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" Artificial Neural Network

" Magnified Gradient Function(MGF)
* Standard Back Propagation (SBP)
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" random forest (RF)- recursive feature elimination scheme (RFE)
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° Dominant Frequency (DF)
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' Approximate entropy
" kolmogrov complexity
* Entropy
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' Spectral regression(SR)

" kernel- Spectral regression (KSR)

" Library linear support vector machines

* K-nearest neighbor (KNN)

° Library linear kernel support vector machines
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' weighted-normalized mutual information feature selection (W-NMIFS)
" minimal-redundancy-maximal-relevance(mRMR)

* Normalized mutual information feature selection(NMIFS)

® Novel normalized mutual information feature selection(N-NMIFS)
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Research No. of - Adopted
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Zhang [2014] 20 EEG+EOG+EMG  Neural network Approximate 96.50%
The fuzzy
information
Khusha?a [2011 31 EEG+EOG based wavelet Fuzzy 95%
packet
algorithm
Thershold of o
Zhao [2013] 28 EEG ROC curve Sample 95%
Zhendong Mu 12 EEG SVM Combined 98.75%
entropy
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Electrode T6 P3 TP7 O1 Oz T4 T5 FCz FC3 CP3
Subl 0.91 0.89 0.87 0.95 0.93 0.93 0.89 0.92 0.79 0.89
Sub2 1.01 0.92 1.01 0.98 0.99 0.81 1.01 0.79 0.84 0.90
Sub3 1.06 1.00 1.05 0.81 0.83 0.81 0.80 0.99 0.85 0.75
Sub4 0.99 091 1.05 0.88 0.80 0.72 1.05 0.74 0.86 1.02
Subb 089 0.89 0.90 0.95 0.84 0.77 0.98 1.07 1.02 1.06
Sub6 1.03 0.62 0.92 0.67 0.85 1.05 0.85 0.63 0.69 0.59
Sub7 1.09 1.07 0.83 0.77 1.08 1.01 0.97 1.02 0.65 0.52
Sub8 0.68 0.77 0.86 0.82 0.83 0.78 0.90 0.67 1.05 0.73
Sub9 0.68 0.84 0.97 0.58 1.01 0.78 0.73 1.02 1.00 1.00
Sub10 1.13 1.10 0.91 1.12 0.68 0.90 0.54 0.52 1.00 0.80
Subl1 0.97 1.02 0.55 111 0.76 0.92 0.60 1.01 0.52 0.77
Subl12 0.95 0.99 0.89 1.07 1.05 0.83 0.99 0.88 0.87 1.06

Average 0.95 0.92 0.90 0.89 0.89 0.86 0.86 0.85 0.84 0.84
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Selected features using entropy Selected features using AR
Classifiers |  Training Data Testing Data Training Data Testing Data
Ac  Sn Sp | Acc  Sn Sp | Acc  Sn Sp | Acc  Sn Sp
SVM 97.0 96.8 96.7]956 95.0 95.7]939 937 941]91.3 923 90.2
BP 976 976 97.6]96.8 964 97.0]96.8 97.0 965|929 936 923
RF 969 969 97.0]952 956 95.0]93.3 93.0 935|927 924 929
KNN 953 951 954]942 943 939|850 859 84.0]|84.2 85 828
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Abstract

Fatigue is an important and natural response to many physical activities, long-term mental
stress, sleep deprivation and also a non-specific symptom of physical or mental disorder.
Undoubtedly, all people experienced fatigue feeling after a severe mental activity or a lot
thinking. This feeling is just like when the human body gets tired after long-term exercise.
In general, fatigue topics are divided into "physical fatigue" and "mental fatigue"
categories. Fatigue affects many aspects of a person's life. This vague and unpleasant
symptom undermines his life by negatively affecting a person's ability to carry out daily
activities. The past researches have shown that electroencephalogram signals (EEGs) are
more accurate and high-performance among the various techniques of the fatigue testing.

The purpose of this study is to analyze the symptoms of mental fatigue that appears in
people's brain signals. In order to evaluate the signals, first was used a filter to pre-
processing the data then, to extract the features, empirical mode decomposition (EMD)
method was applied to decompose the signal into its frequency components. These
frequency components are called intrinsic mode functions (IMFs) which are obtained by
applying EMD on EEG signals and used as input vector in a classifier. Also, to improve
the results, a combination of two EMD and STFT techniques was presented as a proposed
method.

The artificial neural network (ANN) and support vector machine (SVM) classifiers were
used for the classification of the obtained features. Then, the Short Time Fourier
transform, wavelet energy in EEG signal bands and the combination of these methods
were compared with the proposed method. The results of the proposed method, using the
two Classifier of ANN and SVM, are respectively 91.3% and 90%, respectively, and also
three parameters Accuracy (ACC), sensitivity (Sn) and Specificity (Sp) were used to

evaluate the results.

Keywords: EEG signals, Mental Fatigue, SVM Classifier, Artificial neural network,
Empirical Mode Decomposition (EMD).
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