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On the Estimation and Classification of Human Mental States
using the EEG Data

Naoyuki MORITA, Kana YANASE

Abstract

We present a method to realize the goal of estimating and classifying human mental states by ap-
plying the self-organizing (feature) map : SOM to the data which uses the alpha wave and beta wave
component of EEG. The data are constructed by two quantities which reflect the difference of brain
activation and the level of brain activity.

We performed a preliminary experiment in which five different mental states were estimated to ex-
amine the usefulness of this technique we present.

As a result, SOM properly classified the state of brain activities originating in the difference in hu-
man mental states. It is also suggested that when we know which unit on the map the given EEG
data belonged to, it is possible that we could estimate in what mental state we got the data.
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M=2.526, M=1.140, M=1.035, M=1.755, M=1.202, M=1.000,

SD=1.659 SD=0.488 SD=0.568 SD=0.794 SD=0.411 SD=0.497

M=3.109, M=0.772, M=1.969, M=1.614, M=0.741, M=1.679,

SD=2.245 SD=0.380 | SD=1.030 SD=0.820 SD=0.303 | SD=0.750

M=1.341, M=0.376, M=1.666, M=1.085, M=0.462, M=1.660,

SD=0.699 SD=0.249 SD=0.803 SD=0.487 SD=0.281 SD=0.655
0P /P30 OyP +P{ O
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M=3.110, M=1.170, M=1.169, M=1.884, M=1.091, M=0.972,

SD=1.999 SD=0.699 SD=0.722 SD=1.072 SD=0.526 | SD=0.584

M=0.821, M=2.104, M=0.672, M=1.652,

SD=0.463 SD=1.206 SD=0.309 | SD=0.772

M=1.393, M=0.491, M=1.723, M=0.912 M=0.516, M=1.506,

SD=0.755 SD=0.299 SD=1.008 SD=0.447 SD=0.279 | SD=0.677
OP./P30 D4/PaZ+P,92 0
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RCE : 5| RCE : 127 | RCE : 89 RCE : 1| RCE : 116 | RCE : 95
Musc : 1| Musc : 84 | Musc : 70 Musc : 3 | Musc : 66 | Musc : 93
Favrt : 5| Favrt : 67 | Favrt : 69 Favrt : 3| Favrt : 35 | Favrt : 42
12¢ : 12¢ : 12¢ : 12¢ : 0| 12¢c: 8| 12¢c: 20
MeArth : MeArth : 4 | MeArth : MeArth : 4 | MeArth : 33 | MeArth : 37
RCE : 1| RCE : 195 | RCE : 18 RCE : RCE : 279 | RCE : 23
Musc : 3| Musc : 202 | Musc : 12 Musc : Musc : 505 | Musc : 8
Favrt : Favrt : 112 | Favrt : 34 Favrt : Favrt : 409 | Favrt : 4
12¢ : 12¢ : 4(12¢c: 12¢ : 12¢ : 91| 12¢: 2
MeArth : MeArth : 10 | MeArth : MeArth : MeArth : 176 | MeArth : 10
RCE : 47 | RCE : 43 | RCE : 17 RCE : 57 | RCE : 71 | RCE : 60
Musc : 70 | Musc : 69 | Musc : 26 Musc : 67 | Musc : 242 | Musc : 26
Favrt : 54 | Favrt : 64 | Favrt : 38 Favrt : 59 | Favrt : 186 | Favrt : 5
12¢ : 12¢ : 74 | 12¢ : 12¢ : 24 | 12¢ : 68 | 12¢ : 0
MeArth : MeArth : 116 | MeArth : MeArth : 79 [ MeArth : 54 [ MeArth : 12
CERF —4) (72 MF—%)

RCE : Rest and closed eyes  (ZEFEARMF)
Musc : Listen the music — (FEZBENTV D)
Favrt : Listen the favorite (BRICAY EFTATE TV 5HEF)
12¢ :  Remember 12 colors (12 @z BV H L TV )
MeArth : Mental arithmetic — (F§E % L CU\\5MHF)
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Unit 8 | Unit 11 | Unit 15 | Unit 18 | Unit 22 | Unit 33 | Unit 34 | Unit 37
RCE: 1 14 46 46 16 33 53 18
Musc: 3 34 7 21 43 46 43 40
Favrt: 17 31 23 14 13 21 28 7
12¢: 45 25 1 2 3
MeArth: 32 45 1 7 3

a. 2=y MIBT DEMIRED T — 2 5K

Unit 8 | Unit 11 | Unit 15 | Unit 18 | Unit 22 | Unit 33 | Unit 34 | Unit 37
RCE: 1.0% 9.4% 60.5% 56.8% 21.9% 30.6% 41.1% 26.5%
Musc: 3.1% 22.8% 9.2% 25.9% 58.9% 42.6% 33.3% 58.8%
Favrt: 17.3% 20.8% 30.3% 17.3% 17.8% 19.4% 21.7% 10.3%
12¢: 45.9% 16.8% 0.9% 1.6% 4.4%
MeArth: 32.7% 30.2% 1.4% 6.5% 2.3%

b. %=y MIETDERAMRIED 5 4%
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Unit 1 Unit 2 Unit 3 Unit 4 Unit 5 Unit 6 Unit 7 Unit 8 Unit 9

3(1) 3(D | 10(24) 6 (1) 1(2) 2.(6) 1(22) 8 (98) 5(7)
12 (4) 4(8)| 13(11) 7(3) 9(2) 2(1) | 11(148) 6 (6)
35 (6) 10 (5) 15 (3) 4(17) 12 (5) 3(14) 19 (2) 10 (4)

12(3) | 16 (31) 11 (1) 17(1) 9(21)| 32(53) 13 (5)
15 (71) 18 (4) 15 (2) 21(8) 1001 33(11) 14 (3)
18 (21) 19 (1) 16 (21) 26(1)| 17(12) | 34(54) 20 (7)

20 (1) 20 (4) 18 (56) 27 (1) 20 (3) 21 (1)
24 (24) 22 (2) 19 (27) 38 (4) 24 (6) 25 (7)

25(6) | 23 (30) 22 (71) 41(6) | 26 (20) 28 (12)
29 (14) | 25(21) 23(12) | 42 (16) 27 (4) 38 (1)
30 (25) 28 (3) 29 (27) 47(7)| 29 (15) 47 (4)
36 (36) 29 (1) 31 (1) 48 ()| 38(12) 48 (3)

37(8) | 312N 32 (6) 39 (4) 49 (21)
38 (20) 36 (6) 33 (97) 40 (19)

40 (4) 37°'5) 34 (75) 44 (4)

41(1) 40 (1) 37 (55) 46 (12)

43 (1) | 43 (35) 39 (2) 48 (1)

46 (24) 44 (9) 40 (5)
47(2) | 45(10) 43 (6)
49 (1) 44 (2)
45 (38)
a5t Aan (282) (228) @ (523) (64) a71) (366) 81
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1115 1.484 1.341 0578 1.985 2.065 3.354
0.568 0.577 0.740 0.335 0.945 1.044 2.359
0.238 1.416 1.257 0.404 1.767 1.407 2176
0.165 0.841 0.683 0.230 0.964 0.893 1.419
0975 0.882 1611 0.942 0.873 1,596 2.479
0.346 0.368 0.881 0.350 0.575 0.734 1.085
0.690 0.792 1.333 1.231 1,542 1.987 1.220
0.294 0.473 0.489 0533 0.743 1.246 0579
1116 1.286 0.866 0.358 0.731 0.607 3.031
0.398 0617 0.453 0.200 0.335 0.289 1.789
1.310 0.849 1.340 1.269 1.227 1,545 2.176
0.493 0.441 0.496 0.657 0.569 0.750 1.222
1.082 1.232 0.777 1.005 1.797 1.984 1.623
0.522 0.694 0.469 0.457 0.801 1.025 0.594
OP«/Pp0
1.078 1.806 1.093 1.097 1.788 1.860 1.718
0.456 0.745 0.487 0.555 0.902 0.793 0.886
0.234 1.131 1135 0.486 1.804 1.266 1.344
0.130 0523 0.436 0217 0.657 0.648 0.498
1.263 0.922 1.208 0.906 0.641 1.331 2.231
0.329 0.419 0.487 0.277 0.264 0.427 0.696
0.878 0.787 1123 1.216 1132 1,539 1.910
0.256 0.448 0.333 0.446 0.459 0.888 0.727
0.849 1137 1.185 0.784 0.637 0.558 1.750
0.249 0.482 0.638 0.342 0.225 0.244 0.747
1.242 0.776 1588 0597 0.803 2.288 1.396
0.406 0.311 0.428 0216 0.292 0.843 0.733
0.844 0.731 0.688 1.101 1.327 1.426 1.754
0.315 0.308 0.361 0.390 0.412 0.550 0.547
OVPE+PF O
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(7TX7) (3%3)

=y 8 < 2=v 8 (98

a=y b1l < 2=y }8 (149, 2=v 5 (1)

2=y h15 <« =9 2 (71), 2=v K3 (3), ==v k (2)
2=y p18 <« z2=v 2 (21), 2=y L3 (4), ==v 5 (56)
2=y p22 < a2=v ;3 (2), 2=y 5 (T1)

A=y 33 < A=y b5 (97), 2=y 8 (11)

2=y F34 < a2=v 5 (75), ==v 8 (54)

2=y p37 < 2=y r2 @), 2=y 3 (5), ==v 5 (55)

A=y 32 < 2=y 8 (53), ==v 5 (6)

2=y F3 < 2=y b1 @), 2=y 2 (1), 2=y 7 (14)
2=y h12 < z2Z=v b1 @, 2=y r2@3), 2= 6 (5)
2=y k35 <« zZ=v b1 (6)
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