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What is SPIKER?





	Spiker is a program to sort data into different categories. It was designed with the specific aim of sorting data recorded from extracellular recordings to extract activity from single units in a neurophysiology experiment. 


When a neurophysiologists records electrical activity by placing an electrode in the extracellular media, all the neurons in the surrounding area contribute to the signal. The exact contribution of each neuron will depend on a number of factors, notably the distance from the neuron to the electrode� ADDIN ENRfu ��1,2�. If the experimenter is interested in studying the activity of well-isolated single neurons, he needs to separate the signals from the different neuronal sources. 


	A number of different procedures and algorithms have been suggested for this purpose over the last two decades (for a review see� ADDIN ENRfu ��3,4�). A common algorithm is to allow the user to manually set the cluster boundaries in several two-dimensional graphs plotting the waveforms heights, widths, slopes, peak and trough times and principal components of the data. This is implemented in commercial software such as Datawave (Datawave, Denver, CO). This procedure is time-consuming and relies heavily on the user to determine the number of clusters and their boundaries. Fully automatic algorithms have been suggested and implemented by Lewicki� ADDIN ENRfu ��5� and Sahani� ADDIN ENRfu ��4�.


	Instead of fine-tuning the parameters of the models for each data set, Spiker performs a classification of the data, shows some relevant statistics (such as the percentage of small interspike intervals) and then allows the user to re-sort a specific cluster or merge cluster if this is necessary. 


The sorting algorithm is based on an expectation maximization algorithm� ADDIN ENRfu ��6�. The interspike interval distribution, power spectrum and percentage of spikes within the refractory period are computed for each cluster. A spline interpolation of the waveform source is computed� ADDIN ENRfu ��7� and from this, we estimate the width and height of each source. Spiker is freely available at www.cns.caltech.edu/~gabriel/spike_sorting.html and easy to install and use.








Installation





	Installation of spiker is straightforward. The current version of spiker runs only under MATLAB. Most of the programs are provided as MATLAB m files. For speed purposes, some of the heavy-load routines were written in C. These are provided in compiled form for Windows machines. The code is available if you wish to compile it for other platforms. Alternatively, we also have the m files for these routines. Beware, however, that for large data sets, running everything in MATLAB can be very slow. 





 	Simply copy all the files into a directory and add that directory to the MATLAB path (using editpath, see MATLAB manual for details). We have only tested the program in MATLAB 5.1 or higher versions.


	


	You need to edit the configuration file (config.m) to enter the name of the directory where the spiker files are stored (gen_dir) and the name of the temporary directory where the output files will be written (temp_dir).





Converting data to import into SPIKER





	The input to SPIKER are two files:





waveforms:	matrix containing as many rows as samples and as many columns as dimensions per sample.


timestamps:	vector containing the event timestamps for each of the above waveforms





Both files should be stored in ASCII format (or matlab format, see MATLAB manual). 


For other formats, you will have to provide the interface routines to load the data into MATLAB. We have already implemented this interface for some platforms so you may want to check with us before writing the conversion programs.





Spike sorting: Quick Start





Start the program





Open MATLAB


start_spiker


You will see a small box with our names. Click OK. If you do not like it, you can simply skip it by calling the spiker_fig4 program directly. No problem.





The first screen in the Graphic User interface allows you to load the waveforms, timestamps and specify some of the parameters to be used in the automatic clustering procedure.


There is also a short Help button that briefly describes the parameters.





Load waveforms





Click on the "Load waveforms" button and navigate to the ASCII file containing the waveforms. The file should be an ASCII file consisting of a square matrix with the different waveforms in separate rows (this is the output of the extrdat2 program above). Each row of the input file should contain a fixed number of voltage data points, separated by space and terminated by <RETURN>.  Filename must be of format <prefix>.xxx .





Load timestamps





Click on the "Load timestamps" button and navigate to the ASCII file containing the timestamps. The file should be an ASCII file consisting of a square matrix with the different waveforms in separate rows (this is the output of the extrdat2 program above). Each row contains a single number, the time at which the the corresponding row of voltage data in the waveform file was recorded.  Filename must be of the form <prefix>.xxx .





Write the name of the output file





The default output directory as well as some other default parameters are stored in the config.m file. By default, the output files are stored in c:\temp. If you wish to modify the default output directory, you need to edit config.m 


There are 3 types of output files:


	


	1. MATLAB file (.mat) containing the following information:


		Classification index of each waveform (totVect).


		Maximum likelihood estimator (mle).


		Noise estimate (noise_est).


		Cluster centers (totwf).


		


		File name: output_file.mat





2. ASCII files (.asc) containing the timestamps of the events (in ms) in each cluster.


	


		File names: output_file_clusterid.asc


		


There are however many ASCII files as clusters in the sample. There is also an additional file with a clusterid of 0 that contains the outlier waveforms timestamps.





You will note that Spiker generates a number of other temporary files that are used internally and a log file of every step. These files are not deleted since they may be useful for troubleshooting or for reporting problems to us.





	3. MATLAB 'properties' files


		


	These files store the isi distribution, cv, power spectra, number of events within the tref constraint and firing rate for each cluster. If the option to compute specific properties of the waveforms is selected, then it will also store the width and height of each waveform.





	File names: output_file_clusteridp.mat





Go





Spiker assumes some default parameters for the sorting procedure. These are indicated in the initial screen. If you do not wish to modify any of these parameters, you are ready to go. Simply click start.





Parameters





Clustering Method: Two alternative clustering algorithms are implemented.  Learning Vector Quantization (in MATLAB) or Expectation Maximization (in C).  





# clusters: Range of number of clusters to consider in the format <minimum>:<maximum>.





# iters:		Number of times to run the clustering algorithm (i.e., number of different random initial configurations) for each number of clusters considered.  Choose value > 1 to avoid being stuck in a local minimum, and < 10 to ensure clustering efficiency.





PCA %: PCA-transformed data enables dimensionality reduction by only considering the components that capture n% of the total variance present in the data.  Enter value for n here (0-100).  0 means use raw data and not PCA-transformed data.  100 means use PCA-transformed data but no dimensionality reduction.





Weight Factor: The program can weigh certain dimensions of the data more than others in calculating similarity between two waveforms.  Enter the weighing factors in row vector form.  Default value ones means weigh all dimensions equally.





# samples: Number of samples to use in initial clustering. Half of these will be continuous samples (to be able to estimate the interspike interval distribution) whiel the other half will be drawn randomly from the entire data set.





Quitting





Press quit on the main figure.





Semi-automatic clustering





Spiker allows the user to view and modify the automatic clustering assignement. After clustering the data, the different waveforms are shown on separate subpots and the user has the option of merging clusters, subdividing clusters, displaying the interspike interval (ISI) distribution of the data, removing outlier waveforms and eliminating entire clusters.





Merging clusters





Subdividing clusters





Displaying the interspike interval distribution





Pruning a cluster





Saving the configuration





Reverting to the old configuration





Classify all the data
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