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Baseline Drift Reduction and Suppression of Power Line Noises in ECG Signal by
Designing Multirate Digital Filter
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Abstract — Baseline drift reduction and removal of power line noises in electrocardiogram are often necessary to avoid
the distortions in extracting the fiducial features. With this aim, the multirate digital filtering algorithm is suggested to
design and implement Finite Impulse Response or Infinite Impulse Response Filter by changing the sampling rate with
omitting or interpolating intermediate ECG data. After the experimental simulations performed, we can conclude the fact
that we can suppress the baseline wander and power line disturbances in ECG signal with reducing the computational
complexities in which we do not keep the original and high sampling frequency.

Key Words : Multirate, Digital filter, ECG, Baseline drift, Power line noises, Correlation, RMSE

.M B 3 BaA 5 Ao
2 =R AE gFdelE tAE dYd 7Hs o] &3)
Ao gAe A4 BHES wAsSE QAE BCE), = o A4 MEN 49 geon a%® AAE 458
A= (EMG) =& Hd% (EEQ% 22 AAxzs A Asta, FAlC AAFES Fole WHE AAStLA AT
el WA AANE AZ770 298, A @il
Q Axdel 5 e miere] #7142 wae] slelsn ) =
otk AR YANEE f5ete B HAHE 93 -
Ao EE T AN A Aekm AFA YT B
o kel WAHE A WEY AAE o4 ) S
o & AR wopgloH[l] ol g g Y2 AE A gzdolE AE YA = Fuirz ATy 3 N5
& ool @ W oohel, Aol we vy mae) T e T e e a
Tool ® 2 9 AlE ufo ERY wEo AFS Zr} S Foao AEY ® Ase WHisteE 7EEs o A
e e e e e o EW 1E[2lelea sk F del %% w ALgHc
Agzﬂ}di‘q Zég—ﬂ 'EFX(J%/%% E?/_f'é‘]—7] %6]1}‘:1? Agzﬂ/\\_li = o =gl Alxa) D]X]Eq A5 []E 1} O zj_]_/\
= F=ar o ag= = s = = =) S =, ¥ TYHT mES = ! rnjwv =v THT
= H5Y UH S /‘ne% T ]"l‘a 7]’X]_‘_|:‘__1 O]’\__ 724\0] m RES E]Z]Eé N5 y['n]i E]—vcy’— A%aé‘]—“:— jl,}Z—].Q_ Noz
GSch ST, AEY Foeh weas e guge  TUE U0 T S T RS o
ZIksta olel mel EAgtel o we Ao Rese o0 - T T
xo] EART. wepd Ahg Ao 2 AEY s st 0
g A4/ dug 2t Ao s
= ) w o 2 Ta =gz zA
s R s A AR T A4 A Me Fel AFgom 9 Aol MaA b
Sl= H o o = ZHllE Lo = =5 — il b
o]—\__ YHesE =2 M=% T ‘l‘.e S MEY FHFE JHE HEFL A4S omath 0o AZAL = oy
SE2= 2 A1Z9 (Down-Sampling) 7183 @& A=d _ i B
s we AEe e edme a mme 0 QUL cIFolut A WA AR 4 Q% 2ol 4
e sasim olol del e w  EW BFRE AL olold A ()3} el A AEst F
(Up-Sampling) 714& g3, olsh ol vpgelole @ 8 R S
B9 /e AgeY UA" A5 A el glel Aa  Tooe T EE
1, =0, M£2M,...
. — SU[”]:{O =0 @
¥ Corresponding Author : School of Biomedical Eng., ’ otherunse
Research Institute of Biomedical Eng., Konkuk University, y. Il =xln] « S,In] = {953117 njt%eirjfingAl (3)
Korea ’ ’
E-mail : kyeong @kku.ac.kr
= /\] ST & = , = .9‘ =]
* School of Biomedical Eng., Konkuk University, Korea oA gAR A Q)M xdE Ys [l & 0= AAHA
Received : January 29, 2014; Accepted : March 11, 2014 A 4ok 2ol v A4EY A3E S 7 Uk

CtE0lE CIXE ZEf dA & AdE Aso 7/ MM e ¥ M &5 HMA 551



Holstsl =

ylm]

a4

05r

x[n]

051

08F

5]

02r

05¢

v [nl

05F

05r

¥[n]

N5k

=y, [mM = z[mM

& e

2x 638 4% 2014d 4%

il

g A AFS FAH o R HoFET

T T T T T T T

Tl J
‘|

06F
04r

() y,nl

2 4 6 8 10 12 14 16
Sample Index

) yln]

2 1 CIeMEY oM B

(==

Fig. 1 Down-sampling process:

(a)

AAz g A4Eds A= Az AE87]
Biopac 3|AHUSA)S] MP150 BANE AZFAE o]&sto
d TR Asw 53§ 500, 250, 200Hz

22 1000Hz AHE A5

1000Hz A=
z e

x[n] (b) s,,[n] (© y,[n]

9e Sastgt 19

oA 200Hz2 A EE ¥ AdE S E HoEh

552

CER

Original ECG Data (1000 Hz)

E ‘J /\[MJ
=
= 0
£
<<
05| ]
Ak i
15 L L . I n L . L n
1] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Sample Index
— =
(@) 1000Hz M E A=
Down Sample ECG Data (200 Hz)
156
1k
0.5
]
S
B WW
E
<L
05+

L L . . L L . L L
] 100 200 300 400 500 600 oo 800 900 1000
Sample Index

(b) 200Hz ch2 ME2 = MAM¥E MS

4

a8 2 200Hz2 Ch2 MEZ2 = AME AMS
Fig. 2 Down sampled ECG signal with 200Hz

a9 2b)e 28 29 AAE AEE gL A=y 3
ANz AZ5F7E 1/H2 F2eASde AHdE ANz &
A #E Uz fA}E AS BoEr

e AEZY Vgel Wiz ve Fug AEY NIFE
o Fug AZY AFE wdsE o A4 7)Hol 9l
th e Fug AZY A gL B Foe AT 2
3 yplo® Wdels RS ey P

p e

A (5ol A L& %ol AR d A3dA AZE Abo]q
L-1739) 0 #S AdsiA g2 gz BHS of
gtol - Halolo] 03k FAslY AFHoR &L Fof

2 A% 8 A58 Q) 9

8] 743 e Feel Bagoms a9
£ 71geln 4 (6)7 2

(z—1,) (6)



j{¢9]

f(xy)

£,x)

fxo)

—
Xo X X X

[}
S

H

i

22 3 Fo{ 1,9 2,2 0|85l + 2 FHSIE ME B

=
Fig. 3 Linear interpolation of = with z, and =,
APRANE e Aoz g8 F4F 5 dd= &
Aol slvh 2 4= o AE" 9 200HzE2 F4E AA
= AZE 100022 4 S @& 23S 2" 4o 1o
T AT
Original ECG Data (1000 Hz)
1.5 T T T T T
1| 1
05k 4
£
<
05| 1
Atk 4
1-50 560 10‘00 15‘00 20‘00 25b0 SObG 35bﬂ 40b0 45b0 5000
Sample Index
(a) k2 48 AdE A5
Up Sample ECG Data (200 Hz -= 1000 Hz)
15 T T T T T T T
1| 4
05 q
R O (e
£
=
05F 4
Ak 1
-1'50 560 10‘00 15‘00 QDIDD QSbO BObD BSbD Aﬂbﬂ ASbO 5000
Sample Index
b 9 AEY B AAE AE
37 4 dEEZHE ol 85t & MEY & MTE ME

Fig. 4 The up-sampled ECG signal using linear interpolation

212 7Y AZaiol H7tH

[, =a2* +ba* +cx+d, (7)

PSS

Al
=]

A

i}

ctEefolE Cix g ZE MdAH & Hsol 7IMd HE o MY HS WA

[
=

Trans. KIEE. Vol. 63, No. 4, APR, 2014

fGo)

28 5 7yl AZajel B

Fig. 5 Cubic spline interpolation

A (Do g&FHelA 479 Asge 787 AlA o=
W} e 2AES AAT ] AITHAL
B I S iR K P B A4

fi@)=f, (@, )=y, i=12..,n—1 (7a)
2702 3 AAS A G5l AFete F LHS B
e,
fﬂ(«’lf()):ym fr, (Jin)*yn (7b)
3 3 WA Aol A 14 22 =3E AR 2
f/(xg):f/pr](x,‘,)v i:1,2,-.-,n—1 (7C)
f"/1(-7f(])7f”1‘+1(-7}1')? i=1 2“"777/_1 <7d)
23 4 RA 22 =3 0ol
f"(xo) =0,f"(z;)=0 (7e)
A T-@7(eF ol&3tH 4(v-1)x4(N-1)2] FHS &
shel A4 g A Ak olF sl E7] fskel
24 Eg4rh 14 48 $AAAL olgatd TeF 2ol
4 8e AT 4 9
i N m T—x,; . T—x; 4
7@ = o)t ) it ®)
A @A f@)E @ AA TR A xo 23F =3Hgrel
a, fa )3 fla)s Aol Aol 22 3ol o
gom 4 ®L T W ARAL 2D (AT WH}E A
9= AFt
) L P .
fl(x) 6($,'_93/;71)( L_JS) +6($i_$171)(x x; 1) (9)
fle, ) (xi—xi,,)f(xiil)}(xi—x)
T, T 6
N flz;) v IH)f(xi) (o—z,_)
T, =T ' 6
553



M7|5ts| =2 % 63H 45 20144 4%

A (9F 12 mEst £33 (N)-co] #AE Agstd 4
(10)3} 2t

(@ =, )f (2 )+ 20z 11—1)f’/($i)+(5"z‘+1_xz‘)f”(xz‘ﬂ)

6 6
(10)
A (107 =1 (N-es ol &3t 32 @49 A+E 7
A ogled Y 68 FY ABeel Wi o §3tol
AAE Ass 4 HER @ 2345 BT dv
s Up Sample ECG Data (200 Hz -= 1000 Hz)
1F 4
05k 4
1
05| 1
A 4

L L L L . I . I .
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Sample Index

Fig. 6The up-sampled ECG signal using cubic spline
interpolation

22 ML MEo A 2FYE 98 CxE HEHE

dutd oz 24 AdEde AR g A 279
dRlo]l & F e FHol TEH Q7] witol, HHES
e AASE HAgo] BEA otk gEAed e
7 AEHderRE fF2ddE 60H, 1Y Fe3 849 35
2 Zgoer 9% JAAN HFEL AFFHAER 0.15~0.3
Hz] @& Fu¢ IS 7 AEoy, 7|44 HEo=
olg]l HAE ANF e T-peak’} R-peak® Ut} Holx&= 44
b A o9l EAA HE LFE AN S e
D32 AAE AL AgsA AE37] A wEA
A A&l Fo] oF strt[5]

2 ERdAe F8 Jdd2 txdg g, Fe 98 o
g e E A3 AAste] AAdE 259 74 HE 3
S A #ASS AAA 6]

221 MEEZ 7IMM HE HA

ARE Az 74 HES AAS] s wdsy
dE(HPF) ZEE AAsAY. & 12 743 HP-FIR ¥
g dgvEeE #F 2+ HP-IR ZE HvHE HogFu
gdeon AHY #A4L 53 S, T 39 9= 2y H23)
A7 ek BHUY FagE 067Hz olstE AEES
CH71.

_L

554

® 1 HP-FIR ZEf MAE ¢/ no2io|e M H

Table 1 Design parameter for HP-FIR filter
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Table 2 Design parameter for HP-IIR filter
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Fig. 7 Removal of baseline wandering by high pass FIR
and IR filter
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Table 5 Calculation of high pass filter order by sample

frequency
AME FI (f) FIR # (N) IR 24 (N)
1000Hz 10,119 4
500Hz 5,059 4
250Hz 2,529 4
200Hz 2,025 4
E:3 6 MEZ2l Falsof w2 Band Stop CIXIE ZE A5
Table 6 Calculation of band stop filter order by sampling
frequency
AER F35 (f) | FIR A5+ N) IR 24 (N)
1000Hz 3,411 5
500Hz 1,721 4
250Hz 861 4
200Hz 689 3
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Table 7 Correlation coefficient for multirate filtered signal

FIR Up Sample ECG data (200 -= 1000 Hz)

e w7 ) sZekel Wby
500Hz 250Hz 200Hz 500Hz | 250Hz | 200Hz 2
FIR | 0.9988 | 0.9897 0.982 0.9988 | 09897 | 0.9818 ?
IIR 09989 | 0.9899 | 0.9822 | 09989 | 0.9898 | 0.982 1Er 1
E 8 JIXM WES MG CEE0lE CIXY T Z '“ 1
2he} 1000Hz ZE| 2 Bhebo| RMSE i T R s o S o

Sample Index

Table 8 RMSE value of multirate filtered signal
(a) ct=2olE FIR C|X|& ZE ZI

HY By A SR

IR Up Sample ECG data (200 -= 1000Hz)

500Hz | 250Hz | 200Hz | 500Hz | 250Hz | 200Hz
FIR | 00116 | 0.0344 | 0.0455 | 0.0116 | 0.0346 | 0.0459
IR | 00117 | 0.0348 | 0.0462 | 0.0117 | 0.035 | 0.0467

Armplitude
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FoAgRan Vi 9 ASY 3 AAE e Fig. 11 Removal of power line noises by multirate FIR and
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d AEY ZEE AAS S AUt AolE xRl 1000
HAE AL A 2AE st 2P & 9= A4 T Bhe} 1000Hz e Z 2ot RMSE
s A AmAsZ =1 ¥ 10& = Ans= i . .
s AZR ARAFE BT, 10& RMSE® A= Table 10 RMSE value for multirate filtered signal
R Eoh
10% A9 3=
A3 By ) ~FEel B
i 9 MYl &8 HMrHs ctEelolE CIXE EHE Zat
o 1000Hz EE| 2 miolo| Atz 4 500Hz | 250Hz | 200Hz | 500Hz | 250Hz | 200Hz
Table 9 Correlation coefficient of multirate filtered signal FIR | 0.0116 | 0.0344 | 0.0455 | 0.0116 | 0.0346 | 0.0459
10% A9 e IIR 0.0099 | 0.0338 | 0.0434 | 0.0098 | 0.034 | 0.0438
LR IR 9 2gebel By 50% 44 A&
=00Hz | 2500z | 2000z | 500Hz | 250Hz | 200Hs FIR | 00116 | 0034 | 00455 | 0.0116 | 0.0346 | 0.0459
FIR | 09939 | 09904 | 0.9832 | 0.9989 | 0.9903 | 0.983 IR | 001 ] 00338 | 00435 | 0009 | 0.034 | 0.0438
IIR 0.9992 | 0.9908 | 0.9848 | 0.9992 | 0.9907 | 0.9846
50% F9 Ja 3.2 B
FIR 0.9989 | 0.9904 | 09832 | 0.9989 | 0.9903 | 0.983 gurAel Adw Aze g:e wAss] oA A9
IR | 09992 | 09908 | 0.9847 | 0.9992 | 0.9907 | 0.9846 S AFL3T SAv 2o AZe Fubr AAE Al
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