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employed to capture the information that was difficult to 
obtain in frequency domain.  The extracted characteristics 
were used as the input to a multi-layer perceptron. Nguyen-
Ky et al.[27], measured the DoA using a wavelet transform. 
The EEG signal was decomposed into different levels to 
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3. Methodology 
The proposed Wavelet-Fourier analysis method started 

with EEG signal segmentation using a moving window 
technique. The window size was 56 s with an overlap of 55 s. 
The statistical features of the EEG signal were then extracted. 
Based on the results, it was found that statistical features 
extracted from EEG signals using the WFA performs were 
better than the others in showing changes in EEG signals 
during the DoA. As a result, the five features (standard 
deviation, entropy, median, root mean square, min) obtained 
using the WFA were selected. Finally, the 
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about the signals can be obtained with a few required 
multiplications [40, 41]. 
  The DWT was applied to the EEG signal as the first step for 
decomposing an EEG signal into different scales and for 
obtaining the wavelet detail coefficients and the 
approximation coefficients.  Then, the FFT was applied to 
each level of the DWT to determine the best level of 
decompositions. As a result, it was found that D3 provides 
specific and individual frequency characteristics for each  
 
 
 
 
 
 
 
 
 
 
 
state of the DoA. The combination of the DWT and the FFT 
was used to extract the final statistical features vector.  The 
following algorithm was used to obtain  the optimum wavelet  
decomposition level for further processing using Fourier 
transform.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ten statistical features were extracted from each EEG 
segment after applying the DWT, FFT and WFT. Based on 
the results, it was found that it was difficult to recognize the 
DoA with the selected statistical features using the DWT and 
the FFT separately. However, it was observed that when the 
WFA was utilized to extract the selected features, the states 
of the DoA could be better identified.  
Table 1 provides a short explanation of the statistical features 
used in this work. The statistical features were extracted after 
applying the WFA to the EEG signals. Ten of them were 
calculated and tested to assess each feature and to determine 
the best combinations for the 
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The linear relationships between the features and the BIS 
values in Figures 3, 4, 5, 6 and 7 indicate that the features are 
correlated with the BIS. We can notice that the entropy linear 
equation fits to all the data with a relation of 
BIS=0.0214x+3.246. For RMS, min, median and standard 
deviation, the linear equation is fitted to all the data with a 
relation as 0.0167x+3.2236, 0.6235x+15.606, 
0.0193x+3.3403 and 0.8559x+3.9501 respectively.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
As a result, the features (RMS, entropy, standard deviation,  
median, minimum) were selected. Considering the 
relationships with the BIS, we designed the 
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suggested that 95% of data points should lie within (Stdif - 
Mdif ) of the main difference[9]. The main differences were 
calculated and plotted in Fig. 8
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Distribution of the differences (
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4.2 Pearson Correlation 
  Further investigations were made to evaluate the ability of 
the proposed index to identify the depth of anaesthesia The  
Pearson correlation technique was also used to evaluate the 
relationships between the BIS and the 
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Table 3 

Details of aesthesia medications for Subject 27 and 37 

Subject 

Number 

Drug Time 

Subject 27 Midazolam 4 10:31:35 am 

Alfentanil (100 ug) 10:31:55 am 

Parecoxib (40 mg)  10:32:55 am  

Propofol (160 mg) 10:33:30 am 

Desflurane and 

nitrous oxide 

10:33:35 am 

Subject 37 Midazolam 3 10:13:15 am 
Alfentanil (100 ug) 10:13:35 am 
Parecoxib 40 10:16:30 am 
Morphine 5 10:19:00 am 
Propofol 60 10:19:05 am 
Morphine 5 10:40:53 am 

 

a.Q-Q plot of subject 7 b.Q-Q plot of subject 2 

c.Q-Q plot of subject 11 
d.Q-Q plot of subject 18 

Fig. 12.  Q-Q plot of subject 2, 7, 11 and 18 
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the proposed method was compared to a previous study which 
was developed by Li et al., 2016.  All EEG recordings were 
used in this comparison. The characteristics of second order 
difference plot were considered to trace the DoA in that study.  
Li et al., 2016 used the same dataset as we did in our study to 
evaluate their proposed DoA index.  Fig.14 shows 
comparisons between our proposed index with SODP against 
the BIS.  From Fig.14 it can be observed that the proposed 
index has a high correlation with the BIS than the SDOP 
index during the anaesthetic states. The results showed our 
proposed index values rose or dropped when the BIS values 
changed, while the SDOP index did not produce highly 
correlated values with the BIS. 
 
To choose the level of decomposition in wavelet transform, 
we investigated each level of decomposition by repeating the 
same procedures in sections 2.3.3, 2.3.4, 2.3.5 and section 3. 
It was found that there was a good relation between a patient 
clinical state and the extracted features with level 3  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
decomposition.  The values of the features were high during 
the conscious state and lower during the unconscious states.  
In this study, five features from ten extracted features were 
selected and used based on statistical analysis. The 
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work to decrease the number of features used and to extend 
this method to other application areas, such as detecting 
seizures, sleep stages classification, and other similar areas of 
application. 
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