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ABSTRACT 

Biomedical signals from many sources including heart, brain and endocrine system represent a test 

to scientists who may need to isolate powerless signals touching base from various sources sullied 

with artifacts and noise. The examination of these signals is imperative both for look into and for 

medical diagnosis and treatment. The principle trouble in managing biomedical signals is the 

outrageous inconstancy of the signals and the need to work on case to case premise. Another 

essential part of biomedical signals is that the information of intrigue is frequently a mix of elements 

that are very much limited transiently or spatially and other that are more diffused. This requires the 

utilization of investigation strategies adequately adaptable to deal with occasions that can be at 

inverse extremes as far as their time-frequency localization. In this way, a strong strategy is to be 

planned which work much of the time instead of under particular suspicions. Biomedical signals 

because of its colossal ethics are broadly connected in a few medical applications; 

Electrocardiogram, Electroencephalogram and Electromyogram are to give some examples. Be that 

as it may, these signals encounter the expansion of noise and result in a wasteful execution.  

Denoising or the expulsion of noise is subsequently a noteworthy pre-handling undertaking for such 

signals, and it has been done by various plans for as long as couple of years. Among the few plans, 

wavelet-based denoising has assumed the all inclusive position in the flag preparing range. Wavelet 

change has been an inventive strategy for the examination and handling of non-stationary signals, 

for example, bio-signals in which both time and frequency information is crucial. From the extensive 

variety of applications of wavelets, the most critical application is the expulsion of noise from 

biomedical signals, which is skilled by thresholding wavelet coefficients with a specific end goal to 
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isolate motion from noise. In the present work a consolidated plan of applying denoising and 

pressure for biomedical signals utilizing wavelets has been exhibited. A definite investigation of 

Discrete Wavelet Transform (DWT) denoising utilizing different wavelet families on biomedical 

signals (ECG, EMG and EEG) is displayed in the proposition.  

KEYWORDS: Biomedical, Electrocardiogram, Electroencephalogram, Electromyogram, wavelets, 

Discrete Wavelet Transform, 

INTRODUCTION 

Signal and system are the two noteworthy 

segments in signal handling. A signal is a 

physical quantity having the qualities of 

differing w.r.t. time and space and the 

system is a procedure whose input and 

output is a signal. The signal could be of any 

sort. This part gives the brief presentation 

about the biomedical signals and the 

different change strategies utilized for 

denoising of the non-stationary signals. The 

section likewise gives a thought regarding 

biomedical signals what's more, different 

techniques utilized for the examination of 

these signals. A wide investigation of 

writing has been exhibited took after by the 

result from the writing and destinations of 

the theory.  

BIOMEDICAL SIGNALS AND 

ANALYSIS  

Biomedical signal for the most part speaks 

to an aggregate electrical signal  

 

accomplished from any organ, meaning a 

physical variable of intrigue. This signal can 

be communicated regarding its sufficiency, 

frequency and stage and in addition it is in 

general an element of time. In like manner, 

the perceptions picked up from the 

physiological exercises, for example, quality 

and protein successions, neural also, 

cardiovascular rhythms, tissue and organ 

pictures of life forms are said to be 

biomedical signals.  

Contingent on their source, application or 

signal attributes, the biomedical signals are 

ordered. They can be either ceaseless or 

discrete. Various signal sources may come 

about into a biomedical signal. Those 

sources are bioelectric Signals, 

bioimpedance signals, bioacoustic signals, 

biomagnetic signals, biochemical signals 

and bio-optical signals.  
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Biomedical signal covers an extensive 

variety of signals including Electro-

Oculogram (EOG) signal, Electroneurogram 

(ENG) signal, Electrogastrogram (EGG) 

signal, Phonocardiogram (PCG) signal, 

Carotid Pulse (CP) signal, Vibromyogram 

(VMG) signal, Vibroarthogram (VAG) 

signal, Electrocardiogram (ECG), 

Electroencephalogram (EEG) and 

Electromyography (EMG) signal. All the 

more unequivocally, the huge and generally 

connected biomedical signals are 

Electrocardiogram (ECG), 

Electroencephalogram (EEG) and 

Electromyography (EMG). Once the 

biomedical signals are recorded, they should 

be dissected. The real operations of signal 

handling include: 

 Signal obtaining and remaking,  

 Quality change including separating, 

smoothing and digitization,  

 Feature extraction,  

 Signal pressure,  

 Prediction.  

At the end of the day, the investigation 

incorporates, data gathering i.e. inducing a 

system by marvels estimation, analysis of 

glitch or deformation and monitoring the 

system for constant or, then again 

intermittent data. Treatment and control 

which is changing the system conduct with 

regard to the consequence of the above 

recorded exercises ensures an unequivocal 

outcome lastly the assessment which is to 

make it ready to meet utilitarian necessities, 

perform quality control, or qualify the 

treatment adequacy.  

Biomedical signal handling helps the 

scientists to find new science and specialists 

in monitoring various diseases. However the 

real issue confronted by the whole signal 

preparing applications is commotion. 

Clamor is an undesirable signal 

superimposed over an immaculate signal. A 

clamor can be separated by its opportunity 

and frequency domain properties. Sorts of 

clamors are background noise, commotion, 

and Gaussian clamor. Background noise 

mostly difficult to recognize and to dispose 

of on the grounds that it is situated in all 

frequencies. Uniform clamor has a steady 

likelihood thickness over a limited interim 

while Gaussian commotion is characterized 

over an endless interim by just two factors, 

normal and spread. Added substance white 

Gaussian commotion is an exceptional sort 

of white and Gaussian commotions, which is 

a pervasive model with regards to factual 

picture rebuilding.  
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Wavelet Transforms 

The prior technique for ECG signal 

investigation depended on time domain 

strategy. Be that as it may, this is definitely 

not continuously adequate to ponder every 

one of the components of ECG signals. 

Along these lines, the frequency portrayal of 

a signal is required. To fulfill this, FFT (Fast 

Fourier Transform) technique is connected. 

In any case the unavoidable constraint of 

this FFT is that the technique neglected to 

give the data with respect to correct area of 

frequency parts in time. A strategy for ECG 

denoising in view of Wavelet Shrinkage 

approach utilizing Time-Frequency 

Dependent Threshold (TFDT) has been 

proposed. As a rule, the TFDT is high for 

the non-instructive wavelet coefficients, and 

low for the enlightening coefficients 

speaking to the essential signal highlights. 

Donoho and Johnstone proposed Wavelet 

thresholding de-noising strategy in view of 

discrete wavelet change (DWT) is 

appropriate for non-stationary signals.  

The Fourier change is less helpful in 

investigating non-stationary signal (a non-

stationary signal is a signal where there is 

change in the properties of the signal) i.e., 

there is no redundancy inside the area 

inspected. Fourier change is just restricted in 

frequency domain. The principle downside 

of Fourier change is that we lose our 

opportunity data which is vital. Fourier 

change can't give any data about the range 

changes regarding time. Fourier change 

expects the signal to be stationary, yet 

discourse signal is dependably non-

stationary. To defeat this insufficiency, an 

altered technique Short Time Fourier change 

permits speaking to the signal in both time 

and frequency domain through time 

windowing capacities. The utilization of 

windowing with the Fourier Transform is 

known as the Short Time Fourier Transform, 

(STFT). The issue with this is satisfactory 

comprehension of the substance of the signal 

is required to make fitting windowing. This 

is scarcely ever the case and commonly, 

these presumptions prompt issues. Also the 

STFT is time and frequency limited; there 

are issues with the frequency time 

determination. In spite of the fact that the 

Fourier changes tells how much its 

frequency exists in a signal, it doesn't tell 

when in time these frequency segments 

happen.  
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Figure 1: Wavelet based denoising of 

sEMG signals 

EMG Signal Processing Using Wavelet 

Crude EMG offers us significant data in an 

especially pointless shape. This data is 

valuable just on the off chance that it can be 

evaluated. At that point the signal-handling 

strategies are connected on crude EMG to 

accomplish the exact and genuine EMG 

signal. Both the time and recurrence domain 

approaches have been endeavored 

previously. The wavelet change (WT) is a 

productive numerical instrument for nearby 

investigation of non stationary and quick 

transient signals. One of the primary 

properties of WT is that it can be actualized 

by methods for a discrete time channel bank. 

The Fourier transforms of the wavelets are 

eluded as WT channels. The WT speaks to 

an exceptionally appropriate strategy for the 

order of EMG signals. WT is a contrasting 

option to other time recurrence portrayals 

with the benefit of being straight, yielding a 

multi resolution portrayal and not being 

influenced by cross terms; this is especially 

important when managing multi part signals.  

 

Figure 2: Block chart of examination 

strategy 

The Surface EMG (sEMG) signal was 

denoise utilizing discrete wavelet change 

(DWT) and a limit technique. The DWT and 

limit based denoising was executed utilizing 

MATLAB Wavelet tool compartment. The 

Figure beneath demonstrates the stream of 

the algorithm.  

EMG SIGNAL DECOMPOSITION 

EMG signals are the superposition of 

activities of multiple motor units. It is 

necessary to decompose the EMG signal to 

reveal the mechanisms pertaining to muscle 

and nerve control. Various techniques have 

been devised with regards to EMG 

decomposition. 

Decomposition of EMG signal has been 

done by wavelet spectrum matching and 

principle component analysis of wavelet 

coefficients. According to Jianjung et al. 

(12), more than one single motor unit 

(SMU) potential will be registered at same 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1455479/#B12


Airo International Research Journal                    March, 2016 
Volume VII, ISSN: 2320-3714 

time overlapping with each other, especially 

during a strong muscle contraction. In 1997, 

they developed a technique using wavelet 

transform to classify SMU potentials and to 

decompose EMG signals into their 

constituent SMU potentials. The distinction 

of this technique is that it measures 

waveform similarity of SMU potentials from 

wavelet domain, which is very 

advantageous. This technique was based on 

spectrum matching in wavelet domain. 

Spectrum matching technique is sometimes 

considered to be more effective than 

waveform matching techniques, especially 

when the interference is induced by low 

frequency baseline drift or by high 

frequency noise. The technique developed 

for multi-unit EMG signal decomposition 

consists of four separate procedures: signal 

de-noising procedure, spike detection 

procedure, spike classification procedure, 

and spike separation procedure. According 

to Daniel et al. (13), only wavelet 

coefficients of lower frequency bands are 

more important in the differentiation of 

action potential (AP) characterization than 

higher bands. This concept is a subjective 

one which was designed empirically. 

Experimental results of Rie Yamada et al. 

(14) in 2003 showed that high frequency 

information, which was not considered, is 

also important in the classification of 

MUAP. To overcome the subjective 

criterion for feature selection, they proposed 

another method using principle components 

analysis (PAC) for wavelet coefficients. The 

decomposition algorithm consists of four 

processing stages: segmentation, wavelet 

transform, PCA, and clustering. The 

advantage of this method is that it does not 

require manual selection of coefficients, and 

takes all frequency information in account. 

THE ELECTRONEUROGRAM (ENG)  

The ENG is an electrical signal saw as a jolt 

and the related nerve activity potential 

spread over the length of a nerve. It might be 

utilized to gauge the velocity of spread (or 

conduction velocity) of a boost or activity 

potential in a nerve [lo]. ENGs might be 

recorded utilizing concentric needle 

terminals or silver - silver-chloride terminals 

(Ag - AgCZ) at the surface of the body. 

Conduction velocity in a fringe nerve might 

be measured by empowering an engine 

nerve and measuring the related action at 

two focuses that are a known separation 

separated along its course. Keeping in mind 

the end goal to limit muscle withdrawal and 

other undesired impacts, the appendage is 

held in a casual stance and a solid however 

short jolt is connected in the type of a beat 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1455479/#B13
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1455479/#B14
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of around 100 V abundances and 100 - 300 

ps duration [lo]. The distinction in the 

latencies of the ENGs recorded over the 

related muscle gives the conduction time. 

Knowing the partition separate between the 

boost destinations, it is conceivable to 

decide the conduction velocity in the nerve. 

ENGs have amplitudes of the request of 10 

pV and are vulnerable to control line 

obstruction and instrumentation clamor. 

THE EIECTROMYOGRAM (EMG)  

Skeletal muscle fibers are thought to be 

twitch fibers since they deliver a mechanical 

twitch reaction for a solitary jolt and 

produce a spread activity potential. Skeletal 

muscles are comprised of accumulations of 

engine units (MUs), each of which 

comprises of a foremost horn cell (or 

motoneuron or engine neuron), its axon, and 

all muscle fibers innervated by that axon. An 

engine unit is the littlest muscle unit that can 

be enacted by volitional exertion. The 

constituent fibers of an engine unit are 

enacted synchronously. Part fibers of an 

engine unit expand the long way in free 

packages along the muscle. In cross-

segment, the fibers of a given engine unit 

are mixed with the fibers of other engine 

units. Figure 1.8 (top board) outlines an 

engine unit in schematic frame.  

 

Figure 3: Schematic representations of a 

motor unit and model for the generation 

of EMG signals. 

THE NATURE OF BIOMEDICAL 

SIGNALS 

Living creatures are comprised of numerous 

segment frameworks - the human body, for 

illustration, incorporates the sensory system, 

the cardiovascular framework, and the 

musculoskeletal framework, among others. 

Every framework is comprised of a few 

subsystems that bear on numerous 

physiological procedures. For instance, the 

cardiovascular framework performs the vital 

undertaking of musical pumping of blood all 

through the body to encourage the 
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conveyance of nutrients, and in addition 

directing blood through the pneumonic 

framework for oxygenation of the blood 

itself.  

Physiological procedures are mind boggling 

wonders, including anxious or hormonal 

incitement and control; data sources and 

yields that could be as physical material, 

neurotransmitters, or data; and activity that 

could be mechanical, electrical, or 

biochemical. Most physiological procedures 

are joined by or show themselves as signals 

that mirror their inclination and exercises. 

Such signals could be of many sorts, 

incorporating biochemical as hormones and 

neurotransmitters, electrical as potential or 

current, and physical as weight or 

temperature.  

Sicknesses or imperfections in a natural 

framework cause modifications in its typical 

physiological forms, prompting neurotic 

procedures that influence the execution, 

wellbeing, and general prosperity of the 

framework. A neurotic procedure is 

ordinarily related with signals that are 

diverse in a few regards from the comparing 

typical signals. On the off chance that we 

have a decent comprehension of an 

arrangement of intrigue, it moves toward 

becoming conceivable to watch the 

comparing signals and evaluate the 

condition of the framework. The errand is 

not extremely troublesome when the signal 

is straightforward and shows up at the 

external surface of the body. For instance, 

most diseases cause an ascent in the 

temperature of the body, which might be 

detected effortlessly, but in a relative and 

subjective way, by means of the palm of 

one's hand. Objective or quantitative 

estimation of temperature requires an 

instrument, for example, a basic 

thermometer.  

A solitary estimation z of temperature is a 

scalar, and speaks to the warm state of the 

body at a specific or single moment of time t 

(and a specific position). On the off chance 

that we record the temperature persistently 

in some frame, say a strip-graph record, we 

get a signal as a component of time; such a 

signal might be communicated in consistent 

time or simple shape as z(t). At the point 

when the temperature is measured at discrete 

purposes of time, it might be communicated 

in discrete-time frame as z(nT) or z(n), 

where n is the file or, on the other hand 

estimation test number of the variety of 

qualities, and T speaks to the uniform 

interim between the time moments of 

estimation. A discrete-time signal that can 

take adequacy esteems just from a 
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constrained rundown of quantized levels is 

known as an advanced signal; the refinement 

between discrete-time and advanced signals 

is frequently overlooked.  

EXAMPLES OF BIOMEDICAL 

SIGNALS  

 

The previous case of body temperature as a 

signal is a somewhat basic case of a 

biomedical signal. Despite its 

straightforwardness, we can value its 

significance and esteem in the evaluation of 

the prosperity of a tyke with a fever or that 

of a fundamentally sick patient in a doctor's 

facility. The birthplaces and nature of a 

couple of other biomedical signals of 

different sorts are portrayed in the 

accompanying subsections, with brief signs 

of their handiness in finding. Additionally 

point by point talks on a portion of the 

signals will be given with regards to their 

examination for different purposes in the 

parts that take after.  

THE ACTIVITY POTENTIAL  

The activity potential (AP) is the electrical 

signal that goes with the mechanical 

constriction of a solitary cell when 

empowered by an electrical current (neural 

or outer) [lo, 17, 18, 19, 20, 211. It is caused 

by the stream of sodium (Nu+), potassium 

(K+), chloride (CZ-), and different particles 

over the cell film. The activity potential is 

the fundamental part of all bioelectrical 

signals. It gives data on the idea of 

physiological movement at the single-cell 

level. Recording an activity potential 

requires the separation of a solitary cell, and 

microelectrodes with tips of the request of a 

couple micrometers to empower the cell and 

record the reaction.  

Resting potential: Nerve and muscle cells 

are encased in a semi-penetrable layer that 

grants chose substances to go through while 

others are kept out. Body liquids 

encompassing cells are conductive 

arrangements containing charged particles 

known as particles. In their resting state, 

layers of sensitive cells promptly allow the 

passage of K+ and Cl-particles; however 

adequately hinder the section of Nu+ 

particles (the porousness for K+ is 50-100 

times that for Na+). Different particles try to 

build up a harmony between within and the 

outside of a cell as indicated by charge and 

fixation. The powerlessness of Nu+ to 

infiltrate a cell film brings about the 

following:  

 Nu+ focus inside the cell is far not as 

much as that outside.  
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 The outside of the cell is more 

positive than within the cell.  

 To adjust the charge, extra K+ 

particles enter the cell, causing 

higher K+  

 Charge adjust can't be come to 

because of contrasts in layer 

porousness fixation inside the cell 

than outside for the different 

particles.  

A condition of harmony is built up with a 

potential contrast, with within of the cell 

being negative as for the outside. 

 CONCLUSION 

EMG signal conveys important data with 

respect to the nerve framework. So the aim 

of this paper was to give brief data about 

EMG and uncover the different techniques 

to investigate the signal. Techniques for 

EMG signal detection, decomposition, 

process and grouping were talked about 

alongside their focal points and 

inconveniences. Disclosure of an issue or 

burden in one technique prompts other 

enhanced strategies. This investigation 

plainly focuses up the different sorts of 

EMG signal analysis techniques with the 

goal that correct strategies can be connected 

amid any clinical determination, biomedical 

research, and hardware usage and end client 

applications. 

It was discovered that Wavelet change has 

been an extremely novel technique for the 

investigation and handling of non-stationary 

signals, for example, bio-signals in which 

both time and recurrence data is required. 

The target of the thesis was set from the 

holes found amid the writing review. 

The investigation of the three biomedical 

signals to be specific ECG, EEG and EMG 

which have been utilized for examination in 

the thesis work. The source, nature and 

procedure of recording these signals have 

been clarified in this section. Wavelet 

change, which is the strategy utilized for the 

investigation has likewise been talked about. 

Consequently the clamor was added to those 

signals by utilizing a MATLAB program 

and afterward the quantity of tests had been 

decided for additionally handling. 
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