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Abstract

This paper describes a design of a Wavelet Adaptive Filter(WAF) for the removal of the baseline
wandering and the minimization of the signal distortion using by wavelet transform and adaptive filter
in the ECG signal. WAF consists of two parts. The first part is wavelet transform that decomposes
the ECG signal into seven frequency bands using Vaidyanathan and Hoang wavelet. The second part
is adaptive filter that uses the signal of seventh low frequency band among the wavelet transformed
signals as primary input and a unit impulse sequence as reference input. For the evaluation of the
performance of WAF, we used several baseline wandering elimination filters such as commercial
standard filter with cutoff frequency of 0.5Hz and general adaptive filter. We made use of MIT/BIH
database and real patient data for the evaluation. In conclusion, WAF showed a lower ST segment
distortion than standard filter and adaptive filter and has a higher eliminated noise power than

standard filter and adaptive filter.
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Fig. 1. Vaidyanathan and Hoang scale function.
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Fig. 4. Structure of the adaptive filter.
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Table 1. Frequency decomposition by sam-
pling frequency and  wavelet
transform level.

(%+9] : Hz)
A& 250Hz 360Hz
k| i aFa A5 FT
-1 0-60.3 | 603-125 0-90 90-180
-2 0-302 | 30.2-60.3 0-45 45-90
-3 0-151 | 151-302 | 0-228 28-45
-4 0-76 76-152 | 0-114 | 114-228
-5 0-38 3.8-76 0-57 5.7-11.4
- 0-19 19-38 0-29 2957
-7 0-0.8 0.8-1.9 0-15 1529

a7 5% WAFS #A| FAEE ¥ojFs qth
WAFE 24 AIAE A5 $loluzl wake 43}
o Falrg FEFoEH 7HA wBe] /M wol
EgEe] e AFTs d9g Aok ® 1604
2 4 gl%Ee] AZ8 Farl 360Hz4l MIT/BIH
dlolg] wlolxe] A4 0~15HzH S-S A=lsty, A&
3 Fulsrl 250Hz8l AAl d4F dlolEle] 3¢ 0~
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Fig. 5. Block diagram of WAF.
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FEE 5
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Fle) PFAHL Hwy Aot TFe|e} 7
o] 3AF A FoE Zhe tXE "Ee AR F
o 98] AEAEL AAT 4 ke Do)
g gl Ao Wsl= Hgel wl rF5AE W)
AFA A A A-egEd vls) gheAlA
EAo] FA ¥l #-3-gEel WAFE 4] (15)4A
FYE AG FHsE AEE FRASTE AR
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Table 2. Comparison of the

averaged

power of the eliminated noise
using MIT/BIH database.
(4 @ 10
=2 -
EHFF adz'iptlve stapdard WAF
H] o] ¥ filter filter

T113 3.411 3.261 3410
T116 5.372 5.012 5.378
T121 4.368 4.127 4.366
T202 9.381 8.322 9.397
T212 16.790 15.825 16.881
T222 5.701 5.051 5679
T234 5.617 5.241 5.659
HIa# 7.234 6.691 7.253

E 3. EACEE AR’ AR AR
A Hla

Table 3. Comparison of the averaged

power of the eliminated noise
using patient database.
(9] : 10%
BEIFFH | adaptive stapdard WAF
Hjol¥] filter filter
2lraw 0477 0.369 0450
25raw 1.100 0.770 1.081
132raw 2872 1.793 2,772
159raw 0.807 0457 0.867
173raw 0.897 0.586 0914
176raw 2932 1.965 3167
203raw 1.903 0.926 1.869
RS RIRAN 1.569 0.981 1590

% 62 71AA WEe] AR #x} MIT/BIH wlo]
B #o]a(T234)el i3t HgAA Asfsfsolc). 2y
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Fig. 6. Comparison of the filtered output signals
(T234).
(a) ECG signal (b) adaptive filter (c)
standard filter (d) WAF
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Table 4. Estimation of the signal distortion

using triongular wave.

O Az

(9 0 W)
e EF® | adaptive | standard
filter filter | WAF
JAe 94 -0.462 -0.297 -0.032
ST HIWE -0.326 -0.193 -0.032

4% Al olgsle 7zt el gIFxE
A3k Aot ST ARES] dF%: ST Al
wEe] Aabral [A #de] wskzs Wrisiger]
JAL AtdEle] FHolx] olFo el FHAgoE
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Fig. 7. Comparison of the filtered output signals
using triangle signal.
(a) ECG signal (b) adaptive filter (c)
standard filter (d) WAF
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Fig. 9. Comparison of wavelet transform and
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(a) ECG signal (b) low frequency subtract
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