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Closed-loop Seizure Controller losed loop Se zure ontroller 
• It can perform on-line EEG monitoring and provide 

the electrical stimulation when a seizure event is 
detected. 

Electrical stimulation

Op amp and cc2430 Two Li-ion batteries
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On-line Seizure Detection  On l ne Se zure Detect on  
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Approximate Entropy (ApEn)pp py ( p )
Approximate entropy (ApEn) is a measure that quantifies 
the regularity or predictability of a time series (Pincus  the regularity or predictability of a time series (Pincus, 
1994).
It counts the similarity of a vector and it’s shifting version.It counts the s m lar ty of a vector and t s sh ft ng vers on.
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Approximate Entropy (ApEn)pp py ( p )
• Srinivasan et al. (2007) 

f ll bi dsuccessfully combined 
ApEn analysis with neural 

k di i inetworks to discriminate 
between normal and ictal
EEG i l d hEEG signals, and the 
overall accuracy was as 
hi h 100%high as 100%. 
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Approximate Entropy (ApEn)
• ApEn is a useful feature to discriminate normal 

and siezure EEGs  

pp py ( p )

and siezure EEGs. 
• However, ApEn values of the interictal EEGs 

v rl pp d ith th s  f th  n rm l nd th  ict loverlapped with those of the normal and the ictal
EEGs.
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Continuous EEG Recordingsg
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Time-Frequency AnalysisTime-Frequency Analysis
• The EEG power spectrum was utilized as the complementary 

feature of ApEn
Seizure ArtifactSWS

feature of ApEn.
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Spectral Features FFTSpectral Features-FFT
• Fast Fourier Transform was used for spectral p

analysis.
• Frequency bands corresponding to the top two • Frequency bands corresponding to the top two 

correlation coefficients were extracted as the 
t l f tspectral features.
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Classification LLSClassification-LLS
• One entropy value and the py

powers of two selected 
frequency bands were used frequency bands were used 
for classification. 
A li  l ifi  ll d • A linear classifier called 
linear least squares (LLS) q
was utilized as the classifier.
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The Seizure Detection Method 

E t

EEG data 

Entropy 
Analysis
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E t tiExtractionSpectrum 

Analysis

LLS ClassifierResultsPerformance 
EvaluationEvaluation
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Cl d l  S i  C t llClosed-loop Seizure Controller
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Electrical Stimulation Electrical Stimulation 
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Performance EvaluaitonPerformance Evaluaiton

Subjects SWD Detected 
SWD Accuracy False stimulation Detection 

delay (s)

Light-on Awake 349 343 1 0.536

#1

Light on
(2 hours) 97.7%

Sleep 46 43 8 0.545

Light-off
(2 hours)

Awake 248 247
99.1%

0 0.491

Sleep 100 98 9 0 567( ) Sleep 100 98 9 0.567

#2

Light-on
(2 hours)

Awake 250 230
92.0%

0 0.547

Sleep 4 2 0 0.599

A k 246 235 4 0 540Light-off
(2 hours)

Awake 246 235
95.2%

4 0.540

Sleep 26 24 2 0.556

Light-on
(2 h )

Awake 644 627 97.3% 17 0.471

#3
(2 hours) Sleep 0 0 --- 0 n/a

Light-off
(2 hours)

Awake 449 442 99.1% 8 0.485

Sleep 0 0 --- 0 n/a
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Computer-Aided Diagnosis and p g
Therapy System
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Multi-Channel EEG for Cognition Study

• EEG rhythms • Event related potentials
P300

P100

uV
+ VEP

N150

P100

N1
N2

AEP

P2
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l  EEGScalp EEG
• Scalp EEG is the average of multifarious 

electrical activities of many small zones of the y
cortical surface beneath the electrode.
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B i  Brain Areas

• VEP • AEP
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Event-Related Potentials Event-Related Potentials 
(ERP)

• Event-related potential (ERP) represents 
th  EEG i   t  i l (li ht)  the EEG in response to visual (light), 
auditory (sound), electrical, or other 
external stimuliexternal stimuli.

• ERPs are weak signals buried in ongoing 
activity of associated systemsactivity of associated systems

• Signal-to-noise ratio (SNR) improvement is 
usually  improved by synchronized usually  improved by synchronized 
averaging and filtering.
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Ensemble Averaging for ERP

Visual event related potential (VEP)
Time-locked and phase locked
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(From Chapter 1, Handbook of Neuropsychology, Volume 10, editor: R. Johnson, Elsevier, ISBN: 0-444-89979-02.)

Applying ICA to ERP
• Stimulus Sequence:

Applying ICA to ERP
Stimulus Sequence:

– Total stimulus of one experiment (400 sec) are 150 events
– Stimulus rate: Red=30%, Green=60%, Yellow=10%

i.e., R=45, G=90, Y=15
– Stimulus (RGY) interval: random {1.7, 2.1, 2.3} (sec)
– Duration of each stimulus is fixed in 300 ms  (300~800 ms)Duration of each stimulus is fixed in 300 ms. (300 800 ms)
– Sampling rate = 1 KHz, 32 Channels

• Reactions of the subject:j
– Red --- Right Button
– Green --- Nan

Y ll L ft Butt n– Yellow --- Left Button
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EventsEvents

L_B
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ERP T i lERP Trials

• Each epoch (trial) is included in the blue interval, the red line
represented the time point of given stimuli the green line

-200 (ms)                   1000 (ms)
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represented the time point of given stimuli, the green line
represented the time point of subject’s response.

Spatial Maps of Averaged ERP Spatial Maps of Averaged ERP 

NCKU 神經運算與腦機介面實驗室

Independent Component Analysis
Consider a situation where there are a number

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 forsources. These physical sources could be, for 
example,

people speaking in the same room thuspeople speaking in the same room, thus 
emitting speech signals;
different brain areas emitting electric signals;  
or mobile phones emitting their radio waves.or mobile phones emitting their radio waves.
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(Chapter 9, Biosignal and Biomedical Image Processing, John L. Semmlow, Marcel Dekker, ISBN: 0-8247-4803-4 3.)

ICAICA
ICA seeks to transform the original data set 
i b f i d d i blinto number of independent variables.
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ICA
The ICA model assumes that the measured signals

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

)(...)()()( 12121111 tsatsatsatx NN+++= x=As
)(. . .)()()( 22221212 tsatsatsatx NN+++=

M s=A-1x
)(. . .)()()( 2211 tsatsatsatx NiNiii +++=

M s’=Bx
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)(. . .)()()( 2211 tsatsatsatx NNNNNN +++=
M

Mixing and Un Mixing MatricesMixing and Un-Mixing Matrices

Unknown
Mixing

Unmixing

Sources Observables Recovered? ?
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Recovered
SourcesXS A

What we have

?

ERP/EOG after ICA 
Analysis
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B i  F i  d R iBrain Functions and Regions
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ICA Component 5 (S5) &p ( 5)
Its Contribution to Pz Channel)

Component 5

Component 5Component 5 
projects to Pz

Original Pz
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Source Component Decomposition Source Component Decomposition 

(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
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ICA Component 1. (e) Separated noise-free ERP in ICA Component 4. (f) Average 
ERP of component 1, 4 and 12.

Seizure Analysis by ICASeizure Analysis by ICA
• ICA has been used in ictal recordings to show the 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 
f  d i  th  l t  f th  i  t  for decomposing the elements of the seizures to 
understand their genesis and propagation.
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Seizure Analysis by ICA-focal seizureSeizure Analysis by ICA-focal seizure
Decomposition of an anterotemporal seizure.p p
• Ictal components 6, 8, and 21 contain by rhythmic 

theta activitytheta activity.
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(Jorge Iriarte et al., J Clin Neurophysiol., 23:6, 551–558, 2006)



Seizure Analysis by ICA-focal seizureSeizure Analysis by ICA-focal seizure
Propagation: Propagation: 
1. Right anterotemporal region (C8) 
2  P t i  i ht t l  (C21)2. Posterior right temporal areas (C21)
3. Bilateral frontal (C6)
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(Jorge Iriarte et al., J Clin Neurophysiol., 23:6, 551–558, 2006)

A bi iti  f  ICAAmbiguities of  ICA

We can not determine the variance 
(energies) of the independent components(energies) of the independent components.
We don’t know the sign of the source.
We can not determine the order of the 
independent componentsindependent components.
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ICA?ICA?

artifacts 
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