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Power line interference cancelling in the ECG
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Abstract

Adaptive noise cancelling using system identification
techniques for cancelling power line interference in the
electrocardiogran(E0G) is presented,

This method is sensitive and self-adjusting to both
slow and sbrupt changes in the AC interference amplitude
and frequency.

Computer simulations were done to compare this method
with the Lekov's sethod,

L. AE

AN AXE NFole I Shielding WEof 60Hz
$38 A¥A ARol AolA Hrh ECG UIJME 60H
F-2o Hguie] MAEAL 3¢ BAR PN @
th AYAs AP PORS W T do] dUE Fol AP
of al%t HAr Bt of )2} computer aided measuremento}
£ oueE A48 o] B arrhythwiat} wmyocardial
infarction?) Ade] & AYg F3 grh

ECG Al&ofM e ACHR MAR sitiM = Al Futer)
60Hz ©]81¢] Low Pass Filter (LPF) § A183i7v} 60Hz
A&AAE 1% Band Refection Filter (BRF) & o] A}
£8 el we computerized ECG sfdof| LPFE Abg
8 stoul a2l Aol 23w ECG2| Pover Spectrumd
60Hz o]4}e] 3 Fuppe] MET Agle] o §Y 4 Aol
e Bng LPFY ARR-E wiglalsta] ¢ich.  BRF K&
notch YElS] AMS-2 IFsle] H¥e] Y& #4 gz
Agde YR AAY ¢ dev 2FY  center
frequency@ 23 lo.B8 W3 Fuife Wsje] 3§
] B3he A 72z Yok

2 g@7Hx 8] dFefM FITR AHEshe Ful4e] oo
8 yEi1], Adde Bdspr} gdnlel2e © 27§
EYsHA 0o] EHE UG olfhe WY (Levkov %
W)[2], Adaptive Noise Cancelling (ANC) Z1'H[3]& <l &
st WhEol wol dxxiglch

€ dojMe #]o] WUEE computer simulationd

B8] HEH3 systea identificationZ|Y{4]& o8¢
ANC 71'H& AR ol ECG AlEN2ld 83t} ¢
th ‘

2. Z3}4 A Ye] (Fast Fourier Transform)

ECG A 2§ FFTE o84 Rulgr gooe Wy o}
& AARA the S g4 (W st AAL H
folE 60Hz ¥2)& AAY thi chAl IFFT{Inverse FFT)
& A Agde Ade d¥sle PielvHl]l., o
P2 Aol FFTS} IFFT § Aatshed] AZo] el
Fold AAl dEo]l g ARESE 7] dHMe
wWe data@ block processing sio} #3128 PR U
BH9oy 220f ISP chip § 3t=dole] Y2 1024
point FFTW IFFTS] A4bo] 3msec Hio|d FHsiM Yo
& o] YYE YA Ade] Fhesl 2|2t 4¥ch

$4 ECc6 ANEE FFTE B3 3k dog Hue
§] local processing® B8l 60z ¥of Fri P&
AP F=7ix] AAQ F vial IFFTR s dede] A2
& Aggc,

o] ws] FAL MY Ful4e WEef F A2
Hae) ABef GG T g YA 2w AAY 4
U= F oA YEY 2AE Y 3 DAY 4 e
U olziale AAIRY el olga DsP Pweol
BAL vigo} @Yol ol £ dFolNE thy Ao} E §
JHA 8 & Levkov B8 W3l ANCR ol el Wied
43 & Fach

3. Levkov ¥2] %Y

Ay st Pdsle) stvER € #7148 B2
st 0o] | ol ol 2AY W¥es VA WyYuy
g AR ¥ ol§ W T Wieich olF M
saapling $3H47t Q4dst Rupgel F4ufz} Hojop e}
(2], Qo sampling zbrl Hed Fupge] p0uldd
600Hz2} 3t RS WAixisl 1471e] siw 3l ECC A%
o gg Fepd

YoSy(kei)=Slyl(hoi)ey(kei)] (1)

-308—



91714 y(k+i) & A4 o] MAY ECGA BT
y(kel) & ¥4 A wjolr},
ECG X7} 4dumst 157] B¢ dso)eta stasid

[y(ke10)-y(k)1/2 = [y(k10)+y(ks10)-y(k)-y(k)]/2

= [ y(k+10) - J(k) 1/2 = 54 (2)

714 di= It MAY ECCAIZ S 2} step3t Ho)
7t Brl. 2822 97 335a) 8 EG Alde

A 9
y(k+d)=[ I y(k+1)-{y(k+10)-y(10)}/21/10 (3)
i=0
. o} "ch
UL A|4:_| a(t)
u(t) * ‘
e O——— o
HgHeg
w(z) y(t)
LI LELE
a4 1. g vy

4. ANC 7IY & ol 8% Wy
4.1 3gRY2} aNC 7Y

38 12 g BYE o83y njAg AjAg 23
ke whdE ueldc

&3 AT d(.)e oW Alasle] o) el LA
EExnt 22 A {ul)}ol] &Y Hgmye] U o
2} d(L)E &Y 4 olvhd (A Fol= gl 4+
€712 AAYE ¢ AThA) vy Ala8 v ()8 AS
AlaW ¥(z)oF 712 s AaY 23 whio] 3¢
28 % o] g% Ala¥] 24 whygolt), olul A-LRY W(z)
+ 432 e BERE FUNA 2 oy AAd ¥(2)9
FE2F ZARID 29 FAY T2E UEF = o] B
Folrd  Ag Yaz@ge2E=  HE  Least Moan
Squares(LMS) §}iLe)@o] A}g¥ic),

4.2, System ldentification 7J'd-& o|-8% ANC 7|9

eto] W gL reference input of\} ECG Mol AR
o] 4o & 249 BEAHY I F 3iA oatct. o] A
$olE system identification 7' g AL3N ATt
o] AAstelel AzYel, o] P9 AWHY ANC 7
Yol g% sE 2 29 veht ach

‘m(t)2} n(t)7} uncorrelated ¥ gltla 7}Asln &9
s(t)8] noise pover@ 243 317] ¢ H LY ¥W=z2)F
T3t

y(t) = x(t) + z(t) + n(t)
= x(t) + v(t) + (2(t) - v(t)) + n(t) (4)

s(t) = (y(t)-v(t)) = x(t)+(z{t)-v(t))+n(t) (5)

v(t)7} 2(1)2] best estimates 7} 7] s (2(t)
- v(t))e] Eatol M4t SHojo} gttt & v(t)7) 2(t)e
least squares estimate 7} % ojo} %t}

YU 2 S e Eo] ZAIY FIR 12§ 38
AHgsigto Lt FIR Uele HHPe 2 AN olng FIR Y
B9 247t vl9 27] e @ HAYyeaa wile 2
B E IMS Qlal2]FS Stochastic Gradient @12|@ol
AND YeBET el o % GHo] ol AP
<Y 5o A% dndRES ¥8d d $& A} 7
¥t

stonal —_— -
- e 20

six)
x{t} roN
/

output

Noise
interference
z{t}

Canceller

2Y 2. aNcH) #R dx

Foi3 AXTR= HAIRo] YA MY A2 Yo
2 eyy ¢ 4 9e=g

s(t) = ‘; w(t) (6)

714 wit)e W4 Agolrh

wt) = W(z) u(t) = B ) M
F(z)
o ol
 B(2) Clz)
= + 8
s = 2w« v (8)

2 B2y ¢ 4 ey sy $o veloly 33
IelFEd ol8shd B(z),F(z),C(z)H Dz} +AY 4 4
th. B(z)$} F(z)& ol83M AC WUEi§ #4¢ 4 den
C(z)Y D(z)& o]83JA Adaptive Line Enhancer (ALE)§ 7/
g 4 olch

5 #HHE Ageld

fe dnelde] R879& Ut #dle F7ha B4l
Uit e Algdold& #%ict

WA sampling FIMF 600Hz2 3}3L BPM(beat per
minute)7} 601 ECG Ao 60Hz AYPH Hdsirt Hd A4
Lekov W3& o] 8¢ AlFelolde] 23l 3,40 vehiolrt

2y 32 idzte] 317} Ajzte]l oiel WSk 39-& JEl
o] A ¢je] AF7} ECGAR o] 60tz A dust M
AZoln| FHn7} Lekove] hne]Fol 3 LAdar}t AA”
A¥oln] AHxizt MAY WH(ARA] L2ojM Tzl A
g W Aol AL Wyjor Ztyuie] Fu4erl 60HzolM

-309 -



02 04 06 08 1 12 14 18 18
Time (sec)

24 3. Lekove] #i(37)71 Hehe %)

- '_A - '_A - '_A A
62 04 06 08 1 12 14 16 18
Time (sec.)

Y 4. Lekove] WU (2147} Wt A4)

S0Hz2 she F971 24 4ef et et

Hel Aol ¢ 4 kol Wzt 377 ke HE
€ A S F3peT) Ushe Ze A 3 AAE=R
&% ¢ 4 2rh. ol sampling frequency7} 3olxd o &
Astele gddct

T ANC 7] AHBRE Alglolado] a3 5,600 yElLIgl
th 3¥ St AYd st 39071 At mle} W
790l I¥ 62 Azt 3147} 60tzol A 502 Wt
Zfelch

0.2 0.4 06 08 1 1.2 14 16 1.8
Time (sec.)

34 5. ANC 71W(a7]7) Hshe A$)

N I
02 04 068 08 1 12 14 18 18
Time (sec.)

Y 6. ANC 7Y (Futest Hake B4)

#2] A3fM Bkol A2 Lekove] Wiizh= Wel Fu}
471 ks Afols @ A AR ¢ 4 Atk oy
adaptationo] Allo] Zel= EA1¢} QRS complex F-EolA t}
& 227} & A& Adsio} 3telet Pzt

6. g

& dFelME G %o Holw A Wdnhg At
71 $13§ system identification 71'& o] 8¢ ANC Yi& A
Algct,

Lekove] w2 nelge]l Axisia vlad $2 H4%
Holu} Ao Fulgrt Hike ol I 233 Relo]
sappl ingFIpp7} WEA] MY [oles] Y4 ulst Hojof 8t
2 A F3i4 223} JER MA A B 5o AA
72 Qlch

ANC 718§ ECG o] 383t o] whel 43 Fnlg
7} ke 29t sampling F3b4rt A Fappo] wj4r)
oldl Zfos 3 AMgsin] YA ARE 7Rt AP 2y
3t AAE ¢ 4 AZ Eato] oh]z} efole] EG A2 Fo] 4
ole g MANe d= 8¢ 4 ch

AaEQ

[1} M. Ferdjallah and R, E. Barr, "Frequency-domain
digital filtering techniques for the removal of powerline
noise with application to the electrocardiogram,” Comp.
and Biowed. Res., Vol.23, pp.473-489, 1990.

[2] C. Lekov, G. Michov, R. lvanov and 1.K. Daskalov,
“Subtraction of 50 Hz interference from the
electrocardiogram, ” Med, & Biol. Eng. & Comput,, Vol.22,
pp. 371-373, 1984.

{3] B, VWidrov and S.D. Stearns, Adaptive Signal
Processing, Prentice-Hall, N.J., 1985,

[4) B. Friedlander, "System identification techniques
for adaptive noise cancelling,” IEEE Trans, Acous, Speech
& Signal Proc., Vol ASSP-30, pp.699-709, 1982,

* 4} ¢

€ A= GFAYATHI2-01-00-04) =[Wod 2|#] o] Fof
Hcl

-310-



