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Automatic digitization of paper electrocardiograms — A systematic review
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1. DeSKEWing

[MpeobpazoBaHne Xada (aHrn. Hough Transform)
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1. DeSKEWing

[MpeobpazoBaHne Xada (aHrn. Hough Transform)
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1. DeSKEWing

[MpeobpazoBaHne PagoHa (aHrn. Radon Transform)
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AaHHOM cny4ae R(s,a) eCTb uHTerpan ot f(x,
y) BOonb npamoin AA
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2. DeGRIDINng

* Global thresholding
* Otsu

MeTOD, Ouy nweT nopor, YMeHbUJaIOLLLMI\il ANCrnepcnio BHYTPU KlacCCa, KOTopad onpeaensaeTca Kak B3BelWeHHaa CyMMa ,umcnepcmﬁ ABYX KJ1aCCOB!:
2 2 2
0% (t) = wi ()52 () + wa(£)o (1),

roe Beca wW; — 3T0 BEPOATHOCTU ABYX KJ1aCCOB, pa3,[1€ﬂéHHbIX noporom ft,
0',12 — ancnepcna 3Tux Kriaccos.

Ouy nokasan, 4ToO MUHUMU3aUUa AUCNEPCUN BHYTPpU KNacca paBHOCU/IbHa MaKCMMU3aLUun OUCnepcun Mexay Knaccamu:

o} (t) = 0® — ofy(t) = wi (t)wa (8) (w1 (¢) — pa ()]

* Saulova
* Scan-line-polygon-filing
* Color segmentation



3. Signal extraction
* Strainght forward approach

g ot ot o1
san@ |,
e g .
* Clustering-based approaches

* Minimization of mathematical functions
(path length, path continuity and signal fidelity)

J ournal of Network and C omputer Applications (1996) 19, 295-307

A microcomputer-based prototype for ECG paper
record conversion

J ian Tao Wang and Dinesh P. M ital



Table 1

Articles considered for this review.

Reference Dataset: Origin / Numbers of Code or Noisy image Human Deskew Binarization Signal Extraction
lead software Treatment intervention approach approach
accessibility
(Widman and Hines 1991) NA / 21 leads False NA User NA NA Line finding
[1] intervention algorithm
(Lawson et al. 1995) [4] NA / 84 leads False NA User NA NA Skelotinization
intervention
(J.T Wang and Mital 1996) NA False NA User NA Iterative Mask Thinning
[5] intervention Algorithm
(Mitra, Mitra and Chaudhuri NA False NA User NA User defined Pixel vertical
2004) [6] intervention threshold extraction
(Badilini et al. 2005) [7] University of Rochester Heart False/True NA User NA NA Active Contour
Research Follow-Up Program / intervention
720 leads
(Chebil, Al-Nabulsi, and Al- NA / NA False NA NA NA NA Pixel vertical
Maitah 2008) [8] extraction
(Swamy, Jayaraman, and NA /120 leads False NA NA Radon Otsu Pixel vertical
Chandra 2010) [9] Transform extraction
(Shi, Zheng and Dai 2011) NA / NA False NA NA NA Sobel Pixel k-mean
[10] clustering
(Sanroman-Junquera et al. Hospital General Gregorio False NA NA Hough NA Pixel vertical
2012) [11] Maranon AND Hospital transform extraction
Universitario Virgen de la
Arrixaca de Murcia / NA
(Kumar et al. 2012) [12] MIT-BIH / NA False NA User NA User defined Pixel vertical
intervention threshold extraction
(Jayaraman et al. 2012) [13] NA / 300 leads False NA NA Radon Otsu Pixel vertical
transform extraction
(Garg et al. 2012) [14] NA / 240 leads False NA NA Hough Color Pixel vertical
transform segmentation extraction
(Ravichandran et al. 2013) Emory Vietnam Twins Study / False NA User - User Otsu Pixel vertical
[15] 638 leads intervention intervention extraction
(Mallawaarachchi Perera NA / 216 False NA User - Radon Otsu Pixel vertical
and Nanayakkara 2014) intervention Transform extraction
[16]

(Patil and Karandikar 2015) NA / NA False NA User NA User defined Pixel vertical
[17] intervention threshold extraction
(Attin et al. 2016) [18] NA / NA False NA NA NA NA Shortest Path

(Lozano-Fernandez et al. NA / NA False True User Perspective Color filtering NA
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OPEN PTB-XL, a large publicly available
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ECG Signal Analysis Using 2-D Image Classification with Convolutional
Neural Network
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Article

Multiclass ECG Signal Analysis Using Global Average-Based
2-D Convolutional Neural Network Modeling

Muhammad Wasimuddin 177, Khaled Elleithy ', Abdelshakour Abuzneid ', Miad Faezipour *>*( and
Omar Abuzaghleh !

M RESEARCH ARTICLE

G2-ResNeXt: A Novel Model for ECG
Signal Classification
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