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Abstract: Electromyography (EMG) is the analytical study of electrical activity produced by skeletal
muscles. EMG is an example of modern human computer interaction which can be used in the field of
medicines and engineering. Through this paper we are going to discuss about different types of EMG-
Surface EMG(SEMG) /surface scanning EMG and intramuscular/ indwelling (needle and fine-wire)
EMG, the electrical noise and factors which will affect EMG signals, different techniques used to extract
these signals and their comparison. In this paper, we will also discuss the variety of applications where
EMG signals can be used.
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1. Introduction

EMG is the measurement of electrical current which are generated by the muscle fibers during their
contractions which represents the neuromuscular activities. This signal is complicated and non-stationary
signal which is controlled by nervous system because the nervous system is always responsible for
muscle activity. The amplitude of EMG signal is very small (50puv to 1mv) with frequencies varying from
10Hz to 3000Hz [1]. This signal called the electromyogram (EMG) which can be measured by applying
electrodes to the skin surface (Non-Invasive Method) or intramuscular/ indwelling (Invasive Method)
within the muscle. Generally three types of electrodes can be used to acquire muscle signal: wire, needle
and surface electrode. With different kinds of electrodes the EMG signal that obtained might contain
different characteristics [2].

Intramuscular/ Indwelling (needle and fine-wire) EMG:-To perform invasive EMG, a needle
electrode or a needle containing two fine-wire electrodes is inserted through the skin into the muscle
tissue.

Skin surface EMG: - To perform non-invasive EMG, electrodes are placed on (not into) the skin
overlying a muscle to detect the electrical activity of the muscle.

From above two methods, skin surface electrodes are used because they are non-invasive. A table 1
giving the comparison between the two measurement methods is given below:

Tablel. Comparison between Surface and Intramuscular EMG [3]

S.NO. | BASICS SURFACE EMG INTRAMUSCULAR EMG
1. Types of electrode | Flat Disk. Needle and fine wire.
2. Electrode’s Placed over selected | Inserted into selected muscle.
Position muscle skin.
Area covered Large. Smaller Than surface.
Cross —talk Significant. Not significant.
Muscle type Superficial muscles. Profound muscles.

By using needle electrodes we can obtain good muscle selectivity and signal to noise ratio, so needle
electrodes have been used in clinic diagnosis. Whereas the surface EMG signal usually contains the
crosstalk signal originating from surrounding muscles. So it is difficult to analyze specific small
muscle region by the surface EMG signal. But the surface EMG is very safe and easy to use [4].
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2. Factors affecting the signal quality

Factors affecting EMG can be classified into three categories:

1) Causative factors: These are divided into two classes:

i) Extrinsic: This is due to the electrode structure and placement. Factors like electrode shape, area of
detection, distance of electrode from detection surface etc. with respect to the muscle fiber affect the
EMG signals.

ii) Intrinsic: Physiological, anatomical, biochemical factors take place due to number of active motor
units, blood flow, fiber diameter, depth and location of active fibers and amount of tissue between the
surface of the muscle and the electrode.

2) Intermediate factors: The physical and physiological phenomena which are influenced by one or
more causative factors account into the intermediate factors. Crosstalk from nearby muscles can be a
cause of intermediate factors. Other factors contributing towards these factors can be the band-pass
aspects of the electrode along with its detection volume, superposition of action potentials in the
detected EMG signal, conduction velocity of action potential that propagate along the muscle fiber
membrane.

3) Deterministic factors: These factors are influenced by intermediate factors. The numbers of motor
units, motor firing rate, and mechanical interaction between muscle fibers have a direct affect on the
information content of the EMG signal. The shape, amplitude and duration of motor unit action can
also be responsible [5, 6].

3. Different ways to improve the signal quality

The Signal-to-noise ratio should be high as it contains highest amount of information from EMG
Signal and minimum amount of noise. We should use less number of filters so that distortion of EMG
signal can be reduced to minimum level [7, 8].

4. Procedure to detect EMG signal

The various steps used in the extraction of EMG signal are as shown below.
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lestones in EMG

1950-1965 1966-1980 1981-1995 1996-2012

A Method of Inserting Wire Electrodes for Electromyography by

Kumar, D.K.

Ash, M.M., Jr.

Wavelet analysis of surface electromyography signals by Kilby, J.

The research on surface electromyography signal effective feature

extraction by Hanging Zhao
Surface electromyography signal analysis and pattern recognition

based on Hilbert-Huang transform by Lingling Chen

Physiology and Mathematics of Myoelectric Signals by De Luca
Application of electromyography in ergonomics by Luttmann, A.

Carlo J.
Interpretation of myoelectric power spectra: A model and its

applications by Lindstrom, L.H.

Magnusson, R.I.
A novel signal processing method for multi-electrode surface

electromyography by Yacoub, S.
Simulation Techniques in Electromyography by Nandedkar

Myo-Electric Control of Paralyzed Muscles by Vodovnik, L.
The Computation of Muscle Activity from the Integrated
Electromyogram by Fink, B. R.

Computerized data acquisition and analysis for real-time
electromyography in clinical dentistry by Geister, D.E.
Sanjeev D.

MccCall, W.D., Jr. ;
Study on Measurement and Processing Technology of
Electromyography by Zhang Xiaodong

6. Applications

1)

2)

3)
4)

5)

As we know electric power wheelchairs are important for elderly and highly disabled user which
is normally controlled by joy stick but now we can control this wheelchair by EMG too. Two
main methods can be used in it- pattern recognition and hybrid recognition system. The detailed
study regarding this can get from [9].

EMG analysis is widely used in biomechanics and movement control research to determine how
the central nervous system controls muscular contraction to produce motion, and in clinical
practice to diagnose the state of neural or muscle malfunction. The use of the Hilbert-Huang
transform as an alternative method for the analysis of the surface electromyography signal for
studying local muscle fatigue during sustained isometric constant force muscle contractions. [10-
14].

EMG can be used to control of a virtual robot hand [15]

It has been proposed that the EMG signals from the body’s intact musculature can be used to
identify motion commands for the control of a prosthetic hand (Tucker and Liu 1999,
Christodoulou and Pattichis 1999). Biomedical signals, especially EMG signals, have been
processed by time—frequency transforms in order to extract more representative features to
improve the rate of classification of motions [16].

PARKINSON’s disease (PD) by using surface EMG and acceleration measurements. is a
progressive neurodegenerative disorder characterized by four primary symptoms: resting tremor,
rigidity, bradykinesia, and postural instability. Because there is currently no definitive test for PD,
the diagnosis is based on the presence of clinical symptoms and the response to anti-Parkinsonian
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medications. The isometric and the dynamic EMG and acceleration measurements can be used for
discriminating between PD patients and healthy persons [17-19].

4. Conclusion

In this paper, we described introduction, factors affecting EMG signal quality and methods to improve
them. It started with an explanation of EMG then followed on to a representation of the various sensors
that are used in order to detect EMG signal. Further on, signal detection was discussed with a focus on
EMG. Finally, the paper discussed the application of EMG signals.
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