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Removing Baseline Drift in ECG Signal using
Morphology-pair Operation and median value
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Abstract

This paper proposed the method of removing baseline drift by eliminating local maxima such as
P, R, T-wave signal region and local minima Q, S-wave signal region. We applied morphology-pair
operations improved from morphology operation to the ECG signal. To eliminate overshoot in the
result of morphology-pair operation, we apply median value operation to the result of
morphology-pair operation. We use MIT/BIH database to estimate the proposed algorithm.
Experiment result show that proposed algorithm removing baseline drift effectively without orignal
ECG signal distortion.
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Fig. 1. ECG signal



Morphology-pair 941 $7F #& o8¢ AAR 4159 714 ¥E JL AA 109
AAE S AAE Agdd o] TR Je FEECl = " "Motion Artifacts |- o]
s, e YRS 27 17Y 5SS R Uk | AR
ARE B0l EAshe el FHe U4 M, 71AA = ? i
ME, 2% $% 280 $49 9% 3 S a1 29 o
|
2ol Wro] & ¢ itk
A A FEE AAQ AT A71AQ o R (d
o . . . . T8l 2. dNE S0l HF (a) M ZHY, (b)
T lom, A1AQ1 g A X9 M| ofs) 3 TIRM BIE (0) 28 £ (d) 22l =
e AoR =2 35ul ARS 7Y A7) A0 ARL 214 Fig. 2. Noise of ECG signal (a) power-line
L N B} interface (b) baseline wander  (c) muscle
o FAEE el MRS Eshed, of A 5P contraction (d) motion artifacts
Tl JEEoIsE 58S 7R Atk AlAE S84 T
=] i (o] L .0 O =
SRS 1M PIE ATR B0 S AEE AR AR )9 mge A A7 FIR/IR 19 534 28,
©o o 9 sz 0 z)0] gz Aho.o 5
A S dodlnt. S5 75, 2ER S A FEe B (Interpolation), ™t (Median)ZH, A%
30 folo] Az Znlds EAS Lo o 2 N N
A& thejel] A2 Tk SAS ehiel, 852 T ms oM (A gaptive) 28, el B (Wavelet) ALt
o) ob B WAl nhg mefo R WABRE 5901 Ark °lF (v phological Operation) 5 ol &35t} ol2l g A7
TR e s T 2 RAS PR AT TS gae Be gun QS MEATE 2 Wele A4
ARG Hadl] W52 FAR FAA TR 2RE g 0 e ek BoE 7R 4 90 Tk
Bl e sl A MAE AASNE PRE FS AA A A WE g
H]5=8k ST Al 2HE G0l A AlA 2 4 3ol 9 739
; o] A & ¢ ek, 7R MBS vk WAl 7R

iiet 60 Hz Power Line Interference -}
8T T T T T T T T Tt =

1 e

{ Bascline Drift {
" 17177171 | L

e

e e

(-1 EMG (Muscle Contractions) \--{-
T T T T T T T T T T T T

|

ER IERERE

()

$ ok} A8 FPehol g Fagie] 22 el
RS o|g3fo] ST ATHES] =S 225} oA 7]
Fgshe APk Agsn Ao,

N

&t(Mathematical Morphology)< 737,
Toke] e 9 HAp 83 9% A
A ks 7ke R v

—

A

hui

3

TR e 9diM
(Erosion)@4F, %% (Dilation)
a2]3 A&(Closing) A4ke] Bol

& fn)3 glm)
m=10,1,..,. M—1} 2 #
Function)el®, N> M 4 o, 7%
o g f(n) 9 Ak fOg(m

3} o] el ek

[e}

p

7z}
al

{0,1,..., N—1} 9}
4] A

o] 2k (Discrete
g g(m)el
)= YERiR 24 (1)

)]

2] [

24T

{f(n+m)—g(m)}

n=0,1..N—M

_ min
T m=0,1..M—1

f6g(m) (1



110 Journal of The Korea Society of Computer and Information August 2014

st fOg(n) 9 Axk= 373 9 415 f(n)Beh 2
7] W&ol FAx(shrinking)Aatel} dhct, #3284 T4
glm)ell &g &= f(n)o) BAALL fhg(n) 2 ek
a1 2] (2)9F 2ol Ae] Hrh

=

{ftn+m)+g(m)}

max
n=0,1.N—M (2)

m=0,1..M—1

f®gln) =

o

AN fPg(n) & B4 A A3 1o gEct 27) v &

i ©
o] & (expansion)Aitelg} dt}, Aldikz ALt

ArEEL o|aA-AMFA (Discrete Convolution)¥} B]$3}
o, FZ 949 ke AYFA(Convolution)d =5
}

:L%‘ 3 AHE AlselA 3

|

|

I
0 08 10
2oy
e
2z fon

1700 1750 1800 1850 1900 1950 2000

AAQRT ASATE PN BN A0 4
§3 Qo AL Agie] Aot thest vt

i

(R

f
< E8ke HPE o2, o] A% local maxima o

2
1:3-10
re
>
=
<~
S
rlo
o,
o
%3
>
-
a0
1>
e
tlo Hx
of
E=A:)

Y
fols
2

ol
2
)
2L

[#°

o>
L
iih)
ja
i
o
B
rr
=3
oftl >~
lfu’

ocal maxima

el 21171 & BT, 4-belAE At A3E v

MO et s

1700 1750 1800 1850 1900 1950 2000

1700 1750 1800 1850 1900 1950 2000

(b)
O8 4. MpAQiMTE 2Btk (a) MM (b) zZeitt
Fig. Opening operation and Closing operation (a)
Opening operation (b) Closing operation

™, BW(n) & JehArS o] &slo] thg} o] & 5
sich.
BW(n) = ECG(n)" = SE « SE ©®)

a3 5 4 (6)& A& MIT/BIH 101#€Z=04



Morphology-pair SA4+z}

TR e o8 AR AT ZIAd WE e A 111

F 71D MEE HERdTh

HH = s

08 L . L L
1100 1150 1200 1250 1300 1350 1400

O% 5. FEfRIMS oI=F 7NN HE =X
Fig. 5. Detected baseline drift by the morphology
operation

F2 73] AaA P,
R B840 AR, VY 3

@ 8ht P2 8k ), B, Aolg o) Ads
£7h ke lelek 32 el el A7 el el

20)7} T secol i MET

)
&)
1o,
tlo
ol

Zo] L& #H4g TFEY 7
of gt} a3 62 4 (5)F ol&sld A MEE F4st
2, 9 Alse A W A ASE e, B
FAE 9 Al e j=d S vehitg

1700 1750 1800 1850 1900 1950 2000

T2 6. EefoiMez JIMM MESS HA

Fig. 6. Remove baseline drift by the morphology
operation

Ax 2lTelM local maxima BEE X¥sk= P, R,
T-wave®} local minima 4#& ¥3dh= Q, S-waves
BT AAG okt o8 sixE A (3)3F ()l de
e QAL AgANT AANAS AP €t o] A
<% Dilation¥} ErosionQ4ks ¥HE a8l S B2 o] & 7)
281719181 morphology-—pair el L ATH13).
morphology—pair WHAAE T2 2490 ZolE du]slo]
ANANT} WAL F Wk gsle] J)HH HES 2R3
o} = 3% A4k Z 45 local minima AR AAE
4 A%, 2 A7} local maxima2] #e] HW7F HoiAl =
2 Holxl M E AAAN 3 Al A8tk 17 T(a)d
A] minima A2 WA= 1 Jocal maxima 1S
o} AR gto 2 A Ho] AASARE local maxima 43

Amrplitude

I I
200 400 600 800 1000 1200 1400

Amplitude

.
200 400 600 800 1000 1200 1400
Sampling Index

(b)

J% 7. 710M HiE B2 FHe o
Morphology-pair 94t (a) A (b) ElAloiM
Fig. 7. Morphology-pair operation for detection of
baseline drift. (a) Erosion operation (b) Dilation

operation after Erosion operation



112 Journal of The Korea Society of Computer and Information August 2014

& 7AE 2lse a7 T(a)9F 2ol Zo] 2u) F7HE 2u
7v Erk 2% 3(a)ol Uehd W3ast At oA 2%
o] Az AEE AAM Hsls 2u+
= O]_Q_z"ﬂ— jgi AALE- EBO}-UJ] Q\q-
a9 8—°— AAE 2159 Morphology-pair d4Hs 24
Azl P, Q, R, S, T-wave?] Zo| #glo
7174 W gl E&52o] TAHL of
l‘%‘_ A3 A Al 71AA RES A
ek A5 g To] TAE, Id P el

7] morphology-pair S A%
& 735 4% 1} ?LZ Qs ?“5}7] 01‘?37 ) &
= 3

He

e fol
>k 2 oo

F

=
3

oy T

%%—z—' ﬂﬂowaﬂ S
239k, 714 ne AZe) 94, p T

[

i

N
S
o oo

PN
o
9

BW(n) = Median(BW(n—u/2,n+u/2)) (7)

EIETNES
------- I HE

dEs

— — IHHE HEHAH

1700 17‘50 15;30 18980 15;30 15‘!11 2000
Sanrpling indsx
12! 8. morphology-pair 9¥tez 7|xM HES M7
Fig. 8. Eliminate baseline drift by the morphology-pair

operation
ARk WA AHE ATdA 714 W gk 5
= Ao=A, ﬁ% 929 ﬂ7]% ﬂlﬂﬁm} s}
d ¢

| ECG Signal |7
|
Morphology-Pair

Dilation{u)
Erosion(2U+1)

| Mean(BW(n-u/2, n+u/2)) |

| ElESES ﬂ%ol HAHE= |
ECG Signal

a2 9. Mgkt JIMM #E FE M4 daRiEe] 58x

Fig. 9. Proposed flowchart for elimination of
ECG baseline variation noise.

ol 7 1Al |

g3} o5 o] gsie] o ’\JiOﬂ*i 7R MEE A A
o a9 7JJr 8llA] AHE-gE A}
AlolEulo]zel] 8l 100 =0, 7]
A WMol 7%% °ih Alzoldt. A8 A3t 7)=9] gejdat
Hoh 714 HEe o 2 FH6slen, 1 23 d A
2l

&
A

AA—

g = Y oA ke & EAD}.

e

A ——-JNM BE
IR H HE M

1700 1750 1800 1850 1900 1950 2000

J21 10 MKt TR|E £33 Zn}
Fig. 10. Result of the proposed algorithm

B ERAME A S 97Kk fislel MIT/BIH
o] uljo] 22 2 A3l Adsg
MIT/BIH dlelelilo] i AA% Azl Qo de]



Morphology-pair @14k} 33t

= AA 113

olg5 1 9lom, MEY Fule 360Hzolth AdE PC
3.3GHz Core2 Duo CPU%} 4GByte memory®] ARF
Matlab 7.0 ARSSIGIEE 7144 W5 F5ol oigh

el d5S 78kl 98, MIT/BIH A3% A
-.47‘4i A 71A41d HE a3 fAE Als
o] -3l

A MIT/BIH AAE 415 Fellx] 71244 #ge] A ¢l
= 1008 Z=0l tiete] Fejdata} Morphology-pair, At
ok Wh2lel| tisle] S stk okl 1@ 1104 Vet 314
H, FeiA Morphology-pairg #-8-ste] 7144 e
o] 71} Fe = VERPE, Ak W2 28381 714
A WHgo] S & < qirh 2 Q4] gk et gk
2ol FejAArke]vt Morphology-pairg -85}
9] A59]
e m] vie uel ST 90}
& 7R gich

.
=R

to,
(I
5
o4
o?:
ok,
L
]
ol
—
=
é

I I
1000 1500 2000 2500 3000

....... jmm HE

TES

— I Hd Hs HA

05r

I I
1000 1500 2000 2500 3000

morphology-pair

_______ JHs HE

il =y

— I HA HE WA

05

' L
1000 1500 2000 2500 3000

_______ j\I‘i"‘ HE

il =y

— I HA HE WA

05

05} 4

L L
1000 1500 2000 2500 3000

(d)
a2 11. MIT/BIH 100 2l2=o0f| thgt Z3} (a) ECG 4=
(b) &eljedrt Zint (¢) Morphology-pair ¥+ 21}t (d) Hiet
UTEIE At
Fig 11. Results of MIT/BIH 100 record (a) ECG signal
(b) Result of Morphology operation (c) Result of
Morphology-pair operatiom (d) Result of the proposed
algorithm

210 ©

ag 12¢ @2 7k FEe] 1A 35S MIT/BIH
100 H==ol| QI7kste] AQE wiHel A4 ARE vepit
A4 714D BE e Ase a8 12 (b) odlAeh 2o
-0.370.3 m Ve] 919 gk 7K, 1t g A5
A AP Afo]2e P2 940 JulR St A 27
ARbek wWhalolx] Z e 7|4 WFe] ke ¢ e
olm MZLIX= 23730t} FeA4H Morphology-pair
& Agshd 712 Wgol aste A7 o2 ¥ et
™ o] 2 Qlate] Y 4159 ool Heixict.

=

CHE



114

Journal of The Korea Society of Computer and Information August 2014

1000 1500 Do 0 000 2800 4000 4500 00

(c)

ol

L L L ' L L L
1000 1500 2000 =00 3000 250 4000 4500 00

(e)
02| 12, ==} ofsio| H7 K MIT/BIH 100 2ll==oi| cigt
41t (a) ECG 2lZet H=371 1k (b) H=E7} ufgo| 271
ECG A= (c) &Efedat Znt (d) Morphology-pair 934t Zo}
(e) Mot 12| Zxat
Fig 12. Results of MIT/BIH 100 record added the
monotonic increasing wave (a) ECG signal and
monotonic increasing wave (b) ECG signal added the
monotonic increasing wave (c) Result of Morphology
operation  (d) Result of Morphology-pair operation
(e) Result of the proposed algorithm

% 132 ZEn Feel 1A A5 MIT/BIH 100
gl3Ee] Q7kste] ARt Whge] AE AAE Uehith. 19
A 7140 A g Aee a9 13(b) At 2ol -0.1~
0.1m Vel WA 0.1Hze FI58 7/HNES 319
7t S 2HI90E QS Alo|2e P2 24| 4R
sfAtt. 19 13(e)oll UeRd A7 ARkt whalellx] &2
o 71 Wsol Hlmy HrkE 923t o3s S8 o
2t glom, A A g A3 o] v WPHEY

o

° PN
S & Ao




Morphology-pair A4t} F2 3t o438 AT 259 71AM W% 25 AA 115

------ P
— N

(B

05+ 3 -0.5}1
1000 1500 2000 2800 00 3800 4000 4500 5000 1000 1500 2000 2500 3000 3500 4000 4500 5000
(a) (d)

Hem A= &I} Hi e

A EHS
— IR HE R

-05

= L L L L L L L L L L L L L L
1000 1500 2000 25800 2000 3800 4000 4800 5000 1000 1500 200 2500 3000 3500 4000 4500 5000

(b) (e)
O 13. Mot 71 MIT/BIH 100 2l=2=ol| Chst 20t (a)
Aol Mzet ex=IIt MF (b) HEu AEItEVIE ECG =

(c) EEHAM Znt (d) Morphology-pair 9t Z1} (e) Mot
LneE 2ot
Fig 13. Results of MIT/BIH 100 record added the sine
wave (a) ECG signal and sine wave (b) ECG signal
added the sine wave (c) Result of Morphology
operation (d) Result of Morphology-pair operation (e)
Result of the proposed algorithm

05 =

A718 A (E)elM 7148 REs A

F Alze] Afo] 5 offsl o] FaliTt.

L L L L L L L
1000 1500 2000 2500 3000 3500 4000 4500 5000

, 1 L—1 ,
dEE) = 10><log10(fE(E(n)—E(n)2) 8
n=0
714 EE 714X W%o] §le ECG A5 YepiH E
&A% Bl A4 WE ReT W F A A5E




116 Journal of The Korea Society of Computer and Information August 2014

E 1. A= X (dB)
Table 1. Signal difference value(dB)

o= Z7h &S &t Aol &2 &t
s ey -7.8dB -16.4dB
Morphology-pair -7.4dB -15.9dB
Tk -7.9dB -16.5dB
E 19 ZIe AXE Aol FEdielu
ohe g

Morphology-pair Ethe 9 A%} Zfol7} &
ERdiT), H1E 9 2150fo] ato] gk thE WA Hjs| =4
AT T 11, 12, 1309} 2ol 413 PeloM s B2 3t
°o|& YehlH, o]5 9oz mAEIth a7 11, 12, 1391
AFA] F5 B9 STIe] Fejzt Ak #into] d4ls
o] FeiE 7AYot

= d
o thate] FejArke o]-g3lo] o] & FstaL A Ak Wi
= ARt 7189 FYANAE o] &
o] Fx 2A4F o|gak] HAE A& WellA local maxima
8-S 23sl= P, R, T-wave?} local minima &S X
ke Q. S-waveE BT Ao S5 Ajto] A
o} o] HPISE  Fle P2 84E AMgehe
Morphology-pair @4¥e] At Hgiont, A4 AAE 2
N4 P, R, T-wave 2 Q, S-wave?] Hd & F43p]
oJg7] Wil F9E 7 HE Alsole BER B F
o] A ETt

2 =RoAMe 92l 39 TS FHas) sla FEANE
AAsZ19ek], ECG A&l Morphology-pair 94+ 2
FHE 714N e Az F S Fesdt)
e &84S MIT/BIH Hlolelwo]»g o84
B3l o]Folxom, R APE VAL WE
Sof gt A8 A3} 7129 PedLt Be o 9
ol aginh. AHE 25| FeALt 48 A F2 2

ofo
o
g

2,

L

o

S = Aol 9 AR PenE
o ute} 48202 Age9ld 75 kol U A7

¢ 1o go mo o O

oroe> b

ik

ul

(1) Wang An-donga, Liu Lan and Wei Qin, "An
Adaptive Morphologic Filter Applied to ECG
De-noising and Extraction of R Peak at
Real-time,” AASRI Procedia, Vol. 1, pp. 474~
479, 2012.

(2] Jin-Sub Kim, Jea-Soo Kim and Jeong-Hong Kim,
"An R-wave Detection method in ECG Signal
Using Refractory Period,” Journal of The Korea
Society of Computer and Information, Vol. 18,
No. 1, pp. 93-101, January, 2013.

(3] Sung-Oan Kim, "Arrhythmia Detection Using

Rhythm Features of ECG Signal,” Journal of

The Korea Society of Computer and Information,

Vol. 18, No. 8, pp. 131-139, August, 2013.

Zhang Wei, Zhang Shi, Bao Xirong, et al, ‘ECG

signal pretreatment and ECG analysis,” Journal

4

[

of Mordern Clinical Medical Bioengineering, Vol.
11, No. 4, pp. 264-267, 2005.

A. Fasano, V. Villani, L. Vollero, and F. Censi.
"ECG P-wave

quadratic variation reduction,” Int. Conf. on

(5

i)

smoothing and denoising by

Bio-Inspired Systems and Signal Processing
(BIOSIGNALS  2011), pp. 2629, Rome,
January, 2011.

(6) Gary, M. F., Thomas, C. J., et al. “A comparison
of the noise sensitivity of nine QRS Detection
Algorithms,” IEEE Trans. Biomed. Eng, Vol. 37,
No. 1, pp. 85-98, January, 1990.

(7] Van Alste, J. A. and Schilder and T. S. ‘Removal
of baseline wander and power-line interference
from the ECG by an efficient FIR filter with a
reduced number of taps,” IEEE trans. Biomed.
Eng, Vol. BME-32, No. 12, pp. 1052-1060,
December, 1985.

(8] Ki-su Bae, "ECG Baseline Wander Rejection Use
Improved Morphological filter,” The Graduate
School of Yonsei Unvesity, June, 2005.

(9) Donoho D L. “De-noising by soft-thresholding,”
[EEE Transaction Information Theory, Vol. 41,



Morphology-pair 94t} 53t 3he o83k AT 4l

39 1AM HE FJe A 117

No. 3, pp. 613-627, May, 1995.

(10) Fabio Badilini, Arthur J. Moss and Edward L.
Titlebaum, “Cubic Spline Baseline Estimation
in Ambulatory ECG Recordings For the
Measurement of ST Segment Displacements,”
[EEE conference.Engineering in Medicine and
Biology Society. Vol. 13, pp. 584-585, 1991.

(11) Sun Y, Chan KL and Krishnan SM, "ECG signal

by
Computers in biology and medicine, Vol. 32,
No. 6, pp. 465-479, November, 2002.

(12) Mao Ling, Sun Jixiang and Zhang Guomin,

conditioning morphological filtering,”

“ECG signal de-noising based on morphological

operations and adaptive threshold,” Signal

Processing, Vol. 25, No. 1, pp. 6-10, 2009.
(13) Sung-Wan Kim, Tae-Hun Kim, Byung-Jae Choi

and Kil-Houm Park, "Minimizing Algorithm of
Wander ECG  Signal
Morphology-pair,” of the Korean
Institute of Intelligent Systems, Vol. 20, No. 4,
pp. 574-579, August, 2010.

Baseline for using

Journal

X xp & 7H

H2E

19824 : Z%ojskn At st

19844 P19
AR} A

19904 : P19
AN B}

ER R EE LT

AR s
Bk : PPUTA, A

Frmail : khpark@ee.knu.ac.kr

1988 + %ot AAgE A}
1988-1996 : FrmHAEAATL
2001 : Fyhekm AFEITE uhAl

A AR AFHP R ug
PR} A, fulE~
Email : jhk@knu.ac.kr



