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Discrete Fourier Transform

We can obtain a discrete signal by sampling continuous data. According to
Nyquist's theorem the sampling frequency f; needs to be set to at least
double of the highest frequency f,,,x we need to recover.
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Next equation is the DFT formula, where x(n) is a time-series and X (k) is
its DFT, for k= 0,...,N — 1.
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The inverse DFT for n=0,..., N — 1 is defined as follows:
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Digital Signal Filtering

Finite-duration impulse response (FIR) filters can be described by the
following difference equation

M
y(m) =" b x(m— k)
k=0

The FIR filter transfer function given by next equation contains no poles.
Hence, FIR filters are also called all-zero filters.

M
H(z) = Z bz k
k=0
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Interpolation Methods

In order to visualize the data we need to do interpolation for pixels
between the known points. This is not an easy task because of
non-uniform location of EEG electrodes.

Nearest Neighbor Interpolation

Linear Interpolation

Cubic Interpolation

Spline Interpolation

Weighted Distance Interpolation
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Nearest Neighbor Interpolation

Ficture: 1170
Inferpolstion:  nearest
Colar gralient: bry

Nearest neighbor interpolation is one of the
simplest interpolation methods used. It fills
the nearest points with the same value
which results in discontinuous areas. This
approach is not visually impressive and it's
not commonly used.
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Linear Interpolation

Ficture: 1170
Inferpolstion:  finear
Colar gralient: bry
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Linear interpolation is a curve fitting
method using linear polynomials. It's one
of the simplest ways to interpolate data.
Planes formulas using definition for a plane
defined by 3 points.

axy+by1 +cz1+1=0
axp + by, +cz+1=0
aX3+by3+CZ3+1:O
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Weighted Distance Interpolation

Ficture: 170

Inferpolation:  my1
Colar gralient: bry

Weighted distance interpolation is
experimental type of interpolation based on
weighted distance for each point. It gives
less precious results but much better in
terms of visual look.

Jan Krupa (ICT, Prague) Three Dimensional Modelling of EEG Signals June 2009 8 /20



Interpolation Methods Comparison

For this purpose we can use basic function such as
2 2
J— — X"y
foy) = —x @

which we'll interleave within the array. Next we'll compute square of the
sum of difference between this array and the interlaced one and divide it
by number of elements.
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Interpolation Methods Comparison

For this purpose we can use basic function such as

2

fony = —x e

which we'll interleave within the array. Next we'll compute square of the
sum of difference between this array and the interlaced one and divide it
by number of elements.

Interpolation method

Nearest Neighbor

Linear

Weighted Distance

Result

135.15

201.34

117.31
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System Structure

Node and system structure of the distributed computing platform was

inspired by MATLAB Distributed Computing Toolbox and the MATLAB
Distributed Computing Engine.

@ Database Server nn'\(
Worker

@ Worker @ Jobs

MATLAB % Jobs Worker
@ Web Interface ot

. SQL Server

@ Job Submitter

= Results
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Dumper
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Web Interface

G Eile

Edit

View History Bookmarks

Tools Help |[j http://vb1/tmp/worker/ -
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testjob. " /O /6abit 20090327 202349 20090327 20:2827  2009-03-27 20:28:41
testjob  done vhnx'xp 0002 @ £7 ) 3ont 20090327 20:23:49 20090327 20:28:39  2009-03-27 20:28:59
testiob done  cain 0003 ® /0 /6abit 20090327202349 2009032720841 20090327 202855
testjob  done caia 0003 @ /A /eabit 20090327 20:23:49 20090327 20:28:55  2009-03-27 20:29:11
testjob  done vbox-xp 0002 @ /E7 3obit 2009.0327 202349 20090327 20:28:59  2009-03-27 20:29:17
testjob  done caia 0003 @ /A /eabit 20090327 20:23:49 20090327 202911 2009-03-27 20:29:27
testjob  done vbox-xp 0002 @ L7 3ont 20090327 20:23:49 20090327 20:29:17  2009-03-27 20:29.37
testiob done  caia 0003 10 /6abit | 20090327 202349 0090327202977 20090327 20:29:44
testjob  run vbox-xp 0002 @ £7 ) 3ont 20090327 20:23:49  2009-03-27 20:29:38
testjob  run caia 0003 /O /eabit 20090327 202349 2009-03-27 20:29:44
testjob  sub 2009-03-27 20:23:49
testjob  sub 2009-03-27 20:23:49
testiob  sub 2009.03:27 202349
testjob  sub 2009-03-27 20:23:49 -
testiob | sub 20090327 202349
testjob  sub 2009-03-27 20:23:49
testjob  sub 2009-03-27 20:23:49
testjob  sub 2009-03-27 20:23:49
testjob  sub 2009-03-27 20:23:49
testiob | sub 20090327 202349
testjob  sub 2009-03-27 20:23:49
testiob | sub 20090327 202350
testjob  sub 2009-03-27 20:23:50
testjob | sub 20090327 20:2350 “Submitted | 51
testjob | sub 20090327 20.2350 Waiting | 41
testjob  sub 2009-03-27 20:23:50 Running 2
testjob | sub Done 8
T T
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Technology Used

@ Operating Systems

>
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Debian Linux

Ubuntu Linux

Microsoft Windows XP

Microsoft Windows 2003 Server RC2
Microsoft Windows 7 RC
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Technology Used

@ Operating Systems

Debian Linux

Ubuntu Linux

Microsoft Windows XP

Microsoft Windows 2003 Server RC2
Microsoft Windows 7 RC

@ Programming Languages
» Python
PHP
MATLAB
Shell
@ Infrastructure
» MySQL
> Apache
@ Multimedia
» ImageMagick
» MEncoder
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Results - Visualization - Nearest Neighbor Interpolation

(Loading movie...)
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nearest_wmv2.avi
Media File (video/avi)


Results - Visualization - Linear Interpolation

(Loading movie...)
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linear_wmv2.avi
Media File (video/avi)


Results - Visualization - Weighted Distance Interpolation

(Loading movie...)
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my1_wmv2.avi
Media File (video/avi)


Results - Comparison of the computational time

Time [s]
Signal Length [samples]
Single computer | Cluster 1 | Cluster 2

50 457 176 57
100 914 340 109
200 1829 670 211
500 4574 1660 518
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Results - Comparison of the computational time per job

Time [s]
Signal Length [samples]
Single computer | Cluster 1 | Cluster 2
50 9.140 3.520 1.140
100 9.140 3.400 1.090
200 9.145 3.350 1.055
500 9.148 3.320 1.036
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Results - Cluster Load

Cluster 1 - Home network

0s 20s 40s 60s 80s 100 s 120s 140 s 1605
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Cluster 2 - School classroom
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Future Plans

@ Make the whole system more universal to be able to compute any
types of jobs. It should be possible to create jobs using Python or
other programming language which will be available on the workers

environment.
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Future Plans

@ Make the whole system more universal to be able to compute any
types of jobs. It should be possible to create jobs using Python or
other programming language which will be available on the workers
environment.

@ Better security model should be implemented. This is crucial if we
want to use the system in multi-user network environment. This
includes user access rights and file system permissions.

@ Add another communication layer between the database and workers
for increased security and data integrity. This is closely connected
with the previous point.

@ Revise Python libraries usage. MySQL-Python could be replaced by
more advanced SQLAIchemy which provides connector for SQLite,
Postgres, MySQL, Oracle, MS-SQL, Firebird, MaxDB, MS Access,
Sybase, Informix and DB2 databases.
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Questions and Answers

Thank you
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