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Executive Summary (author: D. Kostka)

Active research is being carried out to develop computer algorithms that can
automatically detect the origin of a seizure and track its progression through time and
space. This project will act as a visual tool for researchers to help identify features
associated with abnormal electrical activity in the brain, consequently, using the
information to develop algorithms to track these abnormalities.

The goal of the project is to create a software implementation of the time-
frequency-space and power spectral strength visualisation of EEG signals and then
optimize the implementation through the use of hardware. Wavelet transform is required
to extract the time-frequency and power spectral components of the signal.

In the software component, the wavelet analysis was performed by using a log
Gabor filter of varying scale and was successfully implemented to produce the required
visualisation. The log Gabor filter allowed a simpler translation of software code into
Verilog code for hardware implementation. The interface between software and
hardware was created by converting the Matlab M-code into Embedded Matlab Code
and through the use of Hardware in the Loop and HDL Import DSP Builder blocks.

The hardware component of the wavelet analysis consisted of a DSP Builder
built-in FFT block coupled in a loop with the scaled wavelet. While the individual sub-
functions perform, the module as a whole fails to compile due to syntax and functional
errors during integration.

Testing of the visualisation produced was done by creating an active comparison
with that produced by built-in Matlab functions. Furthermore, each individual Verilog

sub-function was tested in Quartus using an input waveform.



In conclusion, the hardware implementation failed to meet requirements due to
time constraints while the software implementation successfully created a visual of

stacked plots produced from each electrode.



Summary of Groups Progress (author: D. Kostka & R. Karkhanis)

Some of the key accomplishments during the period since the design review have

been:

1.

2.

Development of software implementation of the visualization.

Testing and verification of software implementation method with other
alternatives.

Translation of the software code into Embedded Matlab code for the creation of
the Simulink interface between the hardware and software components.

Utilizing DSP Builder to synthesize designs on to the FPGA.

Testing of the DSP built-in FFT block through the use of HIL (Hardware in the
Loop)

Coding of the hardware implementation of the wavelet analysis in Verilog.
Importing Verilog into Simulink through the use of HDL Import to integrate the

software and hardware.

The software design has been successfully implemented and tests were performed

by comparing the resulting visualisation to those produced by alternative solutions.

The interface between the software and hardware components has been

successfully created. However, the hardware implementation has failed to be

successfully completed. The individual modules for the wavelet analysis method

compiled but the integration of the modules to perform the wavelet transform failed to

compile.



Individual Progress and Contributions: D. Kostka (author: D. Kostka)

My main contribution to the project thus far has been the coding of the software

implementation of the EEG visualization using Matlab. This included the design choices

concerning the mode of displaying the data, the choice of signal analysis methods to be

used on the EEG data as well as the testing of the final implementation using clinical

data. A sizeable portion of my time was also spent in constructing the Verilog code for

the wavelet analysis.

Task Title Status
i Developed Matlab code to plot frequency, time and Completed
power spectral components (scalograms) of EEG
data
ii Stacked scalograms produced from each electrode Completed

in order to display the spatial progression of the EEG

signal

Coded the hardware implementation of the wavelet

analysis in Verilog HDL.

This step has not been
successfully completed
due to compilation errors
caused in the integration

of sub functions.

Tested two methods of software implementation;
namely log Gabor and Daubechi implementations of
wavelet transform; and accessed them in terms of

ease of implementation in hardware and accuracy in

Complete




capturing high frequency data.

% Translated Matlab M-code into Embedded Matlab Completed
code required for the hardware — software interface

in Simulink.

Individual Progress and Contributions: R. Karkhanis (author: R. Karkhanis)

My main contribution to the project thus far has been the testing of Verilog code
and synthesis of the DSP Builder blocks onto hardware to optimize the software
implementation of the EEG visualization in Simulink. This included the design choices
concerning the choice of hardware (FPGA vs. GPU), manufacturer (Altera vs. Xilinx)
and the choice of modes in hardware (burst mode vs. frame mode). The interface
design required a high level approach in order for the hardware and software to
cooperate. | ran a lot of tutorials and read a lot of documents to understand the

complexity of hardware.

Task

# Task Title Status

i Tested hardware tools, the hardware — software Completed

interface and the DSP Builder blocks.

ii Tested the interface between Simulink and FPGA Completed

board using a frequency sweep function.

ii Demonstrated optimized algorithm speed when run on | Completed

hardware as opposed to software

1\ Designed Verilog code for the implementation of the Incomplete




Wavelet Analysis

Hardware Synthesis — Integrate the Hardware and

Software blocks, using the interface to communicate

Incomplete
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Hardware/Software Dynamic Visualisation of the EEG

1. Introduction

This report summarizes the motivation, design, implementation and testing of the
four dimensional visualization of electroencephalographic (EEG) signals as part of our
final year design project course, ECE496. The report concludes with suggestions of

improvements and future work.

1.1 Background and Motivation (author: D. Kostka)

The monitoring of epileptic patients relies on the identification of parts of the brain
where abnormal electrical activity occurs and the various features associated with these
abnormalities. This monitoring is made possible through the use EEG signals obtained
by the placement of extracranial and intracranial electrodes on the patient. Seizure
activity is identified by the frequency components and the spectral strength of the EEG
signals, in particular the high frequency components.

To accurately recognize changes in brain activity from the EEG signals captured
from multiple electrodes, various visualization technologies have been developed. One
such technology, the Ray Tracing Technique, maps electrode position and interpolates
scalp potential onto morphological data acquired from CT and MRI devices [1]. Butterfly
plots employ an organization of data similar to the conventional single channel EEG
representation except that the signals from all electrodes are superimposed [2].

These existing solutions suffer from long computational times and the inability to
effectively track the progress of a seizure activity on a single plot since most do not
simultaneously display the time, frequency, spatial and power spectral components of

the EEG signal. The goal of this design project is to create a software implementation
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Hardware/Software Dynamic Visualisation of the EEG

for the visualization of the power spectral, time, frequency and spatial components of
EEG signals. The processing time for the visualization will be further optimised by
performed the signal analysis on a hardware platform.

The method of data interpretation and pattern recognition chosen for this project
is visualization due to the fact that the human visual system is a pattern seeker of
enormous power and subtlety. The eye and the visual cortex of the brain form a
massively parallel processor that provides the highest-bandwidth channel into human
cognitive centers, hence, making the words understanding and seeing synonymous [3].

This design would serve as a visual tool for researchers to help identify features
associated with seizure activity and consequently develop algorithms that can
effectively recognise and track the spread of seizure activity in the brain. A graphical
representation of stacked plots employed in the design allows the researchers to easily
compare and track frequency activity from different electrodes as it travels in time and
space.

Currently researchers can only analyse the time, frequency and spectral
components of data plotted from a single channel at a time, making the task where a
large number of electrodes are involved, extremely rigorous. As the number of patients
increase, clinicians need quick computerized methods that will enable them to establish
the point of origin of a seizure and track its movement in time and space. Our design will
give researchers and designers a tool to make that need a reality.

Since EEG signals vary both in time and frequency, a Fast Fourier Transform
(FFT) is disadvantageous as it has only frequency resolution and no time resolution. To

overcome this problem a method of signal decomposition called the Short Term Fourier
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Transform (STFT) was implemented. In STFT, the signal is divided into small enough
segments, where these segments (portions) of the signal can be assumed to be
stationary. For this purpose, a window function "w" is chosen. The width of this window
must be equal to the segment of the signal where its stationarity is valid. The problem
with STFT lies in what is known as the Heisenberg Uncertainty Principle. This principle
states that one cannot know the exact time-frequency representation of a signal, i.e.,
one cannot know what spectral components exist at what instances of times but one
can know the time intervals in which certain bands of frequencies exist.

This problem arises from the choice of width of the window function that is used.
Since in STFT, the window is of a finite length, only a portion of the signal is covered
hence causing poorer frequency resolution. If a window of infinite length is used, the FT
is calculated, which gives perfect frequency resolution, but no time information. The
Wavelet Transform (WT) was developed to overcome the resolution problem of the
STFT. The wavelet analysis is done in a similar way to the STFT analysis, in the sense
that the signal is multiplied with a function i.e. the wavelet similar to the window function
in the STFT, and the transform is computed separately for different segments of the
time-domain signal. However, the main difference between the STFT and the WT is the
fact that the width of the window is changed as the transform is computed for every
single spectral component, hence offering both good time and frequency resolution.
Thus the wavelet transform method forms the basis for signal analysis in this project,
specifically the Discrete Wavelet Transform (DWT) which reduces computational time

by performing analysis on a sampled version of the signal [4].
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The DWT analyzes the signal at different frequency bands with different
resolutions by decomposing the signal into a coarse approximation and detail
information. DWT employs two sets of functions, which are associated with low pass
and high pass filters. The decomposition of the signal into different frequency bands is
simply obtained by successive high pass and low pass filtering of the time domain
signal. The original signal x[n] is first passed through a halfband high pass filter g[n] and
a low pass filter h[n]. After the filtering, half of the samples can be eliminated according
to the Nyquist’'s rule, and the signal can therefore be sub-sampled by 2, simply by

discarding every other sample as demonstrated in Figure 1.

High-Pass

Filter Downsample x2
o L .
High-Pass
Filter Downsample x2
I HQ High-Pass
Low-Pass Downsample Filter Downsample x2
Filter X2 1 C
Low-Pass Downsample
Filter x2
I e

Low-Pass Downsample
Filter X2

Figure 1. Discrete Wavelet Transform Breakdown

In order to optimize our project, the design consisted of a hardware
implementation. Many high level languages (C++, Java, and Matlab) do not use the
hardware they are run on efficiently. In order to increase performance of the
calculations, a lower language must be used to optimize the usage of hardware. Field
Programmable Gate Array (FPGA) is a customizable chip used to optimize software

designs. Through the use of Verilog or another hardware descriptive language (HDL),
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the customizable chip can be designed to the designer's specification. FPGAs are
formidable in their use of parallelization, which decrease processing times, especially

when used for convolution and FFTs [5].

1.2 Project Goal

The goal of this project is to improve the diagnostic tools available for epileptic
patients by designing a software and hardware implementation of an amplitude-time-
frequency-space visualization of the EEG readings. This would enable researchers to
study the features associated with seizure activity by creating a mapping of the brain
activity that is both easy to interpret as well as does not require extreme computational

time.

1.3 Project Requirements

1.3.1 Functional Requirements

1. The software implementation of the visualization shall take in raw EEG data and
output a four dimensional (power spectral-time-space-frequency) mapping of the
EEG signal.

2. The hardware implementation of the wavelet analysis shall take in raw EEG data
and output the time-frequency and power spectral components of the signal.

3. The hardware implementation of the signal transform shall take in a signal and
output its time-frequency spectrum.

4. The hardware implementation of the visualization shall be proved to be faster

than the software implementation.
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5. The EEG signals shall be processed in order to extract the power spectral,
temporal and frequency components.

6. The frequency-time-spectral information from each EEG electrode shall be
stacked to add the spatial component to the final visualization.

7. The hardware and software components should integrate.

1.3.2 Constraints

1. The final visualization shall display all four aspects of the EEG signal i.e. the
frequency, temporal, spectral and spatial components.

2. The visualization must differentiate between EEG signals coming from each
electrode.

3. The visualization shall be implemented on a hardware interface to increase

computational speed.

1.3.3 Objectives

1. The visualization shall be easy to interpret by the user and data from each
electrode should be easily identifiable.
2. The design should be scalable so that the design could be miniaturized and

optimized in the future.

2. Technical Design
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2.1 System-Level Overview (author: R. Karkhanis & D. Kostka)

The entire system consists of three main components namely the software,
hardware and interface, as demonstrated in Figure 2. The software component forms
the initial proof of concept basis of the design, while the hardware component acts as a

design optimization in order to reduce computational time.

Software
Implementation

Stack
EEG Readings Plots Software
from Electrodes IT
Interface Interface
Hardware
Implementation T
& Wavelet J Hardware
Analysis l

Figure 2. System Level Overview

For the 4-D visualisation, the EEG signal from each electrode is first read into
Matlab in the form of a .MAT file. This signal is then broken done into the time-
frequency and power spectral components using Wavelet Analysis methods. This is
visualised via a scalogram, which is a time-frequency graphical representation in which
each pixel is color coded with an intensity that corresponds to the power spectral value
at that point. This signal decomposition was first implemented in software and later in
hardware so as to increase speed. The deconstructed data from each channel/electrode
is then fed into the plotting algorithm which stacks scalogram produced by each

channel, so as to add the spatial dimension to the visualisation.
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To allow for the interface between the Matlab coded software implementation of
the plotting function and the Verilog coded hardware implementation of wavelet
analysis, several Simulink blocks were used. Simulink allows the creation and synthesis
of design blocks that recognise Embedded Matlab code and Verilog HDL code. Since
Simulink does not recognise Matlab M-code, a maijority of the software modules had to
re-coded and translated into Embedded Matlab.

The hardware subsystem takes advantage of Altera DSP Builder design blocks
to synthesize the design onto the FPGA. The wavelet analysis required the use of a
FFT block, which is a Megacore function in the DSP Builder blockset. The details of

each subsystem are discussed below.

2.2 Software Subsystem (author: D. Kostka)

2.2.1 Data Acquisition

Data is loaded onto Matlab using the ‘load’ command. The data was inputted in
the form of a text file where each column corresponded to a separate channel/electrode

placement.

2.2.2 Signal Analysis

The signal was decomposed using discrete wavelet transforms via the log Gabor
filter method. This method was chosen over using built-in discrete wavelet transform
analysis as it would be easier to implement in hardware it terms of coding complexity.

2.2.3 Wavelet construction
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The Log-Gabor filter has a response that is Gaussian when viewed on a
logarithmic frequency scale instead of a linear one. This allows more information to be
captured in the high frequency areas and also has desirable high pass characteristics.

The log Gabor filter is defined as,

where k = [u0 vO w0 ---]T is the centre frequency of the sinusoid and s is a scaling factor
of the bandwidth [6].

For the design, the Gabor wavelet was built using pre-existing code and is
described as follows:

radius = [0:fix(ndata/2)]/fix(ndata/2)/2;
radius(1) = 1;

fo = 1.0/wavelength; % Centre frequency of filter.

% Construct filter

logGabor(1:ndata/2+1) = exp((-(log(radius/fo)).*2) / (2 *log(sigmaOnf)~2));
logGabor(1) = 0;

where ‘ndata’ is the size of the data array being analysed.

2.2.4 Wavelet Transform

For each scale of the wavelet, a convolution between the fast Fourier transform
of the signal and the wavelet filter was determined. The inverse Fourier transform was
taken to obtain the spectral amplitude of the signal. At each iteration, the wavelength of

the filter was changed by a pre determined factor. This method of implementation was
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equivalent to performing a discrete wavelet transform on the signal. This step was
repeated to extract the power spectral components for data from each channel.
The following code demonstrates the wavelet analysis procedure used:

for row = 1:nscales
% Centre frequency of filter.
fo = 1.0/wavelength;

% Construct filter

logGabor(1:ndata/2+1)=exp((-(log(radius/fo)).22)/(2 * log(sigmaOnf)*2));
logGabor(1) =0;

% Multiply filter and FFT of signal, then take inverse FFT.

EO = ifft(signalfft .* logGabor);

% Record the amplitude of the result

channel(i).amplitude(row,:) = abs(EO);

% Increment the filter wavelength.

wavelength = wavelength * mult;
end

(For entire function please refer to Appendix C)

2.2.5 Plotting

The method of displaying data to the end user was evaluated in term of ease of
readability and interpretation. We chose to display the time, frequency, electrode
location and power spectral data in the form of stacked scalograms as opposed to a
running movie of scalograms produced per electrode. This choice was based on the fact
that using a movie method of visualisation would require the researcher to remember
data from an earlier plot in order to track changes. However, in the stacking method
changes in EEG readings can be traced visually as they travel in both time and space.

Using the Matlab ‘surface’ function, the power spectral data extracted from the

signals were plotted on their corresponding scalograms. The decision to display the
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data in the form of a scalogram (where spectral parameters are determined using
wavelet analysis) as opposed to a spectrogram was based on the fact that the time
resolution of the scalogram is superior, especially at lower scales where contours are

well defined in time.

2.2.6 Channel Stacking

The ‘surface’ command was used to create four surfaces at different elevations in
the z-axis:

surface(imgstruct(k).x_axis, imgstruct(k).y_axis,3*(k -2)*ones(sizeimg(k,1),sizeimg(k,2)),
imgstruct(k).ccfs, 'EdgeColor','none’);

Each surface represents the scalogram produced for a single electrode (Ref
Figure 4). To allow for easy visualisation of data at each level of the stacked plot alpha
mapping was used to set the transparencies of the different scalograms with the
bottommost layer being the most opaque. Alpha mapping is a Matlab property by which
each element in the alpha data maps to a transparency value in the plot. (For complete

code refer to Appendix D).
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+-D EEG VISUALIZATION
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Figure 4 Result - Four Dimensional Visualization

2.3 Interface Subsystem

To increase computational speed, the wavelet analysis was implemented in

Verilog and run on an FPGA board. However, data acquisition and plotting of the

visualization were carried out in software. To allow for this interaction between the

hardware and software components of the design, Simulink blocks were used.

Simulink is an environment for multi-domain simulation and Model-Based Design

of dynamic and embedded systems. The core components used in Simulink to enable

this interface were Hardware in the Loop (HIL), Hardware Descriptive Language (HDL)

Import, and Embedded Matlab blocks.

12
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2.3.1 Hardware In the Loop (author: R Karkhanis)

The HIL block’s function was to incorporate the hardware into the design. The
visualization was done using Matlab code and needed to integrate with the hardware.
Simulink blocks were used to synthesize functions onto the hardware. Incorporating HIL
block into the Simulink model allowed us to co-simulate a software Matlab design with
the FPGA board on which the design was synthesized. Through the use of HIL, we
were capable of optimizing the design and obtained faster simulation times.

The Altera DSP Builder blockset provides blocks that can be synthesized on to a
FPGA. Once a block is used, it is compiled and a Quartus project file is created. The
HIL block uses this project file to implement the design.

The following picture, Figure 5, from Altera’s DSP Builder User Guide

demonstrates the system level flow of the HIL block [7].

Figure 5-1. System-Level Design Flow

T
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7 Poapann o
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A . =

£
Configure Compile/Program Simulate

Figure 5. Co-simulation of software and hardware
The FFT HIL block shown below in Figure 6, has the input and output pins

displayed for simple hookup.
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Figure 6. HIL of FFT

2.3.2 HDL Import (author: R. Karkhanis)

HDL import is a Simulink block that is used to incorporate hardware designs into
Simulink. HDL Import allowed the integration of the Verilog design into Simulink. Thus
the Verilog design of the wavelet analysis is imported into a black box.

Through the use of HDL Import and HIL we were able to co-simulate Verilog
design and DSP Builder existing hardware blocks with other simulation blocks.
However, the code developed in Matlab cannot directly interact with the hardware since
hardware involves the use of bits, buses, and wires. In this case, Embedded Matlab

code is required.

2.3.3 Embedded Matlab Blocks (author: D.Kostka)

To include Matlab algorithms in Simulink models for efficient system simulation

and code generation, embedded Matlab code was used. The Simulink layout of the
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interface in shown in Figure 6 below. A Simulink ‘From File’ block was used to read
EEG data from a .MAT file. The data from each channel was then sent to a data
processing blocks to extract a portion of the EEG signal to be analysed. This data was
sent in parallel to a signal analysis block, coded in Embedded Matlab that performed the

wavelet decomposition of the signal. [8]

newPyram wanalysis1  channelt —:-———'-—————;

¥

Embedded
MATLAB Function

channell

double b signal newPyram doutie plnewPyram wanalysis2  channetz == channelz plotsignal
From File channel3
Embedded K
MATLAB Functiond Embedded Embedded
MATLAB Function2 | MATLAB Function1

newPyram wanalysis3  channel’ Forme=ee=t

h 4

Embedded
MATLAB Function3

Figure 6. Simulink representation of Interface

2.4 Hardware Sub-system (author: R. Karkhanis)

In order to expedite the visualization process, the system was implemented using
a hardware design. This optimization was done ‘off-board’ on the Cyclonell FPGA using
the DE-2 board from Altera. FPGA being a programmable platform allows the flexibility
to modify code without much delay or processing time. Debugging and verification

becomes easier through the use of such a re-configurable processor.
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The core of the hardware subsystem was the wavelet analysis. The top level

understanding of the wavelet analysis came from the software implementation. The

analysis method consisted of taking the Fast Fourier Transform of the signal and

convoluting it with scaled versions of the log Gabor wavelet to produce a matrix of

coefficients. The greater the similarity between the transformed signal and the wavelet,

the higher is the coefficient obtained at that point. The following diagram, Figure 7,

details the structure of the hardware system:
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Figure 7. Hardware Implementation of Wavelet Analysis
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2.4.1 Log-Gabor Wavelet (author D. Kostka)

To implement the log Gabor wavelet in hardware, a direct conversion of Matlab
M-code was used to create Verilog code as follows.

for(i=0;i<513;i=i+1)
%determine the radius of the Gabor wavelet
begin

assign radius[i] = i/ndata;
end
assign radius[1] = 1;
for(i=0;i<513;i=i+1)
begin
assign radius[i] = i/ndata;

end

end

% create the log Gabor wavelet

for(i=0;i<513;i=i+1)

begin
assign d = radius[i]/fo;
log stageO (d,B[i]);
log stagel (sigmaOnf, m);
assign f = (-B[i])*2 / m;
expo stage2 (f,logGaborli]);
end

This required the coding of exponential, logarithmic and root functions as
Quartus does not support built-in definitions of these. Pre-existing code was used for
these functions however; modifications to the code were required in order to translate it

from System Verilog to Synthesizable Verilog.

2.4.2 Exponential Function (author D. Kostka)

The base-two exponential (antilogarithm) function, 2x, is computed by examining

the bits of the argument, and for those bits of the argument that are 1, multiplying the
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result by the corresponding power of a base very close to one. The encoded function

assumes 23 bits of accuracy. (Refer to Appendix E)

2.4.3 Log Function (author D. Kostka)

The logarithm function prints an error message for arguments less than or equal
to zero because the real-valued logarithm is not defined for such arguments. The loop
here requires an argument greater than or equal to one. For arguments between zero

and one, this code uses the identity In(1/x) = -In(x). (Refer to Appendix E)

2.4.4 FFT Megacore Function (author R. Karkhanis)

The FFT Megacore function is a built-in Altera DSP Builder block that creates the
time-frequency spectrum of the signal. The parameterization and compilation of the FFT

block were required in order for it to be implemented in a Quartus project.

3. Assessment of Final Design (author: R Karkhanis & D.Kostka)

Unfortunately due to the timing constraints and integration errors in the Verilog
code, the project wasn’t able to meet all the requirements set out at the beginning of the
year. The following subsections will give a more thorough analysis of the level of
completion reached for each of the target tasks as well as an evaluation of any design

decisions involved
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3.1 Software Component (author: D. Kostka)

The software version of the design was successfully implemented in M-code
using Matlab. All design goals and requirements were met and a four dimensional
visualisation of the EEG data was obtained.

A major roadblock faced during the coding stage of the software was the choice
of wavelet analysis method to be implemented. Through data testing and comparison of
scalograms produced by the two options, we decided to implement the DWT through an
FFT using a varying log-Gabor wavelet. The log Gabor method on comparison with the
DWT was slightly less precise due to the fact that the FFT performed on the signal
smoothed out the curve leading to a loss of some data in the higher frequencies.
However this loss was minimal and hence, this method while slightly less accurate than
using DWT, would allow for easier implementation and translation of the wavelet

analysis method into hardware.

3.2 Hardware Component (author: R. Karkhanis)
In order to optimize our design, the hardware had to meet the following
requirements:
e easytouse
e casy to re-design
e inexpensive
It was determined and clarified by background research that the FPGA
implementation would be more suitable for our application than a GPU implementation.

Due to the delays in acquiring the hardware, testing of the hardware was delayed.
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The hardware implementation of the wavelet analysis failed to compile as a
whole even though the individual sub functions compiled. This could be attributed to
syntax errors that arose on integration on the function.

The complexity of creating the software-hardware interface was unanticipated
and hence pushed our time line over the initial plan. Ultimately, however, the interface
was successfully created in Simulink by the conversion of the Matlab M-code into
Embedded Matlab code.

Overall, the hardware component of the design was not successful due to un-

accounted complications that arose and time constraints.
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4. Testing and Verification (author: D. Kostka & R. Karkhanis)

Requirement (# and title):
Task #1 - The software implementation of the visualization shall take in raw EEG data
and output a four dimensional (amplitude-time-space-frequency) mapping of the EEG

signal.

Final Result: A four dimensional visualization was successfully obtained with time as
the x-axis, frequency /scale as the y-axis, space as the z-axis and power spectral

strength encoded by colour.

+-D EEG VISUALIZATION

Electrode 3

Electrode 2

Electrode 1
Sc

0 100 200 300 400 500 GO0 700 800 500 1000

Time

Figure 8. 4-D Visualization showing alpha mapping

Compliance (Pass/Fail): Pass
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Requirement (# and title):

Task #2 - The hardware implementation of the wavelet analysis shall take in raw EEG

data and output the time-frequency and power spectral components of the signal.

Final Result: The overall function failed to compile as a whole.

Compliance (Pass/Fail): Fail

Comments: Failure to compile was due to errors created during the integration of

necessary sub-functions. However the exponential and logarithmic sub functions were

successfully implemented as follows:

End:

7200ns  8000ns 880

2

7

@ M aster Time Bar: 16.35 ng 4| +| Pointer: 8385 ns
% A Name Value E’%JSSE mth (X)BDiDns
35ns

2% & T
=] B0 x u 5
2 o o5 expout U1 148

Ollput

(expout)

Exponential Function

Figure 9. Waveform results of (i)Exponential and (ii)Logarithmic function simulation
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Requirement (# and title):

Task #3 - The hardware implementation of the signal transform shall take in a signal

and output its time-frequency spectrum.

Final Result:

Figure 10. FFT results
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The first graph shows the input of 0 and 1 connected by a ramp. The second graph
produces a jump in the frequency showing the frequency component and its

amplitude. The third graph shows the phase delay as the imaginary component.

Compliance (Pass/Fail): Pass

Requirement (# and title):
Task #4 - The hardware implementation of the visualization shall be proved to be

faster than the software implementation.

Final Result: Since the hardware implementation wasn’t completed in time, we were

not able to prove this.

Compliance (Pass/Fail): Fail

Comments: Demonstrating the speed of the hardware would indicate that the
optimization of our design could indeed be done. Through the use of a tutorial in DSP
Builder User Guide, we synthesized a design on the FPGA. In performing the
synthesis of the design on the FPGA using HIL, some options must be selected.

Through testing it was discovered that ‘Burst Mode’, showed an increase in
performance. In the test that we ran we could see a 10 fold decrease in processing
time. This test proved the concept that an FPGA design works faster than a software

design.
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6. Chooze a mode of operation

Burst mode sllows faster HIL operation, but infroduces
latency on the outputs equaled to the burst length selected.

[] Burst Mode

Frame mode allowes to compenzate for the delay
by re-synchronizing the outputs to the inputs,

Sampling period (-1 for inherited) A

Figure 11. Frame mode vs. Burst Mode

The above is a screenshot of the section of the HIL that had to be selected in order to

control the way the input and output is handled by the FPGA.

Requirement (# and title):
Task #5 - The EEG signals shall be processed in order to extract the power spectral,

temporal and frequency components.

Final Result: The wavelet analysis algorithm was successfully implemented using the
log Gabor filter. Wavelet coefficients produced determined the level of similarity
between the Gabor wavelet and the EEG signal at a particular time and frequency for
a point in space. The coefficients are captured in the matrix channel.cfd()

The scalogram produced for a single channel is as shown below.
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Figure 12. Scalogram produced by one electrode

Compliance (Pass/Fail): Pass

Comments: The coefficients obtained using this analysis method were compared to
those obtained using the built-in Matlab DWT function to access degree of similarity.

The coefficients were found to be successfully computed.

Requirement (# and title):
Task #6 - The frequency-time-spectral information from each EEG electrode shall be

stacked to add the spatial component to the final visualization.

Final Result: The frequency-time and spectral information from each electrode is

plotted as a surface at different elevations in the z-axis as follows:
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Figure 13. Stacking scalograms to produce visualisation

Compliance (Pass/Fail): Pass

Requirement (# and title):

Task #7 - The hardware and software components should integrate.

Final Result: Due to failure in implementing and integrating the hardware component
into the system, this test could not be run. However the HIL, HDL and Embedded

Matlab components of the interface were designed as compliant.

Compliance (Pass/Fail): Fail

Comments: The complete integration between the hardware and software
components required the implementation of the following steps:

Hardware in the Loop
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Hardware in the Loop was tested through the use of a tutorial found in DSP Builder
User Guide [1]. The synthesized design was then simulated through dual operations
of the computer and the FPGA. The following is a Simulink picture of the design. The

test was performed on a frequency sweep design.

Ts:1 kS 200 ] Inputt20.0) # DutputCordio(200) | 0200 » ]
Ramp Signal Specificationt Froduct Input OutputCaondic
FreqSweep -
Ll
l] p[ bt Inputt(0) DutputFilter(2a:0) i o280 HIL_Scape
StepT Inputi % OutputFilter

«——— Computer —————pi¢—————————————————— FPGA ———— piq 7 P

Figure 14. Frequency sweep HIL implementation

Observe that the first set of Computer blocks are Simulink blocks from the blockset
library that performs the simulation on the computer. The HIL block is the one that has
been synthesized in hardware along with the hardware bit stream interface marked by
FPGA. The output is then sent to the scope, which again is present on the computer.
The output of this test displayed (shown below) the same simulation results as the

one done just by computer.
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Figure 15. Frequency sweep output

Performing this test was a major milestone that showed that the interface would work
between Simulink blocks and the FPGA. This model was further used in testing the
speed of the hardware (more on this later on).

HDL Import test

Hardware in the Loop was tested through the use of a tutorial found in DSP Builder
User Guide. Before starting to code in Verilog, we had to verify that we could use the
Verilog code in Simulink. The ROOTof2 function from Verilog was imported into the

Simulink model.

n rootof2 rootofZoutZ4 00

HOL Impaort

Fig 16. HDL Import Test
This block is now treated as a black box by the Signal compiler as described in the
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System Design.

The complete test included a run through from the tutorial and then running the
simulation in Simulink. The result showed that Verilog code can indeed be
incorporated into Simulink. Simulink does not require Verilog to be designed in any
particular way, which makes the import easier.

Embedded Matlab

The Matlab M-code was successfully translated into Embedded Matlab code and the
four dimensional visualization was produced. This visualization was compared to the

one produced by the software implementation and was found to be accurate.

5. Summary and Conclusion

The four dimensional visualization was successfully executed in software using
Matlab. However, the hardware component was not completed due to time delays and
complications that arose during integration of the code. As demonstrated by our
validation and acceptance tests, the four dimensional mapping of the EEG signal was
successful in representing the power spectral-time-frequency-space components.

The design project opened us to the world of signal processing and Matlab and
through it, we have learnt and gained a number of tools for signal analysis and
modification.

The choice of implementation method for wavelet analysis was evaluated in
terms of accuracy and ease of implementation in hardware. A scalable log Gabor
wavelet was convoluted with the FFT of the signal in order to reproduce the DWT.

Overall, this choice made the project a better learning process since it required a
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deeper understanding of the wavelet transform in order to design for it, as opposed to
using the built-in wavelet analysis functions.

Furthermore, dividing the project into a number of sub functions and modules,
helped in the testing and evaluation of each step of the design.

A prime application of the 4-D EEG visualization is to serve as a visual tool for
researchers to help identify features associated with seizure activity or other abnormal
electric brain activity. The graphical representation of stacked plots employed in the
design allows researchers to easily compare and track frequency activity from different
electrodes as it travels in time and space.

Future work would entail the completion of the hardware implementation of the
wavelet analysis so as to optimize the visualization. Additionally, by implementing the
visualization itself on hardware it would greatly decrease the processing time of the
design. In essence, the optimal design would be involve the processing of the EEG

signals in real-time.
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The Gantt chart contains one more added task (#19). The rest of the tasks stayed the

same, but their depth and level of involvement increased, causing delays in our projected

deadlines.



Individual Progress Report — Gantt chart

| afedq

Junsal pue uonepieA

LZ | BO/P0/L0 PEAR | BO/E0JOZ NUL | SABP & 44
02 | BO/E0/ST POAA | BO/EQ/0T U | SABp ¥ juysal pue uoneplen \z
61'8L | 60/E0/6) NUL | BO/ZO/ET UOW | S#EP 0T sisayuis alempiey 0z
9l | 60/20/0T L 60/20/Z0 Uow | SAEP G a 3|dwes szissyis 6l
g4l |6ozozi UL | 60/10/9) US| SABD 07 ubisa( Jo uoneInuIg 8L
60/10/61 UL | go/zisez uow | skeppy 'S UBIsaQ BOyRI0ayL 1L
Gl | 60/10/0€ Ud 60/L0/6) UOW | SAep 0 sJespled Ulelqo 9l
vl | 60/10/9) U 80/T1/2Z UOW | Sfiep oz $|00| sJempleH 351 Sl
A 80/01/9) ML | 80/60/S) UOW | SAEP 6T aJempley Bunenieay i
] B0/0L/S) PAA | SO/60/G) UOW | SAED 47 Yyoleassy Ndo £l
[ 80/01/6) DS | 80/60/G) UOW | 5AED 5T Yoreasay vodd 4]
dh 60/FO/LO PAM | B0f60/S) UOW | SAep gL uonesBeju| arempreH | |,
6| 60/Z0/0z U | B0z ent | shep sy | BUNSS) pUB UonEplRA ol
8| 60/10/97 UOW | BO/LO/G) Lo shep | Buijss) pue uoneplea 6
2|60 il |eonozoud | sfepor | UedBoeos jo Buppelg 8
9| 60/0/V0 NUL | BO/ZL/ET UOW | ShEp esodwsi-eoads joid A
S | 80/C)/9T 4 80/01/LE W shep | 2po9 qejjeyy doppasg 9
s 80/01/0% NUL | 80/60/61 UOW | 5AED 6§ Yoseasad qejen S
- h 602010z 144 | B0/60/S) UoW | sAep gy | OWejuswejdw ssemyos |
R 80/60/LZ UNS | 80/60/SL UOW | SAep g »yj uojeAljow aAllaqg 3
B 80/60/1Z UNS | 80/60/GL UOW | SAEp 9 load 2102 2y} Buluyaq z
il 80/60/1ZUNS | BO/GO/S) UOW | SAep 9 punoibyoeg | |
mgom, aglzz s ousocolsdfze sUvi[ousocoledlse Lal Lz bolsol Lose[reods 2L sq vo[oe]sc zg s vt O so[ec]ec s L £ L e 600 L Lefeclo s U L [ 20[e
BN T | B S0] . ded 7| . 08 80]0. UBr G20, UBr 11|, 980 8¢ |, 980 ¥l | LAON 0 | L AON 01 ] ,AON 0|0, 0 6L [0. 100 60| . 485 L¢] 485 [0 . s.10s5308palyg Usiuly =t uogeng suenEeL| Q)

Figure 2. Gantt Chart Rotated to Fit Page — Diane (in dark shade), Rohan (in light shade)



Proposal — Gantt chart

o

Task Name

[Oct '08

D

[ [Feb '08 [Mar ‘09

[ Nov '08 ec '08
5[12[19]26] 2 [ 9 [16]23[30] 7 [14]21]2

Jan '09 y ar
8] 4 [11]18]25[1 [ 8[15[22[ 1] 8

Background

Defining the core problem

Derive motivation through background research

Software Implementation

Matlab research

Software development of 3D graphs

Coding stacking of wavelet transforms 4D

@ N @ ;| B WL =

Generate Signals for testing

©

Map Signals to Channels

o

Validation and testing using generated signals

Validation and testing using clinical EEG data

N

Hardware Integration

I

w

FPGA Research

'S

GPU Research

n

Evaluating Hardware

=)

Contacting manufacturers to obtain hardware

I

bt

Program Hardware

™

Final Design Solution

©

Generate Signals to use for testing

N
=1

Validation and Testing using generated signals

21

Validation and Testing using clinical EEG data

T
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APPENDIX B: Testing and Validation from Proposal

Validation and Acceptance Testing

Initially, computer generated signals with time varying frequencies will be
used as input to verify the software and hardware implementation of the
visualization. A four dimensional mapping of the signals should be
produced representing their power spectral-time-frequency-space
components.

Finally, pre-recorded EEG signals will be used as input to verify the

software and hardware implementation of the visualization.



APPENDIX C

function channel = wanalysis( Pyram, tstart, tint, tstop)
%This function takes in the EEG data and using the log Gabor function for wavelet analysis,
%computes the amplitude spectrum of the signal for each channel.
format compact;
clockl = clock;
Pyram = Pyram (tstart:tint:tstop,:);
% Get sizes of data to be analysed
sizexy = size(Pyram);
maxchannels = sizexy(1,2); % maxchannels - the columns in the input data corresponding
% ...to electrode readings
fori=2:maxchannels-1
channel(i).data = Pyram(,i)’;
numcoefs = 9;
sigmaOnf = .55; % sigmaOnf - Shape factor of log Gabor filter

% ...controlling bandwidth: .55 - bandwidth of approx 2 ocatves

mult = 1.05; % mult - scaling factor between successive filters

nscales = 128; % nscales - No of filtering scales to use

wavelength = 4; % minwavelength - wavelength of smallest scale filter to use
Iv = length(channel(i).data);

if mod(lv,2) == 1 % If there is an odd No of data points
ndata = Iv-1; % throw away the last one.
channel(i).data = channel(i).data(1:ndata);
end
signalfft = fft(channel(i).data); % Take FFT of signal
channel(i).amplitude = zeros(nscales,ndata); % Pre-allocate memory for speed
channel(i).phase = zeros(nscales,ndata);
logGabor = zeros(1,ndata);
EO = zeros(1,ndata);
radius = [0:fix(ndata/2)]/fix(ndata/2)/2; % Frequency values 0 - 0.5
radius(1) = 1;
for row = 1:nscales
fo = 1.0/wavelength; % Centre frequency of filter.
% Construct log Gabor filter
logGabor(1:ndata/2+1) = exp((-(log(radius/fo)).A2) / (2 * log(sigmaOnf)*2));
logGabor(1) = 0; % Set value at zero frequency to 0
% Multiply filter and FFT of signal, then take inverse FFT.
EO = ifft(signalfft .* logGabor);
channel(i).amplitude(row,:) = abs(EQ); % Record the amplitude of the result
channel(i).phase(row,:) = angle(EQ); % .. and the phase.
wavelength = wavelength * mult; % Increment the filter wavelength.
end
channel(i).x_axis = 1:size(channel(i).amplitude,2)
channel(i).y_axis = 1:size(channel(i).amplitude,1)
end



APPENDIX D

The following snippet of code from the function plotsginal() shows how the data is
plotted using the Matlab define ‘surface’ function.

%surface() is the low-level function for creating surface graphics objects. %Surfaces are plots of
matrix data created using the row and column indices of %each element as the x- and y-
coordinates and the value of each element as the %z-coordinate. surface(X,Y,Z,C) plots the
parametric surface specified by X, Y, %and Z, with color specified by C plot scalograms and stack
scalograms from %different channels

k=2

handles.a=surface(channel(k).x_axis,channel(k).y_axis,3* (k-

2)*ones(sizeimg(k,1),sizeimg(k,2)),channel(k).amplitude,'EdgeColor','none");

hold on

k=3

handles.b=surface(channel(k).x_axis,channel(k).y_axis,3*(k-

2)*ones(sizeimg(k,1),sizeimg(k,2)),channel(k).amplitude,'EdgeColor','none");

k=4

handles.c=surface(channel(k).x_axis,channel(k).y_axis,3* (k-

2)*ones(sizeimg(k,1),sizeimg(k,2)),channel(k).amplitude,'EdgeColor','none");

k=5

handles.d=surface(channel(k).x_axis,channel(k).y_axis,3*(k-

2)*ones(sizeimg(k,1),sizeimg(k,2)),channel(k).amplitude,'EdgeColor','none');

handles.e=surface(x,y,z5)

hold off

%define transparency parameters using alpha blending

alpha('color')

alphamap('rampdown') % Create a linear alphamap with decreasing opacity

alphamap('increase',.1) % Modify the alphamap making it more opaque (default delta

% is .1, which is added to the current values).



APPENDIX E
Logarithminc Function

module log(x,logout);
input x;

reg re,log2;

output logout;

reg logout;

integer i;

always @(x or logout or re or log2)
begin
if (x =0.0)
begin
Sdisplay("log illegal argument:");
Sstop;
assign logout = 0;
end
else
begin
if (x<1.0)
assign re = 1.0/x;
else
assignre = x;
assign log2 = 0.0;
for (i=7; i>=-23; i=i-1)
begin
if (re > rootof2(i))
begin
assign re = re/rootof2(i);
assign log2 = 2.0*log2 + 1.0;

end
else
assign log2 = log2*2;

end
if (x < 1.0)

assign logout = -log2/12102203.16;
else
assign logout = 10g2/12102203.16;

end
end



Exponential Function

module exp(expout);
parameter x=23;
reg x1,power,prod;
output expout;

reg expout;

integer i;

reg inter;

reg power2;

integer m;

always @(x1 or x or prod or power or expout or i or inter)
begin
x1 = (x)*1.44269504;
if (x1 > 255.0)
begin
expout =0.0;
if (x>0.0)
begin
Sdisplay("exp illegal argument:");
Sstop;
end
end
else
begin
prod = 1.0;
power = 128.0;
for (i=7; i>=-23; i=i-1)
begin
if (x1 > power)
begin
prod = prod * root2(i);
x1 =x1 - power;
end
power = power / 2.0;

end
if (x<0)
expout = 1.0/prod;
else
expout = prod;
end

endmodule



