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Abstract

The development of programming is sufficient for humans to complete
many intricate and repetitive calculations. The ability of many calculations is that we can’t use
paper and pen to do it. We must rely on programming to complete. This is even true for the
processing of many physiological signals in biomedicine, such as: physiological
telecommunication Signals, physiological mechanical signals, sound signals, etc., are
completely impossible to talk about on paper, so the importance of the journey is highlighted.
The filtering of physiological signals in this course is to use
the ECG signal to read in the complete signal with the aid of the program, and pass the 60 Hz
interference signal through the design filter, and use the signal drawn by the program to verify
whether the interference is indeed The purpose of the characteristics of signal elimination.
Using the electrocardiogram signal that the teacher has placed on
iLearn and subjected to 60 Hz interference, input it into four different filters including notch
filter, comb filter, and enhanced filters ( In Shanks's filter), first calculate the difference
equation between the input and output of the four different filters, and then use the program
filter function to verify whether the output is really free from the interference of the 60 Hz and
60 Hz base multiples.

Keyword : Comb filters ,Filters ,Notch filters

R ERER A iy ePaper(2011 )

1B



RS SR RE AR A

= R M 1

o AR AR R BB e 1-2
o FERRENERAIT 2-3
o A R (AT 3020 3-26
T B R 26

R ERER A iy ePaper(2011 )

1B



RS SR RE AR A

- 7 (AR

AR AT * 2 gk L MATLAB - MATLAB & & * »tficig i@ & » e | %
Boempiel Lo Ve fEFRABSEY o blde D BiHUE  IFREY *awf»@
BoirE s A Sl TR BdEs-Eeh1 £ oo

ATARNATRY 2 p i B A 2R i & 3 MATLAB 2. #0889 g ik sic -
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1. e » ¢
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Import selection #-#icyf % » < §1* MATLAB #plot4; 4 5 W H ;g5 - &
£ 60 A F R AeIUEL o (F 0040 b Fgh ~ Ridh 3 T2 T )

2. B @lﬁ] 3y & o] 2_ 47 38 3 (magnitude frequency response) :
1l
freqz([ » + fadc], [ # fhiic], P-4k ghdie, P4 )
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plot(w,abs(h)) 5 45 % - Gidhs ]

O A ) 2 R -
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ECG lead 2
ERIFR 15 448
sample frequency : 500 Hz
#p i (AorD)la/(AorD)2b chg & ¢ 125 ed b AEER cas = BRIEER DS
B BT RE R

Az iy (FaF kM) 110cm
g 171cm, 71 kg
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e

% (%(1)] 323 % (4)] 482 H(Z)% differential equation z_ 4 3 so— *i>t % (4) ] RE 2 18
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< Ans.>
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Magnitude response

phase response
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B] 2 Notch Filter

(2) {HHEzEESE 147~150 Shank’s recursive (IIR) filter W& - F£5E(1)

/NER SRR ET DA SRS AR A SR B A BIARIERS - et E—EE
K4S 60-Hz notch filter (B SHRITEASERE 500 Hz) -
(r=0.995)

< Ans.>:

phase respense Magnitude response

o TR
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Itbpz 2 r{E(Shanks's filter iy r (B Ry 87 daERY =% )s%E K 0.995 #HE AT 60 fifizk
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B8] 3 Notch Filter 22 Shank’s recursive (IIR) filter

HE rESOER 0.95 80 0.9 ZH - HEREERE( r 88 5)  HEHREgHEE r
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4759 % 61 ffizzpE AR - DUEFIRIEN AR TEIRRE - (LR & i L Shanks's
filter HIMEE)
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(3) FIH=AES 164 HAVElS > st —(EEHE 60 Hz ~ BESERE 500 Hz iy

comb filter -
< Ans. >t

o TR ESERA
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(4) {5iEzEESE 147~150 Shank's recursive (IIR) filter VS - £5E(3)
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(1) 60-Hz Notch Filter (#f: %)

fs =500 Hz
. 180° : 6 = 250Hz : 60Hz
.0 = 43.2°

7~ 7, = cos43.2° + jsind3.2° = 0.72897 + j0.68455 = et/43:%

(55

H(Z) — (1 _ @l43.2°, Z—l) (1 _ aj432°, 2—1) - 1_ (ej43.2° + e—j43.2°) ezl 4 52
=1—2c0s43.2°-z 1 4 z72

Y H(1) = 1 —2cos43.2° +1 = 0.54207

HELTIERE

Y(2) _ 1-1.45794 -z 1 4 z72

X(z) 0.54207
~ 1.84478 — 2.68958 -z~ 1 + 1.84478 - z 2

Y(z) = 1.84478 - X(z) — 2.68958 -z 1 - X(2) + 1.84478 - 272 - X(2)

HETTZ B TR

y[n] = 1.84478 - x[n] — 2.68958 - x[n — 1] + 1.84478 - x[n — 2]
#
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(2) 60-Hz Notch Filter+Shank’s Recursive (IIR) Filter (#E

)

fs =500 Hz

41 =0.995

©180° : 6 = 250Hz : 60Hz

.0 = 432°

7~ 7, = cos43.2° + jsind3.2° = 0.72897 + j0.68455 = et/43%*

=5
Hz) = (1—e/2. 771 —e 2. 271 1145794 -z ' + 272
2= (1 —ref432°. z71)(1 —re/432°. z71) = 1 — 2rcos43.2° -z~ 1 4 r2z2
N 1-145794-z " +z7°
~ 1-—1.45065 -z~1 + 0.99003 - z 2
X

(D) = 1—1.45794 + 1 .
~ 1—1.45065 + 0.99003 -~

HETTIERILE
Y(z) 1—1.45794-z71 4 z72

H(@) = &)= 100501 — 145065 - 2-1 + 0.990037°2)

_ 1—1.45794 -z71 4 772
~ (1.005 — 1.4579 - z~1 + 0.99498 - z72)

AR S
1.005 - Y(2) — 1.4579 - 21 - Y(2) + 0.99498 - z~2 - Y(2)
= X(z) — 145794 -z X(2)+ 2z ?-X(2)

HETTZ B TRy
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1.005 - y[n] — 1.45794 : y[n — 1] + 0.99498 - y[n — 2]
= x[n] — 1.4579 - x[n — 1] + x[n — 2]
#
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(3) 60-Hz Comb Filter (¥#:%&)

fs =500 Hz

FHAH =60 Hz

3 f&4H =180 Hz

©180° : 6 = 250Hz : 60Hz
©180° : 6 = 250Hz : 180Hz
.0 = 432° 129.6°

7~ 7, = cos43.2° + jsind3.2° = 0.72897 + j0.68455 = et/43%*

Z:~ 7o = c0s129.6° + jsin129.6° = —0.63742 + j0.77051 = e*i1296°

=% H(2)
— (1 _ ej43.2°, Z—l) (1 . e—j43.2° . 2—1)(1 i ej129.6° . Z—l) (1 _ e—j129.6° . Z—l)

=(1—-2c0s43.2°-z7 ' +272)(1 —2c0s129.6°-z"1 4+ z72)
= (1—-1.45794-z 1 4+ z72)(1 + 1.27485 - z71 4+ z7?)
= 1-0.18309 -z ! +0.14135-27%2 - 0.18309 -z 3 + z~*

N H(1) =1-0.18309 + 0.14135 — 0.18309 + 1 = 1.77517

HETTIERILE
HZ) - Y(z) 1-018309-z'+0.14135-27% —0.18309 -z % + z7*
7X@ - 1.77517
~ (0.56333 — 0.10314 -z~ 1 + 0.07963 - z 2
—0.10314-z"% +0.56333 - z~*
2 aE R T

Y(z) = 0.56333 - X(2) — 0.10314 -z - X(2)
+0.07963 - z72- X(z) — 0.10314 - z 73 - X(2) + 0.56333 - 2% - X(2)

BITZHRRIES RS
y[n] = 0.56333 - x[n] — 0.10314 - x[n — 1]

+0.07963 - x[n — 2] — 0.10314 - x[n — 3] + 0.56333 - x[n — 4] #
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(4) 60-Hz Comb Filter+Shank’s Recursive (IIR) Filter (¥#:%&)

fs =500 Hz
EHH =60 Hz
3f%4H =180 Hz

©180° : 6 250Hz : 60 Hz
©180° : 6 250 Hz : 180Hz
.0 = 432° [129.6°

7~ 7, = cos43.2° + jsind3.2° = 0.72897 + j0.68455 = et/43%*

Z:~ 7o = c0s129.6° + jsin129.6° = —0.63742 + j0.77051 = e*i1296°

f35[H(2)
(1— aj432°, 2—1)(1 _ aTj43.2°, 2—1)(1 _ aJ1296°, 2—1)(1 _ aj129.6°, Z—l)
(1 — rei43:2°. z71)(1 — re J/43.2°. z71)(1 — re/129.6°. z71)(1 — re J1296°. z-1)
1-0.18309 -z 1 +0.14136 - z72 —0.18309 -z 3 + z ™%

(1—2rcos43.2°z71 +r2z72)(1 —2rcos129.6°-z71 + r2z72)

N 1—-0.18309 -z 1 +0.14136- 272 —0.18309 -z 3 + z ™%

~ (1—1.45065-2z"1 +0.99003 - z2)(1 + 1.26847 - z~1 + 0.99003 - z~2)

N 1-0.18309 -zt 4+ 0.14136 -z 2 — 0.18309 - z 3 + z~*

T 1-0.18217 -z71 + 0.13994 - 22 — 0.18036 - z~3 + 0.98015 - z 4

12

X
1—0.18309 + 0.14136 — 0.18309 + 1 1.77517
H(1) = ~ ~ 1.0006
1— 0.18217 + 0.13994 — 0.18036 + 0.98015 _ 1.77411
T IERRAE
Y(z)
H =
(2) X@

1—-0.18300-z14+0.14136 - 272 —-0.18309 -z 3 + z ¢
N 1.0006
~ 1—-0.18217-2"140.13994 - 272 — (0.18036 - z~3 4+ 0.98015 - z4

11 P LA 74 oPaper(2011 4F)
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AR

1.0006 - Y(z) — 0.18228 - 21 - Y (z) + 0.14003 - 22 - Y(z) — 0.18046 - z~3 - Y (2)
+0.98074- 2% Y (2)
— X(2) — 0.18309 -z~ - X(2) + 0.14136 - 22 - X(z) — 0.18309 - 23
X(2) +z*-X(2)

HETTZ R R IR s

1.0006 - y[n] — 0.18228 - y[n — 1] + 0.14003 - y[n — 2] — 0.18046 * y[n — 3]
+ 0.98072 - y[n — 4]

= x[n] — 0.18309 - x[n — 1] + 0.14136 - x[n — 2] — 0.18309 - x[n — 3]
+ x[n — 4]
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(5) FIAFGHEERSEELMERAE iLearn 2% 60 Hz TENLEEE

5t (EEHRKATRIER) -

< Ans.>:

¢ 60-Hz notch filter (REHIVEERRE 500 Hz) g 5 ¢

=

i
=g

=)

Magnitude response
o

o =~ N

phase response

LB R 4o &

Amplitude

Amplitude
o o

T

24 ) E A

L o

100
Frequency in Hz

&) 6 Notch Filter #7 5 & 2.

R

|2 4p =@

TRk s kT

A1a original signal
I I I I I I

. | n
| l |
w) o g |HWHM-'*“‘WWWWMW-WM |u-fuﬂf-'-w""”’ W | o st

0 200 400 600 800 1000 1200
Time in seconds
Ala filter result signal
'1 -
ol B
0 20[} 40[} 60[} BDD 1[}00 1200

Time in seconds

Bl 7Ala Rds s ik 1855
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A1b original signal
I

o ﬂ L fJ' A AL

0 150 200 250 300
Time in seconds

Amplitude
' =]

A1b filter result 5|gnal

% 20 '
= 10
& ol sk b
5-18%1“ Ml WWW e
0 100 150 200 250 300 350
Time in seconds
Bl 8Alb m4n% gk (s % %

Aza original signal
% o T T T 7
2 1f | .
E— [1} 2l ‘-'-'.nr.r.rmwwr.-.r.r.m‘l |'| u,.-.'mwa' -‘TMNW.I'MWMrmmA ANV, mmw'-nm-.-.-H UuWWH-'NﬂMW”H;.rmpNﬁH [ r,w.-.-.r.rwm.mw

200 400 600 BDO 1000 1200
Time in seconds

A2a fnlter result 5|gnal

MW‘J'MMJMW

0 200 400 GDD BDD 1000 1200 1400 1600
Time in seconds

W 9 A2a ks 2 iy 15 4
A2b ongmal signal

altfhl ﬁﬂ TR AR ARRRRRARRRR

AR |||"l|||"|||||.'l||||H| &

—_

Amplitude
=

Amplitude
-h-MCJr\J-I‘-'-

o

100 150 200 250
Time in seconds
® A2b filter result 5|gnal
E 201
g o W!N-ﬂﬂr.ﬂrmf,ﬂ\ﬂrﬂ,’ I me I'mfﬁ(.ﬂxmm mhwﬂu i rwmfumf\fmP.ﬂr’lrw:ﬂuﬁﬂfw fwm\lwuﬁpqﬂ
< -

0 50 100 150 200 250
Time in seconds

B 10 A2b 4% ik 14 5% %
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D1a original signal
I T I I
I 4
) MMW'\%J WMWMM'WWWW»ML’”““WW'

0 200 400 600 BDD 1000 1200 1400 1600 1800
Time in seconds

Amplitude
=]
L= U‘I - U1

D1a filter result signal

ﬂ“hﬂ*mﬂummﬂﬁﬂﬂwhjwﬂﬁwwvuwaﬂwmuﬂjbmﬁwwﬂmuﬂf;

o = M

Amplitude

| | 1 | 1
0 200 400 600 800 1000 1200 1400 1600 1800
Time in seconds

11 Dla 4% jhik (5 % %

D1b original signal

HA A A
%Emﬁﬂr ) |r“u’“.||'\fW'| % \f‘M{ V‘J:f :«rﬁ Illr:j;l SJIZI”WA |IVW il I/ */W W 1l M I'\\ﬂ ﬁ'f

0 50 100 150 200 250
Time in seconds

B 12 D1b J 4% itk 18 % %

D2a original signal
I T T I

—

1.

lv,ﬂww"%wuﬂjlwmwwww‘mﬂ,«wwmm

200 400 600 800 1000 1200
Time in seconds

Amplitude
mom—

D2a filter result signal

1r
f

0 100 200 300 400 500 600 700 800 900
Time in seconds

B 13 D2a Jt 4% ik 14 % %

Amplitude
L o

15 HEHRERER sy ePaper(2011 )



RS SR RE AR A

D2b orlgmal mgnal

LMGML

Amplitude

||f \ flJ'J"“ﬂjM'n[ ;hu I ) JJJ n[uuﬂj"nl '\H”J'J“Jf'f"|l'/ |||”|f“UI er |l'( I||J|L}

50 100 150 200 250 300 350 400
Time in seconds

D2b filter re5ult 5|gnal

, —a
U‘ICJU‘ICJ

jf VAN 'N“ P “J I u'WW WWWJWW i

Amplitude

=]

¢ 60-

5[} 1[}[} 15[} 200 25[} 3[}[}
Time in seconds

Bl 14 D2b fide 2 ik 14 5 %

Hz notch filter (B3 {SSEAVERSERE 500 Hz) it 5 » 40 1

Shank’s recursive (IIR) filter V&% :

=
o
L
=g

e
(=

2o~ ] 2 AP

o = M
T

o

phase response Magnitude response

I |
| ‘ | | |
0 50 100 150 200 250
Frequency in Hz
T T T T
| i
Iy
1 q\| 1 1 1
50 100 150 200 250

Frequency in Hz
] 15Notch Filter £2 Shank’s recursive (IIR) filter #g & & 2.+ /| 2 4p [
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Pt e

A1a original signal
I I

g 1 T I T : T T n
= 7 | I
E— 0 w) |Lf.wmf-’*“”“w;mv.wmmﬂnmwf |H:w.ruwwm.-mwmﬂww.w |“FMWW‘"'“'"WMWHMWNWM| "”-ﬁrwr.rmﬂ-'v"ﬂawmmmwm
< -1 I 1 1 1 1 1 L 1
0 200 400 600 800 1000 1200
Time in seconds

® A1a filter result signal
- 21— T T T T T T =
=
E 1 - 1 ||| .
E— D vJ'u}mﬁM%rer“Mm—» wjllf'-—-'—‘“_ T e e e ._)Illnr——'__'_ ""'w—---—---—'—a—n_Jllf—'—'— R

_-1 'S 1 | | 1 1 | =
< 0 200 400 600 800 1000 1200

Time in seconds
Bl 16 Ala 4% ik s &%

° A1b original signal
k=]
2 o 1
%.D‘ﬂﬂ |H|||M||M|’/q” ,uldrﬂ|r||J'|rﬂ||J| H,Jlﬂ ||{J|||| |||_[I||IJ'IJIJ‘{|||[J‘I |}j‘| |rﬂ|[j|
Es UU JUVUUY UL JUVUY

150 250
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0 200
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300

w
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TRl UL
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Tk 155

0 50

B 17 Alb & 42

AZ2a original signal

250

5 2 ' | T T | .
2 1 | ﬁ | ]
a0 W"*"'-wwmwwﬂmm‘l VR | WA ",Juwwmmw,-mmwmﬁ.rmf | r,wrmwi‘m.-.-.mww
E —1 C 1 1 1 1 1 1 1
200 400 600 800 1000 1200
Time in seconds
o, AZ2a filter result signal
- T T T T T
2 I / |
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