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Hans Berger (1873 – 1941)

Hans Berger (1873-1941)
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Jena, Germany Image EEG: 1924
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The Syracuse Herald, June 8, 1919

A hundred years of evolution

한양대학교 계산신경공학연구실
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Analog to Digital to Portable

한양대학교 계산신경공학연구실

What EEG can do

Research & Diagnosis: Limited Applications

Computer technology
Digital engineering

Cognitive neuroscience
Functional neuroimaging, Human brain mapping
Diagnosis of neurological & neuropsychiatric diseases
Neurofeedback
Brain-Machine Interface

k i

Digital engineering

한양대학교 계산신경공학연구실

Neuromarketing
Ergonomics, Virtual reality, Sports science
Neuro-entertainment, Brain fitness
Lie detection
Etc.
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Single to Multi to High-resolution

한양대학교 계산신경공학연구실

A signal Topographies Source images

Simultaneous Measurements

EEG-MEG EEG-NIRS

EEG-TMS EEG-fMRI

Development of new signal 
processing technologies

한양대학교 계산신경공학연구실

(from Benar et al., 2002)(Im et al., J. Neurosci. Methods, 2006)
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Evolution of EEG Electrodes

(Wet) passive electrode (Wet) active electrode Dry active electrode

한양대학교 계산신경공학연구실

Brush type 
dry active electrode

Non-contact 
capacitive (active) electrode

Analysis Methods (1)

1. Sensor-level analysis
- Event (wave) detection

- Topographic map (scalp potential map)

Automatic spike detection
(from Acir et al., 2003)

한양대학교 계산신경공학연구실

- Evaluation of qEEG parameters
e.g. beta band power at CPz electrode, coherence between FPz and POz, etc.

(from BESA)
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Analysis Methods (2)

1. Sensor-level analysis
- Time-Frequency Analysis

FFT, STFT, Wavelet

- Indices to Measure Global Synchronization: e.g. GFS (global field synchronization), 
GSI (Global Synchronization Index), etc.

- Nonlinear Analysis: e.g. Dimensional Complexity (D2), Entropy, etc.

- (Sensor-level) Functional Connectivity Analysis

한양대학교 계산신경공학연구실

(Lee et al., Schizophr. Res., 2010)

Analysis Methods (3)

1. Sensor-level analysis
- Cross-frequency coherence

- Graph Theoretical Analysis of Functional Connectivity

- Cortico-muscular Coherence

한양대학교 계산신경공학연구실
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Analysis Methods (4)

2.  Source-level analysis

- Time-Domain Analysis

- Frequency-Domain Analysis

(from Dale et al., 2000)

한양대학교 계산신경공학연구실

(from Singh, 2012)

2.  Source-level analysis

- Coherent source imaging

Analysis Methods (5)

- Group Analysis

Dynamic Imaging of 
Coherent Sources 
(DICS)

한양대학교 계산신경공학연구실

(Bae et al., Prog. Neuro-Psychopharm. Biol. Psychiat., 2011)

(Kim et al., BMC Neurosci., in revision)
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Analysis Methods (6)

2.  Source-level analysis

- Source-level Connectivity Analysis

- Source-level Causality Analysis

(Kang et al., in preparation)

한양대학교 계산신경공학연구실

(from Babiloni et al., 2006)

Evolution of Source Analysis (1)

Source imaging can potentially enhance the resolution of EEG

Equivalent current dipole (ECD) localization

(from Cuffin et al 1998) (from Kakigi et al 2000)

한양대학교 계산신경공학연구실

(from Cuffin et al., 1998) (from Kakigi et al., 2000)
(from Iwasa et al., 2002)

Single equivalent 
current dipole (ECD) Multiple ECDs

Anatomical 
coregistration

Need to estimate the number of ECDs 
and initial locations of ECDs
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Evolution of Source Analysis (2)

Distributed source model (cortical source imaging)
- does not need to estimate the number or initial locations of sources

(f R i i t l 1999) (f B ill t 1998) (from Grossman 2010)

한양대학교 계산신경공학연구실

(from Rossini et al., 1999) (from Baillet, 1998) (from Grossman, 2010)

Surface Laplacian Volume source model
Anatomical constraint
Functional constraint

Development of Forward Solvers

Boundary element method(BEM)

한양대학교 계산신경공학연구실

Single sphere Concentric spheres
Finite element method(BEM)
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Consideration of functional priors

한양대학교 계산신경공학연구실

(Vanni et al., 2004)
(Bonmarssar et al., 2001)

Analysis Software

한양대학교 계산신경공학연구실
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Examples of EEG Applications
in Our Lab.in Our Lab.

1. Examples of EEG Applications in Neurology, Psychiatry, and 
Cognitive Neuroscience

2. Brain-Computer Interfaces

한양대학교 계산신경공학연구실

Gamma-band Synchrony Analysis of Schizophrenia

Dysfunctional Gamma-Band Activity During Facial Structure Processing in Schizophrenia Patients

N trial

fixation
   200 ms

        example of emotional faces

happy face     neutral face       fearful face

Gamma-band Event Related Spectral Perturbation

black screen
    200 ms

stimulus randomly presented one by one 
   500 ms among a total of 18 pictures

ISI
  1000 ms

N+1 trial

- Spearman correlation coefficients between GBA and symptomatic and demographic
data.

- Significant correlations were founded between GBA at 700-800 ms and several
variables; number of hospitalization (at FCz rho= 0 455 p=0 022) PANSS negative

한양대학교 계산신경공학연구실

(Lee et al., Schizophr. Res., 2010)

variables; number of hospitalization (at FCz, rho=-0.455, p=0.022), PANSS negative
symptom score (at Cz, rho=-0.435, p=0.03; at CPz, rho=-0.628, p=0.001; at Pz, rho=-
0.404, p=0.045), and PANSS total score (at Cz, rho=-0.406, p=0.044; at CPz, rho=-
0.535, p=0.006; at Pz, rho=-0.489, p=0.013).

(Collaboration with Ilsan Paik Hospital)
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Functional Connectivity Analysis

Dysfunctional Gamma-Band Activity During Facial Structure Processing in Schizophrenia Patients

N trial

fixation
   200 ms

        example of emotional faces

happy face     neutral face       fearful face

black screen
    200 ms

stimulus randomly presented one by one 
   500 ms among a total of 18 pictures

ISI
  1000 ms

N+1 trial

Gamma-band Event Related Spectral Perturbation

한양대학교 계산신경공학연구실

Functional Connectivity between Brain Areas

(Collaboration with Ilsan Paik Hospital) (Lee et al., Schizophr. Res., 2010)

Diagnosis of AD with 
Global Synchronization Indices 1

Decreased EEG Synchronization and 
Its Correlation with Symptom Severity 
in Alzheimer’s disease 

한양대학교 계산신경공학연구실

(Park et al.,Neurosci. Res., 2008)(Collaboration with Ilsan Paik Hospital)
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Diagnosis of AD with 
Global Synchronization Indices 2

Global Synchronization Index as a 
Biological Correlate of Symptom 
Severity in Alzheimer’s disease

GSI  eigenvalues of correlation
matrix

한양대학교 계산신경공학연구실

(Lee et al., Neurosci. Res., 2010)(Collaboration with Ilsan Paik Hospital)

Functional Dysintegration Syndrome of 
Schizophrenia

- Multimodal neuroimaging 
(fMRI + MEG)

- Source level connectivity 

한양대학교 계산신경공학연구실

(Kang et al., in preparation)(Collaboration with University of Minnesota)

analysis
- High correlation with 
symptom severity
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Other Approaches to Epilepsy Studies (1)
Ictal propagation analysis  Discrimination of different types of epilepsies

한양대학교 계산신경공학연구실

(Jung et al., Brain Res., 2009)(Collaboration with Korea University)

Noninvasive Diagnosis of Neuropsychiatric Diseases

(Jung et al., Frontiers Neurol., 2012)

RBD

Schizophrenia

Generalized Anxiety Disorder

(Kang et al., submitted)
(Park et al., Psychopharmacol., 2011)
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Noninvasive Diagnosis of Neuropsychiatric Diseases

Generalized Epilepsy

Restless Leg Syndrome
(Jung et al., Brain Res., 2009)

(Jung et al., Sleep Med., 2011)

CJD
Post-Traumatic Stress Disorder (PTSD)

(Bae et al., Proc. Neuro-Psychopharmacol. Biol. Psychiatry, 2011) (Jung et al., Brain Res., 2007)

뇌-컴퓨터 접속(BCI) 연구의 필요성

헨리 루이스 루 게릭
(Henry Louis Lou Gehrig)

1903.06.19 -1941.06.02

야구선수

근위축성 측색경화
(Amyotrophic Lateral Sclerosis: ALS)

한양대학교 계산신경공학연구실

(2012년 1월 6일, 중앙일보)

매년 140,000 – 210,000명 발병

부분 혹은 전신의 운동기능 상실

 본인의 의지로 타인과 의사소통

어려움
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뇌-컴퓨터 접속(BCI) 연구의 필요성

산업재해와 사고
(한국 OECD 국가 중

교통사고율 1위)

급성 심장질환
(서구화된 식습관, 고령화)

퇴행성 뇌질환
(ALS, 파킨슨병, 뇌졸중, 

진행성연수마비, 척수근육위축)

- 미국에서만 200만 명 이상의 신경계 손상 환자들이 보고 (Carter, 1997)

국내에서 언어를 직간접적으로 생성하지 못하는 환자의 수는 약 10만 명 (임창환 2010)

• 신체 일부 혹은
전신의 기능 상실

• 심할 경우 식물인간

• 매년 증가

한양대학교 계산신경공학연구실

- 국내에서 언어를 직간접적으로 생성하지 못하는 환자의 수는 약 10만 명 (임창환, 2010)

의사소통이 불가능하거나 제한적

의료 및 간병 서비스 어려움

뇌-컴퓨터 접속(BCI)

뇌신경계로부터 측정된 신호를 분석하여 컴퓨터 또는 외부기기 제어

사용자의 의사를 외부에 전달하기 위한 기술

한양대학교 계산신경공학연구실

뇌의 신호 일종의 번역기 의사 소통 수단
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뇌-컴퓨터 접속(BCI)

공
간

두피뇌파

(Scalp EEG)

두개강내
뇌파

(ECoG)

간
해
상
도
증
가· 

침
습
도

한양대학교 계산신경공학연구실

미소전극

단일신경신호

(MEA)

도
증
가

뇌-컴퓨터 접속(BCI)

비침습적 BCI 침습적 BCI

80% 연구의 활성화 정도 20%

공간 해상도가 낮음 문제점 수술 필요

안전함 안전성 생체적합성 문제

이상적이지만…

한양대학교 계산신경공학연구실

• Invasive BCI: still risky, hard to be 
applied to human being

• Noninvasive BCI (fMRI, MEG, NIRS): 
impractical (mobility, price)

• EEG-based BCI: most preferred
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Basic Concepts

EEG recording
Training phase

Feature extraction
Database construction

RT recording

한양대학교 계산신경공학연구실

Real-time feature extraction

Comparison with database

Real-time classification
Manipulation of external 
devices, Generation of 

messages

Command
signal

1. Mu-rhythm based BCI (motor imagery)

- Event-related desynchronization (ERD) & Event-related synchronization (ERS) 
around the motor cortex areas generated by motor imagery of hands, foots, tongue, 
etc.

-Short reaction time, independent BCI, adequate for device control
-Low classification accuracy, highly dependent on subjects, hard to train

한양대학교 계산신경공학연구실

Event-related desynchronization during 
motor imagery of left hand: (A) motor 
imagery with visual stimuli; (B) motor 
imagery without visual stimuli

(Im, J. Biomed. Eng. Res., 2010)
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Neurofeedback-based Motor Imagery Training for BCI

- Motor Imagery is defined as mental simulation of a kinesthetic movement.

- Many individuals (including patients) have difficulty in getting used to the feel of motor
imagery, since most people do not easily recognize how they can have a concrete feeling
of motor imagery and tend to imagine the images of moving their hands or legs insteadof motor imagery and tend to imagine the images of moving their hands or legs instead
(visual motor imagery).

- We developed a kind of neurofeedback systems to train motor imagery by presenting
participants with time-varying activation maps of their brain, using a real-time cortical
rhythmic activity monitoring system.

- Half of ten human volunteers were asked to imagine either left or right hand movement
while they were watching their cortical activation maps through the real-time

한양대학교 계산신경공학연구실

(Hwang, Kwon, Im, J. Neurosci. Meth., 2009)

while they were watching their cortical activation maps through the real time
monitoring system.

- During the experiment, the participants were asked to continuously try to increase their
mu-rhythm activations (8-12 Hz) around the sensorimotor cortex areas.

Real-time Rhythmic Activity Monitoring System

Real-time cortical alpha (8-13 Hz) activity imaging

Real-time cortical mu (8-12 Hz) activity imaging

(Im et al., Physiol. Meas., 2007)

한양대학교 계산신경공학연구실

Real-time connectivity monitoring at 30 Hz (Gamma)

(Hwang, Im et al., Med. Biol. Eng. Compt., 2011)

( , y , )

(Lee et al., Arch. Phys. Med. Rehab., 2012)

(Shin et al., NeuroRehab., 2012)
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Neurofeedback-based Motor Imagery Training for BCI

Before After

Motor Imagery Classification
(Rt-Lt Hand Movement)

한양대학교 계산신경공학연구실

Motor Imagery Training (0.5 hrs)

(Hwang, Kwon, Im, J. Neurosci. Meth., 2009)

Motor Imagery Training for BCI

한양대학교 계산신경공학연구실

(Hwang, Kwon, Im, J. Neurosci. Meth., 2009)
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2. P300-Based BCI

-High accuracy, less dependent upon subjects, easy to train

한양대학교 계산신경공학연구실

An example of P300-based BCI: 
Results of a test experiment Austria Guger Technologies – P300 speller

P300-based BCI

한양대학교 계산신경공학연구실

P300-based BCI in Hanyang University
Collaboration with RIKEN, Japan

(Hwang et al., in prep.)
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3. SSVEP-based BCI
Steady-state visual evoked potential (SSVEP)

a periodic brain response elicited by the continuous presentation of a visual stimulus 
flickering or reversing at a certain frequency

한양대학교 계산신경공학연구실

Frequency (Hz)10 Hz 11 Hz

3. SSVEP-based BCI

한양대학교 계산신경공학연구실

From (Zhu et al., 2010)
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SSVEP-Based Mental Speller

(Volosyak et al., 2011) (Cecotti et al., 2010)

한양대학교 계산신경공학연구실

( y , )

Why SSVEP-based Mental Speller?
-현재까지보고된 SSVEP기반 정신적타자기의 최고성능은 약 10.75 SPM(Perego
et al., 2010)으로이는 현재까지보고된 P300기반 정신적타자기 시스템의성능
(약 4 SPM)보다 약 2배 우수

- No training is required!!
- Simple classification algorithm

SSVEP-Based Mental Speller
- Conventional electroencephalography (EEG) mental spelling systems based on P300 or 
steady-state visual evoked potential (SSVEP) generally arrange characters alphabetically 
in a rectangular 2-D array structure, which makes it difficult for the users to realize the 
locations of target characters easily. 

- Considering that acquired factors are the main cause of disabilities for disabled 
individuals, the majority of the target subjects are more familiar with a QWERTY style 
keyboard not having a rectangular array structure. 

- In this study, we implemented an SSVEP-based mental spelling system adopting a 
QWERTY style keyboard layout with 30 LEDs flickering with different frequencies.

한양대학교 계산신경공학연구실

(Hwang et al., J. Neurosci. Meth., 2012)
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SSVEP-Based Mental Speller

한양대학교 계산신경공학연구실

(Hwang et al., J. Neurosci. Meth., 2012)

SSVEP-Based Mental Speller

한양대학교 계산신경공학연구실

Watch this video at 
http://www.youtube.com/watch?v=uunf3FDfEno (Hwang et al., J. Neurosci. Meth., 2012)
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SSVEP-Based Mental Speller
• Online Experimental Results

한양대학교 계산신경공학연구실

(Hwang et al., J. Neurosci. Meth., 2012)

LPM of 9.39 is one of the 
best results reported in 
BCI literatures!

BCI Paradigm Based on Auditory Selective Attention

In the present study, we investigated whether ASSR can be a feasible feature for a 
practical BCI system by implementing a modified BCI paradigm to classify one’s auditory 
selective attention and by evaluating the classification accuracy of the BCI system.

한양대학교 계산신경공학연구실

(Kim et al., J. Neurosci. Meth., 2011)
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BCI Paradigm Based on Auditory Selective Attention

EEG signals were recorded at multiple electrodes mounted over the temporal, occipital, 
and parietal cortices. 

We then extracted feature vectors by combining spectral power densities evaluated at the 
two beat frequencies. 

As candidates of feature vectors, we first evaluated the EEG spectral densities of each 
electrode averaged over 37 ± 1 Hz (denoted as Cz37, Oz37, T737, T837) and 43 ± 1 Hz 
(Cz43, Oz43, T743, T843). We also evaluated the ratios between all possible pairs of spectral 
densities evaluated at the same modulation frequency (Cz37/T737, Cz37/T837, Cz37/Oz37, 
T737/T837, T737/Oz37, T837/Oz37 Cz43/T743, Cz43/T843, Cz43/Oz43, T743/T843, T743/Oz43, 

한양대학교 계산신경공학연구실

(Kim et al., J. Neurosci. Meth., 2011)

37 37, 37 37, 37 37, 43 43, 43 43, 43 43, 43 43, 43 43,
T843/Oz43) as well as the ratios between the spectral powers of each electrode evaluated at 
different modulation frequencies (Cz37/Cz43, T737/T743, T837/T843, Oz37/Oz43).

BCI Paradigm Based on Auditory Selective Attention

Averaged EEG spectral 
density of Cz electrode

한양대학교 계산신경공학연구실

The EEG spectral density was modulated by auditory selective attention to a specific sound 
source, demonstrating that switching attentions between two different sounds would 
generate classifiable feature vectors

y

(Kim et al., J. Neurosci. Meth., 2011)
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BCI Paradigm Based on Auditory Selective Attention

한양대학교 계산신경공학연구실

Effect of feature numbers and  analysis windows

(Kim et al., J. Neurosci. Meth., 2011)

BCI Paradigm Based on Auditory Selective Attention

Online BCI system:
A world-first ASSR-basedA world-first ASSR-based 
BCI system

Classification 
accuracy = 71.4%

한양대학교 계산신경공학연구실

Potential Application: advanced ALS 
patients, completely locked-in states 
(CLIS) patients who has difficulty in 
controlling eye gaze

(Kim et al., J. Neurosci. Meth., 2011)

You can watch the full video at 
http://cone.hanyang.ac.kr
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RehabilitationExternal Device Control

Brain-Computer Interface (BCI)

Wheelchair Robot Arm Upper Limbs

Mental Speller Lower LimbsPhone

Future Prospects

한양대학교 계산신경공학연구실
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Popularization of EEG

8채널, 24비트 ADS1298
- 채널당 1mW의 전력효율

8개의 저잡음프로그래머블 게인 증폭기- 8개의 저잡음프로그래머블 게인 증폭기
- 8개의 높은분해능, 동시샘플링 ADS
- 커맨드 노이즈캔슬레이션 통합 증폭기
- WGT 및 GCT 위한통합 증폭기
- 디지털 속도감지 성능
- 연속 리드-오프 감지기능
- 저저력 애플리케이션이나 소형기기를위한 온보드오실
레이터및 레퍼런스

TI ADS1298

한양대학교 계산신경공학연구실

A new era is coming!

Popularization of EEG

보급형, 무선 뇌파 측정 장치의 개발
No-gel, dry active electrode system
Price: $100 ~ $500

한양대학교 계산신경공학연구실
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Neuromarketing

기타 응용 분야

Neurofocus社

한양대학교 계산신경공학연구실

-World largest neuromarketing 
company ($34M in 2010)

- EEG, eyetracking

Neuromarketing - An example

기타 응용 분야

Neuromarketing company 
NeuroFocus reckon they can piece 
apart how the human brain responds 
to bad advertising.
The group used EEG and eye-tracking 
techniques to investigate the neural 
responses of a group of volunteers 
who were shown both Gap logos.

한양대학교 계산신경공학연구실

p g
Neurofocus explained that the new 
logo didn't register as novel or stylish 
in the volunteer's brains, two big no-
nos for a successful logo. The old 
logo on the other hand was a big hit, 
scoring high in the company's 
"stylish" metric.
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EEG as a New Input Device

MS의 ki t의 h di tMS의 kinect의 research director
도 BCI를 새로운 input 방식으
로생각

 Neurotainment

한양대학교 계산신경공학연구실

Neurosky와 Emotiv는 mobile 기기와 연동되는무
선뇌파 헤드셋을 개발하여다양한 App을 출시 중

Game control

기타 응용 분야

한양대학교 계산신경공학연구실
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EEG biofeedback 
Neurofeedback

t h l t t l

기타 응용 분야

a technology to control 
your brain wave

한양대학교 계산신경공학연구실

Lie Detection

기타 응용 분야

한양대학교 계산신경공학연구실

No-lie MRI社 (미국)
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관련 분야에 대한 대중의 관심 증가
관련 영화

매트릭스, 아바타
써로게이트

큰 사회 경제적
파급효과 기대

한양대학교 계산신경공학연구실

미디어

뇌과학 관련 드라
마 및 서적

브레인, 신드롬, 뇌

For more information

한양대학교 계산신경공학연구실

Please visit our web at

http://cone.hanyang.ac.kr


