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ABSTRACT

Electroencephalogram (EEG) is important in examine brain activities. Among the
many sources of artifacts in EEG recording, eye activity plays a dominate role. There
are many methods developed to remove it, but most of them have their shortcomings or
restrictions. The most frequently used method to remove ocular artifacts is independent
component analysis (ICA), but it can be applied in multi channel EEG data only. A new
method was presented in this thesis to remove eye blink artifacts from EEG data which
is based on the mathematical method called empirical mode decomposition (EMD). The
method has several advantages that make it more convenient and flexible compared
with other methods. It could be used, in single channel EEG data and needn’t modify
personal parameters to fit each “data. Whéﬁ applying the method, use EMD to
decompose EEG data into seveér intrinsjq~_mod¢ functions (IMF) and one residue first,
and then remove artifacts liked ‘data by%‘éféining IMF from first to fifth only and
eliminating over limit Vibration.(_)f these IMF The thesis also utilizes this EMD based
eye blink signal removing method in an experime;lt which designed to estimate fatigue
with EEG. This method works effectively in the experiment in removing artifacts, not
only eye blink artifacts but also other kinds of artifacts. The design of this experiment
needs 25 subjects doing a planed work, and then measuring subjective fatigue transfer
and EEG pattern transfer between non-worked and worked states. A fatigue scale was
used in estimating fatigue levels. A brain wave machine was used to measure EEG
pattern. After getting the data, this research tries to find connections between EEG and

fatigue with correlation of statistics.

Keywords: EEG, Eye Blink, EMD, Fatigue, Physiological Signal
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1 Do you have problems with tiredness? | F58 1557 2%

2 Do you need to rest more? IREETR E

3 Do you feel sleepy or drowsy? T E A R

4 | Do you have problems starting things? | F¥ Bt —TEHT T /FRE| K 4t

5 | Do you start things without difficulty | Fofit b ErE —IECBAMEHY TAE
but get weak as you go on?

6 Are you lacking in energy? BB E T

7 Do you have less strength in your REEIAIR T
muscles?

8 | Do you feel weak? 1555

9 | Do you have difficulty concentrat1ng‘7 [ PR S D SR ks

10 | Do you have problems thmkmg I; ﬁ%ﬁ;gﬂﬁ s As
clearly? 7/ O\ f{: \ @

11 | Do you make slips of the jt_f)ngr,\ @gﬂ I@gﬁjﬁﬂﬁ_q}%ﬁggﬁgﬁ
speaking? 7 X J ; r “,;L ll W o

12 | Do you find it more dlﬂid}ult‘tblﬁnd ﬁﬁ/ﬁfkﬁﬂﬁmﬂﬁiﬁﬁ%é
the correct word? NEIE P

13 | How is your memory? ﬁﬂﬁiﬂiﬁiﬁ%iﬂ'[ﬁ

14 | Have you lost interest in the things Ty BB DA BT SR Y =

you used to do?
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2% 5-1 HIBgHiEHlE N IRRERERA A M AT R

TG | EEERREOR | SRR | MIEEORE | PR
R HERRILRAYS | P8R
1 11.655 7.8108 30317 52.387
2 15.997 11.915 26.149 118.34
3 14.174 10.569 23.466 99.534
4 14.122 9.6806 25.774 112.9
5 12.941 9.0566 24.761 69.088
6 12.714 7.3015 27.46 45.858
7 15.081 9.4453 28.586 132.43
8 13.967 10.091 24.825 96.508
9 13.044 9.1636 25.633 33.463
10 15.679 ka2 25.963 94.173
11 13.005 4 88856 | 22589 78.015
12 12088, | .62N' .24.028 76.675
13 11.077 <4 /78981 |10 26,391 58.56
14 10139 . || [[e8823]| |} . 22585 63.432
15 13.396 - 9.6504 £ 27472 46.568
16 112895\ 1| 7.379 || Jloe 422277 80.231
17 11453 f‘m'”“ 22855 65.656
18 10.24 T6784800 | 24.067 65.82
19 13.957 10.202 23.997 108.26
20 12.065 8.9549 27.747 50.271
21 12.31 7.8076 25.32 96.768
22 10.725 7.6363 23.776 37.936
23 12.17 8.3932 25.184 76.565
24 14.874 10.795 25.617 89.156
25 13.019 9.4342 24.565 42.569

59




2 5-2 HIBgrR ElE N IRREIERA A M AT e

TG | EEERREOR | SRR | MIEEORE | PR
R HERRILRAYS | P8R
1 12.191 8.4391 27.008 34.973
2 15.313 10.965 26.383 124.11
3 12.19 8.9038 21.864 75.527
4 12.657 8.5029 24.117 100.71
5 14.079 9.4712 26.145 100.87
6 12.506 8.22 30.067 63.189
7 13.703 8.5114 26.37 116.19
8 12.362 8.7648 24.742 86.846
9 13.885 8.9767 27.666 64.17
10 18.153 JETETTY 28.076 123.63
11 1224 4" 8137 |, 23.984 69.085
12 11.574 'Wizs 22336 65.505
13 10.584 </, 9298~ |\ 24.814 69.685
14 10688 . || |[7Eg]| |} . 23.816 82.178
15 12.288 - 8.3879 £ 24.981 78.022
16 10.879 % 2\ 1]7.5629 || /o0 £22.077 75.023
17 12.509 X%“ 23,166 62.194
18 9.6816 | 47072600 | 2126l 97.234
19 15.135 11.318 24.789 94.64
20 11.943 8.4546 28.657 67.267
21 12.442 7.7909 25.618 103.89
22 11.108 7.7102 24.803 37.989
23 13.141 9.3012 25.238 70.299
24 14.407 10.581 25.132 91.927
25 10.755 7.8741 23.292 30.931
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& 5-3 HIERETEMIE IRREAGR A/

i VAR

AT | EERERREOR | SCERAVIRE: | MNLEERRE | TR
ERSES HERNERY | AR
G L SR
1 12.055 8.2085 27.962 58.083
2 15.245 11.206 25.507 128.68
3 12.358 8.5862 22,678 116.64
4 14.288 9.3824 26.228 120.01
5 12.169 8.2508 25.048 72331
6 12.853 6.4158 27.822 50.186
7 15.511 9.6926 27.165 145.03
8 12.678 9.2185 24.554 98.338
9 13.043 9.1316 25.103 40.98
10 15.521 11536, 25.052 98.746
11 11902 " 797090 u, 22281 103.39
12 11.494 ;”1"7798“\\ 23.854 77.741
13 10.504 7 73726~ [\ 2454 58.585
14 10494 . | |678ag || | ) .24769 86.021
15 13462 9.6136 g £26.874 45.019
16 10.029 b 6.3834 || |70 122074 109.96
17 1514 "'7"*?’“21664 75342
8 10.24 0695650 | 22.8 79.306
19 13.997 10.185 24.477 74.324
20 10.88 7.6381 29.439 51.483
21 13.375 9.1639 24.855 91.489
2 10.954 7.7925 23341 36.446
23 12.19 8.8471 23.489 63.952
24 15.374 11.468 26298 69.179
25 14.509 10.806 24516 42.784
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7 5-4 AEmee EATE T IRRRIER Y 2o o3P B
ST | EEERRESK | SGERAVEE | [HI1E5ERA | TR
IR HERREORAPY | SR
1 12.765 9.3795 26.492 44478
2 15.484 11.3 25.995 119.48
3 11.615 8.3766 22.184 85.04
4 13.724 9.1856 23.81 93.198
5 14.405 9.7616 27.159 86.96
6 12.084 7.8252 28.139 65.554
7 12.967 8.2808 28.195 153.6
8 13.129 9.5308 25.069 86.22
9 14.379 9.3818 27.215 77.781
10 19.082 14003 27.469 141.39
11 10775 " #6791 | 23.94 94.058
12 10.816 1 ﬁﬁ’ 69%' 22239 67.231
13 10.693 <4 /918 |1 125.866 94.389
14 9.6376 . || |[a:6018| _'; . 22.625 92.515
15 11.975 - %; 8.1402 | ?ﬁ £ 24306 77.912
16 9.5171 . .z | l6.6066 || /oo (21282 114.4
17 11759 | ‘8%9’“ LA 22419 86.705
18 9.4267 Cee66200 | 21.224 109.81
19 13.363 9.6002 23.711 85.519
20 10.221 7.0933 28.772 64.923
21 12.74 7.8434 25.102 109.76
22 11.013 7.7931 23.019 42.05
23 11.985 8.5486 24.678 72.881
24 14.097 9.9186 25.151 98.311
25 12.84 9.6459 23.185 33.068
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7 57 AEHERRTIRE MIRRBAG R 2=

I | EERERRIOR | SGE R, | (OTIERRE | TR
REPSREGR | WERREORITYY | SRS | 2=
ZA R N 2= SRR
1 0.536 0.6283 -3.309 -17.414
2 -0.684 -0.95 0.234 5.77
3 -1.984 -1.6652 -1.602 -24.007
4 -1.465 -1.1777 -1.657 -12.19
5 1.138 0.4146 1.384 31.782
6 -0.208 0.9185 2.607 17.331
7 -1.378 -0.9339 2216 -16.24
3 -1.605 -1.3262 -0.083 -9.662
9 0.841 -0.1869 2.033 30.707
10 2.474 slliRe 2.113 29.457
11 0855 4" 07485 |, 1395 -8.93
12 -0.514 WQM L1692 11,17
13 0493 T /70,9683 |0 -1.577 11125
14 0549 . || |[oZ8o1l| || . 0966 18.746
15 -1.108 -, -1.2625 £ 22,491 31.454
16 0410 g\ Jlo1g39 || Moo 4 -02 -5.208
17 1056 [ 07702 L4 0311 -3.462
18 05584 | 028780 | -2.806 31.414
19 1.178 1.116 0.792 -13.62
20 -0.122 -0.5003 0.91 16.996
21 0.132 -0.0167 0.298 7.122
22 0.383 0.0739 1.027 0.053
23 0.971 0.908 0.054 -6.266
24 -0.467 -0.214 -0.485 2.771
25 -2.264 -1.5601 -1.273 -11.638
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7 5-8 JfiERRTIRE MIRRBAG R 2=

SINTTTE | EERMERRIOR | UGERIEERE | MNTIEROR | TR
PYPIRENR | MERNEORYY | SRR | =
ZEA BTN 75 SRR
1 0.71 1.171 -1.47 -13.605
2 0.239 0.094 0.488 9.2
3 -0.743 -0.2096 -0.494 31.6
4 -0.564 -0.1968 2418 -26.812
5 2236 1.5108 2.111 14.629
6 -0.769 1.4094 0.317 15.368
7 -2.544 -1.4118 1.03 8.57
8 0.451 0.3123 0.515 -12.118
9 1336 0.2502 2.112 36.801
10 3.561 2467 2.417 42.644
11 1127 7 L1798 h 1.659 -9.332
12 -0.678 m._o% L l1615 -10.51
13 0.189 %" ~0.1916\ |\ 1326 35.804
14 08564 . || |[o0m3|| |) . 2144 6.494
15 -1.487 -, -1.4734 £ 22,568 32.893
16 05119 1022321 oo fR0.792 4.44
17 0.245 o[ 05106, |4 0755 11.363
18 0.8133 | 202903 | -1.576 30.504
19 -0.634 -0.5848 -0.766 11.195
20 -0.659 -0.5448 -0.667 13.44
21 -0.635 -1.3205 0.247 18.271
2 0.059 0.0006 -0.322 5.604
23 -0.205 -0.2985 1.189 8.929
24 -1.277 -1.5494 -1.147 29.132
25 -1.669 -1.1601 11331 -9.716
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