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Abstract— Numerous researches are going on
Electrocardiogram and its feature extraction. Featu
Extraction from the ECG is the main focus of the
researches. There are many classification of theGEC
signal which helps doctors to identify many prokldem
related to the heart and also other parts of boldythis
paper we are presenting a method for De-noising©6
signal and Feature extraction Algorithm. We congside
the base line problem in ECG signal which is ba$jca
due to the measurement error. In this work with tieép

of IIR filter Savitzky-Golay filter and Wavelet fisdorm

we de-noise the ECG signal without affecting any
information from ECG. We also design a feature
Extraction algorithm which automatically detect®tRR
interval and QRS interval along with the amplituafeQ,

R, and S. The whole algorithm including the de-ingif
signal and Feature extraction was developed on the
MATLAB platform. Program was tested on Recorded
ECG signal from Physiobank database as a proodaf§i

of our work.

Keywords—Base Line wander, RR-interval, QRS
detection, ECG Wavelet

. INTRODUCTION
Electrocardiography is becoming spirit of a doctod
this will be not wrong if we said that it is aldeetspirit of
the patients. There are numerous researches heldeon
ECG and also many real time projects. ECG signal is
basically a recorded potential differences betwéen
body parts. Pumping of heart is responsible fort tha
potential differences. Due to the contraction and
relaxation of heart there is a potential generatbith is
represented as ECG signal. There also many ressarch
are done on the ECG recording and its sensorsefres
sensors for the ECG signal are very accurate and
developed with the high quality material and optieal
spatially for human body. ECG or EKG sensor aré jus
like an electrode which measure the potential dgpesd
due to action or resting potential. Resting potdraind
action potential generated over the chest surfacengl
cardiac cycle.

Standard ECG signal contains P, Q, R, S and T peaks
which contains the information or heart. The aroplé
and interval between the peaks are used to idemiyy
diseases. For example RR interval gives the infdoma
about the hypertension, bradycardia, tachycardid an
other diseases. Latest research shows that RRahtdso
gives the information about the mind. One paper is
published on the stress level measurements in which
author shows that taking statical parameters gives
information about the stress. ECG was recordednduri
the driving condition. A neural network designed fo
testing the results and surprisingly designed sysi&as
able to tell the stress level. Similarly QRS intdralso
gives many information about the diseases related t
heart.
In the present work we designed a software whichbm
used with real time recording system and also for
database separately. The software is developedaiiaiv
environment using the wavelet, DSP and basic Matlab
toolbox. By the help of the wavelet and infinitepuise
response filter we have able to de-noise the signdl
Savitzky-Golay filter smoothen the signal. The waite
which we designed also have feature extraction
characteristic which identifies the Q, R, and Skseand
gives RR interval and QRS interval.

Il. METHODS
2.1 De-Noising of ECG signal
The ECG signal is downloaded from the physiobank on
which we tested our algorithm. The recorded signal
contains lots measurement noise and also whiteenois
Main problem with the physiobank data is that they
contain base line wander problem. The base linedeman
is a low frequency signal on the whole signal caaé®n
the low noise signal and this makes difficulty foe peak
detection because the whole signal is sifted frédm t
original base line. For example the recorded sigviti
base line wander problem is given in figure 1.
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FIG 1:ORIGINALLY RECORDEECG SIGNAL
THE BASE LINE SIGNAL CONTAINS THE FREQUENCY
LESS THANLHZ TYPICALLY).5HZ. SO FOR REMOVING
THE BASE LINE WANDER FROM THE SIGNAL WE
DESIGNED ANIR BUTTERWORHIGH PASS FILTER
WITH THE CUTOFF FREQUENCY OEHZ AND THE
SAMPLING FREQUENCY IS AS SAME AS OF BHEG
SIGNAL RECORDING FREQUENC®OTHER
DISTURBANCE FROM THE SIGNAL IS BEEN REMOVED BY
THE WAVELET TRANSFORM]. WE USED'DB4'
MOTHER WAVELET AND IT GIVES BEST RESULT
ESPECIALLY ONECGSIGNAL[2]. BY USING THE3
LEVEL DECOMPOSITION OF SIGNAL WE ARE ABLE TO
REMOVE ALMOST ALL HIGH FREQUENCY NOIZ¥D
FINALLY SAVITZK¥GOLAY FILTER SMOOTH THECG
SIGNAL AND GIVES US THE CLEANEECG SIGNAL
2.2 Feature extraction Algorithm
Feature extraction algorithm is used to detect tieeeQ,
R and S peaks of signal and for finding out the RR
interval and QRS interval [12]. For which the altfum is
given in figure 2. According to the algorithm weufal
first R peaks from the signal because that is sapi@int
to detect and also the R peak is center of the BigGal.
Inbuilt Matlab function ‘findpeaks' is availabler fpeak
detection. This function gives the all the peakdcihs
grater then the threshold value and we can also set
minimum interval between peaks. And by this operati
we will have the R-peak amplitude and the respectiv
time of the peak .
The similar operation is applied on the signal adgar
finding the S-peak. The S-peaks is the highest thega
amplitude peak which can be easily detected byahuve
process if we invert the signa.

Wiile (1)
{
a. Load ECG signal;
b. Pass the Signal with High
Pass Filter for renoving of
base |ine wander. (with

cutoff frequency 1Hz);
c. Apply Wavel et Transform and

find appr oxi mati on
Coefficient;

d. Apply Savit zky- ol ay
Filter;

e. Rdata=Find R peaks wth

threshold 0.3 V;

For i=length (R data)
{
RR i nterval (i) =R data(
i+l)-R data(i); }

End

f. RR_interval _nean=Mean(RR_i n
terval);

g. @S _data=Invert The signal
and find peaks Q and S
peaks

h. Q@=Cdd i ndex el enent of
QS _dat a;

i. S=Even index of elenent of
QS _dat a;

j.- Find QRS interval mean;

}

end

When we invert the signal we will have highest pesi
peaks which will now the S-peak. After this we wilve
inverted amplitude of the S-peak and time locatibthat
peak. Detecting Q peak is much more difficult anitl w
become more difficult, when the signal is noisy.f&o
detection of Q peak we have to first clean theaigs
much as possible. The Q peak also detected with the
inverted signal because 'findpeaks' function fimel tnax
peaks. For detecting the Q peak we set minimum peak
height as 0.2V. Now we will have Q peak and S pea&
which will store in an array. The odd number ohedsts
will be the Q peaks and even number of peaks ilhe
S peaks. And hence we will able to detect QRS pan#ls
its amplitude.
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. RESULTS
Designed software has been tested on the Physiobank
database. The data was download from the physgitget
in the “.mat’ format. The ‘.mat’ format can be leain
the Matlab directly by a simple ‘load’ command. The
database contains not only ECG signal but alsorothe
signals like EMG, EEG and respiratory level etc. ¢xig
of those data we extract the ECG signal with pr@eay
operation in MATLAB. The data as already explained
contains base line wander problem due to whichadign
amplitude changes over time. For removing this low
frequency signal we design a butterwort high paBs |
filter with the cutoff of 1Hz and we get followingjgnal
(figure 3) which is free from base line wander peotn.
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The signal is then de-noise using the Wavelet
transform and smoothing is done by the Savitzkyagol
filter. The original signal and the de-noised sigaajiven
in the figure 4. The signal shown in this figurehe part
of the signal which is given in figure 3. Figuresiginal
shows the data for the 38 sec and figure 3 dath2ssec,
this will give better comparison between these aligin
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Finally we applied the Feature Extraction algoritifion
QRS detection and calculating the QRS interval BRI
interval. We plot the detected peak with markerrésult
explanation given in figure 5. We used ‘s0010_reated

for the algorithm testing and we found accuratallies
QRS detection waveform is given with all 38 semaig
and for better view another waveform is given gufie 5
with 3 sec. For particularly with this signal weufal
0.732903 sec mean RR interval and 0.0847913 sen mea
QRS interval.
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V. Conclusion
Thus such a implementation serves as an initiative

wards the development of a computerize diagnosis

system.future there are other provision to convbe

matlab programs to embedded c program matlab

implementation of ECG signal processing that tries

exhibit an increased performance over the hardware
implementation of the same.To add these systematic

approaches are in the way of their progress irfighe of
present day medicine like biotelemetry etc.
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