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Abstract— Surface Electromyo-gram (sEMG) is the study and analysis of muscle electrical activity noninvasively, using 
surface electrodes placed on the area of the body overlying the muscle. The complex nature of the sEMG signal makes it 
imperative to design a device to view and extract the hidden time domain and frequency domain parameters for diagnosis 
and research. This paper puts forward the design of a novel acquisition unit for acquiring, recording and analyzing the 
sEMG, extracting the various time domain and frequency domain parameters of clinical utility. The sEMG signal was sensed 
by the active differential electrodes placed over ‘flexor carpi radialis’ of 25 age matched subjects and fed into an acquisition 
module.  It was then conditioned, digitized and parameters were extracted. These parameters were then analysed for muscle 
response towards self induced stress and external influence. The dominant ranges of each parameter and their variances were 
determined.  
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I. INTRODUCTION 
 

Electromyography (EMG) is an experimental 
technique concerned with the acquisition and analysis 
of myoelectric potentials. Like other 
electrophysiological signals, EMG is a low amplitude 
signal and must be amplified to an electrically 
reproducible level. The front end amplifier must be 
designed specifically to reduce noise and measure 
physiological signals.  

 
There are 2 approaches towards EMG acquisition: 

Using non-invasive surface electrodes or invasive 
needle electrodes. The EMG recording obtained using 
surface electrodes is called Surface Electromyogram 
(sEMG). This paper proposes a circuit for acquiring 
and recording of sEMG and extract parameters of 
clinical importance. 

 
sEMG Characteristics 
The sEMG signal can be modeled as a 

superposition of several individual motor unit action 
potentials (MUAP). The electrical activity of these 
MUAPs is detected by a surface electrode located 
within its detectable area. Typically, the sEMG 
amplitude ranges between 0 to 500 uV (peak-to-peak) 
or 0 to 1.5 millivolts (RMS), and a bandwidth of 0-
2.5 kHz with the usable energy lying between 50-250 
Hz. Fig 1 shows sample sEMG signal from Flexor 
Carpi Radialis under flexion. The sEMG signal is one 
of the most complex signal as its quasi stationary and 
dependant on the several variables like nature of the 
subject, build, age, muscle under study etc. sEMG 
finds its application in the fields of Diagnosis, 
Therapy, Rehabilitation, Ergonomics, Sports Science, 
Research etc. 

 
 
 

 

 
Fig.  1.  Sample sEMG signal acquired. 

 
The system was divided into 3 modules. Front end 

hardware module houses electronics for the 
acquisition, detection, amplification and conditioning 
of the sEMG signal. The second module comprised of 
the digitization and archival unit, to record and log 
the sEMG signal for retrieval and analysis. The final 
module had the retrieval and processing algorithms 
for extracting parameters time and frequency 
domain). 

  
The extracted parameters and their significance 

towards sEMG are as follows: 
Time domain: 

1. Number of Zero Crossings: provides a 
measure of number of re-innervations and 
de-innervations of muscle fibres. 

2. Envelope of the signal: Also known as the 
Integrated sEMG, shows the overall 
performance of the muscle and the type of 
contraction, whether Maximal Voluntary 
Contraction (MVC) or Sub-maximal 
Voluntary Contraction (SVC) and the torque 
generated in the action. 
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3. Area Under the curve: Indicates the measure 
of the work done by the muscle subjected to 
exertion. 

4. Maximum amplitude: This is the Peak value 
of the signal which indicates the maximum 
potential and the maximum torque generated 
by the muscle. 

5. Mean Rectified amplitude: The mean 
rectified amplitude is an indication of the 
average potential and torque generated by 
the muscle.  
Frequency Domain: 

1. Power Spectral Density: The power 
spectral density is the distribution of 
power of the acquired sEMG signal over 
the entire bandwidth. It is a measure of 
the contribution of different frequency 
components towards the total power 
exerted by the muscle. 

I. BLOCK DIAGRAM 

 
Fig.  2.  High level Design of the sEMG circuit. 

 
II. ELECTRODE INPUT 
 

This stage interfaces the acquisition hardware with 
the human body. It consists of electrodes or sensing 
elements which converts the ionic potential generated 
when a muscle is subjected to a stimulus, into an 
electric potential. These electrodes are placed on the 
surface of the skin. The differential input between 
two different points on the skin is fed to the 
instrumentation amplifier for initial amplification. 
The electrodes are chosen based on electrode 
dimension, inter electrode distance, electrode 
material, and electrode skin impedance. 

Taking all the above parameters into consideration 
pre-gelled Ag/AgCl ECG electrodes from Nessler 
Medizintechnik were used for the study. These 
electrodes were coated with a hypoallergenic 
medical-grade adhesive. 

III. CIRCUIT DESIGN 
 

Circuit Dimensions: The circuit was fabricated on 
a printed circuit board of dimensions 12.6619cm x 
11.7642cm. A track width of 1mm and a minimum 
track spacing of 0.5mm was maintained. The tracks 
were tin plated for protection against corrosion.  

 
Instrumentation amplifier 
The instrumentation amplifier detects the 

differential input between the 2 electrodes and 
amplifies it. INA121P was chosen for the design of 
the circuit. The input signal is fed to the INA121P via 
a front end CM-DM filter. 

For realization of the active high-pass filter, low-
pass filter and amplifier, Op-Amp OPA 177 was 
chosen.  

Filters 
The output from the instrumentation amplifier is 

band-limited within 0.5Hz - 2.5 kHz so as to restrict 
the signal into its usable frequency range. The filters 
implemented were 6th order Bessel filter of Multiple 
Feedback (MFB) topology. 

The circuit uses a high pass filter of cut off 0.5 Hz 
to remove any low frequency noise corrupting the 
signal, such as, movement artifacts, baseline wander 
and fibrillations. 

 
Movement Artifacts are low frequency 

interferences from signals generated by movement of 
body parts not associated with the muscle under 
inspection. Baseline wander may be caused due to 
improper grounding, unsymmetrical power rails to 
the circuit and, fibrillations  

The output from High-pass filter fed to a low pass 
filter. The circuit is designed as a 6th order Bessel 
filter with a 3dB frequency of 2.5 kHz. The gain of 
the filter was set as 10 V/V  

 
 Low pass filters help in removing high frequency 

noise such as the electrode dependant noise. 
Driver Circuit 
The driver circuit provides a common ground 

reference between the front end instrumentation 
amplifier of the acquisition circuit and the signal 
source (the muscle under diagnosis). It is comprised 
of a voltage buffer and a low pass filter. 

The Low-pass filter has a cut off frequency of 8 
kHz, inhibiting high frequency artifacts from entering 
the subject’s body. A high output impedance of 
390kΩ is used to attenuate the leakage/transient 
currents from entering the human body 

The ground electrode is the interface between the 
driver circuit and the surface of the human body. 
These are placed at an electrically neutral point (away 
from the active and reference electrodes, preferably 
on the closest bony areas for a shorter return path). 

 
Power supply 
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Two 9V/2A Zinc Carbon batteries were used to 
power the circuit. The usage of DC batteries reduces 
the interference from power hum noise. 

Data Acquisition Unit 
  NI myDAQ acquisition unit was used as an 

Analog to Digital Converter, acquiring and archiving 
signals in a continuous mode and hence, porting them 
to the processing system, for further analysis. The 
system uses a 16 bit SAR ADC for digitization and 
sampling frequency was set to 10 kHz. The Software 
LabView developed by National Instruments 
provides the front end application for display and 
storage of the signal in a desired format.  

 
Shielding 
The signal is susceptible to noise; especially EMI 

from nearby radiative devices. Hence, to prevent any 
EMI/EMC, the circuit was sealed within a metal 
enclosure. Any crevices were sealed using an 
aluminium foil and the whole chasis was grounded, 
hence acting like a Faraday’s cage. 

II. RECORDING AND ARCHIVAL 
The sEMG digitized sEMG signal was viewed on 

NI Labview, which was also used as the back end 
software for archival. The digitized input was 
exported as a worksheet into Microsoft Excel, 
containing Time vs sEMG amplitude data. This data 
was imported onto Matlab for further analysis. 
 
IV. SIGNAL ANALYSIS 
 

In this stage the Time Domain & Frequency 
Domain parameters of clinical importance were 
extracted from the raw sEMG signal. The following 
time domain parameters were extracted using 
MatlabR2008b software. 

1. Number of Zero Crossings 
2. Envelope of the sEMG 
3. Maximum Amplitude 
4. Mean Amplitude 
5. Area under the sEMG curve 

In the frequency domain, the Power Spectral 
Density of the sEMG was computed. 

 
The parameters extracted from the acquired sEMG 
signal were tabulated and a database was maintained. 
Muscle ‘flexor carpi radialis’ or forearm muscle was 
chosen for the analysis as the muscle is more 
commonly used for day to day activities, easily 
accesible, and suffers minimal cross talk from 
neighbouring muscles, unlike other muscles in the 
arm. The test subjects were asked to perform two 
exercises for which the signal would be analyzed 

 Normal flexion (helps in determining 
parameters for the maximum voluntary 
contraction without any external stress being 
imparted on the muscle. This gives us a 
baseline for the muscle response under 
maximum stress in the absence of an 
external stimulus.  

 Lifting a pre defined weight of 5 kg inorder 
to compare the variations in parameters 
caused when the muscle is subjected to 
external stress. 

25 age matched subjects of age group 20-22 years, 
and a BMI of 18 – 25 were chosen, and sEMG signals 
from Flexor Carpi Radialis muscles were recorded 
under normal flexion and MVC conditions with a 
load of 5 KG. These samples were then processed to 
extract parameters (as mentioned above) and 
histograms were plotted to calculate the range of 
variance for each parameter. 
 
V. RESULTS 
 

 
Fig.  5.  Sample recording of an sEMG from the Flexor Carpi 

Radialis during a normal flex. 

 
FIG.  6.  SAMPLE RECORDING OF AN SEMG FROM THE FLEXOR 

CARPI RADIALIS DURING MAXIMAL VOLUNTARY CONTRACTION 
OF THE ARM 

 
Fig.  7.  Rectification and Envelop detection. 

 
Fig 8.  Epoch Division of sEMG signal 
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Fig  9. PSD of the sEMG signal 
 

 
Fig 10. Command window with extracted parameter values 

 
VI. OBSERVATION 
 
In this section the dominant ranges of normal activity 
for each parameter and other observations noticed 
while recording and processing the sEMG signal, is 
discussed. 

1. Area Under the Curve 

 
Fig 11.Histogram plots of area under curve for Flex and Lifting 

weight 
 
The total range of areas under the curve, for flexion 
ranges within 0.0285 to 0.0941 J, of which more than 
50% (13/25) samples, lie in the range of 0.0425 to 
0.0575 J. This is considered to be the dominant range. 
Similarly, under MVC condition of lifting of a pre-
determined weight of 5 kg, the total range was found 
to be between 0.0382 to 0.1307 J. The dominant 
range for this activity was found to be within 0.0625 
to 0.0775 J. 

The total and dominant ranges differ by a substantial 
value for both the activities, because more work is 
done when an external force is applied for the muscle 
to perform the activity for duration. 
 

2. Number of Zero Crossings 

 
Fig  12.  Histogram plot of Zero Crossings 

 
The total range of values for flex action ranges from 
200 to 290 of which more than 50% (15/25) samples 
lie in the within 237 to 270, which is considered to be 
the dominant range. 
Similarly for the lifting of a pre-determined weight of 
5 kg, the total range was found to be within 165 and 
300. The dominant range for this activity was found 
to be around 255 to 275. 
In order to sustain an external weight, the number of 
innervations in the muscle must be more than that for 
a normal activity like flexing of a muscle. The same 
can be inferred from the above histogram plots in 
which there is a minor shift in the dominant range. 
However, the number of zero crossings does not 
depend entirely on the type of activity performed. It 
also varies based on the build and health of the 
muscle. This leads to the overlap in the ranges for 
zero crossings. Hence, zero crossings alone in 
inconclusive about the stress exerted by the muscle. It 
can be used as a means to monitor the overall health 
of the muscle. Incase of a variation in the zero 
crossings count for the given activity, it shows that 
the muscle is unable to respond to a nervous/external 
stimuli. 

3.  Maximum Amplitude 

 
Fig 13.  Histogram plot of Maximum Amplitudes 

 
The above histogram plots indicate the maximum 
amplitude values observed during the two activities. 
The total range of values for flex action, ranges from 
0.222mV to 1.9mV of which more than 50% (13/25) 
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samples lie in the range of 0.525mV to 0.725mV, 
which is considered to be the dominant range. 
Similarly for the lifting of a pre-determined weight of 
5 kg, the total range was found to be between 0.9 mV 
to 1.9mV. The dominant range for this activity was 
found to be around 1.48mV to 1.62mV (14/25). 
It indicates the maximum force exerted by the muscle 
fibres to perform an activity. For lifting a weight of 5 
kg, more force has to be applied against the weight of 
the object and the same can be inferred from the 
variation in the dominant range of maximum 
amplitudes. As the area under the curve, this can also 
be used as a parameter in determining the type of 
activity performed. 
 
4. Mean Amplitude 

 
Fig 14. Histogram plots of mean amplitudes 

 
The above histogram plots indicate the mean 
amplitude values attained during the two activities.  
The total range of values for flex action varies from 
0.102mV to 0.224mV of which more than 50% 
(13/25) samples lie in the range of 0.125mV to 
0.165mV, which is considered to be the dominant 
range. 
Similarly for the lifting of a pre-determined weight of 
5 kg, the total range was found to be within 0.137 mV 
and 0.3mV. The dominant range for this activity was 
found to be around 0.228mV to 0.288mV (16/25). 
The mean value of amplitude indicates the average 
force exerted over the entire epoch (smaller time 
durations) under examination. Here similar inferences 
can be drawn about the increase in dominant range 
from a voluntary flex to lifting a weight. The mean 
amplitude for lifting a weight increases by 82% as 
compared to the flexing action of the muscle. 
In the process of acquiring samples the following 
inferences were also obtained. In the presence of a 
EM radiative equipment (eg cell-phone) in the 
vicinity of the hardware acquisition unit there was a 
60dB decrease in the SNR of the signal as shown in 
the figure. Similar observations were made with 
respect the effect of ambient noise in the vicinity of 
the acquisition unit.  
 
VII. DISCUSSION 
 
During the process of acquiring samples the 
following inferences were also arrived at. In the 
presence of an activated radiating equipment, such as 

a cell phone, within the vicinity of the hardware 
acquisition unit, there was a 60dB decrease in the 
SNR of the signal (shown in the figures 5 and 6). 
Similar observations were made with respect the 
effect of ambient noise in the vicinity of the 
acquisition unit. 

 
Fig.  15.  sEMG signal in absence of radiating devices in the 

vicinity. 

 
Fig.  16.  sEMG signal in the presence of a cell phone near the 

circuit. 
 
sEMG is one of the most complex signals to acquire 
and analyze due to its very low amplitude, and quasi-
stationary behavior, this requires a robust and reliable 
hardware, which is compact,  and yet cost effective. 
Advanced digital processing techniques like Wavelet 
domain processing, PCA, ICA, adaptive filtering for 
noise removal, etc. could be additionally employed 
for further improving the performance. sEMG has a 
major scope in the diagnosis of neuro-muscular 
disorders mainly in children as they are averse to the 
invasive nature of the needle EMG. 
 
CONCLUSION 
 

An acquisition module was designed to acquire the 
sEMG and algorithms to process the acquired signals 
were written. The hardware was observed to have 
worked with reasonable accuracy, but was 
susceptible to interference from radiating devices 
present in the vicinity. The digitized signal was 
processed and parameters of clinical importance were 
derived. The dominant ranges for these parameters 
were hence, derived. 
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