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  Clustering	
  |	
  Correct	
  es�ma�on	
  of	
  ac�ve	
  neurons	
  

  Overlapping	
  spikes	
  

Bar-­‐Gad	
  et	
  al.	
  (2003).	
  Func�onal	
  correla�ons	
  
between	
  neighboring	
  neurons	
  in	
  the	
  primate	
  
globus	
  pallidus	
  are	
  weak	
  or	
  nonexistent.	
  J	
  Neurosci	
  

Spike	
  sor�ng	
  of	
  spikes	
  from	
  two	
  
neurons	
  recorded	
  on	
  a	
  single	
  
electrode	
  

Bar-­‐Gad	
  et	
  al.	
  (2001).	
  Failure	
  in	
  iden�fica�on	
  of	
  
overlapping	
  spikes	
  from	
  mul�ple	
  neuron	
  ac�vity	
  
causes	
  ar�ficial	
  correla�ons.	
  J	
  Neurosci	
  Methods	
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  Adamos	
  DA,	
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  NASS:	
  An	
  empirical	
  approach	
  

to	
  Spike	
  Sor�ng	
  with	
  overlap	
  resolu�on	
  based	
  on	
  a	
  hybrid	
  Noise-­‐Assisted	
  methodology.	
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Low-dimensional ISOMAP representation 

 Spikes in color are used to estimate  

(using weighted averaging) prototype 

waveforms for each cluster 

 FCM (Fuzzy C-means) clustering 

	
  Spikes in black are left unclassified 

for further processing 
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  Synthetic overlaps and noisy synthetic 

overlaps are projected to ISOMAP space 

 The trained Extreme Learning Machine 

algorithm classifies the real waveforms 

	
  Extreme Learning Machine	
  is trained	
  

 Real waveforms left unclassified are 

projected on the same ISOMAP space 

2-d ISOMAP Plot 

Synthetic overlaps 

Synthetic ‘noisy’ overlaps 

Real overlaps 
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  Compara�ve	
  evalua�on	
  using	
  simulated	
  spikes	
  from	
  3	
  neurons	
  
  Other	
  methods:	
  [PCA-­‐EM]	
  ,	
  [Waveclus*]	
  
  Signal-­‐to-­‐Noise	
  Ra�o	
  (SNR)	
  6	
  –	
  1.5	
  

SNR=2 

 * Quian Quiroga R	
  et al. Unsupervised spike detection and sorting with 
wavelets and superparamagnetic clustering. Neural Computation, 2004. 
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* Quian Quiroga R	
  et al. (2004). Unsupervised spike detection and sorting with wavelets and superparamagnetic clustering. Neural Computation 
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  Background	
  noise	
  cannot	
  be	
  modelled	
  with	
  a	
  sta�onary	
  Gaussian	
  profile	
  [1	
  –	
  2]	
  
  Gaussianity	
  is	
  not	
  carried	
  over	
  non-­‐linear	
  representa�ons	
  
  Sparse-­‐firing	
  neurons	
  are	
  usually	
  neglected,	
  as	
  contemporary	
  clustering	
  algorithms	
  target	
  the	
  ac�vity	
  of	
  

domina�ng	
  	
  “hyperac�ve”	
  neurons.	
  	
  

[1]	
  Fee	
  et	
  al.	
  (1996)	
  Variability	
  of	
  extracellular	
  spike	
  waveforms	
  of	
  cor�cal	
  neurons,	
  J	
  Neurophysiol	
  	
  

[2]	
  Quian	
  Quiroga	
  R	
  et	
  al.	
  (2004).	
  Unsupervised	
  spike	
  detec�on	
  and	
  sor�ng	
  with	
  wavelets	
  and	
  superparamagne�c	
  clustering.	
  Neural	
  
Computa�on	
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  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:	
  

K-means Dominant-Sets 

Pavan M and Pelillo M, (2007). Dominant sets and pairwise clustering. IEEE Transactions on Pattern Analysis and Machine Intelligence 
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  Noise-­‐assisted	
  adapta�on	
  of	
  the	
  algorithm	
  to	
  the	
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  set	
  



Es�ma�ng	
  the	
  number	
  of	
  ac�ve	
  neurons	
  

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

  Compara�ve	
  evalua�on	
  with	
  Waveclus*	
  for	
  10	
  realiza�ons	
  of	
  Data	
  Set	
  #2	
  

	
  	
  	
  	
  	
  	
  *	
  Quian	
  Quiroga	
  R	
  et	
  al.	
  Unsupervised	
  spike	
  detec�on	
  and	
  sor�ng	
  with	
  wavelets	
  and	
  superparamagne�c	
  
clustering.	
  Neural	
  Computa�on,	
  2004.	
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  Simula�ng	
  a	
  sparse-­‐firing	
  neuron	
  
  Same	
  data	
  set	
  

  Addi�onal	
  neuron	
  with	
  30	
  spikes	
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  Problem:	
  

  Iden�fying	
  overlapping	
  waveforms	
  

  Es�ma�ng	
  the	
  number	
  of	
  ac�ve	
  neurons	
  

  Methods	
  

  Methods	
  from	
  the	
  graph-­‐theore�c	
  domain	
  

  Incorpora�on	
  of	
  noise	
  in	
  the	
  algorithm	
  adapta�on	
  (training)	
  stage	
  

  Results	
  

  Semi-­‐supervised	
  classifica�on	
  of	
  spike	
  overlaps	
  using	
  a	
  bo�om-­‐up	
  
design	
  approach	
  

  Semi-­‐supervised	
  clustering	
  approach	
  with	
  rela�ve	
  ranking	
  of	
  groups	
  
  High	
  ranking:	
  ac�ve	
  neurons,	
  Medium	
  ranking:	
  overlapping	
  and	
  noisy	
  spikes	
  

that	
  need	
  further	
  treatment,	
  low	
  ranking:	
  background	
  noise	
  

  Future	
  
  Incorpora�on	
  of	
  both	
  approaches	
  in	
  a	
  single	
  algorithm	
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