag quality was observed to 
be expanded with suitable skin readiness like 
cleaning the objective region with liquor. The flag 
abundancy fluctuates with the terminal position too. 
Input impedance at the intersection of skin and 
identification surface may extend from a couple kilo 
Ohms to a couple Uber Ohms. This info impedance 
of the framework ought to be substantial in contrast 
with the impedance at the intersection of skin and 
recognition surface. As indicated by winter [7] an 
information impedance in the scope of 1MΩ - 10MΩ 
would suffice for attractive operation. 
 
The regular mode voltage is the subject's body 
potential as for the enhancers normal. This voltage 
can meddle with differential signs taken from the 
muscles fundamentally and subsequently it is coveted 
to lessen the basic mode voltage level impressively 
utilizing a third cathode joined between intensifiers 
normal and subjects body [8]. A successful strategy 
that is typically utilized is to utilize a determined 
right leg circuit to associate the third anode. Winter 
and Webster [8] propose that when framework is not 
exceedingly impedance constrained (as for our 
situation) from regular mode voltage, less upgraded 
RLD circuits would likewise give attractive outcomes. 
Henceforth this usage utilized a RLD circuit as talked 
about in the datasheet of INA129 from Texas 

Instruments [9] as opposed to going for a more 
improved outline. The kind of the ground terminal is 
additionally vital. Alluring characteristics of a decent 
ground terminal incorporate huge surface territory, 
high conductivity of the material and so on and it is 
important to guarantee appropriate working. This 
framework utilized silver (Ag) cathode of width 26 
mm as the ground anode. 
 
The EMG signals procured through the surface 
anodes were encouraged into a high information 
impedance Operation amp support and in this way 
into an instrumentation intensifier of increase 10V/V. 
The Operation amp support utilized FET input 
operational intensifier with a low information 
predisposition current of 5pA and this guaranteed 
high info impedance for the framework. The 
instrumentation enhancer had a base CMRR of 
120dB and this was vital for understanding a high 
CMRR framework. Assist intensification was given 
simply after the channel areas to diminish the 
enhancement of clamor and to expel all the 
undesirable flags in early stages itself. The moderate 
inside muscle development brings about critical low 
recurrence clamor get. The real part of this clamor 
lies in the scope of 0–10 Hz. A high pass stage was 
acquainted in the flag chain with evacuate the low 
recurrence clamor. The high pass channel, which was 
utilized to evacuate the low recurrence clamor was a 
Butterworth channel of sixth request with a 3dB cut 
off recurrence of 45Hz and was acknowledged by 
falling a few Sallen-Key high pass channel pieces. 
The yield of the instrumentation enhancer contains 
high recurrence curios including those which were 
gotten from subject's body. The flag is likewise 
exceedingly inclined to electrical commotions 
because of the disgraceful arrangement of EMG 
cathodes. A low pass stage was acquainted with sift 
through the high recurrence clamor segments. As said 
before, a great bit of EMG flag vitality lies in the 
scope of 50 Hz - 150 Hz. The framework examined 
here utilizations an eighth request Butterworth low 
pass channel of 3dB slice off recurrence 190Hz to 
expel the out of band commotion and to abstain from 
associating impacts. The channel was executed in 
Sallen-Key arrangement. 
The flag from the channel segment is still weak for 
legitimate investigation. In this way, we had an 
enhancement phase of pick up 40 V/V embedded 
after the channel segment. The enhanced flag had top 
adequacy around 1V. The tuning of the pickup of the 
speaker got to be distinctly vital in the later phases of 
testing as crude EMG flag amplitudes were found to 
shift between various surfaces of contact and from 
individual to individual. One of the pickup changing 
resistors of the speaker stage was supplanted by a 
potentiometer to control the pickup powerfully. With 
a specific end goal to investigate and settle on choices 
in light of the muscle exercises in the part of the 
human body onto which the surface cathodes were 
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connected, the handling must be performed 
continuously. The information handling was done in 
computerized space as it offers programmability, 
conservativeness, simplicity of usage and decrease in 
framework many-sided quality. The adapted flag was 
encouraged into the ADC contribution of smaller 
scale controller. The useful square chart of sampler 
and transmitter are given in Fig. 5. 
 

 
Fig.5 Block diagram level representation of the acquisition and 

processing System 
 
The examining and digitization of the adapted simple 
flag is done utilizing a Simple to Computerized 
Converter (ADC). Since the following stage in the 
outline requires a controller unit for interfacing a 
remote module, a MCU with an installed ADC would 
be an ideal arrangement. The TI MSP430G2553 
MCU, being a ultra-low power MCU with in-
constructed ADC, and a SPI module for speaking 
with the remote module, was observed to be the most 
appropriate answer for our low-power and compact 
outline. 
 
2)  Wireless Communication 
With a plan goal of making the securing gadget 
convenient, the inspected SEMG information is to be 
remotely transmitted to a figuring stage for post-
handling. A PC running Windows 7 was picked as the 
registering stage, inferable from the plentiful 
handling power it gave. The Radio Recurrence (RF) 
modules utilized for transmission and gathering must 
give quick information rates and low idleness for 
continuous execution, and in particular, low power 
utilization. We utilized the nRF24l01+, a solitary chip 
2.4GHz handset from Nordic Semiconductor at the 
transmitter and beneficiary finishes. It works in the 
Modern, Logical and Medical(ISM) recurrence band 
and works with ultra-low power utilization while 
offering on-air information rates up to 2 Mbps [1]. It 
is voltage good with the MSP430 MCU in our plan 
and is interfaced by means of a Serial fringe Interface 
(SPI). 
 
The computerized 12-bit tests from the ADC of the 
MSP430G2553 are sent to the nRF24L01+ RF 
module, which remotely transmits payloads 
comprising of two successive examples at 2 Mbps. 
The beneficiary end comprises of a nRF24L01+ 
handset in the get mode wherein the baseband 
convention motor continually looks for a substantial 
bundle. On gathering of substantial EMG tests, it 

advances them to the MSP430G2553 MCU. Both the 
RF modules at the accepting and transmitting closes 
stay in the standby mode once the Tx/Rx supports are 
void, along these lines decreasing the power devoured. 
The MCU then transfers the information to a PC 
through the TUSB2046, a USB emulator from Texas 
Instruments.  
 
The advanced SEMG information tests are caught 
from the PCs virtual COM port by a java-based IDE 
called Preparing. The specimens, as they arrive, are 
plotted on a screen continuously. An exponentially 
weighted moving normal of a similar specimen is 
plotted nearby the first plot to give a smoothened 
adaptation of the flag to the client. The framework is 
fit for conveying constant execution, fundamental for 
an immaculate biofeedback system. 
 
III. RESULT 
 
The goal of our venture was to plan and build up a 
multichannel EMG securing gadget and to execute a 
biofeedback system utilizing it. The attempt was to 
plan the framework by minimizing cost, size and 
power utilization. These limitations were set 
considering the prevalence of compact arrangements 
in today's market. An exceedingly clamor resistant 
EMG securing gadget was outlined and prototyped. 
The molded flag yield from the framework was 
remotely transmitted and the flag procured was 
plotted on a remote PC utilizing java based flag 
preparing programming called Handling keeping in 
mind the end goal to give a visual criticism. 
 

 
Fig. 6. CMRR vs Frequency plot obtained during experiments 

 
EMG flag procurement circuit had a pinnacle CMRR 
of 104 dB with 100 dB at 75 Hz and a pass band pick 
up of 68dB. For EMG securing framework, writing 
determines a CMRR over 90 dB as satisfactory [3]. 
The CMRR Versus recurrence plot of the EMG 
procurement framework is appeared in Fig. 6. The 
framework usage examined here accomplishes these 
details and furthermore holds fast to the requirements 
put on cost, size and power. 
The framework execution is at a standard with that of 
industrially accessible EMG frameworks. We trust 
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that works of this kind which concentrate on ease 
arrangements without giving up the framework 
execution can cut down the costs of medicinal 
services and help to enhance the quality and 
accessibility of therapeutic care particularly in 
creating nations. 
 
CONCLUSION 
 
The directly executed visual criticism framework 
which plots the ongoing EMG signs can be 
extraordinarily improved and made more successful 
by including enlivened jolt show system.  
The work exhibited here examines the outline and 
advancement of a multi-channel EMG procurement 
gadget for actualizing a neuromuscular biofeedback 
framework. The acknowledgment concentrates on 
minimizing the cost, size and furthermore to build up 
a low power framework that outcomes in a low 
weight and compact framework. For recovery and 
muscle exhaustion medicines this could be executed 
utilizing intuitive amusements and such a framework 
would seem more easy to use to patients and would 
enhance the adequacy of activities and preparing 
programs. 
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