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Closed-loop Seizure Controller

* It can perform on-line EEG monitoring and provide
the electrical stimulation when a seizure event is
detected.
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On-line Seizure De’rec’rion
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Approximate Entropy (ApEn)

Approximate entropy (ApEn) is a measure that quantifies
the regularity or predictability of a time series (Pincus,
1994).

It counts the similarity of a vector and it's shifting version.
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Approximate Entropy (ApEn)

* Srinivasan et al. (2007) e
. [ V), i 20 -, sl V)], First, Form:
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Approximate Entropy (ApEn)

ApEn is a useful feature to discriminate normal
and siezure EEGs.
However, ApEn values of the interictal EEGs

overlapped with those of the normal and the ictal
EEGs. Normal EEG (eyes open)
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Continuous EEG Recordings
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Time-Frequency Analysis
* The EEG power spectrum was utilized as the complementary
feature of ApEn.
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Spectral Features-FFT

Fast Fourier Transform was used for spectral

analysis.

* Frequency bands corresponding to the top two
correlation coefficients were extracted as the
spectral features.
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Classification-LLS

* One entropy value and the
powers of two selected

frequency bands were used "
for classification. l

* A linear classifier called IR
linear least squares (LLS) 1| . .
was utilized as the classifier. SR
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The Seizure Detection Method

Closed-loop Seizure Controller

Entropy
Analysis
EEG data Feature
Spectrum / Extraction /
Analysis
Performance Results LLS Classifier
Evaluation
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Electrical Stimulation Performance Evaluaiton
% EEG of Epileptic Seizure without Control
o2l _ -
; Detected ) . Detection
% a Subjects SWD SWD Accuracy | False stimulation delay (5)
-02 - iaht- Awake 349 343 1 0.536
E 04 L ! 1 L I I I ! I (LZI?:)L?S 97.7%
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Computer-Aided Diagnosis and
Therapy System
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Multi-Channel EEG for Cognition Study

 EEG rhythms - Event related potentials
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Scalp EEG

» Scalp EEG is the average of multifarious
electrical activities of many small zones of the
cortical surface beneath the electrode.
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Event-Related Potentials
(ERP)
Event-related potential (ERP) represents

the EEG in response to visual (light),
auditory (sound), electrical, or other

Ensemble Averaging for ERP

= Visual event related potential (VEP)
= Time-locked and phase locked

e

\ -Chieh Che
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external stimuli. o = T L
- ERPs are weak signals buried in ongoing O PPN
activity of associated systems v T N
. . . . . e
- Signal-to-noise ratio (SNR) improvement is e et
usually improved by synchronized e
averaging and filtering. DI .
e —‘I S1on S00 s
NCKU # i85 5t 4 6 2 5 % (From Chapter 1, Handbook of Neuropsychology, Volume 10, editor: R. Johnson, Elsevier, ISR?\‘ & 444- %997%(2)#? e
Applying ICA to ERP Events
- Stimulus Sequence:
- Total stimulus of one experiment (400 sec) are 150 events
- Stimulus rate: Red=30%, 6reen=60%, Yellow=
i.e., R=45, 6=90, Y=15
- Stimulus (RGY) interval: random {1.7, 2.1, 2.3} (sec) w
- Duration of each stimulus is fixed in 300 ms. (300~800 ms)
- Sampling rate = 1 KHz, 32 Channels
- Reactions of the subject:
- Red --- Right Button Time (ms)
- Green --- Nan ARSI GBI Yot 5607307 '
- Yellow --- Left Button o s B oo
Communications :
Epoch (Trial)
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ERP Trials

—

-200 (ms) 1000 (ms)
« Each epoch (trial) is included in the blue interval, the red line
represented the time point of given stimuli, the green line
represented the time point of subject’s response.
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Spatial Maps of Averaged ERP

Visual
cortex
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Independent Component Analysis

= Consider a situation where there are a number
of signals emitted by some physical objects or
sources. These physical sources could be, for
example,

= people speaking in the same room, thus
emitting speech signals;

= different brain areas emitting electric signals;
= Or mobile phones emitting their radio waves.

(Chapter 9, Biosignal and Biomedical Image Processing, John L. Semmlow, Marcel Dekker, ISBN: 0-8247-4803-4 3.)
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ICA

= ICA seeks to transform the original data set
into number of independent variables.

Speaker The “cocktail party” problem.

18,
€3

) ~TE]
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. Where A is the A 1
Microphone 2 “Mixing Matrix”

S;l Al mic,
Sz - mic,
Speéaker 2 Where A-! is the
2 “Unmixing Matrix™

(Note: Number of microphones >= number of speakers)
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ICA

= The ICA model assumes that the measured signals
X; (t) are the product of instantaneous linear
combination of the independent sources s; (t) .

X, (t) = a,S, (1) +a,S,(t)+...+a,,S, (t) X=As
Xo (1) = @y 8, (1) + 5,8, (t) +...+ a8,y Sy (1)
. s=A"1x
(1) =a;s,(t i25, (1 in Sy (1 ’
'X.() ;51 () + @58, (1) +...+ ay sy (t) s'=Bx

Xy (1) = ay S, (1) +ay,8, (1) +...+ay, sy (1)
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Mixing and Un-Mixing Matrices
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Brain Functions and Regions

Central sulcus

Motor areas involved

with the control of Sensory areas

voluntary muscles = involved with

e cutaneous and
rrg“ta|\ / s other senses
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ICA Component 5 (S;) &
Its Contribution to Pz Channel)
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Source Component Decomposition

Vi%lal ERP (Com.-4)

@ (e)
Separated Artifact Com.4 ~_
Com.-1 " com.1 2N
o) o (Com-1) Ve
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_s ; = — AN
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R e e Eg e wwsie
(b) (@ €9)

(a) Averaged EEG signal for 31 channels. (b) Single-trial EEG signal in Pz channel.
(c) The topographic maps on scalp of ICA components. (d) Separated artifacts in
ICA Component 1. (e) Separated noise-free ERP in ICA Component 4. (f) Average
ERP of component 1, 4 and 12.
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Seizure Analysis by ICA

* ICA has been used in ictal recordings to show the
possibility of isolating the ictal activity.

* ICA can also be applied to analyze focal seizures
for decomposing the elements of the seizures to
understand their genesis and propagation.
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Seizure Analysis by ICA-focal seizure

Decomposition of an anterotemporal seizure.

* Ictal components 6, 8, and 21 contain by rhythmic
theta activity.

#y _..,«'#m- oy ¢ v
| S

Vep oW gyt Lo
| o I
(Jorge Iriarte et al., J Clin Neurophysiol., 23:6, 551-558, 2006)
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Seizure Analysis by ICA-focal seizure

Propagation:
1. Right anterotemporal region (C8)
2. Posterior right temporal areas (€21)

3. Bilateral frontal (C6)
B

Q02RBO8RE0RY2

(Jorge Iriarte et al., J Clin Neurophysiol., 23:6, 551-558, 2006)
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Ambiguities of ICA

= We can not determine the variance
(energies) of the independent components.

= We don't know the sign of the source.

= We can not determine the order of the
independent components.
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