














Sorting Neural Waveforms 
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Figure 6. Neural recordings at three 
different noise levels, digitized at 32 
kHz. The numbers on the waveforms 
indicate the neuron that fired. 
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reliable performance. Previous studies showed that the 
performance of the principal-components method can be 
close to that of template matching for neural spike sort
ing.34 The advantages of principal components are con
siderable data reduction and speed, whereas template 
matching is the theoretically optimal approach. Reliable 
resolution of spike superpositions requires templates of 
individual spikes. Resolution of superpositions can be 
reliably achieved by using an iterative algorithm based 
on template matching.38 

It is possible that basis functions other than principal 
components can provide successful classification. A 
promising candidate is the wavelet transform,39 which is 
especially suited for an efficient representation of tran
sient signals. Since its orthonormal basis functions are 
independent of the data, the wavelet transform does not 
require computation of the data covariance matrix and its 
eigenvectors. 

Recently, neural networks have been applied to vari
ous pattern-recognition problems. Their ability to gener
ate nonlinear and sometimes disjoint decision regions is 
the main contribution of neural networks to pattern 
recognition. In applications where each class has one 
cluster and when components of patterns are uncorrelat
ed (whitened data) , the distribution of each class is 
spherical around its centroid. In such applications, the re
quired decision boundary is a spherical shell, and it can 
be implemented simply with a template and the Euclide
an distance. The nonlinear discriminatory power of neu
ral networks does not provide an advantage for such ap-
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plications. If the application precludes satisfactory 
whitening of the data, then neural networks may contrib
ute to the solution. 

Our classification performance studies also included 
the evaluation of template matching with the city block 
distance, the sum of absolute valued differences of com
ponents of two patterns. The binary equivalent of the city 
block distance is the Hamming distance. The evaluation 
showed that the classification performance is only about 
5% lower than the performance with the Euclidean dis
tance, and that the increase in performance that results 
from whitening is the same for both distances. In some 
applications, the city block distance can be preferable for 
higher processing speed. 

The optimal neural spike sorting system that we are 
developing is based on template matching with Euclide
an distance and a high-speed whitening front end. This 
approach is applicable to a wide range of signal- and im
age-processing problems where theoretically optimal de
tection and classification under heavy noise conditions 
are desired. We expect the robust on-line operation and 
full automation of the system to contribute significantly 
to functional data analysis in the investigation of biologi
cal neural networks. 
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