43 % 11 W
2017 4 11 JJ

A 3 b % i
ACTA AUTOMATICA SINICA

Vol. 43, No. 11
November, 2017

Bagging RCSP X B4F IR ENE £
K FEMK: KEFED FAL

# E EWbHEAEE L (Regularized common spatial pattern, RCSP) fif# vk 1 3L 23 (8] 5 (Common spatial pattern,
CSP) g A SEURR R ) (T, AEL e /N AS o B B P IR 3R IO AN BEARL. B Lk 1) J, ASCH i T Bagging RCSP (BRCSP)
Bk, Wit Bagging 7715 #E R IEBON B kMG — AL, FH3EE RCSP RFAE, R R 281430 54> #T (Linear discriminant
analysis, LDA) JKRRFE i) 5B BRLE 23 0] ) 55 )5 R B 4 (Nearest neighborhood classifier, NNC) &5 58 /328 45 3.
28N SIS UF I, AH L3 2R A5 1 Ak 28 [E] 420 (RCSP with aggregation, RCSP-A), BRCSP [ T35k s 1 2.92%, H.
T7EERE/N, E R IT . ), R RERR R T 6 1, 10 73238 R BRCSP BESCILZC A5 T3z 2 AR G i vl 5 5 A 4 52 K
“Q” PIEHEAR IS R IS LA I A R A S B 1A R

KBRS, FEEHREG, RCSP-A, Bagging RCSP

AT GKEk, P, BE, B A K. Bagging RCSP Jiij HIRFF IR I . AEML24R, 2017, 43(11): 2044—2050

DOI 10.16383/j.aas.2017.c160094

Bagging RCSP Algorithm for Extracting EEG Feature

ZHANG Yi' YIN Chun-Lin? CAI Jun? LUO Jiu-Fei'

Abstract The regularized common spatial pattern (RCSP) has solved the problem that the common spatial pattern
(CSP) is sensitive to noise. However, its performance on small sample of electro encephalon graph (EEG) data set is not
ideal. To deal with this problem, a Bagging RCSP (BRCSP) algorithm is proposed, which divides training samples into
packets and extracts RCSP features by Bagging to choose training packets. Furthermore, the feature vector is projected
into the lower space with linear discriminant analysis (LDA) and a classification algorithm based on nearest neighborhood
classifier (NNC) is adopted. Compared to RCSP with aggregation (RCSP-A), the accuracy of BRCSP increases by 2.92 %
in average and the variance is smaller and has better robustness. Results of the experiment, in which 10 subjects control
an intelligent wheelchair of a fixed “8” glyph trajectory, demonstrate that the BRCSP is effective in the EEG feature
extraction.
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Fig.1 The process of EEG induced by the left hand and
right hand motor imagery based on Bagging RCSP
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# 1 CSP. RCSP Fl Bagging RCSP 7+ BCI Competition ITT ##54E TVa FRIRAIR LR (%)

Table 1 The recognition rate comparison of CSP, RCSP and Bagging RCSP on Competition III data set IVa (%)
[ZR7S aa al av aw ay S FEIT (s)
CSP 66.1 98.2 59.2 88.4 61.1 74.6 5.5
LW-CSP 69.6 100.0 56.6 93.3 67.1 77.3 17.6
SSCSP 73.2 96.4 54.8 70.5 73.4 73.5 6.7
RCSP-A 76.8 98.2 74.5 92.9 77.0 83.9 62.2
FERCSP 79.5 96.4 77.6 94.2 82.5 86.0 300.3
BRCSP 79.3 98.6 78.3 92.9 82.5 86.3 63.3
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Xt FiR 6 FhELvEA One-way ANOVA, £ 75 %
FEHEAR G, sig. oA 0.141, KT 0.05, 2 U K it
JETT 2S5 AR VUM Z P EE R, CSP, LW-
CSP, SSCSP 3 Fhfivksrnlt RCSP-A, FERCSP,
BRCSP [ sig. #3/N T~ 0.05, £W )5 3 Wﬁ& i 3
*“Fﬁ?i?%ﬁﬂﬁ@l'—l—iﬁﬁlﬁﬁ?iﬁlﬁ], X EAA BEE
W, EFERS AP LE R |, RCSP-A fil BRCSP 43
ML CSP, LW-CSP, SSCSP, FERCSP 4 Fh 5
() sig. /N 17 0.05, J7iEANTH, X R LW W2, —
J7 1, ZIKItK?FSLT@:Qﬁ,H’J CSP, RCSP-A, Bagging
RCSP H&ﬁJ&I?ﬁﬁ&&?MMﬁ%LH‘J%i’J P
#_ FERCSP %4 Bagging RCSP w5 T-HAth 7%, 4R
1M, FBRCSP F AN T RFAESE T FE 2 (1 B[],
Jy—J7 M, 25 LS B0 HAE T A A RE R ) R, T
RCSP-A Fl1 Bagging RCSP I T-44 K £ % (1) CSP
J7i%, HAEY RCSP-A (RCSP with aggregation)
bbb, W FERT B0, {H Bagging RCSP 111y
IEHR T F. 25 LAT&R, RCSP-A Fl BRCSP 4T
HAth CSP fi7/E5E.

2.2 ETAEAFEHERMERMZE TR

MR 1 g 453, 2T RCSP-A I Bagging
RCSP 15 T4 K251 CSP 5k, A SCR X P fl
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Fig.2 The process of signal sampling
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RIME 7. BRAL S 0 B—E E sh AR AT 55 22
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SO ERERAE T R R SR i B 2 2~ 65 [A)
A, BI 4s B, XA 512 DR AL
KREBIPIRAE T E BN —DFEA, LS5 5L
P ILAT 800 MFEA. FIH RCSP-A FlI Bagging
RCSP 543 nllxt 2247 T3 AR G v A 5 EA T4
TEFEE. MRPE (10), A3CHE T Bagging RCSP #7
EE— DR A s s AR S B AE SRk, &3
i T H o — 22l A T AR G B AE
FIFSAEAE 20 AR . T LDA B EU i 4EFFE ) ik
I BMERAE ), B R AE T NNC oK Hkit
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5 AN M\
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Fig.3 The distribution of eigenvalue of EEG induced by
the left hand and right hand motor imagery

# 2 RCSP-A Fl BRCSP #iL B4 IRM% (%)
Table 2 The recognition rate of off-line based on

RCSP-A and BRCSP (%)

ZRE RCSP-A BRCSP
Al 80.53 86.16
A2 95.81 93.04
A3 75.56 81.08
A4 84.74 87.56
A5 78.06 83.61
A6 87.78 90.56
A7 84.72 87.50
A8 93.83 96.06
A9 85.42 87.56

A10 76.29 78.78
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Table 3 The result of t-test based on
RCSP-A and BRCSP
RCSP-A BRCSP
¥f 0.842740 0.871910
il 2 0.0691799 0.0523412
AR HL 0.955
t -3.741
df 9
sig. (X)) 0.005

M t-test 4 HAF 1, RCSP-A HUEE ik $2 B
()3 R HERf 4 4 84.274 %, Bagging RCSP
() 3 R UEf R4 A 87.191 %, HAH KR H N
0.955. EUK U6 /K a = 0.05, HXUME K P =
0.005, #ixT- 0, Ui W% T- RCSP-A #l Bagging
RCSP PR SLiE i RUEM R T B &5 M= M
btk RCSP-A, Bagging RCSP 1 3 HEffi R ¢ =
T 2.92%, HbsUEZET /N, SRt ELE, S
FEWG AR SRS IO AL T HoAth CSP A 5032

3 & 3G

T #E— P AF Bagging RCSP 51 1947 %%
PE, R RER R T & LT T US55l Bh k6.
K H T [ i SR B o A5 5 FUL AR 5 /) Emotiv £
JERARAE G 5 R R, BRI S . MR AETFis
ARG A TFIBIE N =R BN E S, ZRE
FIHNVEAE S RA R B RS, R AL Fies)
MG LS S WA R 7 7). AERR R I 7 Il ds R
EEG 5G£5t 0.1 ~ 30 Hz (€0 2%, SR )il Bag-
ging RCSP SLykHE B A5 5 T 0 S B, FRf
F LDA CEHFAE ) s WU SIME 4 8], el KRR T
NNC 50 B o oA T AR IET), IFHAL b $%
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4 FioR. ARG 5 RAE R % Emotiv /L& #81T 16
AN, Hof 2 AN S R, 14 A REER
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y sl ECRe
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Fig.4 BCI system architecture
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Fig.5 Distribution of electrodes
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Fig.7 The wheelchair track of two kinds of BCI system
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Bagging RCSP SLiZd II 2k A 73 il — A, JF
kR RCSP HFE ki FRl ghtu, 7 2=/,
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