This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI 10.1109/[BHL2017. (2686436, [EEE Journal of
Biomedical and Health Informatics

Automated ECG Noise Detection and Classification
System for Unsupervised Healthcare Monitoring

Udit Satija, Student Member, IEEE, Barathram.Ramkumar, and M. Sabarimalai Manikandan, Member, IEEE

HH. 2017-09-25




WA £ ELAF B P VR AL PRECGTE 5 g

1. ECGREMR. T fui I MuERcss, Ll mtr,
SLHAE T EMD£73‘/2J5 ﬁ*ﬁ%ﬁiﬁﬁ’} BRI e =
AN AR E B B AR ECGHE 5 I 2 MRS

2. B REVHMY: HIEHECGE S RF LA A W prid
KIECGTE 5 BEWs Tl R Im PR IZ W7 K, o0
“AlRAZT M AT IR, BRPE R HORBURF AL
BOCFRIES WG L, {H2 AT B QRSHR L a5 RIAd X —
LL T MRECGHR I A TR UFHIZR I o




—_—a

— a

X W ST faE

18 75 V£----Modify complete

ensemble Empirical mode decomposition (EMD)

O.5 [ -

Fh{ss £ o

—-0.=

0.5

HE S

(MA,PLI,QRS)_; =

'I .......................................
ECG{%“% o O be e : ........... ﬁ ..............
= O f{*ﬁnf,l-lf:”"‘l.-*.l-li I-"‘l-".l'n.-_.)"yll..l.l'.-'.. In""'r-"'\'! FﬂIJ‘.\'"'||.'-r_;|"
—0.5 --.--_..-.-..é'..-.-.-|I|--.E---.-...-.E-.-.---

1 :
S e T :_ ......
IfES & | ol i .

—0.5 : : E

so0 1000 1500

sarmple nurmnbber
[E-1]

(A=)

(3}

[ = )

{ _____ ﬂ_.a_r _____ 'z____'[____;| ______
3 . HE— | i - f ™
- | [ - 4 '1|];' .|._-'- :
'-1|I-_ n-*'.“_ f LIJ—FJ .n_.r_l.r“-n.r'._ll__v. -1.-,_
S S U
S0 1000 1=500
sarmple runmber
=



Fh$eH

Rl

L

15,

S

Fa il Baseline
Wander g =

FRIHE

—4=
)3:1

JiA

7R

Hys

Ellg

A2 RN

43 SN R A (7] M

-
B0 00 150 A00 2500 3000 :E[I]
sample number
E JJ\F: T T T T T T T
5 ; : o T el —— Threshod
D Op— ey g oy oy [1]
E _:I:EI i i i i i i i
S0 00 1500 200 X0 000 350
sampie numher
E_ ‘1‘ T T T T T T T
(| S . T S O A ]
L:.[: gl N I i
S0 1000 150 N0 XD M0 36N
bock nurber
g T T T T T
EE e S s R TR e R U s S IR R :#:
" I s TG
S0 1000 150 A0 B0 N B0
HOck mumbes
= 1 T T T T T T ML
i : : : : -—— o HF mai
S S e L1 [
o 4 i i i i i i i
S0 100 1500 000 MO0 00 35N
block number
-_— :I;E' T T T T T T T
(MR s S S B B N
IE |-|_. n.rr.' - ' B ——————h. Iml
? 45 | o "F‘ “F"‘:id — ’E"*l
S0 1000 1500 "JII A0 00 AW
block number
S I T T 1
L : : : ; ; ; — 1)
By I 1 I I 1 I I
S0 0 1500 00 MO0 2000 350
samplz number

(a) ECG signal corrupted with
from

baseline W‘llldﬂ[‘ hkf:n

15
'r'j 05 e :f::::::: f::: ::: . ::f:::::l::::]::::: F‘L ib)
| KR BN
a0 1000 1:‘]3 A0 X0 00 360
sample number
_E 5 T || | T | T T | T
5 . 1 S I A L i
(0 B O I L PR I
L 5 i i i ——H sy —— Thiashol |
00 100 150 A0 XN 000 350
sampie numher
kg .-_" -1 Il M ':l ': 'v.r' —epe - ': -rr 1-[tl'"
II[: [ | I Ll |-
EII 1[2[1] 1500 2000 Hﬂ E‘CIII }:iI
Bock mumber
A I |
s e e ]_ e Y
ST ETE T
B0 1000 100 EIE HI] o B0
fock number
: o
£5 0 —— 4
0 : ; ; ; ; ;
S0 000 D N0 XN NN BN
flock number
3 05 T T T T T T T
%_5, | S e e e e e o 111
t € [ ——EX sg.a —nmmi —Theeshaid
a0 1000 1500 A0 X0 000 360
Sampie number
5 ! ! ! LI E— T
Bpgl——— )
0_ 1 L 1 I 1 1 1
a0 1000 1500 20 X0 000 360

Sampe murhe

(b) Noise-free ECG signal from

MIT-BIHA record 100.



ECG
[—
= ]
L1
-
i

Wl ant """"*MﬂJq-JaJﬁ:a':

A 0 B0 XN =N 500 100 1500 200 X000 3500
ARy . sample numiber
Ml muscle artifacts . i
e  ——— S B (L
and Powerline 3 L g
1 500 1IIZ 15!]3 A0 X000 00 A0
Interference noises. u et
§:- L .-»L Foi ,,' e N PR PR W E?'-T_'Z‘.'-“.T“.':T_'_'-.".'.'.“.:'.T.'.'";'.'..‘Zi.”.'ff“ff' T ORTI
a2 NI SR TR AT AT TR Gt o, P T LN T O N N OO0 IO IO [
B:éj\MA and PLI n;?%)ijl? F‘::E, Il A i-3| Ll | I""ll- 1 .'J."ﬁr.' I 'Il:rf'l il = HE %' Ll .l | I | S L J
A 5 =5 7 8" m m @ w = 4T a0 Wm0 WO BH N0 B
=1} DOCK MAMDEr
QRS Hgg F= ﬁ sk e 1
!‘ ! : ! ! ! ! ! E"— I I | I | I I
=5l ) 25 4 : R : S i)
‘:'3 i | I || I | I %0 i i i i i i i
o0 N0 150 NI N DN 30 0D 1500 A00 B0 0 B0
block number block number
3! ' ' ' ' — 31 ! ! ; ! ; —
g e Iy i |
Yo | ] ] | | ] ] "._'|3 i i i i i i i
00 000 150 A0 XN D0 35N 30 D0 1500 MO0 2500 30 00
bhock numier . bbock number
-
:l: . 1 T I T T T T T T o
[X 43 MA Fég 7= 1 PLI ol T T T la sEdemiy 0 TR R VA g VT |
0 SN S v St i L (7 I T 0 A A
F : 2 M W M N W W A - N0 50 A0 X W K AN
Q00K MTIEr
7 03 T T T T T T T
: : ! : i 5 i —7EWsnd —— Thesholy —— Threshola
A 100 150 A0 XD X0 BN ' 500 100 1500 D0 X000 MO0 3500
sample nurber SAMERS AUITEEr
.52 T T T T T T T E 1 T T 1 T T J )
- - ; ; ; ; ; . . . T T — Nea e,
e 2 — 1)
U L L 1 1 1 1 L 3_1 i i i i i i i
i A 0 150 AN XD XD BN 500 100 1500 200 X000 D0 00
sample N sample number

(a) ECG signal corrupted with (b) ECG signal corrupted with
baseline wander and muscle ar- powerline interference.
tifacts taken from MIT-BIHA
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TABLE IV, PERFORMANCE OF SHORT BURST NOISE LOCALIZATION
OF THE PROPOSED FRAMEWORK
ECG Noise | Duration | Actual (s)  Estimated (s) Error (s)
Rec. Tvpe Type (s Start End | Start End | Start End
Normal | BW 706 131 336 143 371 0,13 034
100 Mormal | PLI 2.50 445 604 442  702| 0.03 0.08
PVTC BW T &7 It 731 37T  6od| O07 047
PVC MA 1.67 605 861 602  867| 0.03 0.06
106 PVC PLI 2.36 1.30 375 1.41 373| 0.02 0.02
PVC FW T 11 T03 314 008 331 0.4 017
PVC MA 264 417 681 416 28| 0.01 0.3
109 LBBB | PLI 5.42 1.30 6.81| 1.36 688 0.03 007
NSE BW T80 333 727 361  T58| UJ8 U35
i NSR MA 1.05 403 597| 398 604| 0.04 007
115 NSR PLI 3.06 3.10 625| 318  632| 0.01 007

KA, R EAEE TR
= FShort-term Temporal Feature. FxZ&iA ) ) =
R AER R AE99% /- A, MRS 4328 (noise-free ECG,
ECG+BW, ECG+MA, ECG+PLI, ECG+BW+PLI, and
ECG+BW+MA.) H#ERIZRIE99% /AT, M A iR 2=
#£0~0.67s 2 [H] .
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* Need a large collection of different kinds of
ECG signals and various types of single and

combined ECG noises for generating optimal
ECG signal and noise models;




