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Abstract

This paper 1s a summary report for reference [1]. [1] presents an overview of the ECG
signal processing, and they compare many methods to find the best way to assess the
signal.

In [1], they introduce what kind of noise is usually cause the distortion in ECG signal and
analyze the noise in ECG signal automatic in part 1; in part 2, they show the database
about the ECG signal, and what standard to distinguish whether the method is useful to
assess the signal; in part 3, they make an discussion for different kind of signal quality
assessment, and they also divided that into five parts, Classified according to different
credibility and methods; in part 4, they make an evaluation to current signal quality
assessment; 1n part 5, they proposed that challenging 1ssues and future directions. In part 6,
they listed the reference which they had to refer.

Keyword : Electrocardiogram (ECG), ECG noise, Signal quality

assessment, Signal processing
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1. Introduction

-4 ECG 8P » T UL LAY ERAT Ao P QRS T 2

U'da it PERABAACHER B srgFanzih a gﬁi? J‘J.%ﬁ“é

PORBLHETN RS AT R SRR T ek T RF A RF

AFH @ J%mf»}fﬁ‘ ¢ ¥ ECG 5.7 2 b ¥ B &7 P ARR OF
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(1) %@ﬁ%%aQ@mﬁ
7 & 50 i #% (Baseline Wander) 2 2 % 3 B4 (Abrupt Drift) i
X F A DB R P ARRE A REY 0 A AR B g S
~ i 5 005 F IHZ o L HEMAFZ S8 > @ % b $HE X 9 5 0.15
7] 03Hz <hECG B 8irtgd 2 B E > A+ ¢H ST P Eg 2
Fo %§2§ 43 e
() =74 @+3%

T 4 s 7 3 (Power-Line Interference):d =  #]1 5 % B3
(Magnetic Field) » 2 7 % 48 & (capacitive coupling) » = & # s+
35— R $ 50 & 60HZ i 1 ECG f SLAL
AR E AL € B ECG 2 5Len P gk %ﬁﬂ?ﬁ e S PR
Y G F TR A [}ia
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(3) v iEd i et 4g
up & E T i e+ 4E (Muscle Artifacts) 0 * fLR 5L
(Electromyogram, EMG) - 4k #1313 = e .rﬂfr%{ﬁ'/ WoEd > §
Mend AL > ECG #9% FlenT g iE s 48 > - & ECG ¥
B R A+ jE 20Hz 7] 1000Hz %’K”ﬁ » d 3 7 10,000Hz ~»
F 7 A BFECG AR K 5 0.01 7 100HZ > & B s ik
EMG 2 35PF > 4o 3 B ALK R4S 598 0 5 — i PR -
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ECG * i) k=2

TR CFERT > ¢ H-ECG RELAGE L AR R F
4o B T 35%  B (Moving Average Filter) ~ # ¥ {8 g it %
(Median Filter) ~ & % j& 4 % (Wiener Filter) ~ i B im ik B
(Adaptive Filter) ¥ # F fisg 2 jpik & - & F L3 b i &2 o
Fip R o ol 32 NG Ak o R A S ARRT T
PFo AP REE A 2 ¥ ECG R ELE i - A ARty & LR R
BE o gigd - pif o Bolk | g RMRpA B¢ & ECC
2. QRS 2 ST 5 Eid = sk I % (Ringing Problem) » #]yt » %
ARk S kG ST BN ECG GELY B f s R 1
FEd SQAZ EH a4 A F R STt g, AT R &
B EETOTE S HF RALZEARE
SQA & 4 = 2

SQA * krJZFE SR AL bt hm~ § 4> 2 kR ECG

BEANFTELE AVESLS BA -

2. Test ECG databases and performance metrics
(1) Test ECG databases

ECG Z8LenF il kimf i - B Pk p 2 b ehFHE > £
kA VR ARSI ECG B30 41 § 7 PQRST 2 feh
?;}1; 7 p\,:.gfq_ligo

(2) Existing ECG signal quality groups

et o B-ECG R HLen&F A 2 1 4
A. Five quality group :
Excellent, Good, Adequate, Poor, and
Unacceptable.

B. Three quality group :

Acceptable, Indeterminate, and Unacceptable.
C. Two quality group :

Acceptable, and Unacceptable.

(3) Performance evaluation metric

L R IR AR - 3 L R R A i e e N
% 5 . % AT R (sensitivity, Se) ~ 3 | & &% |+ (positive
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predictivity, Pp) ~ 3¢ /p|45 ;%14 (negative predictivity, Np) ~ & — |+

(specificity, Sp)~ 14 2 # gr 14 (accuracy, Ac)> @ TP % Ture Positive
s % 5 TN 5 Ture Negative (04 3 ; FP % False Positive %
F 5 FN % False Negative g F o Se A TP 2 FP enffin™ »
TPeris% sPp 52 TP 2 FP e ™ > TP e S Np 5 &
TN 2 FN chffm™ > TN s 5 Sp 5 TN 2 FP ehffim T »
FN e > Ac 5 975 B384 chfFm™ >34 TN 2 TP iy

% o

3. ECG SQA methods

biohwm=< o3 SQAZZ A ST
(1) Fiducial features and heuristic rules(FF-HR)
(2) Fiducial features and machine learning(FF-ML)

(3) Nonfiducial features and heuristic rules

(4) Nonfiducial features and machine learning
(5) Filtering

E gL &

g

5z BREE

(1) Preprocessing stage

(2) Feature extraction stage

(3) Classification stage

BT %A

(1) FF-HR:
At B3 P EETRESECG B EZRRC STK
FeEE o BRI BE EL R ET o
A. SOl for ECG and PPG Signals :

u kPRI A 0 B M SQAH Y 4wtk M

B BB T o b 2 SQA G 2R R
Rdf ®rprm ¥ ¥ Foen QRS MR o g2 20 Sp=97% >
Se=93% -

Real-Time Ambulatory ECG Quality Analysis :

% ECCRELIMRT 2 ¥ 2 uFp )tz F
H# B RAF e SQA 2 E o
Automatic ECG Quality Scoring Method :

AR EREE > AWPRIE B BFALN
s AEES YU E
Improved Method Using QRS and T-Wave Detection :

1% i it 2. Tomkin’s QRS 1§ gl & i % i gl
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E. ECG Quality Metrics for Clinical Trails :
EREEEECC R Ft g o
F. ECG Quality for Multilead Arrhythmia Analysis :
B QRS FE S AEF R
G. QRS Detection Based ECG Quality Assessment :
$ 4o 12 #A2 e ECG 5.2 2 k= - ¥
A2 ECG 13 550 o
H. Integrated SQI Based ECG Quality on Mobile Phone :
P RBENAFRER YTV IEE ECC LA
B oo o SQA ;2 2. Se=90.67% - Sp=89.78% -
I.  Multiple Criteria Based ECG Quality on Mobile Phone :
PE R ECG B¢ A A s ko s|gr e g g
EXI|FIE
J. Cepstral-Based Online ECG Quality Quantification L :
I g @2 R S R EPE e F
5 1~ B SQA i B o
K. Rule-Based ECG Quality Metric on Android Phone :
b A e - BRFTORE ECG R
S E TS EEEE X

(2) FF-ML:

BV AR G PRT T ES v 4R 2 ECG P E -
A. Relevance Vector Machine Based Method :
BLEFI T S chE P k38 3R ECG R .
B. Parzen Window Supervised Classifier Based Medthod :
2 QRA 22 & 77 QRS B~ R AF LB (F K
# SQA = 2 2. Ac=78.7% -
C. Machine Learning Approaches for ECG Quality :
F1* 7 2 fASQI 2 v fa 4 g™ 38R E-ECG
gt &> % acceptable 2 unacceptable -
D. Correlation and Neural Network Based Method :
$ 3 A i = B FF B :preprocessing,
energy-concavity index analysis {= correlation-based
examination -

E. SVM-Based Method :
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F.  Machine Learning Approaches for ECG Signal :
= B fy 5"]"% e ECG REHamiiz- o 45
M EsLadEE - o3 E QRS eliciE ;s = o d - &=
g R 2 G RAE R
(3) Nonfiducial features and heuristic rules based SQA methods:
Btz SQA G F I PR CESF B AT AR
¥ ECG & S
(4) Nonfiducial features and Machine Learning Methods:
FHch I S R A AR E RN e § G
BE > 2 (AR kb R P e o
(5) Filtering-Based SQA Methods:
— & SQA 7 ¢ J1 % gk e @ s PR A
MU R RO LR AR R -
4. Evaluation of Existing SQA Methods
At B #m ¢ o 3 Pan-Tomkins i B>« ))]}“g‘% 2 i * & SQA
Six e s % ki p] QRS ¥ EehS i o
5. Challenging Issues and Future Directions
A7RA- 5 SQA HEE E Y & - FEeri F il ]S 5N 2 RN B A
AR CHEIZFR EAFOFE ﬁ’zzwoﬁggﬁyﬁamﬁ
BB 7 F ARG CHT R S At 5 R zgz ,
P RIS EFL N A B - B g.‘«' e B o
6. Conclusion
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