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» Natural/Intelligent Human Computer Interaction (HCI)

> Brain-like Computing (Structure & Principle)
> Visual Neural Representation and Coding

» Multimodal (Visual/auditory ) Interaction

> Machine Selective Attention

» Brain-Computer Interface

> Wearable Computing (E-Health)

» To build a human-machine integrated System
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Tsinghua Group Gaoetal., 1999, 2002, 2003

BCIE1E

REHFLEER L HER

School of Electronic, Information and Electrical Engineering




BCIE A: =z &F#H

Tubingen Group Birbaumer et al., 2000, Hinterberger et al., 2004

EEG Amplifier
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Graz Group Pfurtscheller et al., 1993, 2000, 2003
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Pfurtscheller et al., 2003

ECoG bhased BCI Video
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=¥3:Neurophysiological Fundamentals

SLOW CORTICALPOTENTIALS

Slow Cortical Potential (SCP)

>

» Steady state visual evoked potential (SSVEP) 3

> P300 "’

» The event-related desynchronization and synchronization
(ERD/ERS) —
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ﬁfﬁf’ﬁsk-Related Sustained ERD/TRSD

B Repeat Imagery Task =
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» Preprocessing
» Temporal filtering; channel selection
» Denoising and Enhancement (BSS, cICA)
» Feature Extraction
» Common Spatial-frequency Pattern ( CSFP)
> Incremental CSP (ICSP) [ F
» Common Tensor Decomposition Analysis (CTDA)

> Pattern Classification

» Support Vector Machine (SVM) / T
» Discriminant Analysis (LDA / FDA) S

Extraction method Time | Freq. | Space | Examples

Time-Frequency Representation STFT, wavelet

Cell firing rate -

Power Spectral Density |4 Welch

Pattern matching % Correlation

Raw signal x Amplitude

Model parameters 1’4 ARAAR, Kalman | I__
17 Other transforms 5 ICA, PCA
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Multiway array decomposition,
5 dynamic tensor analysis

. Signal processing Commands
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» Averaged Tensor

Left hand imagery Right hand imagery
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» CWT Transform (Morlet Wavelet)
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» Temporal-Frequency Vectors
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CSFP)

* QObjective Function (Multi-task)
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FHERAXE Tensor Feature Extraction
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» Logistic Regression Model
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Common Tensor - CTDA
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rEiizry  BCl Development Platform
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—wmwn  BCl Car Driving System

» Noninvasive, spontaneous and asynchronous
» Two scenarios to test the BCI performance

» Control directions and speed

scenario | scenario |
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Sliding Time Window

Trial Accuracy "\
ccuracy

3

Artifacts Indication

| Start | |Pause| | Stop |

A —— o

»  Sketch map of bilateral training process. Green arrow represents BCl system training. Red
arrow represents humans training. Dots mean to continually repeat training over the
whole experiment time.
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FHRARE Latest Demos

RIKEN — BCI Control of Wheelchairs(CCTV)
RIKEN - BCI Control of Wheelchairs(NHK)
Driving A Car in VR

BCl Wheelchair ( SJTU / RIKEN /)

BCI Car Racing System

BCl Remote Car Control
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