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Analyzing electroencephalograms (EEGs) is trickier than analyzing the action potentials from
human muscles (using our Muscle SpikerBox) or cockroach leg nerves (using our Neuron
SpikerBox). When recording EEG, we are observing the collective electrical activity of many
neurons in your brain at the same time, filtered through your skull and scalp. Thus, we cannot
simply do a “spikes per second” count like we do with neurons or muscles, or even a “beats per
minute” and “interbeat interval” count like we do with heart activity. Analyzing EEGs is
mathematically complex, as it is a signal with multiple frequencies changing over time, often with
a lot of embedded noise.

The two most common analysis techniques are 1) averaging the signal over many trials to see
an “evoked potential,” and 2) building a spectrogram to see frequency changes over time.
In an evoked potential, we average the EEG signal over many repeated stimulus presentations
and get an average “evoked response.” This is what we do in our P300 experiment.
https://backyardbrains.com/experiments/p300

In contrast, building a spectrogram decomposes a complex signal into its many frequency
components often using a “Fourier Transform, ” which states that any complex signal can be
broken down into distinct sine and cosine waves.

This Fourier Transform is what data analysis programs use to generate spectrograms, which
show the frequency content of a signal changing over time. For example, below is an example
of a spectrogram when one of us whistled, and we decreased the pitch (made it lower-sounding)
as we whistled.

Notice that the whistle frequency started at 1500 Hz and dropped to 500 hz.
We can similarly do this analysis in an EEG recording on our Spike Recorder Software. When
you are doing an EEG recording, you can push the “FFT” button (fast fourier transform).

In Spike Recorder, a spectrogram will then appear below the moving EEG trace.

This was a recording over the visual cortex, and when we closed our eyes, the prominent 8 Hz
alpha waves appeared, which you can see in the raw trace as well as in the spectrogram. We
can then measure the “power” of the alpha waves over time by analyzing the spectrogram.
For example, in a simple example, if you imagine a signal alternating between 2 and 4 Hz, you
can eventually generate the figure below.

At the moment our Spike Recorder software does not provide any quantitative analysis of the
EEG after you record it (stayed tuned), thus we will now try to generate a figure using the
popular analysis software Matlab. This software can be intimidating to use, but just be patient.
We will do an example below.

Extracting Frequency Bands for EEG Analysis - Matlab test
Use the Test Recording of our Visual Cortex Recording at Backyard Brains
https://backyardbrains.com/experiments/files/EEG_Alpha_SampleData.zip
(this file is also referenced in the EEG experiment page)
https://backyardbrains.com/experiments/eeg
You can download and install a free 30 day trial version of Matlab.
https://www.mathworks.com/programs/trials/trial_request.html
When installing, select the “Signal Processing & Communications” Additional Package
Also download the “curve fitting toolbox” trial after previously installing Matlab
https://www.mathworks.com/products/curvefitting.html
Once all is installed, you can begin plotting your data
To plot the spectrogram:
1) In the file menu, select import data, and select the .wav recording of the sample data, two
variables will appear in your workspace - data, and fs
2) We need to downsample the data from 10,000 Hz to 500 Hz to be less demanding on the
computer, so we use this line
data_new = downsample(data,20);
An alternative, that will reduce “aliasing errors”, is the decimate command
https://www.mathworks.com/help/signal/ug/downsampling-aliasing.html

data_new = decimate(data,20);
With both methods we now having a file with a sampling rate of 500 Hz
3) We will now generate the spectrogram with the following command:
spectrogram(data_new,256,250,256,500,'yaxis');
data_new is the data, 256 is the number of samples for the frequency analysis, 250 is the
number of samples for the overlap in the moving window, 256 is related to the smoothness of
the fourier transform (dft), 500 is the sample rate, and ‘yaxis’ is a formatting command
4) We will limit the y-axis to focus on the frequencies of interest, and will change the colors a bit.
ylim([0 90]);
colormap(winter);
brighten(-0.7);

The lighter green spots at ~8-10 Hz are when our eyes were closed and there was increased
alpha wave power.
To Select and Plot Alpha Power as well.
1) We will make a new figure
figure;
2) We will now generate stored data of the spectrogram
[d,f,t]=spectrogram(data_new,256,250,256,500,'yaxis');
d is the data, f is the frequency, y t is the time in seconds
3) Fourier transforms generate complex numbers, so we will convert them to real numbers
d_real=real(d);

3) Looking at f, we see elements 5-7 represent the frequencies of 7.8 Hz, 9.8 Hz, and 11.7 Hz,
so we will extract these out of the matrix d_real and average them
AlphaRange = mean(d_real((5:7),:),1);
Note the 5:7 line is extracting the alpha waves centered at 8-12 hz, for other frequencies you
need to change this, e-mail us if you need help.
4) We need to smooth the data, and we will use a moving average. We will also normalize the
data with an absolute value (abs) command.
Smoothed_AlphaRange=smooth((abs(AlphaRange)),250,'moving');
5) We are now ready to plot the data. We will divide t by 60 to convert to minutes, and scale the
x-axis a bit.
plot(t/60,Smoothed_AlphaRange);
xlim([0 max(t/60)]);
You can see the new figure below the spectrogram on the following page. We now have a
moving quantitative measure of alpha wave power you can use for your data analysis.
Want to analyze more frequencies? Go below the figure on the next page for more details. Want
to cut and paste into excel? we cover that too!

To analyze select frequencies of the EEG, we will look at the matrix “f” that we created when we
extracted the data from the spectrogram

As you can see, “f” is a 129 digit matrix starting from 0 Hz (position 1) to 250 Hz (position 129).
When we previously analyzed the alpha waves, we were interesting in the frequencies around
8-10 Hz, so we choose position 5 (7.8 Hz), position 6 (9.8 Hz), and position 7 (11.7 Hz). Hence
the command we used above
AlphaRange = mean(d_real((5:7),:),1);
Notice the 5:7 part? That is where we are selecting the alpha band of the EEG.

If we wanted to analyze the beta frequencies from 12 - 28 Hz, we would want to select position
8 (13.7 Hz), position 9 (15.6 Hz), position 10 (17.6 Hz), position 11 (19.5 Hz), position 12 (21.5
Hz), and position 13 (23.4 Hz). And our new code to plot the beta waves power would now be:
BetaRange = mean(d_real((8:13),:),1);
Smoothed_BetaRange=smooth((abs(BetaRange)),250,'moving');
plot(t/60,Smoothed_BetaRange);
xlim([0 max(t/60)]);

If you look closely, all we changed were the variable names (to make it less confusing for us),
and the numbers “8:13”
You can also click on Smooth_BetaRange in your variable space, and copy it into excel. To get
time in minutes, you can use the command.
t_minutes = t'/60;
Note the excel spreadsheet can get large, a 1.6 minute recording has 8048 rows, but now you
can create means around specific times when your subject was doing something.

Stay tuned! We will fine tune all this as we improve our data tools.

