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Figure 3 EEG signals of C3,C4,Cz channels after blind

source separation by FastICA
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Figure 5 CSP extraction of EEG detail coefficients
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Table 2 Recognition accuracy comparison of different

feature extraction and classification methods %

Tt WPD+CSP+ WPD+CSP+ WPD+CSP+ CSP+ WPD+
- RFE+LSTM RFE+LDA LSTM LSTM LSTM

1 90. 28 78.16 88.89  43.06 27.78
2 94.25 77.01 94.44  62.50 25.00
3 96.55 72.22 95.83  45.83 26.35
-1 93. 69 75.80 93.05 50.46 26.38

22 2 ] LDA SN BT, B & 2 nTa,
T2k H WPD 1 CSP #E47 R AF 42 BT ] LSTM #
00250 SR RFE BE£E5EAE 1 15 51 o 0 5 1 55
TR ok B R AR 1 L0 ME B R . 7E R WPD AN
CSP JE 17 45 1iF $2 BUJF F RFE 3k 17 435 1F 3% £8 i,
LSTM 253U R 1T LDA, # KR F CSP R HUE:
fE, WL TE Rk E#f 4325 . B TR H RFE 3£ 847
E IS, 5 5258 i BT A 4 AE , B X o B SR 450
DAL Y R AE B B R R B BCR L, A SOREAR
FIZEBE S LA 21T CSP 28 Sk P #8153,
BRI BE A k(h—1)/2 D2 B D2 (o ko
FOMB) AR 2, W BT B0 2 R U A

SRER,
3 = EYLE# KBRS

B a2 g AR gl E S il B OAE
Unity 3D #5125 (8] HLARE 32 3l , 05 21 52 56 I 72
wE 6 i,

FastiCA
EIRAE

Eo6 ELHKRE
Figure 6 Simulation experiment process

2% A ALAR T O v I (R AR ) KR R D
TR i VL B, B 22 3 e s a) oty I, 22058
J s T AR HUITCHR F bR ) A 55 o R 53 ) ik
fifp At g 442 1l 2 [ 3l A1 ) 2 R HUARVE o 24 ol Pl
TN TF A SRR A5 ) A 1A HUAR R 3
B, MRS S A Tz sh R P A
OIS B 5 8l SIS 5o ks s R
B, 42 T WL AR v R IR B 6 Bl I LS S



%5 3 i SELRR 45 < A T /NI AR 8 3 A A S 0 il R A 35

XU Iz 2 A8 G2 42 1 AL BRUE O S g e Bl
5 I FL A S 0 I A 1 S AR ISR 3 iR
23 [ AU W) 46 7 B AN 18] 7 B, 25 ) AL 1%
B SRR AL 8 PR
R3 ARWMEBESIMEHES RIS NE
Table 3 Four types of EEG corresponding control

instructions and space manipulator actions
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Figure 8 Position of the space manipulator as instructions
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EEG Decoding Based on Wavelet Transform and Common Space Pattern
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(1. School of Automation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China; 2. National Key Laborato-

ry of Human Factors Engineering, China Astronauts Research and Training Center, Beijing 100094, China)

Abstract: Aiming at the problem of fewer tasks and low accuracy of recognition for motion imagination electro-
encephalogram ( EEG) signals, in this paper a common space pattern( CSP) method based on wavelet packet
decomposition( WPD) was proposed to extract the features of EEG signals. The long short term memory net-
work was used to decode the EEG signals. Motor imagination signals were separated from blind sources by in-
dependent component analysis(ICA) , and each channel EEG signal was divided into 8 groups by frequency u-
sing wavelet packet decomposition. The power value of each group of signals was calculated, 10 features were
removed for classification by recurrence feature elimination ( RFE ). The selected signals were extracted by one-
to-one common space pattern filters. The feature matrix were input into a long shortterm memory network for
EEG decoding, and the classification results of 4 categories of motion imagination signals were obtained. The
proposed method was used to verify the open data set of brain computer interface ( BCI) competition ( including
four kinds of EEG signals: left hand imagination signal, right hand imagination signal, tongue imagination sig-
nal, and foot imagination signal). The recognition accuracy of three subjects was 90.28%, 94.25% and
96. 55% respectively, and the average recognition accuracy could reach 93. 69%. Compared with other feature
extraction and classification methods, this method had a high classification accuracy. The decoded EEG sig-
nals were used to control the clockwise or counterclockwise movement of the space manipulator to achieve the
purpose of grasping the target in the virtual space environment.

Keywords: BCI; EEG decoding; long short term memory network ; space manipulator; CSP



