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Introduction 

 
This tutorial shows how to use Common Spatial Patterns (CSO) to run brain-computer interface (BCI) 
experiments. The tutorial explains the electrode montage, the amplifier setup, the usage of CSPs, 
parameter estimation and classification and shows also how to perform the user training.  
 
 
Required Components 

To perform the tutorial the following components are required: 
 

·  2 g.USBamp biosignal acquisition devices 
·  g.USBamp Highspeed On-line Processing for Simulink  
·  g.BSanalyze off-line processing toolbox 
·  EEG electrodes and an EEG cap 
·  Computer with USB connector 
·  MATLAB and Simulink Release 2009b 
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Setup   

The corresponding Simulink model can be found under 
 
Program Files:\gtec\gCSPbci 
 
Type into the MATLAB command line 
 
gCSPbci  
 
to open the following Simulink model: 
 

 
 

The model contains two amplifier blocks to read in data with g.USBamp over the USB ports of the 
computer. Each of the amplifiers has 16 channels and therefore the maximum channel number is 32. 
To be able to record from both devices the amplifiers have to be connected with the synchronization 
cable. One amplifier acts as MASTER device and the other amplifier acts as SLAVE device. For the 
BCI experiments with motor imagery and CSPs 27 electrodes will be used and the data will be 
sampled at 128 Hz.  
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Double click on the MASTER g.USBamp  block to open the following window: 
 

 
 
First enter the Serial number  of the amplifier and then select a Sampling rate of 128 Hz  with a 
Frame length  of 1 to read in the data from the amplifier sample by sample. Select all 16 channels 
and use a Bandpass  filter from 0.5 to 30 Hz  and enable a Notch  filter with 50 Hz . The 
configuration can be saved by clicking onto the Save… button.  
 
Note: For active electrodes using the g.GAMMAbox system from g.tec it is not necessary to connect 
Common ground  and Common reference  together. 
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Then double-click onto the SLAVE g.USBamp and perform the settings like above, but use only the 
first 11 channels and enable the Slave checkbox. 
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Foot or right motor imagery 

Experimental Paradigm 

The first step in order to run the BCI experiment is to acquire EEG data to train the BCI system. First 
the experiment is performed without feedback presentation to the user. After the training it is possible 
to give feedback e.g. in form of a cursor to the user to increase the performance. 
In general the EEG data-set used for the training of the BCI can be acquired during a brain-computer 
interface experiment with or without feedback. But first the experiment can only be started without 
feedback.  
 
In this example the sessions are divided into 4 experimental runs of 40 trials with randomized 
directions of the cues (20 left and 20 right) and last about 1 hour (including electrode application, 
breaks between runs and experimental preparation). The subject sits in a comfortable armchair 1 
meter in front of a computer-monitor and should not move, keep both arms and hands relaxed and 
should maintain the fixation at the center of the monitor throughout the experiment. 
 

 

 

 
 
The experimental paradigm starts with the display of a fixation cross in the center of the monitor. After 
two seconds a warning stimulus is given in form of a "beep". From second 3 until 4.25 an arrow (cue 
stimulus), pointing left or right is shown on the monitor. The subject is instructed to imagine a left or 
right hand movement depending on the direction of the arrow. Between seconds 4.25 and 8, the EEG 
is classified on-line and the classification result is translated into a feedback stimulus in form of a 
horizontal bar that appears in the center of the monitor in the feedback mode. If the person imagines a 
right movement the bar, varying in length, extends to the right and vice versa (correct classification 
assumed). The subject's task is to extend the bar to the left or right boundary of the monitor as 
indicated by the arrow cue. One trial lasts 8 seconds and the time between two trials is randomized in 
a range of 0.5 to 2.5 seconds to avoid adaptation. 
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EEG Recording 

 
Connect 27 electrodes overlaying the sensori-motor area to the subject's head as indicated in the 
Figure below. Attach the ground electrode to the forehead and the reference electrode to the right 
earlobe. 
 

 
 

Then connect the electrode wires according to the following scheme to the biosignal amplifiers: 
 

MASTER device  SLAVE device  
FT7 to channel 1   
FC5 to channel 2   
FC3 to channel 3   
FC1 to channel 4   
FCz to channel 5   
FC2 to channel 6   
FC4 to channel 7   
FC6 to channel 8   
FC8 to channel 9  
T7 to channel 10  
C5 to channel 11 
C3 to channel 12 
C1 to channel 13 
Cz to channel 14 
C2 to channel 15 
C4 to channel 16 
 

C6 to channel 17 = channel 1 SLAVE 
T8 to channel 18 = channel 2 SLAVE 
TP7 to channel 19 = channel 3 SLAVE 
CP5 to channel 20 = channel 4 SLAVE 
CP3 to channel 21 = channel 5 SLAVE 
CP1 to channel 22 = channel 6 SLAVE 
CPz to channel 23 = channel 7 SLAVE 
CP2 to channel 24 = channel 8 SLAVE 
CP4 to channel 25 = channel 9 SLAVE 
CP6 to channel 26 = channel 10 SLAVE 
TP8 to channel 27 = channel 11 SLAVE 
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Training without Feedback 

First EEG data must be acquired during a session without feedback to calculate CSPs and the weight 
vector with the linear discriminant analysis (LDA).  
 
Therefore double-lick onto the BCI Paradigm  block and select under Paradigm no feedback .  
 

 
 
It is possible to choose from 4 different runs with a different order of left and right trails. Every single 
run consists of 40 trails. Start with the first run. 
 
Then double-click onto the To File  block and enter the filename to store the EEG data in MATLAB 
format. Beside the EEG data the block is also storing a trigger signal indicating second 2 of each trial. 
 
Then start the Simulink model to run the experiment. After 10 seconds arrows pointing to the right or 
left side will appear. The experiment will last about 6 minutes and will terminate automatically. 
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Analyzing the Data 
 
Type into the MATLAB command window  
 
gBSanalyze  
 
to start the Data Editor. 
 
Load the acquired data file session1.mat  for the calculation of the CSPs and a new weight vector 
for the on-line experiment with feedback. The Data Editor shows the 27 EEG electrodes and the 
trigger channel. Scroll through the data-set to investigate the data quality. 
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Calculation of CSPs and Weight Vector 
 
The Simulink model first bandpass filters the data between 8 and 30 Hz before the data is filtered with 
the CSP filter. The model uses the four most important CSP filters (index 1, 2, 26, 27). Then the 
variance is calculated from the CSP time series. Then a log operation is applied and the weight vector 
obtained with the LDA is used to discriminate between left and right imaginations. Finally the 
Classification block outputs a signal that is used to control the cursor on the screen. 
 
In order to calculate the CSP filter and the LDA perform the following steps: 
 
Open the Appearance Settings  window from the Options  menu. 
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Then select the following directory under Edit USER DIRECTORY . 
 
Program Files\gtec\gCSPbci\Batch 
 

 
 
Now the User menu of g.BSanalyze is populated and contains the BCIbatchCSP40 and 
BCIbatchCSP160 . 
 

 
 
The BCIbatchCSP40  performs the calculations automatically for 40 trials of EEG data, the 
BCIbatchCSP160  performs the calculations for a data-set containing all 160 trials of runs 1, 2, 3 and 
4. Note that the order of the runs must be correct otherwise the calculations will fail. 
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Click on the BCIbatch40   
 

 
 
Select the run number that corresponds to the previous experiment and click on Start Batch . 
 
After a few seconds the analysis batch shows automatically a BCI experiment report containing a 
description of the BCI experiment and an error rate time curve. The best time point is indicated by a 
red circle. In the example below the user reached an error of about 3 % at second 5. This means that 
2 seconds after the arrow appeared on the screen the minimum error was reached. 
 
NOTE: The CSP filter was calculated for a specific time window in the feedback period and therefore 
will produce best results for this time point. To investigate also other CSP filters the time window in the 
batch must be modified. 
 

 
 
The batch automatically stores the calculated weight vector WV and the CSP filter W_CSP into the 
MATLAB command window.  
 
Type whos into the command line to inspect the variables. 
 
WV is of size 5 and contains the weights for the 4 variance signals and the bias value calculated with 
the LDA. 
 
W_CSP is of size 27 x 27 and contains the 27 CSP filters obtained from the 27 EEG channels. 
 
Use the MATLAB Editor to investigate the batches. 
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Experiment with Feedback 

Double-click onto the BCI Paradigm  block and select the feedback mode. 
 

 
 
Then change the filename to run_1  and start the Simulink model. 
 
The paradigm displays now after the arrow a horizontal bar that can be moved to the right or left hand 
side of the screen depending on the type of imagination. The goal is to extend the bar as far as 
possible because this corresponds to a better discrimination. 
 

 
 
Repeat the feedback paradigm for all 4 runs. 
 
A whole session (run_1.mat , run_2.mat , run_3.mat , run_4.mat ) is stored under the following 
directory 
 
Program Files/gtec/gCSPbci/TestData 
 
and can be used as an example for the off-line analysis. 
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Off-line Processing of 4 Runs 
 
After 4 runs with 40 trials each (runs 1, 2, 3 and 4) were recorded the data must be merged to be able 
to analyze the whole data set. 
 
Perform the following steps: 
 
Load the data-set run_1.mat  into the Data Editor 
 
Select Merge in the menu Transform  
 
Press Select files …  and choose run_2.mat 

 

 

Enter a sampling frequency of 128 Hz  in the Enter Sampling Frequency  window 

Repeat Steps 3 and 4 also for run_3.mat and run_4.mat  
 

Select Concatenate SAMPLES . Output preview  shows the expected result of the merging process.  

Press the button OK. 

The new data-set consists now of 29 channels, 1 trial and 4 times more samples as a single data-set.  
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To visualize also the CSP filters correctly it is important to load the electrode position into the 
DataEditor.  
 
Click on Geometry  under the Header menu to startup the following window: 
 
 

 
 
Then click on Browse  and select the montage definition file CSPMontage.mat  from  
 
Program Files/gtec/gCSPbci/Montage 
 
The window shows the electrode locations according to the extended 10/20 system. This information 
is needed to view topographic information of the CSPs correctly. 
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Now run the BCIbatchCSP160  
 

 
 
 
 
A few seconds later 27 CSP filters are shown with the correct topographic arrangement. 
 

 
 
The two most important CSP filters 1 and 27 show peaks around the most important positions C3 and 
C4 according to the physiology. The second most important filters 2 and 26 already have different 
spots.  
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Finally the accuracy of the whole experiment is displayed. The best classification was possible at 
second 4.5 and the user reached about 8 % error. 
 

 
 
To increase the performance further use the weight vector and the CSPs of the whole session with 
160 trials for the next feedback session. 
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Mental tracking 

This paradigm shows a rectangle on the screen that is moving to the left and right border of the 
screen. The task of the user is to follow the rectangle with the paddle. The paddle is shown in green if 
it is close to the rectangle, otherwise it becomes red. 
 

                  
 
Switch to the ball paradigm in the BCI Paradigm  block: 
 

 
 
 
The speed of the rectangle increases every 50 seconds and therefore it can be tested if the user is 
able to follow the item fast enough. Finally the accuracy will be plotted for 8 different speeds.  
 
HAVE FUN. 
 
Your g.tec team. 
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