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= Abstract=

Time Domain Analysis of Digital Filters for Noise Cancelling in ECG Signals

Hyun-Do Nam*, Dong-Jun Ahn*, Cheol-Heui Lee**

Time domain analysis as well as frequency domain analysis of signal conditioning filters is
very useful for practical applications. Time domain analysis of digital filters for noise
cancelling in ECG signals is presented. Several band pass and band reject filters are
designed for the analysis. Computer simulations are performed to compare the distortions of
the Butterworth type filters and linear phase optimal FIR filterg which are widely used for

ECG signal processing. Band reject filters are applied to power line interference cancelling in

ECG signals.
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Fig. 2. 1 Attenuation and phase characteristics of
3th order Bessel, Butterworth and Che-
byshev low pass filters
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@ 3. 1 Triangular burst
Fig. 3. 1 Triangular burst

standard ECG signal, BPM:60
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Fig. 3. 2 Standard ECG signal(BPM: 60)
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TRI. PULSE FILTERING
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ECG FILTERING

[SEC]
(d) & ECG 452 74%(0.05-100Hz)

%7t} o :0.5—30Hz, 0.05— 100Hz)

Fig. 3. 3 Butterworth band reject filter(tap:8, pass band:0.5—30Hz, 0.05—100Hz)

HqAE deja A Y
o B F2 e e %4 Ackgol) Ag
=& Haldxm HEHEY 72k 8ake} 64
Atz A e dHY A5E o FAAAE 5
Yol MR Folxlz] %7l WEoldh 27 3.2%
BT ECG Al $A371efjA UAA7 3 Hupy
(BPM:Beat Per Minute) 7} 600]z =4l = 9d}o] 1
Vip—pldl 3% ECG Al3E T 23 Fat4 500
[Hz]= A/D w#sle] Hz)e dieletz ) %3}a,
Yejgol & ;; Fot4E %3 500(Hzlz &%
c}.

2 oF dae e
CEES
45

w

23] 3.3& Butterworth HHFT=2F A= g
Zelo) fFHA4E mal Holn(A4: 8, ¥
0.5—30Hz, 0.05~100Hz), 23 34+ A

7
3 e
¥ #4 HH FIR dele] 725 7H4& 99 §

od-

3.
A}

o

—141—

2 Hel9 S AL 2ol Holdh(A4: 64al,
%3 i} & 0.5-30Hz, 0.05—100Hz) %-?eHoi-g
0.5—30Hz, 0.05—-100% #7HL o] g ESo] 2
B 8§ uff 7o) e (2 3 o 4]
o'v ¥ Yo, T HeE Asjo|ct).

2% 3.5+& Butterworth e}l P+2E& 7zxlE gl
Az Helo] AFHLE 2l Holn(x4: 8 A
A i F: 55-65Hz), =3 3.6-2 A3 A4
A FIR ¥elo] +2E5 713 dd Az e
AEE4E 2l Aojch A4 64, HYE 2 55—
65Hz)

hed 57 Leg
4(b)o)l 4 Ps} =« T3}, 122 base line =5

Agoz o))

Aol 28 3.3(b)ek 27 3.
K

Adtn AEE & 5 Ao
¥ 312 28 3304 3.67% e Aol dld}e]



-WIREE 5144 B28, 19934~

TRL PULSE FILTERING
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TRI. PULSE FILTERING
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Fig. 3. 4 Linear phase optimal filter(tap:64, pass band:0.5—30Hz, 0.05—-100Hz)

sao| sf 52 AL} gFE FA4Y Aoz o
3 Hele] A dA gy 33 gy o
275 3 "HAbe| H42¥L 4 F Ut

23 372 27 329 BF ECG 4 %o 60Hz
o A¥A 4L TFAY AHelm, 13 3.89
(a):= 83} Butterworth the %3 Hel(0.5—
30Hz)2] "ela] Aol (b)¥= 8xF Butterworth
hed A=z We{(55-65Hz) 2] WE{g Arolrt. 2
Blz (c)& 64x A¥ 4 A" FIR oy 3
e (0.5-30Hz) o] Heja] Aoz (d)v AY
A4 A4 FIR oy 2z e (55~-65Hz) 2] ]
3 Az AYA 74 = A Ao &= Butterworth
Y A et AR s Fo] Heov] GFE =
A& Molx gldh

B4R A

4.3 £

ECG AlZE ASY o +usis 973 A&

#) A A)e)} A}4-5) = signal conditioning F &l 2] 4] 7}
ogodofjrie] sFTHAS #4334} Signal condi-
tioning A% dejx IR Helol FIR Hejol 4
ECG Al%o] = &o] AA Butterworth HE 9}
A% 94 A4 FIR ¥6& nsigddh oY §
3 Geje] Hgoll, T g Fo] 245 A3 d
Aol Zo]5& ¥ 4 9o Butterworth H e 2}
A4Y 944 2 FIR Yele] fFHA4E vins R
of. =& P3t 9 Tz, 22|32 base line 8o} 4
Hatog oo g ATF7 o P of H Ao
th. A4 744 A ARl Butterworth o] 2 A
7t sfrA el A3 Ao A AA SA4
o] 7} Heoluwtet.

2 ATE FARAL A2 AFHAA
91-01~00~042] 2ol 9}3te} o} FoiR 5

—142—



—dHE 9 [ECGHZEY I AAE A% YA e N g s -

TRI. PULSE FILTERING ECG FILTERING
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(a) triangular burste] 7 9 (b) £F ECG 41359 A%
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Fig. 3. 5 Butterworth band reject filter(tap:8, reject band:55 —65Hz)
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Fig. 3. 6 Linear phase optimal filter(tap:64, reject band ;55— 65Hz)

B 31945 430 AZ gt Y
Table 3. 1 Analysis of frequency’s and amplitude’s distortions

Iy F=2 Butterworth H €} (84}) g 94 HA FIR FE(64x))

28 7% Wy 57 94 99 AA 29 99 53 9 0y Az g
gg % 0.5—30Hz | 0.05—100Hz 55—65Hz 0.5—30Hz | 0.05—100Hz 55—65Hz

Zm4 okt | +0.008 +0.012 +0.010 +0.0074 +0.016 +0.130
AE 5 +0.1486 +0.0168 —0.091 +0.0409 +0.0185 —0.0088

% ECG #1359 QRS complex AZ :1.121
2 ECG 439 QRS complex 7] :0.044[sec]
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power line noise+ECG signal
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Fig. 3. 7 Standard ECG signals with power line

interference
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Fig. 3. 8 Power line interference cancelling effect and distortion phenomenons of various filters
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