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Abstract - This paper describes the development of a cost optimized SEMG data acquisition system. The developed sensor 

system comprised of surface electrodes and signal conditioning circuit. The sensor system detects the small myoelectric 

pulses generated as a result of muscle activity and converts them to analog signal. The myoelectric signal is then fed to the 

microcontroller unit for further processing. The acquired myoelectric signal from the sensor is then used to successfully 

control an artificial arm through Arduino platform.  The Arduino platform works as the interface between the SEMG sensor 

and the artificial arm providing control of the prosthetic device in a simple and effective way.   
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I. INTRODUCTION 

 

In physiology, it is a well-known fact that small 

electric pulses are generated during muscle activity. 

These electric pulses travel along the muscle fiber 

from the muscle belly towards the end of the muscle. 

Such signals are termed as myoelectric signal or 

EMG signal. The experimental technique used to 

record and analyze the myoelectric signal is 

Electromyography. Analysis of the myoelectric signal 

helps in detection of medical abnormalities, 

activation level and biomechanics of human body 

movement etc. EMG signal has been extensively used 

as diagnostic tool for identification of neuromuscular 

diseases, motor control disorders, kinesiology and 

assessing low back pain, etc. In the recent decades, 

Electromyography has found its application in 

robotics, human-machine interfaces etc. Prosthesis 

control has evolved from conventional body powered 

hooks to movement actuated electric prosthetics over 

the last few decades. Myoelectric prosthesis has turn 

out to be the preferred alternative to conventional 

hook prosthesis for the patients with traumatic or 

congenital limb absence. In the absence of the limb, 

human brain still continues to send the signals to the 

residual limb to “grasp” or “open” the hand [4]. This 

signal can be used to actuate the assistive devices 

such as prosthetic device, wheel chairs, orthotic 

device etc. The EMG signal can be recorded either by 

using needle electrodes (invasive electromyography) 

or surface electrode (non-invasive 

electromyography). Proper clinical knowledge is 

necessary to use needle electrodes. Use of this 

technique is confined to medical and scientific studies 

where a highly accurate detail of muscle fiber 

physiology is a necessary requirement. The second 

technique instead has found its use in every 

application where just the presence and basic 

characteristics of EMG signals (amplitude, shape) are 

required, as for example in sport training, 

rehabilitation and control [1]. The EMG potential 

varies within the range from 50µV to 30mV in the 

frequency range between 0 and 500Hz. The 

myoelectric spectrum shows most of the power 

within the frequency range of 20-150Hz with 

significantly high amplitude [5]. The EMG signal is 

contaminated with various noise signals such as 

power line interference, muscle cross-talks, ambient 

noise, motion artifacts, inherent instability etc. Power 

line interference arises due to 50Hz radiation from the 

power sources. Muscle cross talk is the interference 

in myoelectric potential from nearby muscles. 

Ambient noise occurs due to the electrical devices 

present in the room where electromyography is 

performed. Motion artifacts arise as a result of the 

movement of the cables that connect electrodes to the 

amplifier.  Inherent instability of the signal with 

unstable components in the frequency range below 

20Hz occurs due to the quasi random nature of the 

firing rate of the motor units [2].  

High quality real-time EMG signal information is of 

paramount importance for prosthesis control.  All the 

noise components should be removed before 

application of the EMG signal to control the 

prosthetic device. A clean record of surface 

electromyographic signal provides successful 

extraction of precise gestures and gives a more 

natural and interactive tool for human-machine 
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interaction and assistive devices [3].  All the noise 

components should be removed before application of 

the EMG signal to control the assistive devices or 

human machine interfaces.  

 

The noise signal can be removed with proper signal 

conditioning circuit. This paper describes a novel 

approach to obtain high quality real-time myoelectric 

signal. 

 

II. SYSTEM DESCRIPTION 

 

 
Figure 1: data acquisition steps of the proposed system 

 

Different signal conditioning steps of the proposed 

sensor system are illustrated in the figure 1. The 

sensor system comprised of six stages from collecting 

raw EMG signal from the skin surface to 

envelopment of the filtered and rectified signal.  

 

The smoothened EMG signal is then fed to the 

microcontroller unit for further processing which   

provides the control signal for the assistive devices. 

Here an artificial arm is considered as the assistive 

device which is controlled by the acquired EMG 

signal from the forearm muscle through the proposed 

sensor. The sensor system is modeled in LTspice 

software. 

 

1. Signal amplification 

The raw EMG signal is very small in magnitude 

(50µV-30mV) which needs to be amplified before 

any processing steps. The surface electrodes pick up 

the signal from skin surface above the selected 

muscle and send the collected signal to the 

instrumentation amplifier. Figure 2 shows the 

amplification stage using instrumentation amplifier. 

Equation 1 is used to calculate the gain of the 

amplifier. 

 

G =  1 +
2R1

R2
 

R4

R6
                                      1 

 
Figure 2: Instrumentation amplifier circuit 

 

2. Signal Filtering 

The amplified myoelectric signal from the 

instrumentation amplifier is contaminated with noise 

signal which need to be removed before further 

processing steps. The noise components are present 

below 20Hz and above 150Hz. A 4th order band pass 

filter with upper cut-off frequency fh=150Hz and 

lower cut-off frequency fl=20Hz, is used to eliminate 

these noise components. Figure 3, 4 depict the 

modeled band pass filter. The following equations are 

used to calculate the cut-off frequencies. 

fh =
1

2π R1R2C1C2

= 150Hz                                        2 

  fl =
1

2π R1R2C1C2

= 20Hz                                         3 

Amplification ratio in each stage of the filter circuit is 

given by equation 4. 

 A

= 1 +
R3

R4
                                                                      4    

 

 
Figure 3: high pass filter circuit (4

th
 order) 
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Figure 4: low pass filter circuit (4
th

 order) 

 

3. Power-line interference elimination 

The myoelectric signal is affected by power 

frequency radiation at 50Hz. A Notch filter with cut-

off frequency 50Hz is applied to eliminate the effect 

of power frequency radiation. The Notch filter used 

in the proposed system is taken from a research paper 

[7]. Figure 5 depicts the Notch filter used in this 

study. 

 
Figure 5: Notch filter circuit 

 

4. Signal rectification and envelopment 

The EMG signal is random in nature due to which its 

amplitude quickly swings between positive and 

negative polarity. It results in mean value of the 

signal to be zero. Rectification is necessary to ensure 

that the mean value of the signal is not zero. 

Rectification is the transformation of the EMG signal 

into positive polarity signal. The rectifier along with 

the low pass filter used in the proposed system is 

taken from a research paper [8]. The output of the 

circuit shown in figure 6 gives the EMG envelope. 

 
Figure 6: rectifier and smoothing circuit 

5. Final amplification  stage 

The EMG envelope obtained from the rectifier and 

smoothing circuit is fed to an amplifier circuit to get 

an amplified signal. This stage provides enlarged 

EMG envelope. The amplified output is fed to the 

Arduino board for further processing. Figure 7 

describes the final amplification circuit.  

 

 
Figure 7: final amplification stage 

 

III. RESULT AND DISCUSSION 

 

After successful simulation of the modeled sensor 

circuit, it is implemented and tested. The signal 

obtained from the sensor is fed to the microcontroller 

unit for further processing as shown in figure 8.  

 

 
Figure 8: Implementation steps of the final system 

 

The surface electrodes collect the myoelectric 

potential from the forearm muscle of right hand (any 

type of muscle can be selected). Two electrodes are 

connected to the forearm muscle and one electrode is 

connected to a bony area of the arm which serves as 

the reference. The output of the muscle sensor is 

connected to one of the analog input of the Arduino 

microcontroller board. The output of the 

microcontroller provides the control signal for the 

assistive device. An artificial arm is designed and 

controlled by using the EMG signal obtained from the 
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muscle sensor through Arduino platform. As a final 

step of this study, the myoelectric signal obtained by 

the sensor is used to control an artificial arm through 

Arduino platform. Figure 9 depicts the final 

implemented system with the artificial arm. 

 

 
Figure 9: final implemented system with the artificial hand 

 

IV. CONCLUSION 

 

Design and implantation of a low-cost surface EMG 

sensor has been discussed in this paper. The sensor is 

designed at a cost less than 1500INR. The whole 

system is developed at a cost of 4000INR. Result 

obtained from the proposed sensor is sufficient to 

prove good noise cancellation and high quality of the 

system. The next step of this work is to develop a 

wireless SEMG sensor and finger movement 

classification.    
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