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INTRODUCTION

▸Neurons produce action potentials that are referred to as “Spike”

▸Spike sorting is the grouping of spikes into clusters based on the similarity of their shapes.

▸The end result of spike sorting is the determination of which spike corresponds to which of these 

neurons.
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PROBLEMATIC
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▸Basic steps for Spike sorting

CONCEPTUAL STUDY
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https://www.sciencedirect.com/science/article/pii/S0361923015000684

https://www.sciencedirect.com/science/article/pii/S0361923015000684


CONCEPTUAL STUDY

▸Range of Strike frequency : 300Hz➔7KHz

FILTERING

Electrophysiological signals

500Hz 6KHz
6 Interface Bio-Electronique (1) : Chaînes d’acquisition et de stimulation en électrophysiologie,12/12/2019 Noëlle Lewis

300Hz 7KHz
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Filtering
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Filtering
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DETECTION

9 Interface Bio-Electronique (1) : Chaînes d’acquisition et de stimulation en électrophysiologie,12/12/2019 Noëlle Lewis



CONCEPTUAL STUDY

Detection

Standard Deviation 
σ = 111,5478
8×σ ꓿ 892,3824
Vmax-Vmin = 1237
➔ Vmax-Vmin> 8×σ
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DETECTING SPIKE 8×σ
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DETECTION

UNIVERSAL THRESHOLD (Donoho, 1995)

The white Gaussian noise cann be fully described by its standard deviation σ

Noise from neuronal or pancreatic signals can be assimilated to white Gaussian
noise

HOWEVER

We choose the multiplication coefficient (K) in order to set the threshold plus or minus near the 
noise level.

K

11 Méthodes et systèmes pour la détection adaptative et temps réel d’activité dans les signaux biologiques. Adam QUOTB,2012



CONCEPTUAL STUDY

Detection

UNIVERSAL THRESHOLD (Donoho, 1995)

Donoho is using the fact that a noise Gaussian white can be fully described by its standard
deviation σ

noise from neuronal or pancreatic signals can be assimilated to white Gaussian
noise

OR

Harrison simplified the Donoho universal threshold formula by leaving to the user the choice of 
the multiplication coefficient (K) in order to set the threshold plus or minus near the noise level.

K

-T
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DETECTING SPIKE -k×σ
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Detection
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DETECTING SPIKE -k×σ



CONCEPTUAL STUDY

▸Separating units based on the amplitude of the spikes +  “window discriminators”.

▸implemented in a fast and simple way

▸The windows should be set (and readjusted) manually

ALIGNMENT + FEATURE EXTRACTION
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CONCEPTUAL STUDY

▸PCA : principal component analysis 

ALIGNMENT + FEATURE EXTRACTION
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CONCEPTUAL STUDY

▸ARTIFICIAL NEURAL NETWORK, ANN + SUPPORT 
VECTOR MACHINE, SVM

➔ IA 

CLUSTERING + CLASSIFICATION
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DSP IMPLEMENTATION
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STANDARD DEVIATION CALCULATE 

https://pdfs.semanticscholar.org/9052/28c4890cbd42d5dbc81d38db31e1ceea39af.pdf

https://pdfs.semanticscholar.org/9052/28c4890cbd42d5dbc81d38db31e1ceea39af.pdf


CONCLUSION

▸Spike sorting is a very challenging mathematical problem that has attracted the attention of scientists 

from different fields.

▸The use of machine learning methods opens the room for more improvement and more innovation in 

the matter 
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