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2 o : 9JAR(EGG : electrogastrography) & ¥|#da oz By AZFg Hisie] oM dAste o 49 #A7148d 54 (gastric
electrical activity) g &3ste Wolth 9Ax MNie Fu4ot 9§ 2owi(0.0083~0.15 Hz) RZo) u).$ F7)(10~100 i) W) &
o g go] v "}, o2 9a) FIR(finite impulse response) WEI} [IR(infinite impulse response) BEIM & 8% N5 2ol
0.1417 W £ d9ZL 7RE AEE Ahy sy dade & A5z A B4R AY d57t I35 347 $43T, g &2
AFolME Daubechies ZdolBg-g TAA 2 233 dojlud opdd ¥ HE)E AMG3lGon 780 go] A 4He 2559 FIR #H, 4%
#9 IIR ¥HES A5 29 (SNR : signal to noise ratio) @ AN Z A5 QA (RSE : reconstruction squared error) 59 s&ne &
ol &35la} AlEgold AL AT E ol&dle g Hrlslich AWEEYelH-S(normal distribution random noise)o] FYB Al EHoIA
AAE NZE AM&E golBdy thdd 28] g SNRS vlatiide] © IAuE %, 319 SNRO Hlg #g9 i) wel 42 95 6.9,
47 4B ¥ $& 4%S BFAT RSEAAE 1.22%10°7, 1.22x10°, 1.22x10%] 6 A& 8% B39},

Abstract : Electrogastrography(EGG) is a poninvasive method for measuring gastric electrical activity on the abdomen
resulting from gastric muscle. EGG signals have a very low frequency range(0.0083~0.15 Hz) and extremely low amplitude(1
0~100 ). Consequently, BEGG signal is easily influenced by other noises. Both finite impulse response(FIR) and infinite
impulse response(IIR) filters need high orders or have phase distortions for passing very narrow bandwidth of the EGG signal.
In this study, we decomposed EGG signals using a wavelet multiresolution method with Daubechies mother wavelet. The EGG
signals were decomposed to seven levels. We reconstructed signal by summing the decomposed signals from level four to seven.
To evaluate the performance of the wavelet multiresolution filter(WMF) with simulated EGG signal using two kinds of FIR
and four kinds of IIR filters., we used two indices: signal to noise ratio(SNR) and reconstruction squared error(RSE). The
SNR of WMF had 9.5, 6.9, and 4.7 dB bigger than that of the other filters at different noise levels, respectively. Also, The
RSE of WMF had 1.22x10°, 1.16X106, and 1.02X10° smaller than that of the other filters at different noise levels.
respectively. The WMF performed better in the SNR and RSE than two kinds of FIR and four kinds of IIR filters.

Key words : Electrogastrography, FIR filter, IIR filter, wavelet, RSE. SNR
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Signal Constituent sinusoids of different frequencies

(a)

Wavelet
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Signal Constituent wavelets of different scales and positions
(b)

a3 1. (a) Fourier 242] 71y (b) Slol=2l 42| 7y
Fig. 1. (a) The concept of Fourier analysis (b) The concept of Wavelet analysis
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Fn = Fx/2 = 1/2 =1 Hz (5)
2 wien e #4E9E A M9 A Fase 4

(6)3) o] 1 F 9k

For = F/2 = 05

Froe = Fu/2 = 0.25

Fu = Fin/2 = 0.125

Fos = Foy/2 = 0.0625

Fps = Foy/2 = 0.03125

Fus = Fps/2 = 0.015625

Fu7 = Foe/2 = 0.0073125 (6)
oA7)A 9 gk BRe A ()} )

F3(0.125 Hz) < Fu(0.125 Hz) < Fpo(0.25 Hz) (7)

AMAA A3 2ol Asel D4 GAS HAg,
Aol g HEe A4 @) 2tk

Fur(0.0078125 Hz) < Fr(0.0083 Hz) < Fe(0.015625 Hz)  (8)

S
(0~1Hz)
¥ .
Al Di
(0~0.5Hz) (0.5~1Hz)
; ;
A2 D2
(0~0.25Hz) (0.25~0.5Hz)
( ~
A3 D3
(0~0.125Hz) (0.125~0.25Hz)
v >
A4 D4
(0~0.0625Hz) {0.0625~0.125Hz)
v >
A5 b5
(0~0.03125Hz) (0.03125~0.0625Hz)
v >
A6 D6
(0~0.015625Hz) {0.015625—~0.03125Hz)
L2 >
A7 D7
{0~0.0078125Hz) (0.0078125~0.015625Hz)

% 3. 7 chA sloj=al ciotA sl
Fig. 3. Seven levels wavelet multiresolution block diagram
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Fig. 6. Filtered EGG signal using wavelet multiresolution
AT Aexte AL 4 17 o&stdtH13] o714 X LAY AZE¢ = A" Azolx, X
LAg 4848 2% #80) g Ausolr)
-
RSE = ;:)(X,(zf)—x(,(l))2 (17)
E 1. TS| Aol YNT Mzl AMBoy HSH|o H|I(HHY : dB)
Table 1. Comparison of the SNRs of EGG signal corrupted with random noise(unit : dB)

e Original FIRT FIR2 IIR1 IIR2 IIR3 IIR4 Wavelet
0.5 8.52 10.26 11.15 9.58 6.68 12.13 12.00 2167
0.75 0.40 6.42 8.76 8.00 5.56 10.24 10.68 17.81

1 -5.46 4.79 8.24 6.98 4.83 8.99 8.68 13.69

Original : simulated EGG signal + noise

FIR1 : Parks-McClellan optimal FIR filter(12nd order)

FIR2 @ Frequency sampling-based FIR filter(20th order)

I'R1 : Butterworth filter(12nd order)

[IR2 : Chebyshev type | filter (passband ripple 0.1dB, 6th order)

IIR3 : Chebyshev type |l filter (stopband ripple 40dB, 6th order)

IIR4 : Elliptic(Cauer) filter (passband ripple 0.1dB, stopband ripple 40dB, 6th order)
Wavelet : Wavelet multiresolution filter (Daubechies 16)
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H 2. WHTSo| Mol FT MEe] AMAS AHS2Ate| HIW(EH] © 106)
Table 2. Comparison of the RSEs of EGG signal corrupted with random noise(unit : 106)
pa=r FIR1 FIR2 IIR1 NR2 HR3 IIR4 Wavelet
0.5 2.4 2.21 2.60 3.48 2.02 2.04 0.80
0.75 3.53 2.82 3.05 3.89 2.44 2.34 1.18
1 4.16 2.97 3.39 4.20 2.77 2.87 1.75
Sigral % 10° Spectrum

{a) Original

(o) FIR filter 1(26)

fe} FIR filter 220}

(o) IR Butterworth(12)

{e) Wavelet

sec cpm
a3 7. S48 ANME A5 U FIRT IR TEES M85 7o AZED AHEHE

(a) EEE Mol &30 U fAL 2158} AHEY

(b) 26%2l FIR filter18 METt Fo| N ME9} AHER

(c) 20%t9] FIR filter2& HME% Fo| YHET AFo ABEY

(d) 12%t2e] IR Butterworth filterg® X3l 9| YN T AZof AHEY

|=0

(e) Wavelet multiresolution filter® H2st 9| X T As AHE
Fig. 7. Measured EGG signal and FIR and IIR filtered signals, and their spectra
(a) Noisy EGG signal and spectrum before filtering
(b) Filtered EGG signal and its spectrum using 26th order FIR filter1
(c) Filtered EGG signal and its spectrum using 20th order FIR filter2
(d) Filtered EGG signal and its spectrum using 12nd order IIR Butterworth filter
(e) Filtered EGG signal and its spectrum using wavelet multiresolution filter
1 ¢ low cutoff frequency(0.5 com)
fez + high cutoff frequency(7.5 cpm)

4 1} e fla o AELE A vE B E sE f AE

F& o) wied gA  AEEE @ et glvh 19 59

a4 AEEe B4 DL, D2 D3, D4, D5, D6, D7, ATS 47F stesiol HEE FHE 24 fde ANE5E 794 —L‘?—'BH
gstoaA A olFolAm o MEHE Ak skt thd sto] tE9-Ex w949 0.0083 Hz(05 cpm)ollAl 0.125 Hz(7.5
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Fig. 8.

(a) Noisy EGG signal and its spectrum before filtering
(b) Filtered EGG signal and its spectrum using 6th order IIR Chebyl! filter
(¢) Filtered EGG signal and its spectrum using 6th order IR Chebyll filter
(d) Filtered EGG signal and its spectrum using 6th order lIR Elliptic filter
(e) Filtered EGG signal and its spectrum using wavelet multiresolution filter
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Measured EGG signal and IR filtered signals, and their spectra
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