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Research InterestsResearch Interests

 Natural/Intelligent Human Computer Interaction (HCI) Natural/Intelligent Human Computer Interaction (HCI) 
 BrainBrain--like Computing (Structure & Principle)like Computing (Structure & Principle)

 Visual Neural Representation and CodingVisual Neural Representation and Coding

 Multimodal (Visual/auditory ) Interaction Multimodal (Visual/auditory ) Interaction 

 Machine Selective AttentionMachine Selective Attention

 BrainBrain--Computer InterfaceComputer Interface

 Wearable Computing (EWearable Computing (E--Health)Health)

 To build a humanTo build a human--machine integrated Systemmachine integrated System



为提升人类能力的融合技术为提升人类能力的融合技术
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BCIBCI应用：家电应用：家电//电话电话BCIBCI控制控制

Tsinghua�Group����Gao et al., 1999, 2002, 2003

BCI电话家电控制



BCIBCI应用：字符输入应用：字符输入

Tübingen�Group����Birbaumer et al., 2000, Hinterberger et al., 2004
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BCIBCI应用：应用： 残疾人自助残疾人自助

Graz�Group����Pfurtscheller et al., 1993, 2000, 2003

fHold cup for drinking

http://www.dpmi.tugraz.at/
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BCIBCI应用：应用： BCI BCI 游戏游戏

ECoG based BCI Video

Leuthardt et al.,2004Pfurtscheller et al., 2003
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BCIBCI应用：轮椅车应用：轮椅车BCIBCI控制控制

Shanghai Jiao Tong University, 2009Shanghai Jiao Tong University, 2009



BCIBCI应用应用

 生物医学工程领域生物医学工程领域

肢残人的康复训练、控制假肢、肢残人的康复训练、控制假肢、 BCIBCI残疾人轮椅残疾人轮椅肢残人的康复训练、控制假肢、肢残人的康复训练、控制假肢、 BCIBCI残疾人轮椅残疾人轮椅

健康监护系统、疾病判别健康监护系统、疾病判别

 认知、心理学研究认知、心理学研究 认知、心理学研究认知、心理学研究

 情感、警觉度等精神状态估计预测情感、警觉度等精神状态估计预测

 军事领域：军事领域：“心思认知”系统与“意识头盔”“心思认知”系统与“意识头盔” 军事领域：军事领域： 心思认知 系统与 意识头盔心思认知 系统与 意识头盔

 人工智能领域：人工智能领域：理解人类大脑智能信息处理机理解人类大脑智能信息处理机

理和认知过程理和认知过程理和认知过程理和认知过程

 娱乐领域：娱乐领域：脑操纵游戏脑操纵游戏



脑机交互神经机理脑机交互神经机理



NeurophysiologicalNeurophysiological FundamentalsFundamentals
 Slow�Cortical�Potential（SCP）

 Steady state visual evoked potential (SSVEP) 
 P300

 The event-related desynchronization and synchronization 
(ERD/ERS) 12
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EEG DataEEG Data

Eye Blinking



TaskTask--Related Sustained ERD/TRSDRelated Sustained ERD/TRSD

Repeat�Imagery�Task
Sustain ERD for certainSustain�ERD�for�certain�
period
ERD->TRSD
AdvantageAdvantage

Non-phase�lock;�Non-
time�lock
Bi t l l Binary�control�value�
real�control�value
New�dimension�for�

t lcontrol

Chinese Science Bulletin 2009 Chinese Science Bulletin 2009 



Methods for Feature & ClassificationMethods for Feature & Classification

 Preprocessing Preprocessing 
 Temporal filtering; channel selection Temporal filtering; channel selection 
 D i iD i i d E h td E h t（（BSSBSS ICAICA)) DenoisingDenoising and Enhancementand Enhancement（（BSS, BSS, cICAcICA))

 Feature ExtractionFeature Extraction
 Common SpatialCommon Spatial--frequency Patternfrequency Pattern（（ CSFPCSFP））
 Incremental CSPIncremental CSP（（ICSPICSP））
 Common Tensor Decomposition AnalysisCommon Tensor Decomposition Analysis（（CTDACTDA））

 Pattern ClassificationPattern Classification

F

 Pattern ClassificationPattern Classification
 Support Vector MachineSupport Vector Machine（（SVMSVM））

 DiscriminantDiscriminant Analysis Analysis （（LDA / FDALDA / FDA））

T

S

Extraction method Time Freq. Space Examples 
Time-Frequency Representation    STFT, wavelet 
Cell firing rate    - 
Power Spectral Density Welch
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Power Spectral Density  Welch
Pattern matching    Correlation 
Raw signal    Amplitude 
Model parameters    AR,AAR, Kalman 
Other transforms    ICA, PCA 



Feature Extraction Based TFFeature Extraction Based TF



Tensor Decomposition Tensor Decomposition 
Tucker 

PARAFCAPARAFCA

IEEE Computer 2009



Tensor RepresentationTensor Representation
 Averaged Tensor 

Left hand imagery Right hand imagery

h l f lchannel frequency time class  X



Common Spatial Frequency PatternCommon Spatial Frequency Pattern

 CWT Transform (Morlet Wavelet)

 Temporal-Frequency Vectors

 Vectorizing 

ICASSP2009



Common Spatial Frequency Pattern Common Spatial Frequency Pattern 
(CSFP)(CSFP)

• Objective Function (Multi-task)

(CS )(CS )

• Sub-Component

• Projection

• Feature Vector



Classification Results:10 Classification Results:10 cvcv



Decomposed  ComponentsDecomposed  Components



Tensor Feature ExtractionTensor Feature Extraction

IEEE NSRE
2009



Discriminative model

 Logistic Regression Model



Common Tensor  Common Tensor  -- CTDACTDA

 Tensor Covariance

 Objective Function 

 Feature Projection Feature Projection 
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Comparisons: CSP & CTDAComparisons: CSP & CTDA



CTDACTDA

Pattern recognition Letter 
2009



Experiment ResultsExperiment Results

Projection

Classification 
Performance

30
Pattern recognition Letter 
2009



Classification Classification 

31
MI between Feature and 
Class Accuracy – Number of features 



BCI Development Platform BCI Development Platform 



BCI Game

Classification accuracy 

受试者

离线分析 在线分析

1s 2s 3s 1s 2s 3s

S1 0 78 0 9 0 95 0 62 0 75 0 9S1 0.78 0.9 0.95 0.62 0.75 0.9

S2 0.88 0.98 1 0.65 0.8 0.93



BCI Car Driving SystemBCI Car Driving System
Noninvasive, spontaneous and asynchronousNoninvasive, spontaneous and asynchronous
Two scenarios to test the BCI performanceTwo scenarios to test the BCI performanceTwo scenarios to test the BCI performance  Two scenarios to test the BCI performance  
Control directions and speedControl directions and speed

scenario I scenario II



On-line 
implementatioimplementatio
n
No task stateNo-task state
Real value 
controlcontrol 
parameter
ErrorError 
toralence 



BCI Wheelchair BCI Wheelchair 



BCI Remote Car ControlBCI Remote Car Control





Bilateral Training FrameworkBilateral Training Framework

Slidi Ti Wi dTrial Accuracy Sliding Time Window 
Accuracy

Artifacts Indication

Start Pause Stop

Artifacts Indication

 Sketch map of bilateral training process. Green arrow represents BCI system training. Red Sketch map of bilateral training process. Green arrow represents BCI system training. Red 
arrow represents humans training. Dots mean to continually repeat training over the arrow represents humans training. Dots mean to continually repeat training over the 
whole experiment time.whole experiment time.

J J NeurosciNeurosci Meth, 2010 Meth, 2010 



Interaction between humans Interaction between humans 
and BCI systemand BCI systemand BCI systemand BCI system



Latest DemosLatest Demos

 RIKENRIKEN –– BCI Control of WheelchairsBCI Control of Wheelchairs(CCTV)(CCTV) RIKEN RIKEN –– BCI Control of WheelchairsBCI Control of Wheelchairs(CCTV)(CCTV)
 RIKEN RIKEN ‐‐ BCI Control of Wheelchairs(NHK)BCI Control of Wheelchairs(NHK)
 D i i A C i VRD i i A C i VR Driving A Car in VRDriving A Car in VR
 BCI Wheelchair ( BCI Wheelchair ( SJTUSJTU /  /  RIKENRIKEN / )/ )
 BCI Car Racing SystemBCI Car Racing System
 BCI Remote Car Control BCI Remote Car Control 



 JunhuaJunhua Li andLi and LiqingLiqing Zhang Bilateral Adaptation andZhang Bilateral Adaptation and NeurofeedbackNeurofeedback for Brain Computer Interfacefor Brain Computer Interface
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