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Abstract:
Based on Hilbert-Huang transform (HHT) and common spatial subspace decomposition (CSSD) algorithm, a novel feature extrac-

The adaptivity and real-time performance of feature extraction method are crucial in brain-computer interface.

tion method, denoted as HCSSD, was proposed. Firstly, the motor imagery electroencephalography (EEG)/ electrocorticography
(ECoG) was preprocessed, and a relative distance criterion was defined to select the optimal combination of channels. Secondly,
Hilbert instantaneous energy spectrum and marginal energy spectrum of EEG/ECoG were calculated to extract time feature and fre-
quency feature respectively. Then CSSD was applied to extract spatial feature . Furthermore, serial feature fusion strategy was adopted
to obtain time-frequency-spatial feature. Finally, learning vector quantization neural network was designed to classify the EEG/ECoG
data. The average recognition accuracy was 92% for the left small finger and tongue motor imagery ECoG tasks. Experiment results
show that HCSSD can enhance the adaptivity and real-time performance of feature extraction, with the recognition accuracy im-

proved. This method provides a new idea for the application of portable BCI system in rehabilitation field.
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DT A7AE 22 57 , T LI o 22 S B A (8] 9 HE RS AR
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4.2 E-TF HCSSD By4F1EREX

T8, % Data set 128 F/INE /& 3k iz s A 4 ik F 4K
PEVEAT HAT 284, T3 WA 6 B3 5 0 PRAg i, DUR
BN SURRAE F, RUUISUERAE F, . 41 % HHT 350K
PRI RRAE 2 B0 v ) L, A SC PG BE 1Y) 10 A5 5
AP 5T R e K o5 5 (BD B 38) 2R A7 - 4
FRIEFEE. B 7 MR A F /MR 5L E Lz g, 1
R AR AE 1K 38 AL I HL (545 19 °F- 24 Hilbert RE 11115 .
254 Data set I £ F /N8 /1 3k 18 3l A8 4w v Bid % 48
SEHG P A S T AR, FE 3.5 ~ 4s B IR BE K2 8 ~
14Hz B B G Ae F /N8 55 Skiz 2 T 1) ERD 31
SR 25 5 e W, T R T B - BURRAIE A S (] L A5
RIEPEE

MR LT MR ML Ek

50 150(uVy2
45
40
35

30

100

25

Wi /Mz
Wi /Mz

0

5 2.5 35 4.5
I a)/s
B7 BREF MRS ELN3ISFEMNBEE S K FHYHilberthE &

5 5
08 0
15 25 35 45 1
I [l /s

TR AR B S ] BE N I 2R AR AS 1) Hilbert P
YIWGERT e 3% AN Hilbert “F- 230 PRag i 3% an i 8. 2 4R,

. - e
400 I i A 2000 PR fE
— TN — ZET/ME
- N ] %%
350 - 1700
3OOW 1400
P P
> >
S 250} 2 1100
2] w2
E |
=
200} 800
p
OF e A 500
g s
1001 L L I 200 T R R T
35 36 37 38 39 4 8 9 10 11 12 13 14

I Rl/s P Mz
K8 SFESHIBRR RE R 5iukr e R



%12

ZEPH % LT HHT A1 CSSD 1) 22 38R A H 38 v L AR AR SR B 1k 2485

MER T /NE SR T K W FT 55 B A BB RE it 5 40
WRe A 20 R, A REL T Wi iz s AT 55
P B - BAURRALE

TR T CSSD AR 10 5 ECoG {55 #E17
23 [AVRRIE BRI 1 A 1 2 [ g k2% WE R V(N =
10) XHE 5 HATIR S, T — 20 X (22) THR PRI A 42
1B B 2 WARAE Fa. Ho9 m R A3 A 43 AIE o) o
R BT R T B — AT 55 B AR AR 1) B . m B RO
XN G A —E S . 47 m BUE AN, W5 (0 457 A
T N EE D AN R DA B [ 28030 (8] 9 2], 10 m 384
KBS, FRRAEEC 3 n iy [ B e 7 o Bl =2 338, [R) A 25 52
Wil 43 SRR . ASBIF 0K R BUE D7, 1 int( N2) Z
[ BB m AL, DA R AR B e K.

4.3 BEFLVQHSEFE

P LVQ #2254 N ECoG 15 5 14325 8% , ik
FRIEAS SRR S0 . LVQ #2225 1Y i A2 pp & o
BN HEET HCSSD $2 BT #EA T B A TREAE fil5 19 B -4 - 25
FREm i F ) 4E4, 56 44 )2 ol 2 o0 AN BGE £R 10 4,
By R Z TN BN 2. 22 ) R T E N 0.01,
X P28 AT S i, 1 AUR AR R A TR, 2R
MEEk.

FIIH] HCSSD $2& B Il 25 B A B R4, 57 F LA I 25
LVQ P48 o 2egis , 2 i 4 O e A i R4 JE R AT 2
YIZREFIY LVQ W 28568 Hok A7 4328 R 3 [y 25 v] LA 4%
1,2 mo= 1B, U Rk B R KA 92% . AT UL,
HCSSD g [ 3 N7 Hh fift HOAS [7] Bsf i) B fii H R AE , 15 5 1
WO i i etk Kz AL ig
4.4 EIWHH
4.4.1 $FEEFEINIRGIE R

Rt — A U A SO S 1 22 SR AT Rl B 1k Bk
HL A 55 R R 1% B 2 R 8k, 4 i) 4 B e g
FHIE F U RE B AR F,, 23 AR IE Fy DL S AT 3 P b
FROEHEAT BG4 BURAAIE 0] 5, SR LVQ #2228 i 4T
32, HARFE NG SR BRSO Hooy 2R g R 5 A
FEEEH AL T HCSSD 143 25 45 kA7 Lo, HLAR L3R
1R+ "RERBAITRE AL A . v] DL, 2640 A 9 52 56 4%
PR AHE 5T 32 B T HCSSD B B - 4 25 22 3 e £
FRIERG 5 1 BE S A A5 8 M H A5 5 I R AR A5 2 0T 1
PR B S M IR R I 1 A SR

F1 BEASHRARIANERILE

¥efika g F, F, Fy; Fi+F, F+F; F,+F; F +F,+F;

HHER/% 73 53 91 74 88 90 92

4.4.2 BSEBEHEMIAFNERPZI
& 9 [T T T CSSD B HCSSD 4 Bl B FR1E , R
FHAHE A LVQ # 28 X 25 43 25 4 B, I HEL A5 5 I B H

XM ZE R FE R . 1T 5 L, CSSD ¥ % AR 1 B
TR A iR, SIS B 9/ ol i i R ) 2R AR, T
HCSSD L 7ESE T CSSD il e 2 s R AiF 19 [R1 B, 51 AL+
HHT [ B -5 AE A 208 5 T IR B r kit 54
Bk BIAE A SR DL R, HCSSD 32475 0] 3R A%-488 55
R B R, (A 855X BCI 28 48 7 B A2 40 ek 114 17 JFH it
HTHE.

1
0951 —=— CSSD
----- -4-- HCSSD
0.9F S
.. -4
R oss ST .
= 3
I~ 0.8} N
=075 PO -4
=
07}
0.65|
1 1 1 1
085 9 8 7 6 5
SHEH

B9 SEHE X RHRK M

4.4.3 ZMIRANFENERIER

T2 T A M Y Data set T HL 5035, 5%
ASCRS 7 1 K Wi AL 4 11 75 %€ “ BCI Competition [l 7 H
27 S FEBAIRAT R = 44 (3R ) 7 32 ORI 285 1% . AR 3.
T BEAMLLL 92 % 1) ~F- 35 P50 FR A S8 56 — , T H A SCAY
WHT 10 HESHATHHT, /> F e 3850 — 2Rk
Fri ) S H (64) , 5840 UER] HCSSD BEA A 18 B

PEGF B PR AR A
F2 BHMEBEOKRBIN=ZBRAEXIRINFTE5ER
=3 FAIE4RIBUT 15 Vie ik VT
Qingguo Wei'® CSSD + 18 + FDA SVM 91%

P'S Hammon'" AR+ IRi¥ + /N R %L IENLBHEI  87%

M Sapinski''?! B + Tk pr = qul | 86%
AAEH HCSSD LVQ 2%
5 #Hig

P —FPEE T HHT F1 CSSD By F 3 W 5 AE 2 By
%, BRI HCSSD ¥ %7 AR Y AN R s A AT 55 1245 =
HRAL 7= A 1) ERD 5% 55 28 53 00 18 vl A 41 A, 28 1 A
HHT F1 CSSD Xt #4308 18 H AR 14 i R A5 55 1A 7 40 #T , 3K
BUAF 7 (14 B - 5 1 0 23 B AL, JE % LR AT R AT
AEFRE . 3SR = Jm [ BR AR v BUHE 22 Data set T FP Y2 3)
G ECoG £ 4 17 LI WF 57, 45 A B, HCSSD J7 1%
TERS /D G I HH T B i T HL A S A TR B M AR
ELA BT B 35 I RS A, Xz 2 AR G2 ik R AE BR
28T TR AN 5T R SE B v H A B .



2486 H ¥

& Eihd 2013 4F

S& 30k

[1] M J Fu,et al. Assessment of EEG event-related desynchroniza-
tion in stroke survivors performing shoulder-elbow movements
[A] . Proceedings of the 2006 IEEE International Conference on
Robotics and Automation [ C]. Orlando: Institute of Electrical
and Electronics Engineers,2006.3158 — 3164 .

[2] LR Hochberg, et al. Neuronal ensemble control of prosthetic
devices by a human with tetraplegia [ J]. Nature, 2006, 442
(7099) : 164 - 171.

(3] F&h T sh R MR AE 52325 B pLE 1 SR BF
FED] . K L Tl K%, 2008.

Wang Lei. Electroencephalogram Classification and Brain Com-
puter Interface Research Based on Motor Imagery [ D] . Tian-
jing: Hebei University of Technology,2008. (in Chinese)

(4] PRGN, TR, £ 208, 55 250X /i (EMD) K HN
FHLI] . P24, 2009,37(3) : 581 - 585.

Xu Xiao-gang, Xuguan-lei, Wang Xiao-tong, et al. Empirical
mode decomposition and its application [ J]. Acta Electronica
Sinica,2009,37(3) : 581 - 585. (in Chinese)

[5] Yunhua Wang, Patrick Berg, Michael Scherg. Common spatial
subspace decomposition applied to analysis of brain responses
under multiple task conditions: a simulation study [J] . Clinical
Neurophysiology, 1999, 110(4) :604 - 614

(6] BUPKHE . F T2 S R MN-PLI% 1 2 REERIHF 5[ D]
AE5T AR R, 2006
Wei Qingguo. Studies on Classification Algorithms of Motor
Imagery-Based Brain-Computer Interfaces [ D ]. Beijing: Ts-
inghua University,2006. (in Chinese)

[7] T N Lal, et al. Methods towards invasive human brain computer
interfaces [ A ]. Advances in Neural Information Processing
Systems [ C] . Cambridge MA : MIT Press,2005.737 — 744.

(8] T &, MIE &, SR, 55 . M 4 HE3 ADC A 481 5L
9 HHT 7534 [J] . HL 52441, 2009,37(9) :2072 - 2076.

Wang Hui, Liu Zheng-shi, Wang Jia-wei, et al. The HHT
method for testing the effective numbers of bits of high-resolu-
tion analog to digital converte [J]. Acta Electronica Sinica,
2009,37(9) :2072 — 2076. (in Chinese)

[9] G Pfurtscheller, F H Lopes da Silva. Event-related EEG/MEG
synchronization and desynchronization: basic principles [ J].
Clinical Neurophysiology,1999,110(11):1842 - 1857.

[10] H H Ehrsson, S Geyer, E Naito. Imagery of voluntary move-
ment of fingers, toes, and tongues activates corresponding
body-part-specific motor representations [ J].J Neurophysiol,
2003,90(5) :3304 - 3316.

[11] P S Hammon, V R Sa. Preprocessing and meta-classification
for brain-computer interfaces [J]. IEEE Transactions on
Biomedical Engineering,2007,54(3) :518 - 525.

[12] B Blankertz, et al. Results of the BCI Competition IIT [ OL].
http: //www . bbci . de/competition/iii/results,, 2005 .

EEEN

FHE L, 1966 L, W EEEEE A, 2006
AEFAE A DAl R AF AR 2, B A Tl
REERBAZ T, EENFMHE O HReE R
A 3R SR 2 IR S 4T B AT

E-mail ; limingai @bjut. edu. cn

B O L, 1987 FAL IR IR A, 2010
ARSI LR AERE A 20, B AL Tl R
2R PO SR R R G L LB AR, AT
FEHT R LEE A B AL HE S AR





