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Abstract
The electrocardiogram (ECG) is relatively easy to acquire and has been used for reliable biometric authentication.
Despite growing interest in ECG authentication, there are still two main problems that need to be tackled, i.e., the
accuracy and processing speed. Therefore, this paper proposed a fast and accurate ECG authentication utilizing only
two stages, i.e., ECG beat detection and classification. By minimizing time-consuming ECG signal pre-processing and
feature extraction, our proposed two-stage algorithm can authenticate the ECG signal around ��� μs. Hamilton's
method was used for ECG beat detection, while the Residual Depthwise Separable Convolutional Neural Network
(RDSCNN) algorithm was used for classification. It was found that between six and eight ECG beats were required for
authentication of different databases. Results showed that our proposed algorithm achieved ���% accuracy when
evaluated with �� patients in the MIT-BIH database and �� people in the ECG ID database. These results showed that
our proposed algorithm outperformed other state-of-the-art methods. © ���� by the authors.

SciVal Topic Prominence 

Topic: 

Prominence percentile: 90.844

Author keywords
beat detection biometric authentication depthwise separable convolution (DSC) ECG ID database

Electrocardiogram (ECG) MIT-BIH database

Funding details

Funding sponsor Funding number Acronym

Universitas Indonesia PENG-1/UN2.RST/PPM.00.00/2020 UI

Funding text
International Publication Research Grant (PUTI) Universitas Indonesia ���� based on the Announcement of
Directorate Research and Development No. PENG-�/UN�.RST/PPM.��.��/����.

◅ Back to results

 Export  Download  Print  E-mail  Save to PDF ⋆ Add to List  ▻More...

View at Publisher

Open AccessApplied Sciences (Switzerland)
Volume 10, Issue 9, 1 May 2020, Article number 3304

Ihsanto, E.a  Ramli, K.a  Sudiana, D.a  Gunawan, T.S.b  

a

b

 View references (30)



Electrocardiograph | Biometry | Forensic Anthropology



ISSN: 20763417
Source Type: Journal
Original language: English

DOI: 10.3390/app10093304
Document Type: Article
Publisher: MDPI AG

PlumX Metrics
Usage, Captures, Mentions,
Social Media and Citations
beyond Scopus.

Metrics 

Cited by 0 documents

Inform me when this document
is cited in Scopus:

 

Related documents

,  , 
(2019) Electronics (Switzerland)

,  , 
(2018) Proceedings -
International Conference on
Pattern Recognition

,  , 

(2020) Applied Sciences
(Switzerland)

 

Find more related documents in
Scopus based on:

❓  ▻View all metrics



Set citation alert ▻

 ▻Set citation feed

A novel electrocardiogram
biometric identification method
based on temporal-frequency
autoencoding

 Wang, D. Si, Y. Yang, W.

Robust ECG Biometrics Using
Two-Stage Model

 Wu, B. Yang, G. Yang, L.

An efficient algorithm for cardiac
arrhythmia classification using
ensemble of depthwise separable
convolutional neural networks

 Ihsanto, E. Ramli, K. Sudiana,
D.

View all related documents based
on references

 ▻Authors  ▻Keywords

Brought to you by  INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

 
 Search Sources Lists  ↗SciVal Create account Sign in

Scopus will be redesigning this page. We'd like your opinion! ×

https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&offset=1&origin=recordpage
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fapp10093304&locationID=1&categoryID=4&eid=2-s2.0-85085127081&issn=20763417&linkType=TemplateLinking&year=2020&zone=outwardlinks&origin=recordpage&dig=8c16e39a0b0e2608f8f1655629933241&recordRank=
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fapp10093304&locationID=1&categoryID=4&eid=2-s2.0-85085127081&issn=20763417&linkType=ViewAtPublisher&year=2020&origin=recordpage&dig=00980a15db5b8e2b9557ba99a050d6e8&recordRank=
https://www.scopus.com/sourceid/21100829268?origin=recordpage
https://www.scopus.com/authid/detail.uri?authorId=6504754280&amp;eid=2-s2.0-85085127081
mailto:eko.ihsanto@ui.ac.id
https://www.scopus.com/authid/detail.uri?authorId=55909526900&amp;eid=2-s2.0-85085127081
mailto:kalamullah.ramli@ui.ac.id
https://www.scopus.com/authid/detail.uri?authorId=21934788800&amp;eid=2-s2.0-85085127081
mailto:dodi.sudiana@ui.ac.id
https://www.scopus.com/authid/detail.uri?authorId=8286407700&amp;eid=2-s2.0-85085127081
mailto:tsgunawan@iium.edu.my
https://www.scopus.com/standard/help.uri?topic=12031
https://plu.mx/plum/a/?elsevier_id=2-s2.0-85085127081&theme=plum-scopus-theme
https://www.scopus.com/results/rss/handler.uri?citeEid=2-s2.0-85085127081
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85070691182&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&relpos=0
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57008490800&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=8417025100&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57203280709&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85059735262&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&relpos=1
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=57203803826&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=14059356600&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55634415400&zone=relatedDocuments
https://www.scopus.com/record/display.uri?origin=recordpage&zone=relatedDocuments&eid=2-s2.0-85081282652&citeCnt=0&noHighlight=false&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&relpos=2
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=6504754280&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=55909526900&zone=relatedDocuments
https://www.scopus.com/authid/detail.uri?origin=recordpage&authorId=21934788800&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85085127081&src=s&all=true&origin=recordpage&method=ref&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85085127081&src=s&all=true&origin=recordpage&method=aut&zone=relatedDocuments
https://www.scopus.com/search/submit/mlt.uri?eid=2-s2.0-85085127081&src=s&all=true&origin=recordpage&method=key&zone=relatedDocuments
https://www.scopus.com/record/iium.edu.my
https://www.scopus.com/home.uri?zone=header&origin=recordpage
https://www.scopus.com/search/form.uri?zone=TopNavBar&origin=recordpage&display=basic
https://www.scopus.com/sources.uri?zone=TopNavBar&origin=recordpage
https://www.scopus.com/results/storedList.uri?listId=myDocList&origin=recordpage&zone=TopNavBar
https://www.scival.com/home
https://www.scopus.com/signin.uri?&origin=recordpage&zone=TopNavBar
https://www.scopus.com/signin.uri?origin=recordpage&zone=TopNavBar
https://www.scopus.com/signin.uri?origin=recordpage&zone=TopNavBar
https://www.surveygizmo.com/s3/5657420/Concept-session-recruitment-Document-details


References (30)

Forsen, G.E., Nelson, M.R., Staron, R.J.
(1977) Personal Attributes Authentication Techniques.  .
Pattern Analysis & Recognition Corporation, Rome Air Development Center: St. Utica, NY, USA

 

Evans, G.F., Shirk, A., Muturi, P., Soliman, E.Z.

(2017) Global Heart, 12 (4), pp. 285-289.  .

doi: 10.1016/j.gheart.2016.12.003

Biel, L., Pettersson, O., Philipson, L., Wide, P.

(2001) IEEE Transactions on Instrumentation and Measurement, 50 (3), pp. 808-812.  .
doi: 10.1109/19.930458

Coutinho, D.P., Silva, H., Gamboa, H., Fred, A., Figueiredo, M.

(2013) IET Biometrics, 2 (2), pp. 64-75.  .
doi: 10.1049/iet-bmt.2012.0055

Shen, T.W., Tompkins, W.J., Hu, Y.H.

(2002) Annual International Conference of the IEEE Engineering in Medicine and Biology -
Proceedings, 1, pp. 62-63.  .

Wang, D., Si, Y., Yang, W., Zhang, G., Li, J.

 (Open Access)

(2019) Electronics (Switzerland), 8 (6), art. no. 667.  .

doi: 10.3390/electronics8060667

Chu, Y., Shen, H., Huang, K.

 (Open Access)

(2019) IEEE Access, 7, art. no. 8695698, pp. 51598-51607.  .

doi: 10.1109/ACCESS.2019.2912519

 ▻View in search results format

     All Export  Print  E-mail  Save to PDF Create bibliography

1
Cited 55 times

2

Feasibility of Using Mobile ECG Recording Technology to Detect Atrial Fibrillation in
Low-Resource Settings

Cited 14 times
http://www.elsevier.com/wps/find/journaldescription.cws_home/726194/description#description

View at Publisher

3

ECG analysis: A new approach in human identification

Cited 613 times

View at Publisher

4

Novel fiducial and non-fiducial approaches to electrocardiogram-based biometric
systems

Cited 49 times

View at Publisher

5

One-lead ECG for identity verification. 2nd Joint Conference of the IEEE Engineering
in Medicine and Biology Society and the Biomedical Engineering Society

Cited 194 times

View at Publisher

6

A novel electrocardiogram biometric identification method based on temporal-
frequency autoencoding

Cited 3 times
https://www.mdpi.com/2079-9292/8/6/667/pdf

View at Publisher

7

ECG Authentication method based on parallel multi-scale one-dimensional residual
network with center and margin loss

Cited 7 times
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639

View at Publisher

Scopus will be redesigning this page. We'd like your opinion! ×

https://www.scopus.com/search/submit/references.uri?sort=plf-f&src=r&imp=t&sid=cc2ed8343b539a0c79f93984deaf3fb9&sot=rec&sdt=citedreferences&sl=23&s=EID%282-s2.0-85085127081%29&origin=recordpage&citeCnt=1&citingId=2-s2.0-85085127081
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-0041108232&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85019664453&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85019664453&src=s&origin=reflist&refstat=core
http://www.elsevier.com/wps/find/journaldescription.cws_home/726194/description#description
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.gheart.2016.12.003&locationID=3&categoryID=4&eid=2-s2.0-85019664453&issn=22118179&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=f50ac13afdc50126d253ea71aaacefee&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0035364148&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-0035364148&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2f19.930458&locationID=3&categoryID=4&eid=2-s2.0-0035364148&issn=00189456&linkType=ViewAtPublisher&year=2001&origin=reflist&dig=ffe9dcd1936981e739ec2aeea0b9119b&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84879406002&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-84879406002&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1049%2fiet-bmt.2012.0055&locationID=3&categoryID=4&eid=2-s2.0-84879406002&issn=20474938&linkType=ViewAtPublisher&year=2013&origin=reflist&dig=af65e294d2bfcce6dbad18d1f87df65e&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036912654&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-0036912654&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fdx.doi.org%2f10.1109%2fIEMBS.2002.1134388&locationID=3&categoryID=4&eid=2-s2.0-0036912654&issn=05891019&linkType=ViewAtPublisher&year=2002&origin=reflist&dig=e9ff1d385afe325cf2c2230392799013&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85070691182&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85070691182&src=s&origin=reflist&refstat=core
https://www.mdpi.com/2079-9292/8/6/667/pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2felectronics8060667&locationID=3&categoryID=4&eid=2-s2.0-85070691182&issn=20799292&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=ec9d4aea9b5a2d8d7f3987efccbe8a3d&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85066823094&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85066823094&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2019.2912519&locationID=3&categoryID=4&eid=2-s2.0-85066823094&issn=21693536&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=cfd6dba9a1b62715e56a124e678634cc&recordRank=
https://www.surveygizmo.com/s3/5657420/Concept-session-recruitment-Document-details


Lynn, H.M., Pan, S.B., Kim, P.

 (Open Access)

(2019) IEEE Access, 7, art. no. 8826253, pp. 145395-145405.  .

doi: 10.1109/ACCESS.2019.2939947

Wang, D., Si, Y., Yang, W., Zhang, G., Liu, T.

 (Open Access)

(2019) Applied Sciences (Switzerland), 9 (1), art. no. 201.  .

doi: 10.3390/app9010201

Lugovaya, T.S.
Biometric human identification based on ECG.  .
Available online (accessed on 14 November 2019)

 

Zhang, Q., Zhou, D., Zeng, X.

 (Open Access)

(2017) IEEE Access, 5, art. no. 7933065, pp. 11805-11816.  .

doi: 10.1109/ACCESS.2017.2707460

Chollet, F.
Xception: Deep learning with depthwise separable convolutions
(2019) In Proceedings of the IEEE Conference on Computer Vision and Pattern Recognition, pp. 1251-
1258.  .
Seattle, WA, USA, 14-19 June

 

Kaiser, L., Gomez, A.N., Chollet, F.
Depthwise separable convolutions for neural machine translation
(2017) arXi.  .
arXiv:1706.03059 2017

 

Ihsanto, E., Ramli, K., Sudiana, D., Gunawan, T.S.

 (Open Access)

(2020) Applied Sciences (Switzerland), 10 (2), art. no. 483.  .

doi: 10.3390/app10020483

8

A Deep Bidirectional GRU Network Model for Biometric Electrocardiogram
Classification Based on Recurrent Neural Networks

Cited 10 times
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639

View at Publisher

9

A novel heart rate robust method for short-term electrocardiogram biometric
identification

Cited 6 times
https://www.mdpi.com/2076-3417/9/1/201/pdf

View at Publisher

10
Cited 75 times

https://physionet.org/content/ecgiddb/1.0.0/

11

HeartID: A Multiresolution Convolutional Neural Network for ECG-Based Biometric
Human Identification in Smart Health Applications

Cited 56 times
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639

View at Publisher

12

Cited 116 times

13

Cited 4 times

14

An efficient algorithm for cardiac arrhythmia classification using ensemble of
depthwise separable convolutional neural networks

Cited 2 times
https://res.mdpi.com/d_attachment/applsci/applsci-10-00483/article_deploy/applsci-10-00483.pdf

View at Publisher

Scopus will be redesigning this page. We'd like your opinion! ×

https://www.scopus.com/record/display.uri?eid=2-s2.0-85073611812&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85073611812&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2019.2939947&locationID=3&categoryID=4&eid=2-s2.0-85073611812&issn=21693536&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=ef3c8e5145c201b583842b24f2e7d584&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85059673905&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85059673905&src=s&origin=reflist&refstat=core
https://www.mdpi.com/2076-3417/9/1/201/pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fapp9010201&locationID=3&categoryID=4&eid=2-s2.0-85059673905&issn=20763417&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=1bdd5f8318c0b307d8c2ee8b0bf6e774&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-84927696725&src=s&origin=reflist&refstat=dummy
https://physionet.org/content/ecgiddb/1.0.0/
https://www.scopus.com/record/display.uri?eid=2-s2.0-85029379300&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85029379300&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=6287639
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fACCESS.2017.2707460&locationID=3&categoryID=4&eid=2-s2.0-85029379300&issn=21693536&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=14952c1a59c6531aece39abd07312153&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85040867636&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85063554769&src=s&origin=reflist&refstat=dummy
https://www.scopus.com/record/display.uri?eid=2-s2.0-85081282652&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85081282652&src=s&origin=reflist&refstat=core
https://res.mdpi.com/d_attachment/applsci/applsci-10-00483/article_deploy/applsci-10-00483.pdf
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.3390%2fapp10020483&locationID=3&categoryID=4&eid=2-s2.0-85081282652&issn=20763417&linkType=ViewAtPublisher&year=2020&origin=reflist&dig=096a89239c97d95b58378075f1518f16&recordRank=
https://www.surveygizmo.com/s3/5657420/Concept-session-recruitment-Document-details


He, K., Zhang, X., Ren, S., Sun, J.

(2016) Proceedings of the IEEE Computer Society Conference on Computer Vision and Pattern
Recognition, 2016-December, art. no. 7780459, pp. 770-778.  .
ISBN: 978-146738850-4
doi: 10.1109/CVPR.2016.90

Hannun, A.Y., Rajpurkar, P., Haghpanahi, M., Tison, G.H., Bourn, C., Turakhia, M.P., Ng, A.Y.

(2019) Nature Medicine, 25 (1), pp. 65-69.  .

doi: 10.1038/s41591-018-0268-3

Hoang, V.-T., Jo, K.-H.
PydMobileNet: Improved Version of MobileNets with Pyramid Depthwise Separable Convolution
(2018) arXi
arXiv:1811.07083

 

Hamilton, P.S., Tompkins, W.J.

(1986) IEEE Transactions on Biomedical Engineering, BME-33 (12), pp. 1157-1165.  .
doi: 10.1109/TBME.1986.325695

Hamilton, P.

(2002) Computers in Cardiology, 29, pp. 101-104.  .

Kiranyaz, S., Ince, T., Gabbouj, M.

(2016) IEEE Transactions on Biomedical Engineering, 63 (3), art. no. 7202837, pp. 664-675.  .

doi: 10.1109/TBME.2015.2468589

Moody, G.B., Mark, R.G.

(2001) IEEE Engineering in Medicine and Biology Magazine, 20 (3), pp. 45-50.  .
doi: 10.1109/51.932724

Abadi, M., Barham, P., Chen, J., Chen, Z., Davis, A., Dean, J., Devin, M., (...), Zheng, X.

(2016) Proceedings of the 12th USENIX Symposium on Operating Systems Design and Implementation,
OSDI 2016, pp. 265-283.  .
ISBN: 978-193197133-1

15

Deep residual learning for image recognition

Cited 25457 times

View at Publisher

16

Cardiologist-level arrhythmia detection and classification in ambulatory
electrocardiograms using a deep neural network

Cited 197 times
http://www.nature.com/nm/index.html

View at Publisher

17

18

Quantitative Investigation of QRS Detection Rules Using the MIT/BIH Arrhythmia
Database

Cited 760 times

View at Publisher

19

Open source ECG analysis

Cited 159 times

View at Publisher

20

Real-Time Patient-Specific ECG Classification by 1-D Convolutional Neural Networks

Cited 406 times
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?reload=true&punumber=10

View at Publisher

21

The impact of the MIT-BIH arrhythmia database

Cited 1264 times

View at Publisher

22

TensorFlow: A system for large-scale machine learning

Cited 3288 times

Scopus will be redesigning this page. We'd like your opinion! ×

https://www.scopus.com/record/display.uri?eid=2-s2.0-84986274465&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-84986274465&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fCVPR.2016.90&locationID=3&categoryID=4&eid=2-s2.0-84986274465&issn=10636919&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=cc51bf02c8d7b708466646099cd42b97&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85059766557&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85059766557&src=s&origin=reflist&refstat=core
http://www.nature.com/nm/index.html
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1038%2fs41591-018-0268-3&locationID=3&categoryID=4&eid=2-s2.0-85059766557&issn=1546170X&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=4aaa2b673a8e8acccf384030e5ce0941&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0022929617&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-0022929617&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTBME.1986.325695&locationID=3&categoryID=4&eid=2-s2.0-0022929617&issn=15582531&linkType=ViewAtPublisher&year=1986&origin=reflist&dig=f249478ac7d938e863d8f439e91cdc88&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0036950331&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-0036950331&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=http%3a%2f%2fdx.doi.org%2f10.1109%2fCIC.2002.1166717&locationID=3&categoryID=4&eid=2-s2.0-0036950331&issn=02766574&linkType=ViewAtPublisher&year=2002&origin=reflist&dig=7b00f95b490516e3821982d53cc7cdf8&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84962128752&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-84962128752&src=s&origin=reflist&refstat=core
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?reload=true&punumber=10
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTBME.2015.2468589&locationID=3&categoryID=4&eid=2-s2.0-84962128752&issn=15582531&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=e1149a1cd40f385f1cda0a328796d285&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0034953193&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-0034953193&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2f51.932724&locationID=3&categoryID=4&eid=2-s2.0-0034953193&issn=07395175&linkType=ViewAtPublisher&year=2001&origin=reflist&dig=06b9a03b7503c7cb924e199e367a256e&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85075670920&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85075670920&src=s&origin=reflist&refstat=core
https://www.surveygizmo.com/s3/5657420/Concept-session-recruitment-Document-details


Chollet, F.
Keras: Deep learning library for theano and tensorflow.  .
Available online: Availabeonline (accessed on 12 October 2019)

 

Salloum, R., Kuo, C.-C.J.

(2017) ICASSP, IEEE International Conference on Acoustics, Speech and Signal Processing -
Proceedings, art. no. 7952519, pp. 2062-2066.  .
ISBN: 978-150904117-6
doi: 10.1109/ICASSP.2017.7952519

Bassiouni, M.M., El-Dahshan, E.-S.A., Khalefa, W., Salem, A.M.

(2018) Signal, Image and Video Processing, 12 (5), pp. 941-949.  .

doi: 10.1007/s11760-018-1237-5

Tan, R., Perkowski, M.

(2016) Proceedings - 2016 15th IEEE International Conference on Machine Learning and Applications,
ICMLA 2016, art. no. 7838142, pp. 182-187.  .
ISBN: 978-150906166-2
doi: 10.1109/ICMLA.2016.84

Hussein, A.F., AlZubaidi, A.K., Al-Bayaty, A., Habash, Q.A.
An IoT real-time biometric authentication system based on ECG fiducial extracted features using discrete
cosine transform
(2017) arXi
arXiv:08189 2017

 

Altan, G., Kutlu, Y., Yeniad, M.

(2019) Computer Methods and Programs in Biomedicine, 170, pp. 81-93.  .

doi: 10.1016/j.cmpb.2019.01.010

Pan, J., Tompkins, W.J.

(1985) IEEE Transactions on Biomedical Engineering, BME-32 (3), pp. 230-236.  .
doi: 10.1109/TBME.1985.325532

23
Cited 316 times

https://pypi.org/project/Keras/2.2.0/

24

ECG-based biometrics using recurrent neural networks

Cited 33 times

View at Publisher

25

Intelligent hybrid approaches for human ECG signals identification

Cited 11 times
http://www.springerlink.com/content/1863-1703

View at Publisher

26

ECG biometric identification using wavelet analysis coupled with probabilistic random
forest

Cited 6 times

View at Publisher

27

28

ECG based human identification using Second Order Difference Plots

Cited 4 times
www.elsevier.com/locate/cmpb

View at Publisher

29

A Real-Time QRS Detection Algorithm

Cited 3998 times

View at Publisher

Scopus will be redesigning this page. We'd like your opinion! ×

https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-84978978745&src=s&origin=reflist&refstat=dummy
https://pypi.org/project/Keras/2.2.0/
https://www.scopus.com/record/display.uri?eid=2-s2.0-85023759929&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85023759929&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fICASSP.2017.7952519&locationID=3&categoryID=4&eid=2-s2.0-85023759929&issn=15206149&linkType=ViewAtPublisher&year=2017&origin=reflist&dig=3586919166afc6ea3d40dc6634b28524&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85041928504&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85041928504&src=s&origin=reflist&refstat=core
http://www.springerlink.com/content/1863-1703
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1007%2fs11760-018-1237-5&locationID=3&categoryID=4&eid=2-s2.0-85041928504&issn=18631711&linkType=ViewAtPublisher&year=2018&origin=reflist&dig=bdd50f11f84259849efbf69850baa18b&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85015387355&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85015387355&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fICMLA.2016.84&locationID=3&categoryID=4&eid=2-s2.0-85015387355&issn=&linkType=ViewAtPublisher&year=2016&origin=reflist&dig=1d97921519ea1fcf65c6b7372c5becf2&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85060255434&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-85060255434&src=s&origin=reflist&refstat=core
https://www.scopus.com/record/www.elsevier.com/locate/cmpb
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1016%2fj.cmpb.2019.01.010&locationID=3&categoryID=4&eid=2-s2.0-85060255434&issn=18727565&linkType=ViewAtPublisher&year=2019&origin=reflist&dig=9f3be351d7220a9921943a945e0039bf&recordRank=
https://www.scopus.com/record/display.uri?eid=2-s2.0-0021892137&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-0021892137&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTBME.1985.325532&locationID=3&categoryID=4&eid=2-s2.0-0021892137&issn=15582531&linkType=ViewAtPublisher&year=1985&origin=reflist&dig=1efe221ce51ac4528f559a41365910df&recordRank=
https://www.surveygizmo.com/s3/5657420/Concept-session-recruitment-Document-details


 1 of 1

Odinaka, I., Lai, P.-H., Kaplan, A.D., O'Sullivan, J.A., Sirevaag, E.J., Rohrbaugh, J.W.

(2012) IEEE Transactions on Information Forensics and Security, 7 (6), art. no. 6287579, pp. 1812-
1824.  .
doi: 10.1109/TIFS.2012.2215324

 Sudiana, D.; Department of Electrical Engineering, Universitas Indonesia, Depok, Jawa Barat, Indonesia;
email:  
© Copyright ���� Elsevier B.V., All rights reserved.

30

ECG biometric recognition: A comparative analysis

Cited 207 times

View at Publisher

 
dodi.sudiana@ui.ac.id

◅ Back to results  Top of page

About Scopus

What is Scopus

Content coverage

Scopus blog

Scopus API

Privacy matters

Language

⽇本語に切り替える
切换到简体中文

切換到繁體中文

Русский язык

Customer Service

Help

Contact us

 

Copyright © . All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

We use cookies to help provide and enhance our service and tailor content. By continuing, you agree to the
.

↗Terms and conditions ↗Privacy policy 

↗Elsevier B.V 

use of cookies

 

Scopus will be redesigning this page. We'd like your opinion! ×

https://www.scopus.com/record/display.uri?eid=2-s2.0-84870264493&origin=reflist&sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&recordRank=
https://www.scopus.com/search/submit/citedby.uri?eid=2-s2.0-85085127081&refeid=2-s2.0-84870264493&src=s&origin=reflist&refstat=core
https://www.scopus.com/redirect/linking.uri?targetURL=https%3a%2f%2fdoi.org%2f10.1109%2fTIFS.2012.2215324&locationID=3&categoryID=4&eid=2-s2.0-84870264493&issn=15566013&linkType=ViewAtPublisher&year=2012&origin=reflist&dig=cb93f89e28a5d5b18265ae035eb24ea6&recordRank=
mailto:dodi.sudiana@ui.ac.id
https://www.scopus.com/results/results.uri?sort=plf-f&src=s&st1=Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks&st2=&sid=f1653a2b460cdae0679fe97c856fb2cc&sot=b&sdt=b&sl=122&s=TITLE%28Fast+and+accurate+algorithm+for+ECG+authentication+using+residual+depthwise+separable+convolutional+neural+networks%29&offset=1&origin=recordpage
https://www.elsevier.com/online-tools/scopus
https://www.elsevier.com/online-tools/scopus/content-overview/
https://blog.scopus.com/
https://dev.elsevier.com/
https://www.elsevier.com/about/our-business/policies/privacy-principles
https://www.scopus.com/personalization/switch/Japanese.uri?origin=recordpage&zone=footer&locale=ja_JP
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_CN
https://www.scopus.com/personalization/switch/Chinese.uri?origin=recordpage&zone=footer&locale=zh_TW
https://www.scopus.com/personalization/switch/Russian.uri?origin=recordpage&zone=footer&locale=ru_RU
https://www.scopus.com/standard/contactUs.uri?pageOrigin=footer
https://www.scopus.com/standard/contactForm.uri?pageOrigin=footer
https://www.elsevier.com/
https://www.elsevier.com/locate/termsandconditions
https://www.elsevier.com/locate/privacypolicy
https://www.elsevier.com/
https://www.scopus.com/cookies/policy.uri
http://www.relx.com/
https://www.surveygizmo.com/s3/5657420/Concept-session-recruitment-Document-details

