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Abstract In order to detect the position of QRS and T wave in a non-preprocessed ECG signal, a
combination method of the empirical mode decomposition (EMD) and morphological algorithm is introduced in
this paper. Firstly, a novel boundary processing method is proposed to decrease the boundary distortion of EMD by
means of signal extending. Secondly, the improved EMD is used to decompose the ECG signal into stationary
intrinsic mode functions (IMFs) and residual components. Next, the two IMFs of low frequencies are reconstructed
after de-noising with threshold method, and then the reconstructed signal is supplied to orient QRS to
morphological method. T wave is detected by residual components. This method has been validated by the data
from the MIT-BIH database, and the result shows that the detection rate of QRS is up to 99%. Moreover, this
method has higher accuracy and better real-time performance compared with the traditional methods.

Key words empirical mode decomposition; end extending; QRS complexes; real-time; T wave

QRS IR FEIE R £ 5 . IR H
BLYF 2 BI85, N T2 4435, fastMarkov
RT3 e B R S e LS S
HATME A ERR, AAERERE, WG RRRES
T R A R — DU B TAE, Ha
PEARAS S0 EE R, WinEHRE. N T RIERIET
SR, SCER[A1R A ZE TN R 2 R 250
PR A i, WEEASG IS PG I 5L 8
T 0 T DR TR ARG W H QRS BE o AELFE BEAT /N A
BF, DA AR S BRI A e B AR B REE - R
FHIE AT L, NS VAR — PP e 4 FE R

SR [5] $2 H 28 56 155 2 43 fi# (experimental mode

WeRE E . 2009 — 10— 21; &A1 H #: 2010 — 05 — 21

decomposition, EMD){5 5 4b#E 777, JEIZEMD,
FE IS (8] 77 51 BIAE 5 0 fiff il — 2L [ 558 R 8 (intrinsic
mode function, IMF), FIFIMF#T/55 EH, AL
WIPARE M BB AR, $EmBEE Iz, ([
B, SEEGRE RN, N AR EAR L, EMD
JIES RIS R B T IG5 51, CHEH TR
B A AR A E 25 5, R,
EMD#) 32 HI T B SR R Y, sk,
SCHR[B-10148 2% T A FHEMDHY, TR Id{E T
AR ol BN, S B ARSI A A 1

R T RE AR RN B A, PRAE RSN ) 4 A P AT
S, AR SO B — P i s A A T

LTI BOE ENE(Z2004-1-55006); ok iR 3 A RLIRIL 55 % 5 113 4:(CDIXS230010)
EZ WA FEME(1964 —), 5, #d%, TENFAWE TG BATI KA THRONUAE AR 4 B 27 v 1 B FH 5507 TH IR T 92



13 FRNGH,

22 36458 3K 20 A A2 QRSB B AN TR A I P ) )02 FH 143

KRN, ARG S R T
“REMDZ i, BREIE BIR G IE 0 {5 5 AT 3R
EMDZ 2800 . BEE EMDZ3 il IR I, AR
BEAR 1 7 A o s SRS Y RT REE 1T HLA ke 1 s S
8], fewn 7 HESPEASCIS . R, EEA P L
A7 (K T3 A I QRSWAF AT » i FF 1 LAFEAE
FI “23BI{E”, 3RS T SRS AR 45 2R .

1 #WRNESHIERE

1.1 EMDEKRIE

EMD¥4(5 5 Hh B 9L A7 8 1A [F] RUBE U 3 Bl
HIBY o, 77— RV B A AN AR RO B E 8
JFFIMFs. BENMEZr f 0200 2 LA 264F: 1) 18
AR BLN, BB S AN EORT 58 SR AR
S S Z B 2 A — 4. 2) EAEERZ], B
SRR R AL R TR S P A 28 2 R |l JR) 38 A0 /ML T 1)
4% 2% (T 2 g =,

HFrREA R, A XTEMDREIEA BAREIT
B AT OB AEPARE 5, PR I
RS HEAT Ab T, FERFIRK . A, AR
TG AR ORISR B R, SR 2 43 FI(SD)
YERZIEEMDIY) “ifi 77 IS REIbRAE, N 4SD<
0.2, JERL T SHB—MNIMFA B RIE — ANk A& &0,

BEE B EL 3G 0, AN IMF A5 505 T 05
T IR Ay A v AR A (JULF L T AR 7R ) 0y
AATEAKBY IIMFs |, T 5 5 AOARAT R 43 AR A0 75
(5 B B LR RS ) U 40 A1 7E i B iR IMFs B2, ot
P0G SR TEMDAE #:, MEEHFIME, R0
FAG 5 AR AT s i A I B 20 & IMFs, 2B
I FIIRAREY,  BE A R S8 BR A 8L (1) M 7 RT3
RIHQRSHE Ak

BT FREE, 25 E P HEMD T O G
SoPHTRIRTIN, SCER[BIEFEIMFLIE AT QRS 1)
=5 WHR[9-10EFIMFL+IMF2; CRR[13]ik %4
i P REMD AL 5 FI RT3/ N IMFs 2 Fl. B 1R 7R M
IMF2FF 46 H LA RIFEEE Y “oi fl ©E” B, 1 H
BE & AR BB N, %I G E M E . LU Sk
HREFHZI R HATIE, HE5 23] “55”,
QRS HE AT MRS B 52 BIHKFEA
1.2 ESmaEH

EMDREIERAE T 0 il A — A 1 R B T IMFs,
AT bR IEI SR AR ALK BHE 5 AT AT B 311
AR AR, A e, BE 75 HERR IR BUEL 25 28 2 52 M IMFs
F R ok . — MR SIRFE AR E TR A

2, BRSNS T M I R AL AR BRI
B3l i LR B4 RO B 2 i 2 O R N i 2
WA “I5ge” BRI S, WIS T i s AL
FAEMELFRINELE . 8 1A ROt g ok B IR 1A,
A LGB SCRR[14] 45 BB AR P 6 R AL 2% A A S
ik, R TR S T

11— T B
. | i i i i
1 ¢ T !
oy o | . I W+
7% i i i i i i
- T ) T I ? )
& [1JY : i L 1 1 1 4
j@ | W W W f iy
E—ll i i i i
1 —r—— 7 !
o ]
-1 i ; i ;
1 T : ] '
[1]8 {\—~—-——W LY. A '\/\
-1 i i i i ; i i i
(1] 400 200 1200 1 600 2000
I fEl/ms

BI1  ECGJE A KN4 R FT A3 1 DU B IMFsii 7 1

EF B H 2R TEMDACHE, TTEMDHI#
OoEB S FHRAAE s AR AR 2R . R, A K
TREN R AR AE AT A, FIRSR B A, B
JeAF BE T HH N RIARAE (B RAE AR /ME) , SRS FEAE
SEAWAHE PR, BT NES R
fH A AN AT, 1537 K BN A T8 S
SKEMHES, BT R, wE2FR. 1t
B, FRESEZHESHTFES. Bk, fEHER
EMD# ik At e, J6 7 F X g s AT 48 $ Ab
B, ZEEAAR R T BB G 1R RT REARIBGES 7
i i, [FET R EHE S T — b

HIMF2(L ) EE, Zid A i 53158 21 1
IMF2 4n B3 Fr 7, HAEAME 5 IMF3(ILE 1) 5 AH
e [N, FIAE R EH EIMEF2 23 5 5 IMF2 A1
IMF3[1) B A< 8 £, F matlab i H B . 75 3
W, IMF2' 5 IMF3TEO shb th BRAH G KAE, T IMF2!
5IMF27£0.02 sib HHLAH A /ME,  BPIMF2FH %
IMF2'$2 77 10.02 s/ifi, WEMBEIEHIL T —E M
ZE. XFTLLATTE, IMF2' 5 IMF3 1) 2k P AH O 5 B 2
T IMF2FIIMF2., 25 B ATiR, it AR SR ke
WE 5 R FEEIHAT2REMDAL B, 153 T R4t
SRS ST IIREMDAL FE () 205 . BRI, A SCH)
SRE T DA AL BRI (8], 3 5 QRS YA AR W 1) S A
PEs JFH, BEEEMDA I IXEIRD, BT P
Uity e UL AT e, PN b3 R SR XS S A3,
“uig G RIS BRI B



144 SRR S N 5 A N =

40 35

ZE LTI, i A EIERRIIMFS',
e ER, EERIMEL+IMP2AE NS IINE S, 30
B LR, AR T QRSHE LRI .

1.0 T T T T T
AT |
jgl 0:‘4 S| M | | ) A ‘ p
B _g 5| T e JP“'”””JF‘”“‘”"‘J**W i e
_1.0 L | 1 I | L |
0 200 600 1000 1 400 1 300 2000
I fl/ms

a. JIHOHE S

ST YOy e

2000

2000 —1000
K} [Al/ms

b. HEHF 5 1 AL A A5
B2 JRga 0 HE S AR S H O A S

1.0f
> | |
s 05
w0t AP
L R A T S SR T S
0 200 600 1000 1400 18002 000
B [ Ams
% 0.05 . ; ; ; ;
@ 0.__m_/
i
—0.05 s s : ‘ . ‘
08 06 04 -0z © 02 04 06
0.02 y y y y g
.
E
@ 0
2 om ; :

08 06 04 02 0 02 04 0.6

K3 IMP2' e K B A SORE R

2 QRSHKEEMTR 7 E X

2.1 RIE#M
2R SR B 7 R (L YRR 2 P S 5 g A
R . ERMAES L, B8 KK FE
(avermax) 170%1E AR Ao il BT 46 BRI Ao 75
MWH—MREE, BIEHAE RN
A=0.75A, +5/90.25R )

A, ANIRBIME: RN E—ORIIEE .

2 A5 5 1% L 0 SR 8 DX B AR R AR
FARNE LRI —A, HEERMAY 0 A (1A

HI TR N R Bl oA 2 12004, RIFE
—IRQRSHUAFE A S e Al RN, A H—
QRSP A, P, EFEHIARIYIN300 ms. 4N
AR 2 ) QRSP A7 AERRIAN /N T ALY
FERIEE S — DRBURIT I ., AT A RO = A
HER A

2.2 QUEFASIH AN

QUL IS Mk M vk AR~ . B4R, 15
SIMF1U+IMP2 i i S5 e, LRI G R I
R, BRTHALE SR € 6. ZEFTEMQ. S
IR R, AR R AT I (HAHXT B EHIQ. S
Wkt BA W . Ht, ASCEIEMARZ A
ETARBHEAL G S e Q. S g(l
M, MRERERHE Q' S, FHERIAES LiX
MBIR A Z AT IE, 15 2IQI « S V& IIHERA 72 17 -

A
Q; lﬁS'.
1000
B4 QU RIS T i v 2

1) TEIMF1+HIMF2’ -, M 21 (1R U pii b 1)
%R, FHEE MRS, FFm SGZAUNA,
El4fr. EEESARR, ARIEZLTIEA:
y(XR: : ))(IEXA) (2)

2) MASATFGREI SR E, B it H % s B H
LRAR'TRIE B9 5 K s, RIQIE

3) EEMHES b, WRIRIKQ mBIR A A
FHAME A, B RIQUL IR IS E .

ST ARSI L R 5 QUB AN 28 BRAH L o
2.3 TR

T O = R RE O Y . IR T —
AN EFCENS . FRESCRBE . ASRITFRIA 56 K 1)
W, 7716 S QRSWAE T T I — B TR G
N0~8 Hz(+2 Hz), I4heR4ETH7E0~8 Hz[X [,

IMF 1" 32 %2 2 A5 43 i e AT 75 o INECGHA R
ZIMF1’, B35 47 Eresidue, WE5HR. K5
ATHL, TR B, residuefs S AR EFET
WX (] R, AR %k Fresidue/F NS
T HE S, BEgEX residue bR 2 8] fr A 4%
R K/ N AT HET A8 5 e B B K B A
SRR EATS 8 — R AR B, BB B AR N
TURWEAE . AR ST SR8 ST e M AN HERN B 42
IOMEIE A S IRem, SR RanEefn. S
WER, QRSEHEHIRT AL 299% L b, TH R A
RAAFBNR KR 5

y (X) = y(XA) + (X_ XA)



13 FRNGH,

22 36458 3K 20 A A2 QRSB B AN TR A I P ) )02 FH 145

§ LI

1800
Iﬂr‘mes
a BECG 55 HE
02 F 7 ¢ ¢ F 4. T nrF o Al
E O—L/J\_\/v’jt ﬂ\ﬂlﬂ,‘ fj\/f’:
w02 A
g404' L - 1 ‘J f?\ﬂ 1 ’\n L "IJ1 1 i
0 200 600 1400 1 800
14 [&l/ms
b. %ﬁiﬁvs@
60 . i
i M J\/h
im % ’L/*
= i ﬂ\/“\.mn -
c ﬁﬁ%l
E5 B4 Eredidue M H AR
1.0 .
]
05

il g | 1
B Mol LA f\.."i‘:‘.'! L MLAAY ol WAL AA Pl
_o54 F I s Db ¢ r e

_ 1 | | | | I |
1'00 1 000 2000 3 000 4 000 5 000

B [Fl/ms
Ko ACHEEO RS LI

3 SLIRLERNTEE

AR HIMIT/BIH Arrythmia Database 4 FJECG

BT X e P EESATRE I, [FIE SR F Matlab7.0H
tic, tocft)—XJ 484 735l % B 1T 5 SCHR[L3] AN A ST
SEVEAE IR It 75 BB TA]

Fl RIFEAMZERMATE Bl A
R SCHR[L3] ASCE
Hidls L 2 000 Bk 2000
PE R R K L =0 R I
PN s Y e s

101 185 0 0 8.720 0 0 000 1.390
105 2572 6 9 8.530 0 9 034 1.281
118 2288 0 0 10.034 0 0 000 2.265
201 1963 1 7 8.500 1 4 025 1.250
217 2208 0 1 11.320 0 0 000 2.859
222 2484 0 3 8.850 1 0 004 1.657

4 13380 7 20 55954 2 13 01l 10.686

2 OQRSHEBHMTHERMER B A

e SCHRI8] SCHR[4] AL B
il 43 HERS: T

_ﬁ ST H: )z )z H W

HF w5 w5 %1(%) P

100 2274 7 8 4 0.17 0
101 1874 27 4 4 0.21 0
102 2192 58 — 25 1.14 8
103 2084 11 1 2 0.10 1
104 2311 51 3 48 2.00 10

4 THERER

£ XIMIT/BIH Arrythmia DatabaseH101. data.
105. data. 201. data. 207.data. 222. dataft]52% %54k
155, SCHR[A3]ME FH P IREMD ) il it 5%,  BARAE
AR LR R, (R T A, RS
TR IR I I (] K 2002 A SCEE 5 . AR, SCHk
(131 Fr AR 5 iy ped S5O e R AR, V5 % 1 SRA
(s, IR E . A CEIEATENES
BT R AETIALEE, @It 45 A S R EMD, A
IHR T SEm T, RIREE T ‘U R B, R
PRSI % 51199.88% LA I

CHR[8] HIE B IMFLIE NS IG5, 15 St
EMD 73 fiit 45 2 (1) 85 JLAS IMFs I 8 3% 155 X 5 QRS %
WHGEE —EIRR, RIERE —ANIMFLY 2
o TIRZ A MG R . STER[A1R /N AR s ok
LA 5 QRS MR, HEAEAE
A EHIERE (B A0102) . L5 EXFLEATRD, AR SCREM
LB B AR

AL LR — P 1 i s ZE $ 7 75 5 EMD
SEA B OHAE S, AMURLF kG T« KR
ME, B> TEMDA TR FIRE, em T HIE
FIUER AN SR P . ERRINQ. SHIIERT, AEFEsr
FIH E& M E IR, W7 “ABME”, M
femkl . Hht, HHXSQRSERE, THIEMEIL, 7=
Gy R, HAS I — ELER R SO . A
FOETE AT FHEMD 23 i )5 R R e BRI TR, A2
— PR G AT W 770 AN TR B T 6L SUR A RE SR AR B
BRSO, BARKWSHNME, EEE—F
HAT SRS

& F X W

[1] MARTINEZ J P, ALMEIDA R, OLMOS S, et al. A
wavelet-based ECG delineator evaluation on standard
databases[J]. IEEE Trans Biomed Eng, 2004, (51): 570-581.

[2] DOKUR Z, OLMEZ T, YAZGAN E, et al. Detection of
ECG waveforms by neural networks[J]. Med Eng Phys,
1997, (8): 738-741.

[3] CLAVIER L, BOUCHER J M, LEPAGE R, et al. Automatic
P-wave analysis of patients prone to atrial fibrillation[J].
Med Biol Eng Comp, 2002, (1): 63-71.

[4] BRE W, EZGE. T/ AR 4 1) QRS PR Il 77 2 F 5t
[0]. B=97 BA %4, 2009, 30(2): 4-6.

CHEN Zhen-cheng, BAI Jia-lian. Study of detection method
on QRS complexes based on wavelet transform[J]. Chinese
Journal of Medical Equipment, 2009, 30(2): 4-6.



146 SRR S N 5 A N =

40 35

[5] HUANG N E, Attoh-Okine N O. The Hilbert-Huang trans-
form in engineering[M]. Boca Raton, FL: CRC Press, 2005.
[6] BALOCCHI R, MENICUCCID, SANTARCAN-GELO E,
et al. Deriving the respiratory sinus arrhythmia from the

heartbeat time series using empirical mode decomposition[J].

Chaos, Solitons and Fractals, 2004, 20(1): 171-177.

[7] ECHEVERRIAJ C, CROWE J A, WOOLFSON M S, et al.
Application of empirical mode decomposition to heart rate
variability analysis[J]. Medical and Biological Engineering
and Computing, 2001, (39): 471-479.

[8] ZF A ZE. — Fh ik T2 6 A8 27 At 14700 L QRSB AGE M 7 1%

[]. TR K2R, 2007, 36(4): 795-797.
LI Xiang-jun. A QRS detection algorithm based on the
empirical mode decomposition[J]. Journal of University of
Electronic Science and Technology of China, 2007, 36(4):
795-797.

[9] FKiE W], A4k X, EEAR. HT R0 IR
Jo g Py BR[I). THEHL LA 5 ¥it, 2007, 28(1): 217-219.
ZHANG Dao-ming, HAO Ji-fei, TAN Guo-jun. R wave
detection algorithm and noise removal in ECG based on
empirical mode decomposition[J]. Computer Engineering
and Design, 2007, 28(1): 217-219.

[10] B &80, #E T4, FEE MR —Fh oo QRSB I 75 i
[]. R 2R (AR R RR), 2008, 39(5): 1050-1052.
QIN Ai-na, GUI Wei-hua, TANG Guo-dong. A etection
method of modified QRS complexes[J]. Journal of Center
South University (Science and Technology), 2008, 39(5):
1050-1052.

[11] HUANG N E, LONG S R, SHEN Z, et al. The empirical
mode decomposition and the Hilbert specrum for nonlinear
and nonstationary time series analysis[J]. Proc R Soc Lond
A, 1998, 454(1971): 903-905.

[12] ATV8 2, BEBF. & T Hilbert-Huang 2% 3 1 QRS i 4 il
FOEWTFUI]. ACEAER 4R, 2009, 30(7): 1469-1474.

XING Hong-yan, HUANG Min-song. Research on the
QRS complex detection algorithm based on Hilbert-Huang
transform[J]. Chinese Journal of Scientific Instrument,
2009, 30(7): 1469-1474.

[13] MR, JEHE, V7. 3T 20000 il i RIS I &
). MATSINLE B, 2009, 25(6-3): 191-192.
YANG Xiao-li, TANG Yan, TANG Jin-tian. The algorithm
of R waves detection in ECG based on empirical mode
decomposition[J]. Control & Automation, 2009, 25(6-3):
191-192.

[14] 3R, BEEF, JRal=. A /RHRe- AR e 1) o 2 A8 30
[3]. ¥R, 2003, 25(1): 1-11.
HUANG Da-ji, ZHAO lin-ping, SU Ji-lan Practical
implementation of the Hilbert-Huang transform
algorithm[J]. Acta Oceanologica Sinica, 2003, 25(1): 1-11.

[15] Ji7K ¥, BEE S A MatlabSZ I [M]. db 5t Bl
JiAt:, 2007.
WAN Yong-ge. Mathematics signal processing of matlab
[M]. Beijing: Science Press, 2007.

[16] VEleAR, AR, O HARE SUE AL AL []. b B
TR, 1996, 15(1): 15-17.
FAN Xiao-dong, ZHU Ze-huang. An algorithm for locating
ECG keypoints[J]. Beijing Biomedical Engineering, 1996,
15(1): 15-17.

[17] Eamut, XERE. OB E& BRI P EEY
Pk, 2001, 18(1): 46-47.
CAO Xi-wu, DEN Qin-kai. Frequency analysis on the
ECG waveform[J]. Chinese Journal of Medical Physics,
2001, 18(1): 46-47.

OH R OE



	经验模式分解在QRS波群和T波检测中的应用
	郭兴明，汤丽平，陈丽珊，陈毛毛0F(
	(重庆大学生物工程学院  重庆 沙坪坝区  400044)

	1  被检测信号的选择
	1.1  EMD基本原理
	1.2  信号端点延拓

	2  QRS波群和T波判别算法
	2.1  R峰检测
	2.2  Q波和S波检测
	2.3  T波检测

	3  实验结果对比
	4  讨论及结果


