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Real-Time Patient-Specific ECG 
Classification by 1-D CNN

Kiranyaz, IEEE Transactions on Biomedical Engineering, 2016 
6.11.2020
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Applications of 1D CNNs
Real-time motor fault detection

06/11/2020
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Kiranyaz, IEEE Transaction on Industrial Electronics 2016



Applications of 1D CNNs
Fault detection in Modular Multilevel Converters (MMC) 

(High voltage to direct current conversion)
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2017 Challenge: AF Detection Using Hand-
held ECG Devices

Objective: To automatically detect AF rhythm using a hand-held ECG device (normal or sinus rhythm, 
other rhythms and too noisy rhythms to classify)  

Approach: A subset of 150 features (time, frequency, time-frequency domains, and phase space reconstruction ) 

Winner of the PhysioNet/CinC Challenge 2017M. Zabihi, et. al., CinC, Rennes, 2017



A Simple question:
• Does anybody from the audience use anything from 40s or 50s? 

….   No?

qYes! You all use the classical neuron model from 40s..
W. McCulloch and W. Pitts, “A logical calculus of the ideas immanent in nervous 
activity,” Bulletin of Mathematical Biophysics, 5:115–133, 1943 



Modelling the Biological Neuron
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In the brain and nervous system, each neuron conducts electrical signals over three
distinct operations: 

• Modification of input signals in Dendrites
• Pooling of the modified input signals in Soma
• Sending pulses when pooled signal exceeds a limit in Axon hillock

S. Kiranyaz, T. Ince, A. Iosifidis, M. Gabbouj. Progressive Operational 
Perceptrons, Neurocomputing 2017.



Multilayer Perception vs. Generalized Operational Perceptron

Linear (MLP) Neuron Operational (GOP) Neuron

 
Figure 1: Conventional MLP neuron (left) vs. GOP neuron with 
Nodal, 𝜳𝒊

𝒍+𝟏,, Pool,	𝜬𝒊𝒍+𝟏 , and Activation, 𝒇𝒊𝒍+𝟏, operators.  



Extend CNN to Operational Neural Networks

Kiranyaz, Iosifidis, Ince and Gabbouj, Neural Computing and Applications (2020)
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Denoising Results



Denoising SNR Plots
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