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Abstract: To quantitatively evaluate the de-noising effects of different wavelet functions on the
electrocardiogram(ECG) signal, a noisy ECG model was constructed as an experimental standard signal,
which was processed by orthogonal wavelet transform and different thresholding methods to remove
high-frequency noise. The de-noising effects were measured by Signal to Noise Ratio(SNR) and the shape
of waveforms. It was demonstrated that when the SNR after denoising approached to that of the standard
signal, the de-noising effect was optimal. Thus, the de-noising schemes with the less signal distortion and
the higher SNR were obtained. Meanwhile, the wavelet function appropriate for the decomposition and
reconstruction of ECG signal was determined. Verified by MIT-BIH database, the results of this study can
effectively remove high-frequency noise in ECG signal.

Key words: wavelet function; electrocardiogram signal; high-frequency noise; quantitative study

L HL(ECG) 5 5 MR 75 1 11 B 2 22 1 8 I 28 19 AR R AT 1, Thakor 28 AT 1984 =40 #7 T ECG {5 5 M 75 (1) 451415
R, BT TR PR R A A S R A SR BR MR . R TR As Sh Ol AN T T, KR R 5 Hz~35 Hz
()5 W 8 g, (AR X P g s R IR T ECG 5 SIS re P ¥ A, kAR 2 RIER ., HRZ
2H RN AR S ECG (F 9 M54 . T A LA 7 (I8 BR . vV Cherkassky 58 ACKs /N #R . R [ J7 ¥
I 7E ECG 5 5 MM I BEAT Tt ™, R Z 25 H i T/ A B B 3 T ECG 15 5 Y W e A 4 3 %0,
HJ2 TCIE /N pR A AR AT 58 35, B RE— D ARBIAME T, DNERBGEREAY, 240F S EFBENRK
FRE, —D/NERBUERIE G ECG H 5 M A IR, (UUNBEIEFE FRBRAEN, BFH L w4
Tk /NI i AN B A S MR TR RUAT R S o A i R AR A, DT T I 0N DB PR R B R R N ) [ T 1 A A A
ARSCHENE TR ) ECG 5 5818, X ECG {55 W 75 {1 B o /N i ok 40k BUE i e T kAT TR R .

RS EHE: 2009-00-29; f&EHHA: 2010-01-08
BEETH: WIARHTEFILE % B H (062Q026-026)



%3 ) M REDEIESFEER/NE R BHEEE E S 287

&

1 SBRFECCIESEAMEM

FR 8 A B2 vh E O E L AR B 28, B EMR AR Y ECG 5 SRR, AR L ECG 155 I4HE , JTI =48 Ik
PREEHL R . Q VRN S U, FHIESKAR Sl P A T i, M RIEHL ECG RS, HP M B HOh. PITE N 0.1s,
WM 0.2mV; RILTEEE N 0.04s, WEE N 1.8mV; T %E N 0.15s, HE N 0.3 mV; Q ITE/E N 0.02s, IR
JEH-0.1mV; SIS K 0.04s, BFER-0.2mV; P-REMIN 0.14s; Q-T AN 0.35s; R-RIEMIN 0.8s; K
FER N 360 Hz.

K MIT-BIH %4 5 203 5 F1 105 545 2 2 MR 2 (55, H db3 /N T 5 ROEERIA 15 40, 456
1,2,3 RE/NJE R BN 4 RBE R /INE R B0 20%08 (B 0015 8, IF 3% 0 v 307 3 e s — e A S A4 A 0 flL IR 5
FEE TR L ECG F5 &M, S8 MA N ECG fF oA, WK 1,

TE SCAR MR Ly S 2 : : : .
RSN:]'OXIQ% (1) Ez" 1} J' A 4 h J J
Kb PORERRS ECG (3B M E o ot e it A
e PN VR B M 75 9 A I 3 o 0 200 400 600 800 1000 1200 1400 1600 1800 2000

t/360 points-s*
i o = LR TR ) = e
PR, EIRGE ECG i S ALY Fig.1 Simulated ECG signal model overlapped with noise components

It 15.745 7 dB. Pl 1 AR S DL ECG £ 5 K
2 VR EREUL GG

TEVE$E A 30 B /N PR, B8 LA 2 AN ml 8. 1) 3k /N AT LAAS B0 R 25 R /N i DR D AR R, KD
MI/NIEDE A%, IR AR KIE R 2,46, AR SHESERPEIARFEEM AN TIRL, WXt ECG {755 A
Haar,Daubechies,Coiflet /N 4T Z R0, S RESERHR . BAERAM=MARMKE, MKERK
2 PHOE Z (/N RBOCPh TR0 5 2) /0N D R I I A 1 R B S R A T DR ke 3
X FR B I 28 5B IE A /N sREOCR SE A7 525, BEHL 3 A/ sREOR E 1T X L SE S0 . Symlet /N . Coiflet /)i
Biorthogonal X iF 32 /i 1,

Symlet /N R U T RUXT FR IE S8 /N PR A, FERT S A PR S #, & X Daubechies /)N (4 el i, FEMSL AT
WA JR B, BT S AO LR HER ;. Coiflet /NI BRECZ K E N 6N-1, BATIERIXTFRYE, Ko E B AR
FOIE DU L DS MR A I T B AT B4 Y R 1 5 Biorthogonal ZINig & — R RUIE 32 /N, i pke 1 /N I8 o EIORS B A
Ko 15 A RN A A, XHE B 2 /N TGS o SR, B R 2 RRAE AR e B AT L P AR 6 P
21 REERRAZEAXXE

X ECG {5 51
SR Sym3 /N . Coif4
/N A Bior2.2 XUIE 2 /N ik
T R i 2 ﬁ;ﬁéz%% 0 200 40 600 800 1060_ 11260 1400 1600 1800 2000
5., % rigrsure [B{H . (S%Sﬁ%n.gzil
sqtwolog [ {H . heursure (&

A minimaxi (5 {8 f& HR %
X AT RS, 5

[];T‘g H: %%ﬁ 7"{-[] %*ﬁ ?Biﬂij ﬂi/; ‘jﬁ , é’[ 0 200 400 600 800 t/3é.0083im5.s_]i 200 1400 1600 1800 2 000
Rsn KR FARAEIS S Ren B, (b) Rsn=9.280 5

o & WS 1y %2, R H AT 2F ‘ ‘ ‘ ‘ ' ‘ ‘ ‘ ‘ ]
RAMRZMER, WE 2(a);

N
T

amplitude/mV
-
T
L

amplitude/mV
o
E
1

amplitude/mV

N — e g 0r I \ \ I 1 i \ | !
i‘ Rsn /J\ 3:1% {ﬁ;‘ 1'“ 7 Rsn FH‘ ’ 0 200 400 600 800 1 000_ 11200 1400 1600 1800 2 000
I W 7 MR D L LI SR et
. N SN= L9
B, WA 2(b); Rswn [=Rlis Fig.2 De-noising effects of simulated noisy ECG signal corresponding to different Rsy parameters

FARUENS S Ren I, W E 2 A MOl P L5 R IR Ron 2 MR



288 £ BE 5 8B FI%E 8%
IR Ar 0, B RE/N, W 2(c), {HAHERR B M 4D H I E 5 B KT .

L35 % IE BN JE A5 S OB IR BA Reny 280, LUR J7 R RE A 2 B4 19 IR TV 285 A i B 175 MR L IS 1

1) RJH sqtwolog 5 {f # 47 A B E 4 8% , I H 4742 Jy 1 {7 4 3
2) >R JH heursure BI{H#EA1THE(H A%, I B AT 4R BIE I8 %
3) SR JH minimaxi {8 #EAT AR E VAR, JF HLHEAT 4 R B (E R 8

2.2 INERBUEBE 2358

# Symlet /N . Coiflet /N 1 Biorthogonal U
1E3E /N X e ECG 5 5 1 AR ] sqtwolog B {E
HEAT A (R R, I HR N 4 S 1 R 2 Oy Ok
ITREMEXT SR g, SEg TS Rey AN 1, MRS
55 K8 3 B A 3

1) M\ Rew ZHOKEE, KM Sym3,Sym4,Syms,
Sym7,Coif3,Bior2.2,Bior2.8 1 Bior6.8 /)N PR £ I
JH satwolog [ {8 47 i (3 {8 94 8, HL #4742y B H
A I AT B RE R AR 5 0005 MR LG O T AR
ECG {5 5 MfmME I .

2) WIEIEE FRE, /NI R B K B/
B, EMPEIE BT R AR E, & /N R
B B, EA PR R W, A B B T4k

1 AR/ IN pR BRI X L S Row S HUIH
Tablel Rqy parameters of the different comparing experiments
for wavelet de-noising

wavelet Rsn wavelet Rsn
Biorl.1 16.172 4 Sym2 15.706 3
Biorl.3 16.523 5 Sym3 15.775 6
Biorl.5 16.825 9 Sym4 15.874 8
Bior2.2 15.833 9 Sym5 15.996 1
Bior2.4 14534 7 Symé 15.824 4
Bior2.6 16.430 6 Sym7 158717
Bior2.8 15.826 0 Sym8 16.092 1
Bior3.1 19.823 8 Coifl 15.983 5
Bior3.3 18.767 3 Coif2 16.257 4
Bior3.5 16.485 7 Coif3 15.866 9
Bior3.7 15.051 3 Coif4 16.194 5
Bior3.9 17.351 8 Coif5 15.948 8
Biord.4 15.578 8

Bior5.5 16.052 7

Bior6.8 15.618 2

8 TUAR T B R R B2 BN B B gy, AR S R AR R L

3) FIF Sym3 /Nigk Bk W J5 15 5 B (R M LB T e S ECG R BRI ALAY Ren, (HIZ PP HEEAERE, 73 B 1L
2%, Syma /NEELLEAL; Sym6,Sym7 il Bior6.8 /)N [ M J Az i JUA AN A AE 1 A2 B 14 /N QU 5 Biior2.8 /)i
WeJs B T E RS R E; Coif3 /N I i TRAR AR I N R AR I BL T /N BB, (HR AR S B R 5

S, JoH T heursure H{E

2 F T T T T T T T T T m
PEATEC(E A, WA 3(a); R %y ]
i satuwolog RATL LT 8RB L4 Ef wﬂwiwmmm¢mNMwu
F Bior2.2 /I i e e ) 200 SR e g% - ‘ ‘ | | ‘ ‘

LI 3(b).
EHL MIT-BIH O S 55 50

P b B, R T Bior2.2 ik, z°f | ] ]
HH sqtwolog |5 {f #F 47 i [ {8 4> J=) ER ]
Ve, AR LEE 4, LU 22 go

[EEL I € =N i

Il Il
400 600 800 1000 1200 1600

/360 points-s™

1400 1800 2000
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(b) de-noising effects using Bior2.2 wavelet and sqtwolog threshold for hard threshold adjustment(Rsy =15.833 9)
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