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Abstract 

EMG signals are frequently used to evaluate muscle injuries. They are also used extensively in biofeedback 

training equipment. This paper investigates the electrical activity of muscles and the interrelationship of muscles 

and nerve fibers. By placing electrodes in to a skeletal muscle we can monitor the electrical activity of the 

muscle. EMG is used to detect muscular disorder along with muscular abnormalities caused by other system 

disease such as nerve dysfunction. muscular disorder also can be known with the help of EMG.EMG is also 

used for diagnose of Neuro muscular performance. Abnormal electrical signals are recorded by EMG if there is 

disease in the muscle. In this paper, EMG signals  have been  recorded the various positions like  point Biceps, 

point triceps and point contractions in the Bioinstrumentation lab of this institute. This recording belongs to a 

normal subject. 
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1. Introduction 

There are many applications for the use of EMG. EMG is used clinically for the diagnosis of neurological and 

neuromuscular problems. It is used diagnostically by gait laboratories and by clinicians trained in the use of 

biofeedback or ergonomic assessment. EMG is also used in many types of research laboratories, including those 

involved in biomechanics, motor control, neuromuscular physiology, movement disorders, postural control, 

and physical therapy. Biological nervous systems coordinate the activities of the body. Chief among these 

activities is the maintenance of constant conditions in the internal body environment. This internal balance is 

called homeostasis. As an organism develops in complexity, its nervous system too becomes more intricate. 

This is due in part to the increasing complexity of homeostatic mechanisms.The nervous system can be divided 

into four general sections: (1) central, (2) autonomic, (3) sensory, and (4) motor. 

• The autonomic system functions via the spinal cord and brain. This system differs from the central 

system in that its activity occurs on a subconscious level. Two examples of autonomic activity are 

respiration and heartbeat. Although we are aware that we breathe and our heart beats, we do not 
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consciously perform these activities. During sleep, in the absence of consciousness, the autonomic 

system controls the various body functions. 

• The sensory component alerts the human system to the nature of its surroundings as well as to its 

internal functioning. The “five senses” (sight, smell, hearing, touch, and taste) enable the human to 

gauge his/her surroundings. Other types of specialized sensory nerves provide the body with 

information about the status of its homeostatic mechanisms. 

• The motor component of the nervous system is responsible for bodily movements. Motor activity 

occurs in response to either a signal from the central nervous system or from the autonomic component. 

Such activity may result in gross movement or in a change of internal function. A typical internal 

mechanism is the release of an enzyme to aid in the digestion of food. 

• The four components of the nervous system function in a unified manner in order to maintain 

homeostasis. This is accomplished through a complex series of control mechanisms. One such example 

is the “fight or flight” response that occurs when we are confronted with a dangerous situation. It 

results in a series of coordinated nervous system activities which augment our ability to cope with a 

problem. Examples of bodily changes occurring during an emergency are an increase in visual acuity 

and increases in respiratory and pulmonary rates. Bodily activities which are not essential during an 

emergency (i.e., digestion of-food) are suppressed. 

1.2 Cellular Organization 

The various components of the nervous system – communicate with each other by generating and transmitting 

electrical signals called action potentials. These potentials arise from the relative – distribution of charged 

atoms, or ions, which are located both inside and outside of cell walls. Chief among them are: sodium (Na), 

Potassium (K), and complex organic acids.When a cell is at rest, sodium accumulates outside the cell 

membrane, causing a net positive charge. Both the positive potassium ions and the negative organic acids are 

concentrated inside the cell. Since – the Quantity of the acids slightly exceeds that of the – potassium ions, a net 

negative charge is produced within the cell. An action potential occurs when a nerve stimulus causes a change in 

the cell membrane’s ability to maintain a distinct separation of or polarization of these positive and negative 

charges. A change in the membrane’s permeability could result from electrical stimulation (generated by the 

preceding cell in the system), as well as from the application of hot or cold temperatures to skin sensors. 

 

1.3 Development Of Action Potentials 

The mechanism by which an action potential is generated in an individual nerve cell has been explained in a 

previous section. We now need to look at the process by which these potentials are transmitted from cell to cell. 

An understanding of the structure of neurons (nerve cells) must precede an understanding of their transmitting 

properties. 

The nerve cell is divided into three components: (1) the soma, or cell body (which contain those structures 

necessary for maintaining cell life), (2) the dendrites (fingerlike projections through which incoming potentials 

arrive), and (3) the axon (the trunk through which the action potential departs) Initially, an electrical potential is 

transmitted along the axon. The end of the axon is subdivided into a series of filaments, each terminating in a 

knob, or “bouton”. The bouton initiates an action potential by releasing a chemical into the synapse (a junction 

of nerve endings). This chemical, or “neurotransmitter”, is normally contained in specialized storage vessels in 

the bouton. When an action potential reaches the bouton from another axon, the neuro transmitter is released 

into the synaptic cleft.Several neurotransmitters exist in the nervous system, each having a different response 

rate. The chemical transmitters found in the periphery are acetylcholine and norepinephrine, the latter being 

discharged during the “fight or flight” phenomenon discussed earlier. These chemical transmitters cause the 

muscle fibers to contract. 

Additional concepts concerning synaptic transmission should be considered. First, the network of neurons is 

vastly complex, and boutons from several hundred different neurons may rest on the surface of a single dendrite. 

The type of structural arrangement allows for the existence of a complex neuronal “circuitry”. Second, not all 
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synaptic junctions result in the release of neurotransmitters. Some boutons may release inhibitory substances 

which prevent the electrical potential from reaching certain areas of the neuronal network. Third, the release of a 

neurotransmitter from a single bouton does not guarantee that the potential is being transmitted. The theory 

which states that a minimal number of boutons must function to generate an action potential known as the “all or 

none” principle. . 

2. Biomedical Signal Analysis Technique 

2.1     Fourier Transform 

In biomedical instrumentation, sensors/transducers pick up signals from biologic tissue with the objective of 

finding out their health and well being. Signal processing employs sophisticated mathematical analysis tools and 

algorithm to extract information buried in these signals received from various sensors and transducers. Signal 

processing algorithms attempt to capture signal features and components that are of diagnostic value. Since most 

signals of bio-origin are time varying, there is a need to capture transient phenomena when studying the 

behavior of bio-signals. There are two different presentations of the same experimental data, known as domains. 

These are the time-domain in which the data are recorded as a series of measurements at successive time 

intervals and the frequency domain in which the data are represented by the amplitude of its sine and cosine 

components at different frequencies. For example, for recording and display purposes, the biomedical signals 

are represented in the time domain; i.e., the signal is represented by means of its value (y-axis) on the time axis 

(j-axis). In the frequency domain any biomedical signal may be described as consisting of sine waves and 

having different amplitudes and phases (y-axis) as a function of the frequency (i-axis). The transformation 

between the two representations is given by the Fourier Transform (FT).The basic motivation for developing 

frequency analysis tools is to provide a mathematical and pictorial representation for the frequency components 

that are contained in any given signal. The term spectrum is used when referring to the frequency content of a 

signal. The process of obtaining   the spectrum of a given signal using the basic mathematical tools is known as 

frequency or spectral analysis. Most biomedical signals of practical interest can be decomposed into a sum of 

sinusoidal signal components. For the class of periodic signals, such decomposition is called a Fourier series. 

For the class of finite energy signals, the decomposition is called the Fourier transform. 

2.2 Fast Fourier Transform (FFT) 

Using the Fourier Transform can become tedious and time consuming even when using computers and 

especially when a large number of points have to be considered. The situation has considerably been eased with 

the introduction of the Fast Fourier Transform (FFT) algorithm, which expands the signal into sine and cosine 

functions. The frequency spectrum is computed for each discrete segment of the signal. The output of the FFT 

algorithm is a set of coefficients, two for each frequency component in the signal's spectrum. One coefficient 

(A) is multiplied by the cosine, or amplitude portion of the component. The other (B) is multiplied by the sine, 

or phase portion, of the component. Each component in the FFT series can  be represented as:     

Acos(ωt) + iBsin(φ) 

The number of frequency components and pairs of FFT coefficients necessary to represent a given waveform is 

a function of the highest frequency to be resolved and the sample rate used.  

2.3 Wavelet Transform 

An emerging method to analyze non-stationary biomedical signals is the wavelet transform. The wave let 

method acts as a mathematical microscope in which we can observe different parts of the signal by just 

adjusting the focus. In practice, it is not necessary for the wavelet transform to have continuous frequency 

(scale) parameters to allow fast numerical implementations; the scale can be varied as we move along the 

sequence. Therefore, the wavelet transform has very good time resolution at high frequencies and good 

frequency resolution at low frequencies. In biomedical engineering, wavelet transforms have been widely used 

in many research areas including spatial filtering, edge detection, feature extraction, data compression, pattern 

recognition, speech recognition, image compression and texture analysis. Another method of signal analysis is 

that of adaptive filter that can continuously adjust itself to perform optimally under the changing circumstances. 

This is achieved by correcting the signal according to the specific application. The correction may be 
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enhancement or some reshaping, for which a correction algorithm is required. This can be best implemented 

digitally. Most adaptive filters, therefore, are implemented by means of computers or special digital signal 

processing chips. 

2.4 Patient Lead Safety  

In medical instrumentation, patient safety is a major consideration. When taking an EMG, the right leg may be 

common to earth ground on some medical recorders. If a line voltage comes in contact with a hand, arm, or part 

of the body, a current flow through the body takes place. Less than one milli ampere of current through the heart 

is sufficient to cause fibrillation. If, however, the patient is totally isolated from ground, the potential shock 

hazard is greatly reduced. Figure shows how, by using an optocoupler, a differential instrumentation amplifier 

can be isolated from the circuits that follow, as well as from the earth ground.The optocoupler contains an 

infrared LED and a sensor. The sensor can be a photodiode, phototransistor, or photodarlington. The LED-to-

sensor insulation breakdown voltage ranges from 1500 volts to over 20,000 volts, depending on the device used. 

3. Observation 

Digital oscilloscope was used to record data from EMG recorder in the bio instrumentation laboratory on 

17/01/2011. The output was seen from TP15 on the oscilloscope and also seen the waveforms through DSO on 

the PC by connecting the output (TP-15) to Ch1/Ch2 through parallel port.  

 

  Fig:- 1 Electrode system VPL-BIO-EMG 
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        Fig:-2 VPL BIO –MEDICAL INSTUMENTATION TRANNER KIT. 

 

The various waveforms (almost) at different points are as shown below:-               
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Fig:-3                                                             Fig:-4                   

                                                                                      
                 Fig:-5                                                                                            Fig:-6 

                  
           Fig:-7                                                                                                            Fig:-8             

4. Conclusion & Future Scopes 

A typical EMG ranges from 0.1 to 0.5 milli volt that may contain frequency components extending up to 

10KHz.Modern EMG machines are PC Based. EMG signal is usually recorded by surface electrodes or by using 

needle electrodes. The amplitude of the EMG signal depends upon the various factors such as type and 

placement of electrodes, degree of muscular exertions. The needle electrodes in contact with single muscle fiber 

will pickup spike type voltages where as a surface electrodes pickup many overlapping spikes and therefore 

produces average voltage effects. In this project, EMG signals have been recorded for various positions point 

Biceps, point triceps and point contractions in the Bioinstrumentation lab of this institute. This recording 

belongs to a normal subjects 

1) Eletromyogram   are used to indicate the voltage levels present in specific muscles or the body. 

2) EMG signals can be used for determining muscle tension and the physical state of the patient. 

3) Muscles are contracted by the nerve fibers. These fibers have a resting potential which is quickly 

reversed upon stimulation. 

4) Myelinated fiber are nerve fibers with an exterior wrapping. 
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