A NOVEL APPROACH TO SEMI-AUTOMATED SPIKE-SORTING   
BASED ON ISOMAP TECHNIQUE 
Dimitrios A Adamos1, Efstratios K. Kosmidis1, George Theophilidis1and Nikos Laskaris2
1 Lab. of Animal Physiology, School of Biology, Aristotle University of Thessaloniki
2 AIIA lab., Dept of Informatics, Aristotle University of Thessaloniki
Typical spike sorting procedures are based on the assumption that the action potential traces of a neuron have the same size and shape as they depend mainly on the neuron’s geometry and its distance to the electrode. When employed manually, the experimentalist has to identify the number of neurons from the recorded trace and classify each action potential (AP) into separate spike trains in an often time consuming procedure. The quality of spike sorting then depends on the researcher’s experience and his objective judgment.
In terms of automated computer processing, the corresponding spikes are extracted initially from the continuously extracellular recorded signal and the classification of detected spikes into multiple groups of neurons is based on spike shape characterization. In order to reduce the dimensionality of the data, linear techniques like Principal Component Analysis (PCA) are employed to automatically select features of the shape and use them to represent the most prominent features of spike waveforms. A reduced subspace formed by some of the initial principal vectors is then used to explore possible clustering tendencies that would indicate different signal sources and to further isolate the contributions from the individual neurons.  

Common problems in spike sorting are the presence of noise and spike overlaps. Biological and instrumental noise may introduce problems in spike detection and in spike classification, since similar APs belonging to different neurons may appear as identical or APs coning from the same neuron may appear different. The performance of linear projection techniques, like PCA, is very level dependent in the presence of noise while degrades significantly in the presence of overlaps.


In this work, we attempted to resolve the previous issues using a non-linear dimensionality reduction approach that is known to reveal the intrinsic data-structure and therefore was expected to be insensitive to random variations and able of decoupling the coactivation of recorded neurons. Isometric feature mapping technique (ISOMAP) (1), which uses local metric information to characterize the underlying global geometry of a given data set, was applied to previously detected AP-waveforms. We exploited the method’s trend to discover nonlinear degrees of freedom and showed an improved performance in the classification of noisy spikes, while, on the same time, it could address the problem of overlaps by indicating the corresponding origins. Extensive experimentation using simulated and actual experimental data verified the validity of our approach. Among the main advantages is the requirement for minimum engagement from the user and only at a point in which the number of underlying neurons has to be identified via visual inspection.  
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