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Abstract:

feature extraction. First, the raw signals are decomposed by wavelet packet decomposition ( WPD) . Then, using wavelet packet en-

In order to improve accuracy of mental task classification, we propose a new method of EEG classification with

tropy reflecting the distribution of signal energy in time and frequency domains, the best basis of wavelet packets is selected from a
wavelet packet library according to the wavelet packet entropy . Afterwards the statistical features are used to represent the best basis
wavelet coefficients. Moreover, the eigenvector is obtained by calculating the asymmetry ratio of the hemispheric brainwave at each
electrode in different mental tasks. Finally, the performance of the eigenvector is evaluated via a support vector machines classifier.
A publicly available EEG database was used to validate this study.Compared to the conventional WPD, wavelet packet best basis
decomposition and existing autoregressive feature extraction methods, the average accuracy for the proposed method ranged from

95.41% to0 99.65% for ten different combinations of five mental tasks.
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, LR a0 ey PV 24 Session 1) S0% B AR IISHEA S 5
0 R (Lettrcom, R S NS TFEQ T SVM 532205 Z B I A A AR AE A 53 B A T
3 g L) S, B RS A 0F 10 —Fe#fE. SC50 2k AT Db2 /N o& B0 45— Be
HEAAL. » EEG B4R 3E17 5 )2 /N A4, R B3R 5 s, X A4S
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(Counting, C) AR AR L fift (TWPD) J5 2 % o 2R A [m) i S4B AT 45 1 BT A 4L 5 4 31
10 sec ARG M 2R Rl DL AN TR A S8 Ak 2
r ) R SCRAFAE — 5 10 22 52, A RLE4EAT 55 4 & %t
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F2 WPD,BR/INEEESAIH WPD 7% (IWPD) 3HE B FIF R B B 4 SRR 5 KSR R LR (% )
Subject 1 Subject 2 Subject 3 Subject 4
fosk WPD BWPD IWPD WPD BWPD IWPD WPD BWPD IWPD WPD BWPD IWPD
Bvs.M 68.60 90.93 98.43 59.93 83.47 100.00 54.23 95.37 99.20 91.27 98.80 92.60
Bvs.L 45.30 99.33 100.00 64.33 93.13 100.00  47.37 97.63 98.73 86.70 74.28 94.21
B vs.R 68.97 92.57 100.00 86.93 89.93 99.80 54.67 96.17 99.90 68.93 77.33 97.67
Bvs.C 53.07 81.33 96.80 57.13 93.73 99.60 44.00 97.97 100.00 84.03 87.47 98.70
Mvs.L 58.97 96.77 95.10 79.73 85.60 100.00 44.73 97.07 99.30 51.89 59.65 91.61
M vs.R 48.00 92.77 100.00  81.60 92.73 100.00  54.90 98.13 96.20 55.60 78.20 95.77
M vs.C 48.93 98.80 94.37 50.33 88.07 99.33 43.97 99.00 98.37 46.20 83.03 95.40
Lvs.R 66.20 94.57 98.67 93.47 93.13 99.33 54.80 96.53 98.37 42.32 75.37 94.60
Lvs.C 54.50 94.50 92.80 77.13 93.80 99.60 42.57 97.93 98.77 60.21 88.07 99.30
R vs.C 54.57 97.20 95.70 71.00 90.00 98.87 47.40 95.03 99.10 63.37 80.70 94.23
Average 56.71 93.88 97.19 72.16 90.36 99.65 48.86 97.08 98.79 65.05 80.29 95.41
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'*HE?E flﬁj%j‘?: (011,P3» Qy pas A1,¢35 A1, ¢4 X1,015 A1,025

A2, p3s A2 pas A2 (35 A2, ¢45 Q2,015 Q2,025 *"» A6, p3s A6, Pa>

£3 XEE[21]NEBH AR FiEFZARSCH) WPD i3 EE R
ARBERBEENS LRI ERILER (%)

Q6.3 Ao, Ca> X, 01 » X, 02) . Tak Subject 1 Subject 2 Subject 3 Subject 4
a3 4 5 AE 5 SCHR 22 143 250G BE ) L 45 AR IWPD AR IWPD AR IWPD AR IWPD
B S ARO[ %R R FH 10 43 2 58 L Bp vk Bvs.M  66.50 98.43 89.33 100.0 57.60 99.20 67.50 92.60
. 9
. ; Bus.L  49.67 100.0 67.00 100.0 80.23 98.73 71.72 94.21
VEREAEIR? 25 4% (MLP-BP) . 5256 2% )
% G%E“,ﬁﬁfﬁln %i‘ i>/ R ”%%i)i’ Bvws.R  58.90 100.0 80.87 99.80 48.33 99.90 56.70 97.67
MFAREALIE A5, A SCH IR AE R BOTR 4 G Bvs.C  48.83 96.80 77.40 99.60 77.40 100.0 84.70 98.70
SVM Zr 25 4n ¥R B 2 2 19 I %5 . 91> Subject “F-34 43 Mys.L 57.83 95.10 95.20 100.0 74.57 99.30 58.11 91.61
SRS L 1 52 1 171U (Fixed Autoregressive, FAR) Fil [ 15 Mvs.R  66.07 100.0 80.27 100.0 45.90 96.20 49.73 95.77
B 1 ( Adaptive Autoregressive, AAR) 43 B # 75 Mvs.C 50.20 94.37 80.07 99.33 60.20 98.37 50.57 95.40
. Lvs.R  50.37 98.67 90.53 99.33 68.83 98.37 60.14 94.60
23. A% .4 2 PR, 25 ML AR pil
i 67%%[]31 1% j:‘iiﬁi L o E}? Tf‘ AR %ii Lvs.C 44.30 92.80 71.60 99.60 86.93 98.77 92.74 99.30
RESCIL T 155 B I 22 e b, (H B BE R R TR E T 5 Rvs.C  44.57 95.70 74.07 98.87 52.13 99.10 60.27 94.23
BUAK VT8 70 PR T E B B 30 ) 35 10, K R U s (] Average  53.72 97.19 80.63 99.65 65.21 98.79 65.22 95.41
O HER R ER A ARAL T AR 22 K
x4 S3xik[22]iHEHY Fixed autoregressive (FAR), Adaptive AR (AAR) 354 22 RELEB (% )
Subject 1 Subject 2 Subject 3 Subject 4
Task
FAR  AAR IWPD FAR  AAR IWPD FAR  AAR IWPD FAR  AAR  IWPD
Bs.M 80.20 68.50 98.43 74.50 61.60 100.0 67.85 50.00 99.20 86.10 72.70  92.60
B vs. L. 76.80  60.90 100.0 80.60 64.20 100.0 59.85 51.80 98.73 63.30 57.50 94.21
B vs.R 76.25  65.10 100.0 70.90 57.40 99.80 74.25 63.40 99.90 80.95 81.80 97.67
B vs.C 82.20 6420 96.80 71.30 63.60 99.60 57.60 51.60 100.0 76.40 69.40  98.70
M vs. L. 82.65 68.40 95.10 74.30 62.20 100.0 71.15 50.00 99.30 78.20 74.30  91.6l
M vs.R 82.55 76.70 100.0  68.85 54.30 100.0 71.55 50.00 96.20 75.20 66.70 95.77
Ms.C 83.10 64.70 94.37 72.95 53.90 99.33 63.40 49.90 98.37 92.70 77.60  95.40
Lvs.R 7230 65.00 98.67 73.90 63.10 99.33 76.65 60.50 98.37 72.55 70.70  94.60
Lvs.C 68.80 59.90 92.80 88.80 65.90 99.60 61.85 56.50 98.77 71.35 64.50  99.30
R vs.C 72.05 53.60 95.70 66.00 50.20 98.87 69.90 56.30 99.10 73.75 73.20 94.23
Average 77.69 6470 97.19 74.21  59.64 99.65 67.41 54.00 98.79 77.05 70.84  95.41
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