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Abstract 

 

This paper is aimed to design a preamplifier for bio signal such as electromyography (EMG) which records the muscular activity 

of the human body. Surface EMG are used because it assesses muscle function by recording muscle activity from the surface 

above the muscle on the skin. Surface electrodes are able to provide only a limited assessment of the muscle activity. The 

activity of the muscle are recorded in the form of waveform in the cathode ray oscilloscope (CRO).The input voltage, output 

voltage and the gain of the different muscular movements are tabulated. 
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_______________________________________________________________________________________________________ 

I. INTRODUCTION 

Myoelectric signals are the electric signals produced during the muscular activity which is recorded using surface EMG 

electrodes. Electromyography is used for recording the electrical activity of the muscles and the instrument used to obtain the 

EMG signal is called electromyograph. Surface electrodes are used since the electrodes are placed on the skin above the muscle 

to record the activity of the muscle. A preamplifier is an electronic amplifier which amplifies the signal before further 

processing. The preamplifiers used for EMG are generally of differential type with a good bandwidth. A typical EMG signal 

ranges from 0.1 to 0.5 mv. 

II. TYPES OF ELECTRODES 

 EMG Electrodes and Its Types: A.

The muscular activity of the human body is recorded with the help of EMG electrodes. There are two types of EMG electrodes 

namely surface electrode (skin electrode) and inserted electrode. Among these electrodes surface or skin electrode is used to 

detect the activity of the muscle which is discussed in this paper. 

 Surface EMG Electrode: 1)

Surface EMG electrodes are most popular electrodes in detecting the muscular activity of the human body which are simple and 

very easy to implement. Needle and fine wire electrodes which are the types of inserted electrodes require management by a 

person or group while the surface electrodes do not require such formalities. In present days surface EMG electrodes are widely 

used to record the activity of the muscle and also to provide artificial arm for physically disabled people. 

 
Fig. 1: EMG Surface Electrodes Placed On the Skin above the Muscle 
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 Types of Surface EMG Electrodes: B.

 
Fig. 2: Type of Surface EMG Electrode 

 Gelled EMG Electrode: 2)

Gelled EMG electrodes consist of a gel like substance which serves as an intermediate between the skin and the electrode. Both 

disposable and reusable gelled electrodes are available in which the disposable gelled electrodes are commonly used. Proper skin 

preparations and precautions are needed for gelled surface EMG electrode in order to obtain the required EMG signal. 

 
Fig. 3: Gelled Surface EMG Electrodes 

 Dry EMG Electrodes: 3)

Dry EMG electrodes do not consist of any gel like substance as interface between the skin and the electrode. Some examples of 

dry electrodes are bar electrodes and array electrodes. Dry surface electrodes are heavier than the gelled surface electrodes. 

These dry electrodes contain more than one surface for detecting the activity of the muscle. 

III. BLOCK DIAGRAM 

The muscle signal from the human body is given as input to the instrumentation amplifier. The output of the instrumentation 

amplifier is given as input to the filters which eliminates the noise signals. The filters used here are high pass filter which allows 

only high frequency signals and eliminates all the low frequencies and low pass filter which allows only low frequencies to pass 

through and eliminates all the low frequency signals. The noise free signal is given as input to the gain amplifier which helps to 

boost up the amplitude of the signal which lies in between 1-10mv. A typical EMG signal ranges from 0.1 to 0.5 mv. The final 

output of the EMG signal is recorded in Cathode Ray oscilloscope (CRO). 

 
 Fig. 4: Block Diagram of Preamplifier Design for Bio Signal 
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IV. CIRCUIT DESCRIPTION 

 
Fig. 5: Circuit Diagram 

The circuit consists of instrumentation amplifier. It also consist of high pass filter  ,resistors, capacitors, diodes, in which the gain 

of the circuit is designed by using the formula  

Gain= Vout /V2-V1= (1+2R1/Rgain) R3/R2. 

The resistor has values of 10K and 5K.By using these resistor values in the above formula we obtain the gain to be 5V. The 

capacitor has the value of 0.1µF.High pass filter eliminates all the low frequencies and allows only high frequencies to pass 

through while the low pass filter allows only low frequencies and eliminates the high frequency signals. The frequency of the 

filters can be calculated using the formula  

f= 1/2πRC 

V. RESULT ANALYSIS 

The 5V power supply is applied to the circuit. The positive of the CRO is connected to the power supply and the negative is 

grounded. The surface electrodes are placed on the skin above the muscle.EMG sensor is used to sense the characteristics of the 

electrical signal. The muscle is made into movement such as contraction and relaxation and the following waveform is obtained. 

 
Fig. 6: EMG Signal Waveform Showing the Contraction and Relaxation 
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From the above waveform the horizontal lines between each peak signal indicate the muscle in rest condition and each peak 

signal indicate the muscle in contraction state. The input voltage, output voltage and the gain is calculated for different states of 

muscular activity and tabulated below. 

 
Table -1 

Input Voltage, Output Voltage and Gain for Different States of Muscular Activity 

S.no State of muscular activity Input voltage(Vin) mv Output voltage(Vout) mv Gain=20 log(Vo/Vin) db 

1. relaxation 3.1*20 4*20 2.21 

2. contraction 2.6*20 3.5*20 2.58 

3. relaxation 2.9*20 3.7*20 2.08 

4. Little contraction 2.1*20 3.1*20 3.38 

5. relaxation 2.7*20 3.4*20 2.00 

6. High contraction 2*20 3*20 3.52 

VI. CONCLUSION 

Thus the preamplifier is designed for gain of 5V and the corresponding input voltage, output voltage and gain for different states 

of muscular activity i.e.) EMG signal waveform is obtained. It is also possible to obtain bio signals such as ECG signal , EEG 

signal etc in future works. 
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