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Design and verification of notch filter and comb filter
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Abstract

This report mainly discusses the design concept and verification process of notch
filter and comb filter. Four filters are used to filter out the noise of the ECG signal.
These four filters are Notch Filter, Notch Filter + Shank’s Recursive (IIR) Filter,
Comb Filter, and Comb Filter + Shank’s Recursive (IIR) Filter.

Keyword : comb filter, notch filter, Recursive (1IR) Filter
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60-Hz Notch Filter
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+z72

1— 1.45793725484-z7 1 + z7*

= 1.844804884 — 2.689609769 -z~ ' + 1.844804884-z°

fs =500 Hz
180° 1 6 = 250Hz 60 Hz
.0 = 432°
57
H[z) = (1 Y z_l) (1 — pTies2
=1—2cos43.2°-z 1 4z72 =

H(1) = 0.5420627452
T IR E

1— 1.45793725484-z" 1 4 z72
H(z) =

0.5420627452

Y

i = YO _
z)

z<<< %z}f%

Y(z) = 1.844804884 - X(z)
+1.844804884 -z 7 X(z)
BITZ T MEEES ER R
vln] =

— 2689609769 -z"1 - X(z)

Nﬁ

1.844804884 — 2.689609769 -z~ ! + 1.844804884- z*

1.844804884 - x[n] — 2.689609769 - x[n — 1] + 1.844804884 x[n — 2]
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= ~ 60-Hz Notch Filter + Shank’s Recursive (IIR) Filter

fs = 500 Hz
r=0.995
180° : 0 = 250Hz : 60Hz
.0 = 432
=7
H(z) = = T 2T (1 -T2 1145793725484 .27 427
(1 —re/32 .z71)(1 —re /43-2° . z71) 1 — 2rcos43.2° 21 f rZz—2

1 —1.45793725484 -z 1 4+ z72
1— 1.450647569-z71 4 0.990025-z72

H(1) = 1.004978544

HELTIERE
1 —1.45793725484-z 1 4+ z7°2
1.004978544(1 — 1.450647569-z"* 4+ 0.990025z72)
1 —1.45793725484-z"1 4+ z7°
B (1.004978544 — 1.457869682- z~1 4+ 0.994953883- z72)

H(z) =

HE) ¥(z) 1 —1.45793725484-z 71 4 z 72

Tl = = - -
X(z) (1.004978544 — 1.457869682 -z ! +0.994953883 -z~ 2)

Ay LSt

1.004978544- Y(z) — 1.457869682 -z~ - ¥(z) + 0.994953883 -z 2- ¥(z)
= X(z) — 1.45793725484 -z 1 - X(2) + z % - X(2)

BETZTHREES TR

1.004978544- y[n] — 1.457869682- y[n — 1] + 0.994953883 - y[n — 2]
=x[n] — 1.457869682 - x[n — 1] + x[n — 2]
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= ~60-Hz Comb Filter

fs =500 Hz

FHAH =60 Hz

3 f&4H =180 Hz
©180° : O 250Hz : 60Hz
©180° : O 250Hz : 180 Hz
.0 = 432° 129.6°

gl
H(z)

=(1- g f43.2° _z—l) [1 — i, z—i)(]_ — pi129.6° _z—i) (1— o —i129.67 z—lj

=(1—2cos432%- 27+ z7%)(1— 2c0s129.6°-z71 +z77)

= (1— 1.45793725484- z71 + z72)(1+ 1.2748479794- z 1 + z72)
= 1-—0.18308927544-z"1 +0.14135163765- z -
—0.18308927544-z 3 4+ z7*

H(1) = 1.775173087

AETTIERAE
H(z)
1—0.18308927544-z 1 + 0.14135163765-z7% — 0.18308927544-z 3 + z~*
1.775173087
= 0.5633253497 — 0.1031388301-z~* + 0.07962696071- z*
—0.1031388301-z7% + 0.5633253497-z*

¥i=z
X(z)
=0.5633253497 —0.1031388301-z~ 1 £ 0.07962696071- =z~ *

—0.1031388301-z7% + 0.5633253497-z*

gz st

¥(z) = 0.5633253497- X(z) — 0.1031388301-z - X(z)
40.07962696071- z 72+ X(z) — 0.1031388301- z 3 - X(z)
40.5633253497- z7*- X(z2)
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y[n] = 0.5633253497 - x[n] — 0.1031388301 - x[n — 1]
40.07962696071- x[n — 2] — 0.1031388301 - x[n — 3]

40.5633253497 - x[n — 4]
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= ~ 60-Hz Comb Filter + Shank’s Recursive (IIR) Filter
fs =500 Hz
FHAH =60 Hz
3 f&4H =180 Hz
©180° : O 250Hz : 60Hz
©180° : O 250Hz : 180 Hz
.0 = 432° 129.6°

(=2

H(z)

B (1— al43.2° _z—l:](l_ o j43.2° _2—1)(1 — pil29.€° _2—1)(1 — p—il296° z—lj

- (1 —re/-2 . z71)(1 — re /432 . z71)(1 — re/12%6 . z71) (1 — re /1296 . 771

_ 1-0.18308927544-z ' +0.14135163765- z7* — 0.18308927544 -z +z7*
B (1—2rcos43.2%-z71 +r?z72)(1— 2rcos129.6°- z 1 + r2z72)

_ 1-0.18308927544-z71 +0.14135163765- z 72 — 0.18308927544 -z~ + z
~ (1— 1.45064756856- z~1 + 0.990025 - z72)(1 + 1.2684737395 -z~ + 0.990025 - z~2)

-

1 —0.18308927544-z"1 + 0.14135163765 -z — 0.18308927544-z 3 + z7*

-

"~ 1-0.182173829-z"1 + 0.13994165402- z~2 — 0.180356645- z~% + 0.98014950062- z~*

1.775173087
H(1) =———— = 1.010020938
1.757560681

HELTIERUL
H(z)

1 —0.18308927544 -z + 0.14135163765z - — 0.18308927544 -z 4 z~*
1.010020938

1—0.182173829-z71 4+ 0.13994165402-z72 — 0.180356645-z~% 4+ 0.98014950062- z~*

1—0.18308927544-z"1 4+ 0.14135163765-z - — 0.18308927544 -z 4+ z™*
— 1.010020938
1—10.182173829-z71 4 0.13994165402- z~2 — 0.180356645- z~% 4+ 0.98014950062 - z~*
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1.010020938- ¥(z) — 0.1839993816 -z ' - ¥(z) + 0.1413440007 - z7* - ¥(z)
—0.1821639878 -z % - ¥(z) + 0.989971518 -z *- ¥(z)

= X(z) — 0.18308927544-z71 - X(z) + 0.14135163765- z* - X(z)
— 0.18308927544-z7% - X(z) +z7* - X(2)
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1.010020938- y[n] — 0.1839993816- y[n — 1] + 0.1413440007 - y[n — 2]
— 0.1821639878 y[n — 3] + 0.989971518 - y[n — 4]

= x[n] — 0.18308927544- x[n— 1] + 0.14135163765 - x[n — 2]
— 0.18308927544 - x[n — 3] + x[n — 4]
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60-Hz Notch Filter
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60-Hz Notch Filter+Shank’s Recursive (IIR) Filter
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60-Hz Comb Filter
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60-Hz Comb Filter+Shank’s Recursive (IIR) Filter
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