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Biomedical Signal Processing

Biomedical Imaging & Image Processing

Micro- & Nano-bioengineering; Cellular &  Tissue
Engineering

Computational Systems & Synthetic Biology; Multiscale
Modeling

Cardiovascular & Respiratory Systems Engineering

Neural Engineering, Neuromuscular Systems & Rehabilitation
Engineering

Wearable Biomedical Sensors & Systems

Bio-Robotics, Surgical Planning and Biomechanics
Therapeutic & Diagnostic Systems, Devices and Technologies,
Clinical Engineering

Biomedical and Health Informatics

Biomedical Engineering Education and Society

Bringing Healthcare Innovations into the Marketplace

Pharmaceutical Engineering and Drug Delivery Systems
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42 F . A Reliable Brain-Computer Interface Based on SSVEP Using Online

Recursive Independent Component Analysis
74 ¢ Chiu-Kuo Chen(F& #: ), Wai-Chi Fang

A RN -V RAARALEFFRL BN FHE o I RERES
ZF %+ (SSEVP) 32 » & # HAARF & Fl""*ﬁmﬁajf\ fim ARE TR (6
Hz~12 Hz) > &% B T4EF ¥ 7 Pﬁmﬂ““a“ﬁg ¥ BAP R
A2 FRIESF > HRAEFT AT E FER I ;j-%? MUATRE R S AL
LTS = i BT g o Rl AN S N 5L - R P F ¥ Bl g R
g B it A2 Fe o ipat e ¢ BRI R ,um FEIL D Fr

EaS S S L N S = W ] 2&3 A fé_ 4+ ( Online Recursive
Independent Component Analysis ORICA ) #f7&54 &3 5Li8 (7 13 3L ade @
BP ik BELE Redr B M B (TR S A e 3 ARSI B 55
=0 )i & fc(power spectral density, PSD)¥+ B i i crjp = = & (T3 5L
s p BRI R Il R AR BRI A PR BIAR R 0 B
* %IF%E:@% iptF 2 RELEE IR WL SRR L R 5L R
BrfndB (s ik @ % L A 4p B 4 47 (canonical correlation analysis , CCA)
m@z’é’ﬁr BIERR T ERR L AL TR T 8%5"%
=R Z 17f//fﬁ77ff'u& KL ‘E‘-F'&Fr? =9 Hz{r10 HZ%J ] e BB R R RSN
T oo Hop g A w5 88% 10959 ©
TR g HES ,?ié’{f(lgnlte Session)#h © 3 & FH % B 3FH > B 1o

R e
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ok e B R B RE S Ao s T e %’%/i)j%:% SRR TR RE o
PR E b BEG A 471 A JE anf 4 o B 5 5 B 10-20 %L £ R
s TP AP R FA, T4, 02 £ R3] ahp e ies o Bl 975 2P AR
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®l S B 10-20 %5 (EEG) R 8] & 5o

5T kA 254 4 & (Brain-Computer Interface BCI) » BCI _#- 4 7 5

LR T LR 1 RO BCI Y AP ¥ 4 TS BT
P~ % B P~ 18 BEG "ok g 518 18 18 LAl A 47,3 34 EEG i
Fdpflend £ A N E - 2 R KR R 640 BCI XA M
FIR 5, T EE, R ARG ehiT

! Analvsi I
' Data | Signal Analysie I
\ | Acquisition| | Processin and !
) e | 8 Control :
! [

§ : ~ -
g — LA

B 676 i kbt
KA B ALK 2 T = (Steady-State Visually Evoked Potential,
SSEVP) - SSVEP & - #& gk &2 3L AR T ikcenk i 0 § AR e D8 2
TIBOE 5 fo I, Mk % R D1 Ap e 2% B B S IR 5 ik R 5L(3r ] 7) o
2 48 BCI * j2 ¢ #& > SSVEP-based BCI system § fiif & ~ i df e
7 3 g% 4% 5 (Information Transfer Rate, ITR) > F]pt, A & 7 &4
SSVEP based BCI {47 7 o
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£-4F BCI ei® i3 2 % 3 §F 2@ % T3 # F (Information Transfer Rate
(ITR)), Information Transfer Rate (ITR)=i+ ~ /& B ¢ £ * 60/CTL 2 *
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Parameter Value

Sample rate 128 Hz
Low Pass Frequency 30 Hz
High Pass Frequency 7 Hz
Data length 2 second
PO3 POz PO4 POT POBO1 O2
Electrode Location Oz

Using 10-20 system

F] 5 Peds 2 vl 2 € F 3§ SSVEP base BCI 2 4, F]yt 54 i 4 & e fl
B L - B orend s geitens i AR B HATILE R F TS
;2: o

BEFANEP R M T AR B 9 7)) F B TER
Ro4s F AL (EEG ROW DATA) 16 € $iF M= & 4 4 47 A2 B (ICA
PROCESSOR) #-g R frit 8 A3 & Bz & Al g » B ¥ g
FRIFAGE § o F G P AE L HBL e gd ICA giE R B R

RAoRKBaEHHE U E £2& 0572 gl g o

Independent Components

s ,»faﬁ W plevrny (. _) E" o Anifad—cor[ectgd EEG
wppiseoa s N s o siagn. VEOG
EEG Scalp Data Yol \*’\‘vj“vr«“w“'wﬁ"““ En icz » ‘ . g
fol . "
, i . ez iy e A o
st J . unmixing : : 1 E :
" w Wil Jﬁ* WM,IWM‘W\NI’ ) ’ ; ; w- : :
ica e
W\ WM‘MW‘MW 4 ‘ ED 1c4 » :
1c4
activations scalp maps Teec
(U=WX) wh
Y:independent
ICA components .
X:RAW EEG . De-artifact
PROSESSOR W:un-mixed
matrix

Artifact-free
FEG <:| Reconstruct

B 9 ﬁ;&rf@“i et E B E AR
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FEFHREP ORICA #3 f A 3 Rk eyw 872 > B 10 5 & B ORICA 1

AL A
v i aJ2 (whitening)

A X(n) row data i& %k 2_ {3

FE T 0 g2 [ e B E o

T A IR o

2\ fp #1217 whitening P(n) sh4E'EE 5 o

L 2R % ORICA e e J2 8§ ~ °F

TR
¥ 4rig ORICA training #4z

aciE B o T L W H_ORICA "% (Training) » #* 5 ORICA ;% & 5w o gt
ML ¢ A BT W oo R 2 R frfg £ 2 ( Unmixing Weight Matrix) (®
A4 #3 ntl > I pFE - 3 whitening {5 chw it T z(n) 1FiF B
m

BHEDRE YIN) T EL 4% 4 pLELEips 34 o

ICA Y:independent
KRAWEEG » PROSESSOR Components .
W:un-mixed matrix

Whltenlng
(Cov(x) = E[X <X,

ORICA Out

W(n)xZ(n)]—b

T
st o ]Xw(n)]
1-A+Ax f* (n)xY(n)

!

(cw, =w,xw,")

|

[W(n+1) —cw " xWO]

[ELx, xX,"1=E,xDxE,)
1

 (Po=x."=E£,xD,"<E))

||
(2(n) = P(n) x X ()] =—

ORICA
Training

________________________________________________________________

X(n) : row data
P(n) : Whitening matrix
W(n) : Training matrix

Y(n) : ICA result

B 10 Online Recursive ICA & & ;=

B 11 & #7# d1ehd fe3n(de-noising ) & St e 7 L AR 11 B 805

11 SSEVP-base EEG raw data ; 2. # = 5 +* 3. ORICA ; 4. PSD-

B

h
LW
He

Based Denoising Module ; 5. CCA ] ; GACAS = O s s E Y e ]
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Denoising channel Decision
. Fl@Max.
PSD Mag.
! < F2@Max.
> > ’
PSD Mag.
™ Chi=Artifacts
T et l { Multi-channels Artifact Sel_Reg
|
o I W L - -
ORICA Dial cell phone|
Removal T
™A rifacts > Reconstruction }I» > CCA —» Key Decision
PSD(power spectral density)

B 11 3 fﬁe;;m Jexe L2E
CCA 8 & § 4% ICA 7 fp il i chjfp = = & 1% B B8 (correlation) % % -
$5 B~ BB K SL s R T IR K fk“’s BT AR S
4o 12 2 9Hz P& F L (Patterns) » = i@ eP@lIX 7 173 23 e o
T CCAEY » Hi <~ i k30 EE 105Hz» @ +f (T =

CCA > B+ Bl BT hE & 9 Hz > #r & d gE i Rl A5 &7 (Hit) o
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CCA Detection

Canonical Correlation Analysis (CCA)

p(x.y) Elxy ]
max .. .. -

VEIx21E[y?]

02}

0.18

o
W
"B WwN
@006
o000

0.16 [
014+ 1)

0.12

correlation
correlation

01

0.08

0.06

0.04 |

0.02

L N . L L n " " L L
9 9.5 10 10.5 1" 11.5 12 9 gi5) 10 10.5 1 1.5 12
Hz Hz

(a) CCA Plot of 9-Hz EEG Data (b) CCA Plot of 9-Hz EEG
W/O Artifact Data With Deartifacts

Bl 12 CCA i i
Bl 13 §_7000 % /s SSVEP 9Hz EEG Raw Data » 3 i #-% 1 4 ORICA
s 4 17 PSD A B 43 IV A4 0k > F A 42 EEG raw data 348 73 e P

A g v AL S S22 0 pldegt ch3 s chd 5 32U (4c) 14) o 323 2 iF 53

6L TR CCAEE T LF ML F i deartifact 7 CCA & % & 7
H ¥4 19% > #x PSD-based deartifact & » & 24322 T 81% » F]pt
VG i g @ AR (4o B 15) o

Il Il Il Il Il Il
1000 2000 3000 4000 5000 6000 7000

B 13 SSVEP 9Hz EEG Raw Data
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PSD of ORICA to 9Hz VEP

. ° A
’ i A L
g ol (T § <t
IRV A IVTOTEANA Y YA e
! R Y S AN ATV A AN
- I IEN B n
a0 - V ¥
o Paiodoaram(P:auDSp3ecn~a [x:n)y Estimale PS D u sl n g @ﬁ:z‘z’(X)
‘ 2K points’ =
g patterns -
£ b P
ik B AR s MR o )
I P LR L AR L)
. ! = |

10 10 5 1"

B 14 PSD of ORICA to 9-Hz SSVEP 5k 7 #L

.Regard CH 3,4 as artifact

Using Raw Data

s

6 = N @ A e e N @ ©

Using 9Hz_VEP patterns

Using De-artifact Data

5 -

95 10 105 " 15 12 125

Detected Frequency (Hz)

.5 9

W/O De-artifacts

95 10 105 1 15 12 125

Detected Frequency (Hz)

With de-artifacts

Data length Sling window CCA results
Before De-artifacts 54 sec 2sec advanced 1lsec 19%
After De-artifacts 54 sec 2sec advanced 1sec 81%

Bl 15 CCA ]

332l

7 Fea

X!

T RAPEHA RN CTI = & 4 b BT E > FRg CTI=2

I%P ,'74 T3 ﬁ‘EjF%}f@Iﬂ"Z{ i # H—r;‘l—gt a3 o

& 19%2% 81% o

¥ CTI=4 p% >

T3 e 22 [ Fr s A W)

FEF A B 5 25%2% 90% -
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TREF A B S 17%3% 88%; o S5t ¥ B * A ardg i ehd fpo

100 T T T T T
0 " *: VEP with de-artifacts |
T * — -
L 1 L O: VEP W/O de-artifacts
80 Sk » -
~— 70 N, -
X k!
N’ 60 \ &
i
8 so X s
-
E 40 S _
30 [ X =1
7 o—F_
20— L= E\ Y ol
10 | - .
5 : ; ‘ T et g sucb
2 4 [ 8 10 12 14 18 20
Sliding wind&y_Jdength (Sec x samplzng rate )

Bl 1623 2 fe3n 2 & % Ak 3 fen 2 2 P pgh S5 % (¢ * 9-Hz
SSVEP Patterns)
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SR G e A R Y (L 1R R
EY blded - RF LR LLRE FREL TR DR 0 R
FEY > AR &% £/ 4 58K (Convolutional Neural
Networks, CNN)#f# SRR AFR T ¥ 2 2 A K= B H - AL 1
2 hiBEDT E TR "f TR RHAAD BRI EZRA Ky T
e r A A E s @2 g A iR E T p L Bk a % >
2 QA

LR R4 e A D E(ADZE o o b R Rende de
whkg o FRBAN(RAFAIFEFT LG R)  FEE N Al
AAPITFHE P A AREE AT ALF Y s R A g

THERE PR OBEAR  ERAKED (A2 FER R
) CRFAELRG R AL HUNE AR TR RN 2R AL
Pl g3 2 2FgAHTR ¢ HPAT BT o SRR
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BIETEE o

Fohag RIS o v R iFEL mH i ot 0 2IRBRE # Ak
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