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CONTINUOUSWAVELET TRANSFORM ASEFFECTIVE TOOLS
FOR DETECTING MOTION ARTEFACTS
IN ELECTROGASTROGRAPHICAL SIGNALS

The cutaneous recording of gastric myoelectrictiviag of the stomach known as electrogastrograffs@G)
seems to be the promising tool for the non-invasissessment of gastric motility. Unfortunately B@®@G recording is
usually severely contaminated both by motion actsfand endogenous biological noise source. Inrdalese EGG
signals as reliable diagnostic tool it is necessitylook for the effective artefacts removal methoth this paper
Continuous Wavelet Transform (CWT) was applieddetection motion artefacts from the EGG data. Téteo§ own
mother wavelets extracted directly from EGG sigmak created and applied for detecting motion asteficom one
channel EGG recording. The results was comparell thi¢ effects obtained by using standard motherelegs. The
proposed method based on CWT with own mother wayeesents very good performance for detectingianot
artefacts from the EGG data.

1. INTRODUCTION

Electrogastrogram (EGG) reflects the myoelectrazaivity of stomach picked up by the electrodes
placed cutaneously on the abdominal skin over thi@ach. As a non-invasive test, easy to perform and
relatively inexpensive EGG has been an attractweéefor physiological and pathophysiological stisdce#
the stomach [2]. For the first time such measurémaas carried out in 1922 by Walter Alvarez [1],
unfortunately the lack of both high technology efjistration signals and advanced method of signal
processing was the main causes that delayed nhegipiication of EGG in gastrointestinal diseases
treatment. Clinical benefits from information eneddn the EGG recording highly depend on the qualit
of extracted signal. The main component of gastryoelectrical activity, called gastric slow wavlas
a frequency about 3 cycle per minute (0.05 Hz).il&imto the other biological signals, EGG apariiro
mentioned normal physiological rhythm 2-4 cpm (8@3066 Hz) called normogastric rhythm, includes
some additional pathological rhythms covering fregeies from 0.5 cpm up to 9 cpm (0.008-0.015~Hz).
Due to the leading rhythm in the EGG signal it asgble to distinguish: bradygastric rhythm [0.5,~2
cpm ([0.01,~0.033)~ Hz) normogastric rhythm [2,4)rt ([0.033,~0.066]~Hz) and finally tachygastric
rhythm (4,~9] cpm ([0.066,~0.15)~Hz) [5]. Companeih the other electrophysiological measurements,
the EGG has a low signal-to-noise ratio and is liswantaminated by cardiac, respiratory signal and
possible myoelectrical activity from other orgarnsiated near the stomach such as duodenal or smal
intestine. As EGG signal require at least half aarlrecording before stimulation and the same tifter
stimulation so it is almost impossible to avoidtimo artefacts which are a specially strong asafar
children are concerned. Artefacts damage the redoddta and make interpretation of EGG very difficu
or even impossible. Advanced signal processing ousttare needed for studying the gastric electrical
behavior. In order to use EGG as a diagnostic tloelartefacts have to be detected and automaticall
eliminated before analysis.
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2. MATERIALS AND METHOD

The multiresolution signal decomposition methodalyre signals at different scales or resolution
and thus ideally suit for studying the non-statignsignal such as EGG [2,3,7]. Multiresolution
representation is computed by decomposing origiitadal using wavelet orthogonal basis and could be
treated as decomposition using set of independequéncy channels [6]. The wavelet transform has
varying window size that provide optimal time-ragain in all the frequency ranges. As the Contusio
Wavelet Transform (CWT) exhibits the property abdming’ in the sharp temporal variation in a signal
the object of this study is to examine the applidgtof CWT for detecting motion artefacts in tl&G
signals.

The CWT of one-dimensional signdl(t) 0 L*(R with respect to a mother wavelg(t) is defined
as:

W,{ f (X ab)= \/— f 1‘(t)(—)dt (1)

wherea,b (a,b0RLCa# 0) are the scale and translation parameters, resphcti

The idea of using wavelets for detection motioefaxts in the one-channel EGG recording, based
on cutting the part of original signal, which aftesual inspection was decided to be an artefautl
create an appropriate wavelgtwhich the best ‘matches’ the waveshape of extrgd@rtefact.

3. MOTHER WAVELET FOR EGG ANALYSIS

After visual inspection of various motion artefatkapes, raw one-dimensional EGG signal
recording from four different persons were takederconsideration. From the parts of different ioag
signals, which were qualified by the physician,tlas motion artefacts, four (similar in the shapéhwi
distinguished artefacts) mother wavelets were ectahd named adequately: eggl, egg2, egg3, egg4.

Fig. 1 displays two hours recording of one-chart®IG (Mal 61), 30 minutes in fasting state and
90 minutes after stimulation with 300 ml of 237 kgaghurt. Ten seconds lasting motion artefact Wwhic
appeared between 89 minutes 55 seconds and 90emi@&tseconds pointed out with an arrow in the
graph Fig. 1 was the source for constructing theherowavelet egg3. It is shown in the Fig. 2 that
constructed wavelet egg3 is the same in the shapieeandicated artefact.
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Fig. 1. Two hours recording okarhannel EGG signal Mal61 with motion artefacts.
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Fig. 2. The zoom of 10 seconds motion artefactgna Mal61 pointed out by an arrow in Fig. 1 nextreated mother wavelet egg3.

For detecting motion artefacts in the EGG signal fmother wavelets (eggl, egg2, egg3, egg4) has
been constructed (Fig. 3). Each of them was adeatethe basis of part of the one channel EGG kigna
recorded from different persons (eggl-signal Malg&gg2-signal Mal60, egg3-signal Mal61 and
egg4-signal Mal63). Two of created mother wavelgggl, egg2) after interpolation consist of 20
samples and the others include 30 samples.

MOTHER WAVELETS FOR EGG ANALYSIS
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Fig. 3. Set of constructed mothawelets : eggl, egg2, egg3, egg4 for EGG analysis.

The CWT stated mathematically by the formula (1sva@plied for one channel EGG signal. In
this case functionf is the raw EGG signal which should be cleanedhfraotion artefacts, and the
function ¢ =egg Ci {1,234} for a=b =1 is one of created or standard mother waveletsiatad by
b and scaled by . Both parameters in this study have been seté¢o on

Using CWT as a tool for inspecting the EGG sigrtatally control correlation process was
obtained, it means that CWT coefficients reachnilagimum value for this part of original signaathis

the most similar to the wavelet used for analySM/T coefficients are the key for localization matio
artefacts in the examining signal.
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The EGG analysis was conducted by the aid of ‘wanggirlibrary of Wavelet Toolbox in Matlab.
The results obtained by applying CWT with constedcfour mother wavelets were compared with the
results obtained for some standard mother wavslath as: Morlet, Daubechies-3, Discrete Meyer and
Gauss-2. At the first step for each one-channel EG@nal examination, the length
(in samples) of motion artefact in the EGG sigmals estimated manually by the aid &fnal
Processing Toolbox of Matlab, as reference data. Afterwards by applying CWThbaeith created and
standard mother wavelets for 8 scales, each oflstggignal were represented by 8xN matrix of wat/el
coefficient (N - number of samples) for each usesth@r wavelet. Each row of wavelet coefficients
matrix consist of N wavelet coefficients for eadals. The maximum value of CWT coefficient point ou
the localization (first sample) for detected motatefact (Fig. 4).

EGG signal for analysis  — E G G
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CWT, Ny =egg Ab=1
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scalel ——» aqom n, a. the maximum wavelet
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Fig. 4. The scheme of CWT analysis for EGG signal.

The index n, of the maximum value of CWT coefficient point tothe localization

(first sample) for detected motion artefact. Thalgsis was perform for 4 constructed mother wetgel
eggl, egg2, egg3, egg4 and compared with thétseshtained for some standard mother wavelets such
as: db3, morlet, dmey, gauss2

4. RESULT

Table 1. Below table presents the samples numbefmmatically detected motion artefacts by theai@WT. The first sample number
for two detected motion artefact was underline.

EGG signal Mal 64

Created Mother Wavelets Standard Mother Wavelets
Sample number of detecting artefact
scalenb., eggl | egg2| egg3 egg4 morl db3 dmey gausp?2

1. 3901 | 11890 3868 _ 3870 2 1 1 2
2. 11900| 3869 | 3863 3871 3 2 2 2
3. 3885 | 3869 | 3864 3874 2 1 2 12098
4, 3887 | 3870 3864 3875 2 2 2 11884
5. 3892 | 3867| 3864 3887 2 3876 3878 126
6. 3895 | 11876 3861 11893 3876 3879 3878 127
7. 3898 | 11876 3860 11891 3878 | 3873 | 3878 11900
8. 3901 | 11873 3861 11895 3873 3873 | 3873 3873
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The results from the Table 1 was shown on the tepeesentation of EGG Mal64 (Fig. 5) where
the markers indicate the beginning and the endatifom artefacts. The first marker was set accordieg

smallest samples number underline in the Table 1.
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Fig. 5. Signal M& @ith two motion artefacts detected by CWT.

In the Fig. 6 and Fig. 7 there are shown the abthresults after CWT applied for signal Mal 64
in the graphical mode. The created mother wavédetrly pointed out both two artefacts.
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Fig. 6. Motion artefacts localization in EGG sigivl64. Results obtained after applying CWT, on @fedide with the standard mother
wavelets: Daubechies-3 & Morlet, on the right sidth created mother wavelets: eggl, egg2.
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Fig. 7. Motion artefacts localization in EGG sigival64. Results obtained after applying CWT, on #fedide with the standard mother
wavelets: Discrete Meyer & Gauss-2, on the rigtie sith created mother wavelets: egg3, egg4.

Below there are presented results for some oth& EiGnals named Mal 76 and Mal 78.

Table 2. Contain the samples number for automayicdatected motion artefacts by the aid of CWT fgnal Mal 76. The first sample
number for two detected motion artefact was uimteriThe first artefact was identify at about 28&inple the second one at 16526.

EGG signal Mal 76

Created Mother Wavelets Standard Mother Wavelets
Sample number of detecting artefact

scalenb., eggl | egg2| egg3 egg4 morl db3 dmey gausp?2
1. 16257 _2753| 16518 2755 2 1 1 2
2. 2745 | 2757| 2745 2760 3 2 2 16519
3. 2744 | 2762 | 2744 2762 2 1 2 16527
4. 16562 2765 | 2743 2766 2 16519 2 16527
5. 16563 2768| 2742 _ 16554| 16519 | 16524, 2733 16527
6. 2787 | _1650Q 2742 16556 16519 16525 16520 16528
7. 2790 | 16491 _ 2741 2776 16520, _16526 16519 16528
8. 2797 | 16487 _2741 2781 16520| 16527 | 16520 2744

The next figure presents the time representatidb@®® signal Mal 76 with indicated two artefacts.
The first one started at about 2741 sample thenskone at 16526 sample.
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Fig. 8.Time representation of EGG signal Mal 76 with twstidguisted artefacts.
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Fig. 9. Motion artefacts localization in EGG sigNal 76. Results obtained after applying CWT, onlgfeside with the standard mother
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65



JOURNAL OF MEDICAL INFORMATICS& TECHNOLOGIESVol. 18/2011, | SSN 1642-6037

Table 3. The samples number for automatically detemotion artefacts by the aid of CWT for signall M&

EGG signal Mal 78

Created Mother Wavelets Standard Mother Wavelets
Sample number of detecting artefact

scalenb., eggl | egg2| egg3 egg4 morl db3 dmey gausp2
1. 2112 | 2106| 2114 2119 2116 2115 2107 2116
2. 2110 | 2104 | 2114 _2108 2155 2108 2155 2116
3. 2119 | 2137 2113 2107 2108 _ 2108 2108 2121
4, 2125 | 2141 2113 2153 2116 2120 2106 2114
5. 2126 | 2143 2112 2174 | _ 2109 2120 2116 2113
6. 2104 | 2082 2112 2152 2116 2120 2116 2118
7. 2105 | 2168| 2109 2154 2121 2120 2120 2118
8. 2112 | 2160 _2110 2160 2121 2121 2121 2112

Both the standard and created mother wavelets detttct second artefact starting at 2110 sample.
The first artefact (at 776 sample) is better intidaby all created mother wavelets then the stanhoiaes.
From the standard mother wavelets the best perfizenpresets the wavelet gauss 2.
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5. CONCLUSIONS

For signal Mal 64, mother wavelets eggl, egg2, emuyd egg4 clearly pointed out two motion

artefacts for each scale (the first artefact stlhete 3860 sample and the second one at 11873)e whil
standard mother wavelets: db3, morlet, dmey, gadst@ction is weaker especially for the second
artefact (started at 11873 sample) (Fig. 6, F)g.The same results can be observed for signal7dal
(Fig. 9) and Mal 78 (Fig. 11, Fig. 12). The resuwtstained for different EGG data, using CWT with
mother wavelet, created as we depict in this papenfirm that all constructed wavelets are more
successful in recognizing and localization motiatefacts then the standard ones. The proposed
procedure is also easily applicable for multichar#®G data, where it gives the opportunity for gidi

in the EGG propagation. Presented method of detectiotion artefacts in EGG recording seems to be
very promising tool for effective application, boeeds further investigation in order to increase it
preciseness.
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