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Logarithmic band power feature extraction method based on CSP
transform and filter bank

Mo Yun

(School of Electronic Information and Autemation, Guilin University of Aerospace Technology, Guilin 541004, China)

Abstract; In order to [urther improve the performance ol motor imagery electroencephalogram (EEG) decoding, a new
common spatial pattern (CSP) improvement method is proposed to address the problems ol the CSP [eature extraction
method, that is, the logarithmic band power [eature extraction method based on CSP transform and [ilter bank. First,
the original EEG signals are preprocessed; then the preprocessed signals are spatially [iltered using CSP translorm;
alter that, the spatially [iltered signals are decomposed into multiple sub-bands using [ilter bank, and the logarithmic
band power ol each sub-band signal is extracted as a [eature; [inally, the least absolute shrinkage and selection operator
(LASSQO) is used [or [eature selection, and the support vector machine (SVM) is used [or classilication. Experiments
were conducted on the data set Ila of the brain-computer interface (BCI) competition IV, the proposed method achieved
the highest average classification accuracy, and the result was 81.97%. The experimental results show that the
classification performance of the proposed method is better than the existing improved CSP method, and the feature
extraction time also has a greater advantage.
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(common spatial pattern, CSP) 2% 5B 3 B S Bl
RS- ARG CSP 7 IR TE AT 25 ) I I U5 38 B 0 248
HEIE - A B SE R T A SR BU A — i e fE . e
BRL7I4E M T & T CSP ZE 46 ¥ X %507 38 2h % (logarithmic
band power, LBPY R, A< SO Hofk 2 Oy CSP-LBP. S K 4%
R, CSP-LBP (L P41 CSP Jride, CHkLSIMmrsE
R, HT CSP AR A H 3 RECRRAE L T X #0005 2%,
T A ALGE ) CSP Ik Z 5 G B . WL, §6%F CSP )
T DA e R (A AR 20 B A . e n SCik9 1 g I
Ve AR AT I 36 B v 4R S R i 24> T SRS A CSP 4R
BURE, S 5 A B 5 B H B 09 4FAE. Zhang
e O PR e T UK U M CSP (sparse filter band common
spatial pattern, SFBCSDP) J5 % . SFBCSP & I ik H {5 5
S 2 A AR R AT A IR R VS O 4~ 40 Ha,
BT SRR 4 He, TR Z A A9 ZEZ % R 2 Heo (] CSP
P HCRR AR, IR A0 A B/ 48 X (E W 45 0 3E B F (least
absolute shrinkage and selection operator, LASSO) #£47 5#
W FRAR R , B S5 X ik 9 0 4R A i AT 32 4R 1 &= AL (support
vector machine, SVM) #£47432%, [ )5 . Zhang 2" W 7F
2017 AE 3R B T W A B DL M B 2 ) (sparse Bayesian
learning of [requency bands,SBLFB) [ 7 4 i, %07
AR IR SCERL10]—HE {0 f IR R DL 37 2 o) SRR
RO B0 B AL . A E 3 e R S 0 il AR S IR T i &
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o oFl g B 2% 4 (filter bank, FB) [y %) ¥ # @ o %
(logarithmic band power, LBP) & HF £ T FiE. K22 N
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MECHE IR DR, &5, H LASSO 317 R AE
BRI SVM #4740 25, ff A W ML 3 O (brain-
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FOHF WREL 4 KB EES. B TEAXHBR
SRR, X 4 2648 55 B AT HESI L AR B CL = 6 1=
SEESF . AT 6 NBUE TEMEAT L. BB
YR AR B AR B O 144, BG4 HAb (5 B L
SCHRLO 1B W 3G < http: // www. bbel. de/competition/IV/ .,
2.2 WEBFESHEE

SR AR SO AR 07 R B A ROvE o BT 4R U7 ik 5 A
5AVBLA BT BRI AT LR, A BIR 4 CSP ikt
FBCSP-* ., CSP-LLBP', SFBCSP"*" | SBLFB'"', CSP £
CSP-LBP {fi | SVM 3474324 ,FBCSP,SFBCSP #1 SBLFB
S AR SCRREE B . X T CSP-FBLBP 77, LASSO
MO SR 10 B 38 LR E# 17 % &, & SH8EL N
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A€ 0. 1xX{1,2,-,30}, LASSO {fij§ SLEP T.H 48" 5z
B,SVM i LIBSVM T B4 523, SVM 3%E$ C-SVC
B bR RSO B R T A BRIAEE.
2.3 LRHGHR

SHAFER LR EF.TRARLEF GF MG LESD)
MBS W AOL_LR TR AL BT A F A Ti23)
G BT LUR M, % 1~6 BiRh 9 9il7E 6
TS F TR R A BRI SRR
I B R . AR 1~6 B85 R n LA ,CSP F ik
EFMAFEF v HFOMNHETHSPIETHELN
SRR . CSP-LBP Jr k(e 42 F A0S 3 DL RoAT F F0F 3k
B AR5 BUR T BT 2R OR . TEH AL — 28
f£ 4 ,CSP-FBLBP Jrikst R fE.

Rl DEXEHEBCIEZFIVEEE Ua:£F vs HF)

subject CSP FBCSP SFBCSP SBLFB CSP-LBP CSP-FBLBP
A01_LR 81.72 86. 81 79. 86 76.39 87.50 90. 28
A02_LR 58.33 55.56 52.78 52.78 52.08 56. 91
A03_LR 94. 44 86. 11 86. 81 88.19 93.75 93.75
A04 LR 72.92 61. 81 64.58 61.81 73.61 68. 75
AO5_LR 52.08 85.42 81. 25 84.03 61.11 54,17
A06_LR 70. 83 56. 25 63.19 63. 89 68. 06 61.58
A07_LR 81. 25 81.72 83.33 86. 81 78.17 77.78
A08_LR 95.14 92. 36 88.19 93.06 94. 44 94. 44
A09_LR 88. 89 86. 81 87.50 86.11 88.19 90. 28
Mean= Std 77.62114.43 77.32413.99 76.39+12.14 77.01+13.34 77.474+14.08 76.77+15.22
R2 HREWER(BCIEHEIVEHES Ha: EF vs H)
subjcct CSp FBCSP SFBCSP SBLFB CSP-LBP CSP-FBLBP
AO1_LF 95. 83 93.75 89.58 90. 97 95. 83 97.22
AOZ_LF 69. 44 75. 69 72.22 73.61 71.53 66. 67
A03_LF 93.75 85.12 90. 97 91. 67 91.11 95.14
A04_LF 84. 03 71.53 82.64 83. 33 72.22 82. 64
A05_LF 61. 81 68. 75 51. 39 53.47 66. 67 70. 14
AO6_LF 65. 28 73.61 61. 81 64. 58 62.50 68. 06
AO7_LF 98.61 97. 22 96. 53 93. 06 95.14 97.92
A08_LF 76. 39 70. 83 75.69 78.47 86. 81 90. 28
A09_LF 96. 53 93.75 93. 06 93.06 95. 83 92. 36
Mecan4 Std 82.41413.73 81.17410. 72 79.32414. 48 80.25413. 30 82.33413.13 84.49112.24
RI3 DEEHR(BCILEF IVEEE Ha: A F vs HL)
subject CSP FBCSP SFBCSP SBLFB CSP-LBP CSP-FBLBP
A01_LT 92. 36 90. 28 89.58 88. 89 93.75 94. 44
A02_LT 65. 28 63. 89 67.36 63.19 67.36 64.58
AO3_LT 94. 44 91. 67 88. 89 86. 11 93.75 95.83
A04_LT 90. 28 79.17 80. 56 78.47 90. 97 §8. 89
AO05_LT 69. 44 69. 44 74. 31 75.00 72.22 73.61
A06_LT 66. 67 68. 06 68. 75 67.36 70.14 71.53
A07_LT 98. 61 87.50 90. 28 88. 89 94. 44 96. 53
AO8_LT 92. 36 91. 67 88. 89 86. 11 92. 36 88. 89
A09_LT 97.92 97.22 97. 22 97. 22 97.22 97.22
Mean = Std 85.26213. 10 82.10E11. 57 82.87+9.98 81.25210. 46 85.801£11.41 85.72+£11.75
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R4 DEREHEBCIZE IVEIESE Ma: 5F vs )
subject CSP FBCSP SFBCSP SBLFB CSP-1.BP CSP-FBLBP
A0l RF 93. 06 90. 97 78. 47 75. 69 95. 83 95. 83
A02 RF 78. 47 68.75 68.75 68.75 83.33 75. 00
A03_RF 90. 28 77. 08 84.72 83. 33 90. 97 93.75
A04_RF 89, 58 77.78 86. 11 85.42 89. 58 87. 50
A05 RF 50. 69 71.53 54.17 56. 25 68. 06 71.53
A06_RF 63.19 61.11 70. 14 68. 06 64. 58 69. 44
A07_RF 98. 61 97. 22 98. 61 98. 61 93.75 98. 61
AO8_RF 79. 86 89. 58 73. 61 76. 39 88. 89 93.75
A09_RF 85. 42 77.08 77.78 77.08 81.94 90. 97
Mean®Std  81.02414.45  79.01£10.94  76.93+11.83  76.62+11.34  84.10%£10.41  86.26%10.58
F5 FEEBEBCIZTEIVHIEE Ia:5F vsHX)
subject CSP FBCSP SFBCSP SBLFB CSP-LBP CSP-FBLBP
A01_RT 98. 61 94. 44 84. 03 80. 56 99. 31 100. 00
A02_RT 65.97 57. 64 64.58 63.19 63. 89 63.19
A03 RT 93.06 91. 67 88.19 90. 28 96. 53 97.22
A04 RT 87. 50 79.17 83.33 83. 33 86. 81 85. 42
AO5_RT 57. 64 59. 72 70. 83 72. 92 65.97 73. 61
A06_RT 65. 97 61. 11 61. 11 59. 03 68. 06 65. 97
A07_RT 96. 53 94. 44 96. 53 97.22 93. 06 93. 75
A08 RT 90. 28 84. 03 85. 42 82. 64 92. 36 88. 19
A09 RT 90. 97 81. 03 81.03 84. 72 81.03 80. 56
Mean+Std  82.954-14.48  78.47+14.27  79.78+11.01  79.32+11.60  83.34+13.04  83.10+12.54
F6 HDEEWME(BCIEE IVEHESE Ua: ] vs FX)
subject CSsp FBCSP SFBCSP SBLFB CSP-1.BP CSP-FBLBP
A0l FT 72.92 69. 14 71.53 73. 61 72.22 72.92
A02 FT 67. 36 68.06 67. 36 67. 36 73. 61 70. 83
A03_FT 69. 44 69. 44 70. 14 68.75 68.75 81.25
A04_FT 59.03 79.17 76. 39 75. 69 57. 64 59.72
A05_FT 57. 64 60. 42 50. 69 50. 00 70. 14 60. 42
A06_FT 66. 67 65. 97 68. 06 70. 14 67. 36 71.53
A07 FT 81.25 75. 00 71. 31 73.61 83.33 85. 42
A08 FT 86. 11 841. 72 81. 91 79. 86 86. 11 88. 89
A09_FT 93. 06 81. 94 81.25 77. 08 90. 97 88.19
Mean+Std  72.61+11.34  72.6847.57 71. 30+8. 82 70. 68+8. 23 74. 469, 87 75. 46+ 10. 50
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