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Abstract— The paper presents a simple, low cost and 

effective circuit which is designed for the acquisition and 

processing of EMG signals to finally interface with a 

working unit. The EMG signals are acquired by a data 

acquisition system, those signals are further conditioned to 

drive and monitor the functioning of a movable unit. The 

signal conditioning unit comprises of instrumentation 

amplifier, low pass and high pass filter, rectifier, amplifier 

and comparator was developed for conditioning the 

acquired EMG signals. A virtual model of the acquisition 

system is done in PSIM (powersim), afterwards it is 

designed in real time. Finally at the end the design circuit 

was interfaced with a motor by using arduino 

microcontroller.   

Keywords— EMG(electromyogram)signal, instrumentation 

amplifier, Signal conditioning, PSIM, arduino microcontroller. 

I.  INTRODUCTION 

 

EMG signals are the electrical potential generated 

due to the contraction of muscles. In medical science EMG 

signals are use to examine the muscles. Those signals have 

particular characteristics by seeing which doctors can identify 

the condition of muscles. From the beginning of medical 

science studies upon EMG signals are going on, now in 21st 

century due to the advancement in electronic components it is 

become easier, but those equipments are still costly. Our main 

intension is to design a low cost EMG signal acquisition and 

processing unit which can replace those costlier products. We 

can use those processed EMG signals to show some ideas 

which can make human life smooth or may useful to 

engineering world as well as in human machine interface [17]. 

For example we can design prosthetic hand [1] [2] or leg [3]; 

also the processed signals can be use in controlling of wheel 

chair [4], which will be helpful for physically challenged 

people. In our work we control a motor by monitoring the 

EMG signals. To interface the EMG signals with motor 

arduino microcontroller is used. The use of microcontroller 

makes the system more versatile. 

The EMG signals generated in our body are having 

very low amplitude and exist for very small duration [5]. This 

signal also contains noises, those are mainly arises from the 

electrode skin interface, built in noise in the electronic 

components and noises due to electromagnetic radiation from 

surrounding [6]. The acquired signals should be process very 

carefully before use in any application. That is why signal 

amplification and filtering plays vital role in processing of 

EMG signals [6] [7]. Analysis should be done in such a way 

that it doesn’t lose its originality but all the noise components 

should be removed. Works are still going on in accurate 

extraction of EMG signals.            

II. BASICS OF EMG SIGNALS 

A. What is EMG signal 

Central nervous system (CNS) is the control hub of all 
activity of our body. Whenever we need to accomplish any 
task, the central nervous system sends signals to the respective 
body part to perform that activity. For example, suppose we 
need to pull a heavy object, at that time the CNS will keep on 
sending signals to the arm muscles to produce required 
amount of force to pull that object. If the force is not sufficient 
then more number of muscles will join to increase the force. 
When any muscle is use to perform a task the ‘motor units’ are 
got excited [8]. A motor unit is nothing but the combination of 
cell body, dendrite and axon. When a motor unit is in excited 
state exchange of ions occur through the plasma membrane of 
the neuron cells of the respective muscles [9]. Due to this 
exchange of ions a potential difference builds inside and 
outside of the plasma membrane. This type of potential 
difference from several neuron cell travels throughout the 
muscles and got superimpose with one another and give rise to 
EMG signals [10]. Thus the central nervous system maintain 
good coordination among the body muscles. 

B. Characteristics of EMG signals 

 

The EMG signals are of random in nature. Normally its 

frequency range varies from 10 Hz to 1000 Hz [11]. With this 

frequency range some part of ECG (electrocardiogram) and 

EEG (electroencephalography) are also included, so we 

choose dominating frequency range of the EMG signals which 

is from 50 Hz to 500 Hz [12]. Its amplitude varies from (-

70mv) to around (40mv) [13] depending upon motor unit 
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action potential (MUAP) [8]. The duration of EMG signals are 

depend upon age as well as muscles, table no.1 shows the 

variation of duration depending upon age and muscles. The 

EMG signals have basically three or four phases. Fig.1 shows 

normal EMG signal produce from muscles. 

 
TABLE I. VARIATION OF DURATION DEPENDING UPON MUSCLES 

AND AGE 

Serial 

no 

Action potential duration depending upon age 

Age (years) Biceps (ms) Triceps (ms) 

     1 3-13 7.3-8.0 8.3-9.0 

     2 20-30 8.7-9.9 9.9-11.2 

     3 40-50 10.9-11.6 12.4-13.2 

     4 60-75 12.3-12.8 13.9-14.4 

 

 

      
 

Fig. 1. Normal EMG signal 

 

III. EMG ELECTRODES 

Electrodes play a major role in the detection of EMG 
signals. The EMG signals generated in our body are having 
very low amplitude as well as duration, so if the electrodes 
don’t have good conductivity then it will affect the quality of 
the signals. There are mainly two types of electrodes available 
one is ‘inserted electrode’ and the other one is ‘surface 
electrode or skin electrode’. 

A. Inserted electrodes 

These electrodes are further split up in two categories 
‘needle’ and ‘fine wire’ [8] and mostly use in medical 
purpose, for example someone is having neuromuscular 
disorder in that situation these electrodes are put into the 
particular muscles to detect the disorder. The main advantage 
of these types of electrodes is that they are having the small 
detection surface which enables them to pick up individual 

Motor Unit Action Potential (MUAP) [8] from the muscles 
and can explore the infected muscles. The main difference 
between the needle and fine wire electrode is that diameter of 
needle electrodes is more than that of fine wire, because it 
contains insulated detecting wire inside the needle, so they 
may cause pain to the patients. As the fine wire electrodes are 
smaller in diameter they can easily put and withdraw from the 
muscles and less painful than needle electrodes. 

 

B. Surface electrodes or Skin electrodes 

 

As the name specifies these electrodes are placed over the 

skin, they are non invasive. These are made up of highly 

conducting materials, so that they can conduct the low 

amplitude EMG signals. There are mainly two categories of 

these electrodes ‘active’ and ‘passive’ [8]. The active 

electrodes have a pre-amplifier attach with it. This pre-

amplifier amplify the EMG signals before going to further 

steps and they are costly. But the passive electrodes don’t have 

a pre-amplifier [8], and they are reusable and disposable. 

These electrodes are basically made up of silver-silver 

chloride (Ag-AgCl). In our work we used passive electrodes 

as they are economical. 

 

 

IV. HARRDWARE DESCRIPTION 

 

This part describes the methodology behind the 

monitoring of EMG signals. The whole hardware part can be 

split up in two parts ‘EMG signal monitoring part’ and 

‘actuator part’. In Fig.2 layout of the hardware part is shown. 

 

 
Fig. 2. Lay out of hardware 

 

A. Acquisition and monitoring part 

 

The first stage of the hardware part is instrumentation 

amplifier. This amplifier operates in differential mode [19]. 

Due to this differential mode it can cancel the noises which are 

common to both inputs. Actually with the EMG signals some 
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frequency components of EEG (electroencephalography) [14] 

and ECG (electrocardiogram) [15] signals are also got super 

impose which act as noise. So the instrumentation amplifier 

should have good common mode rejection ratio (CMRR) [16]. 

In our work we choose INA 126P for instrumentation 

amplifier and set the gain around 50dB. The gain should not 

be high enough, because it may amplify the noise components 

also. The next stage is a HPF. As mention in the 

characteristics section, the frequency range of EMG signals 

varies from 50 Hz to 500 Hz. So this HPF has the cut off 

frequency of 50 Hz. This stage is followed by a LPF of cut off 

frequency 500 Hz. Fig.4 shows the output of the low pass 

filter. After the filtration stage a full wave rectifier is used to 

reshape the EMG signals, followed by a envelop detector and 

gain amplifier. In Fig.5 the output of envelop detector is 

shown. The amplifier has the gain of 50dB. This is basically 

used to boost up the EMG signals. The last stage is a 

comparator; it is having a threshold voltage. So whenever the 

EMG signals cross the threshold voltage the comparator will 

give constant output which will power up the next stage. Fig.6 

shows output of the comparator (in PSIM) and Fig.9 shows the 

output of real time comparator. In all the stages except the 

instrumentation amplifier, we used LF 351 op-amp, as it is 

economical and it has the voltage range of +9 to -9, so suitable 

for our work. In Fig.3 (a) and (b) PSIM design of the hardware 

circuit is shown and Fig.8 shows the acquisition part.  

 

 
Fig. 3(a). PSIM design of acquisition circuit  

 

 

 
Fig. 3(b). PSIM design of hardware circuit 

 

     
Fig. 4. Output of low pass filter (in PSIM) 

      
 

Fig. 5. Output of envelop detector (in PSIM) 

 

        
Fig. 6. Output of comparator (in PSIM) 

 

B. Actuator part 

This part describes how to control of the actuator part. The 

output of acquisition part is used to power up the motor 

driving part. This part consists of the circuitry part for the 

motor control or actuator. Mainly we designed a PWM (pulse 

width modulation) generator circuit by using 555 timer for a 
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servo motor [17] and arduino microcontroller [18] based 

circuit for a DC motor. In Fig. 7 the driving circuits are 

shown. 

 

    
 

Fig. 7. Servomotor and DC motor driving circuits 

V. CONCLUSION 

 

The paper focuses basically on the design and 

development of a low cost prosthetic interface with surface 

EMG signals. Various electric hardware and software 

components were utilized to actuate the final circuit. The 

signal acquired could drive the actuator for various inputs and 

voltage range. The final movement of the motor can be 

interfaced to a running model for simulation. A new model has 

been designed to control the motor with the specified signals 

through microcontroller. The work is limited to drive a motor 

which could be realized for final modellind and prosthetic 

hand interface. This can be utilized  for developing a low cost 

prosthetic part for a physically challenged person, as well as 

for other equipments like wheel chair, actuate DC motors and 

running of servo motor etc. 
 

 

Fig. 8. EMG signal acquisition part 

 

              
 

Fig. 9. Output of the comparator 
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