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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. When applying the method, use EMD to 

decompose EEG data into sever intrinsic mode functions (IMF) and one residue first, 

and then remove artifacts liked data by retaining IMF from first to fifth only and 

eliminating over limit vibration of these IMF. The thesis also utilizes this EMD based 

eye blink signal removing method in an experiment 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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0.971 0.908 0.054 -6.266
-0.467 -0.214 -0.485 2.771
-2.264 -1.5601 -1.273 -11.638
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5-8

0.71 1.171 -1.47 -13.605
0.239 0.094 0.488 -9.2
-0.743 -0.2096 -0.494 -31.6
-0.564 -0.1968 -2.418 -26.812
2.236 1.5108 2.111 14.629
-0.769 1.4094 0.317 15.368
-2.544 -1.4118 1.03 8.57
0.451 0.3123 0.515 -12.118
1.336 0.2502 2.112 36.801
3.561 2.467 2.417 42.644
-1.127 -1.1798 1.659 -9.332
-0.678 -0.0861 -1.615 -10.51
0.189 -0.1916 1.326 35.804

-0.8564 -0.183 -2.144 6.494
-1.487 -1.4734 -2.568 32.893
-0.5119 0.2232 -0.792 4.44
0.245 0.5106 0.755 11.363

-0.8133 -0.2903 -1.576 30.504
-0.634 -0.5848 -0.766 11.195
-0.659 -0.5448 -0.667 13.44
-0.635 -1.3205 0.247 18.271
0.059 0.0006 -0.322 5.604
-0.205 -0.2985 1.189 8.929
-1.277 -1.5494 -1.147 29.132
-1.669 -1.1601 -1.331 -9.716
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5.4.2

5-9

3 3 3 -1 2 3 1 1 3 1 0 0 1 0 20
1 0 2 2 2 1 1 1 1 1 0 0 2 1 15
1 1 2 4 1 1 2 1 0 2 3 1 0 3 22
4 5 3 3 2 4 2 3 2 3 3 3 3 2 42
0 0 0 -1 0 -1 0 0 0 1 0 0 1 -2 -2
0 0 1 1 0 0 0 0 1 2 0 0 -1 0 4
2 2 1 2 1 2 2 1 2 1 1 1 2 1 21
1 2 3 5 3 1 0 0 0 -1 0 0 -1 0 13
-3 -2 -4 -3 -1 -4 -3 0 -3 -1 -1 -1 -1 -1 -28
2 1 2 2 0 3 0 2 1 1 0 0 4 0 18
1 1 2 0 0 -1 1 0 0 0 1 0 0 0 5
1 0 0 0 0 1 1 0 1 0 0 0 0 -1 3
1 1 2 1 1 1 0 0 1 0 1 1 0 0 10
1 0 0 0 0 -1 0 0 -2 1 0 1 0 0 0
2 2 2 4 4 4 2 2 3 3 1 1 2 1 33
-1 1 2 -3 -3 -1 5 3 -1 0 1 0 -2 0 1
0 -1 0 -2 -1 -2 0 0 -1 -1 0 -2 -3 -3 -16
-1 -1 -1 -1 0 -1 1 -1 -2 -3 -1 -2 -1 -1 -15
2 3 1 2 3 3 2 1 1 1 0 0 0 0 19
1 1 3 -2 1 -1 -1 -1 4 4 1 2 0 1 13
0 0 0 -1 2 0 0 0 0 -1 0 1 0 0 1
0 0 1 1 1 1 1 1 1 1 1 0 0 0 9
1 1 -1 1 -1 0 2 1 0 1 0 0 0 0 5
-1 0 0 0 0 0 0 0 0 0 0 -1 1 2 1
1 3 0 1 2 1 3 1 4 0 0 0 0 2 18
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5.4.3
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5-10

5-11
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5-12

-0.16347
0.4349

-0.16121
0.4414

-0.38344
0.0585

-0.36891
0.0696

-0.32094
0.1178

-0.41489
0.0392 * 

-0.3006
0.1443

-0.29609
0.1507

-0.23233
0.2637

-0.42883
0.0324 * 

-0.45085
0.0237 * 

-0.233
0.2623

-0.35352
0.0830

-0.44394
0.0262 * 

-0.33991
0.0964

-0.1948
0.3508

-0.16251
0.4377

-0.46016
0.0206 * 

-0.39602
0.0500 * 

-0.16847
0.4208

-0.44837
0.0246 * 

-0.08335
0.6920

-0.09481
0.6521

-0.18062
0.3876

-0.31184 
0.1291

-0.30245
0.1417

-0.32304
0.1152

-0.07536
0.7203

-0.16247
0.4378

0.05919
0.7787

-0.4779
0.0157 * 

-0.52916
0.0065 ** 

-0.26057
0.2084

-0.31758
0.1219

-0.4299
0.0320 * 

-0.12435
0.5537

0.02213
0.9164

-0.13968
0.5054

-0.14594
0.4864

-0.62378
0.0009 *** 

-0.61952
0.0010 *** 

-0.30321
0.1406

-0.39873
0.0483

-0.41412
0.0396 * 

-0.38324
0.0586
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5-13

-0.09601
0.6480

0.00629
0.9762

-0.30579
0.1371

-0.23222
0.2640

-0.1585
0.4492

-0.38444
0.0578

-0.04615
0.8266

0.08524
0.6854

-0.22433
0.2810

-0.13981
0.5051

-0.11127 
0.5964

-0.14645
0.4848

-0.19836
0.3418

-0.29764
0.1485

-0.33958
0.0968

-0.08967
0.6699

-0.03514
0.8676

-0.37766
0.0627

-0.42704
0.0332 * 

-0.24357
0.2407

-0.40808
0.0429 * 

0.04917
0.8154

0.09065
0.6665

-0.20096
0.3354   

-0.23332
0.2617

-0.15771
0.4515

-0.28886
0.1614

-0.09443
0.6534

0.02346
0.9114

-0.23338
0.2615

-0.26932
0.1930

-0.19781
0.3432

-0.2423
0.2432

-0.20771
0.3191

-0.19569
0.3485

-0.25914
0.2110

0.18448
0.3773

0.05326
0.8004

-0.02544
0.9039

-0.44916
0.0243 * 

-0.4415
0.0271 * 

-0.38976
0.0541

-0.21613
0.2994

-0.14961
0.4753

-0.37552
0.0643
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5-14
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5.5

5.5.1

5.5.2

5.5.3
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5.5.4
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6.1

EMD
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6.2
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