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Abstract: For motor related Brain-Computer Interface (BCI), if the sample size is small, Common Spatial Patterns
(CSP) algorithm is sensitive to outlier data and lacks of robustness. In this paper, an Adaptive Spatial Filter (ASF)
algorithm is proposed to take filtered samples’ variances as the features and seek the spatial filter to maximize the
ratio of two classes’ means. Unlike CSP, ASF is an iterative algorithm and have soft determination. ASF can
adaptively decrease outliers’ effects according to the updated filters. Using two datasets from BCI competition
2003 and 2005, the experimental results show that ASF outperforms CSP, especially when training samples are
few.
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%1 BCI 2003 dataset IV CSP 5 ASF 4 AEH LLE
f=10e—3 0=10e—6 0=10e—-9
100 200 300 100 200 300 100 200 300
CSPp 0.359 0.262 0.223 0.354 0.264 0.223 0.357 0.259 0.228
o = 300 ASF 0.337 0.243 0.213 0.327 0.247 0.211 0.328 0.244 0.213
I 43.830 31.435 4.240 44.805 35.265 7.850 46.220 38.110 11.525
CSP 0.365 0.261 0.228 0.356 0.264 0.231 0.356 0.262 0.227
o = 500 ASF 0.343 0.239 0.218 0.328 0.238 0.220 0.325 0.238 0.215
I 21.850 17.415 3.240 32.440 23.145 6.020 34.610 25.065 8.640
CSP 0.354 0.262 0.229 0.354 0.263 0.226 0.357 0.263 0.227
o = 1000 ASF 0.337 0.245 0.222 0.335 0.245 0.219 0.336 0.243 0.218
I 11.845 12.015 2.275 18.010 14.465 4.605 22.280 16.080 6.960
CSPp 0.343 0.262 0.226 0.357 0.265 0.225 0.359 0.268 0.225
o = 2000 ASF 0.335 0.249 0.224 0.343 0.249 0.222 0.345 0.247 0.223
I 9.770 5.655 2.060 9.280 8.320 4.055 10.735 9.840 5.970
% 2 BCI 2005 dataset I CSP 5 ASF 52 {44EAT LR
f=10e—-3 f=10e—6 0 =10e—-9
30 90 270 30 90 270 30 90 270
CSp 0.187 0.103 0.079 0.187 0.101 0.082 0.182 0.102 0.081
o = 300 ASF 0.162 0.102 0.080 0.159 0.101 0.080 0.155 0.100 0.080
I 141.815 38.610 4.175 152.505 42.100 9.620 168.320 65.320 15.525
CSp 0.189 0.099 0.080 0.188 0.098 0.081 0.184 0.105 0.080
o = 500 ASF 0.161 0.100 0.079 0.155 0.096 0.080 0.160 0.105 0.077
I 66.505 8.830 3.350 88.275 17.945 7.840 100.610 21.765 12.620
CSP 0.186 0.102 0.080 0.185 0.102 0.079 0.190 0.105 0.079
o = 1000 ASF 0.173 0.102 0.080 0.158 0.101 0.077 0.165 0.104 0.078
I 16.485 4.270 3.050 26.470 9.050 7.605 33.240 14.920 11.380
CSP 0.183 0.099 0.810 0.180 0.098 0.082 0.185 0.099 0.080
o = 2000 ASF 0.169 0.100 0.800 0.168 0.096 0.079 0.163 0.098 0.079
I 8.615 3.520 3.010 11.280 7.920 6.025 17.485 13.340 9.745
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