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Abstract: This paper presents an analysis of the influence of the number of electrodes as well as the location of electrodes
has on classification performance for a motor imagery based brain machine interface (BMI). Electroencephalograhic
(EEG) signal dataset from BMI Competition IIla are used in this analysis. Common spatial pattern (CSP) is applied to
extract features of the EEG signals and support vector machine (SVM) are chosen as classifiers. Analysis results show that
depending on the electrode location, classification accuracy using only 8 electrodes is comparable to the accuracy when 60
channels are used. Also, the electrode locations that achieve the best accuracy differs for each participant. Furthermore,
positioning of electrodes over the primary motor cortex does not always achieve satisfactory accuracy and in some cases,
channel selections over many brain regions may help to achieve higher classification performance.
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Fig. 1
the trial begins, the first 2s were quite while participant gaze at
a blank screen. At t=2s an acoustic stimulus indicating the
beginning of the trial, and a cross ‘“+’’ is displayed. Then an
arrow to the left, right, up or down was displayed between 3s to

Timing of one trial of the experimental paradigm. Once

4.25s. At the same time, the participant was asked to imagine a
left hand, right hand, tongue or foot movement according to the
cues until the cross disappeared at t=7s. Each of the 4 cues was
displayed 10 times within each run in a randomized order.

Nose

Fig. 2 Position of EEG electrodes. EEG data acquired from 60
channels are used in this study. Two circles on the left and right
mastoids indicate reference and ground electrodes.
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Fig. 3 Electrode placement patterns when 8 electrodes are

used.
Table 1 Channel selections for each electrode placement
patterns when 8 electrodes are used.
Pattern . .
Number Brain Region Channel Number
Primary motor cortex 26, 27, 28. 29,
1 (left), somatosensory 30 31, 40. 41
cortex (left) T
2,3,4,5,
2 Prefrontal cortex 6.7.8.9
. . 53, 54, 55, 56,
3 Primary visual cortex 57,58, 59 60
P.rlmary motor cortex 31,32, 33, 34,
4 (right), somatosensory
. 35,36, 41,42
cortex (right)
5 27,28, 29, 30,
Primary motor cortex 32,33, 34, 35
P Y 26,27, 28, 29
33, 34, 35, 36
7 Primary motor cortex, 20, 21, 22, 30,
somatosensory cortex 32,40,41, 42
6,8, 10,12,
8 Prefrontal cortex 14, 16, 18, 24
12, 14, 28, 34,
9 Prefrontal cortex, 46, 52, 58, 60
primary motor cortex,
6, 8,28, 34,
10 somatosensory cortex
46, 52, 58, 60
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Fig. 4 Schematic diagram of the whole classification
procedure.
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Table 2 Classification results when all 60 channels are used

Classification results [%] Average
Subject left right foot tongue
k3b 81.2 49.6 86.6 66.0 70.9
koéb 63.1 23.5 22.9 49.0 39.6
11b 66.7 69.7 37.3 321 51.5

Table 3 Classification results when 8 channels are used (k3b)

Pattern Classification results [%] Average

Number left right foot tongue
1 48.7 33.8 50.6 83.6 54.2
2 41.7 14.0 29.2 24.3 27.3
3 16.3 15.0 35.0 13.6 20.0
4 60.3 32.2 62.7 48.1 50.8
5 67.9 46.5 50.2 70.5 58.8
6 62.8 28.1 25.3 68.1 46.1
7 67.3 48.1 78.8 65.6 65.0
8 92.2 16.9 11.3 68.9 47.3
9 63.6 38.2 20.4 571 44.8
10 49.0 24.7 46.3 75.1 48.8

Table 4 Classification results when 8 channels are used (k6b)

Pattern Classification results [%] Average

Number left right foot tongue
1 22.4 20.4 9.4 28.6 20.2
2 37.0 30.9 27.6 33.0 321
3 29.3 9.7 36.9 32.6 271
4 43.6 41.5 33.9 33.9 38.2
5 29.8 10.0 29.2 221 22.8
6 20.3 21.6 19.8 37.0 24.7
7 35.1 30.1 16.0 26.4 26.9
8 48.4 18.9 36.5 13.0 29.2
9 27.4 24.9 55.1 52.4 40.0
10 32.2 25.2 53.4 49.2 40.0

Table 5 Classification results when 8 channels are used (11b)

Pattern Classification results [%] Average

Number left right foot tongue
1 36.9 31.9 34.0 35.9 34.7
2 50.5 2.6 0 0 13.3
3 32.3 214 26.7 22.2 25.7
4 15.6 57.6 17.6 53.5 36.1
5 11.2 421 41.5 58.9 38.4
6 32.3 50.3 55.5 46.8 46.2
7 32.2 24.9 6.1 30.2 23.4
8 38.9 25.5 15.9 28.9 27.3
9 32.6 24.6 41.5 27.9 31.7
10 15.1 28.6 22.8 37.2 25.9

Table 6 Classification results when 16 channels are used

Classification results [%] Average
Subject left right foot | tongue
k3b 77.9 50.3 39.5 57.8 56.4
koéb 31.4 51.4 48.7 37.8 42.3
11b 22.9 52.5 41.4 50.7 41.9






