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Spike sorting in a nutshell
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Spike sorting applications
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Voltage
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» Goal of this study: Correct estimation of active neurons

Challenges: Noise & Sparsely firing neurons

Common clustering errors: Under-clustering & over-clustering

Under-clustering example
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Dimension 2

Voltage (AU)
o

Methods

» Combination of two methods from the graph-theoretic

domain

Spike waveforms

#1 ISOMAP
Graph-theoretic
feature extraction

Samples

ISOMAP 2D Representation
#2 Dominant-sets
Graph-theoretic
clustering
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Methods #1: Non-linear low-dimensional
representation

» Manifold learning: Isometric Feature Mapping (ISOMAP)




Methods #2: Graph-Theoretic Clustering

» Dominant-Sets clustering

Internal criterion: all objects inside a cluster should be highly

similar to each other

External criterion:all objects outside a cluster should be

highly dissimilar to the ones inside

Similarity is represented by weights:
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Algorithm

» Replicator Dynamics approach

0 20 40 50 80 100 120 . i i i i i i .

group-cohesiveness
100%;

95%
90%
85%
80%
5%

70%

0 L 1 1 1 L 1 L 1 1 1 1
65/01 2 3 4 5 6 7 8 9 10 11 12 13
group number

Laboratory of Animal Physiology, School of Biology, Aristotle University of Thessaloniki




Comparative evaluation

» 3 neurons (3 x 300 spikes)
» 150 random double-overlaps (3 x 50 spikes)

» 50 random triple-overlaps
» Variable SNR

performance evaluation
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Low SNR example
2 firing neurons (2 x 300 spikes) +

+ | sparse-firing neuron (30 spikes) + overlaps (150 spikes)
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Conclusions

» Problem:
Estimating the number of active neurons

» Methods

Methods from the graph-theoretic domain
Replicator dynamics approach
» Results
» Semi-supervised spike-sorting approach with relative ranking of
groups
» High ranking: active neurons

» Medium ranking: overlapping and noisy spikes that need further
processing

» Low ranking: noise
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