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Abstract 
Designing a system that can accurately notify the doctor of the patient's level of consciousness 
in the operating room and ICU departments, has always been one of the challenges of the 
treatment team in hospitals. The usual method of measuring the depth of anesthesia in operating 
rooms is to use hemodynamic criteria, which is not satisfactory. Using bispectral index (BIS) is an 
advanced and reliable method to measure the depth of anesthesia, and its number has an inverse 
relationship with the depth of anesthesia. In this article EEG signals have been used for estimating 
of BIS using Time Delay Neural Network (TDNN). Using the designed software, all parameters of 
the extraction time domain, such as brain signal, Burst Suppression Ratio (BSR), frequency range 
of the bi spectrum, 95% spectral edge frequency (95%SEF), median frequency (MF), and relative 
delta power (RDP) have been extracted. These parameters are feed to the as input of a neural 
network for estimating the BIS. EEG signals during anesthesia were saved by BIS XP monitor 
(Aspect medical system Inc.). 

Keywords: Bispectral Index, EEG Signal, Neural Network.  

mailto:nadjafi43@gmail.com
https://doi.org/10.48308/jncog.2025.239360.1016
http://www.jncog.sbu.ac.ir/


 EEG Analysis for estimating of BIS using … 6 (2) (2025) 77-86                                                                       78 

 

1. Introduction 
Bispectral index (BIS) measurement is one of the important tasks for estimating the dose of drug 
for Anesthesia (1). There is ample evidence that hemodynamic parameters such as blood 
pressure and heart rate lack acceptable correlation to the adequacy of the anesthetic state, 
leaving the clinician to infer the state of consciousness from an assessment of cardiovascular 
system reactivity.  A reliable technology that would allow the clinician to monitor brain status 
directly during anesthesia would greatly assist in patient management. Such a technology would 
provide a direct measurement of the hypnotic effect of the agent(s) used - reflecting the state of 
consciousness,  

 EEG signal processing has been used for extraction of BIS.The 
electroencephalographicbispectral index (EEG BIS) has been shown to be a quantifiable measure 
of the hypnotic effect of anesthetic drugs on the central nervous system (1-3). 

In the recent years many researchers have been worked in this area. Such as: Sigl JC  et al, 
described bispectral analysis, a method of signal processing that quantifies the degree of phase 
coupling between the components of a signal such as the EEG [2], J Liu  et al, designed a system 
to evaluate the effectiveness of the BIS index and 95% spectral edge frequency(95%SEF)for 
assessing the level of propofol-induced sedation and amnesia during regional anesthesia [3], 

Pomfrett, CJD et al determined  whether Delta sleep-inducing peptide (DSIP) could be used as 
an adjunct to volatile anesthesia in human subjects, their hypothesis being that DSIP is a natural 
hypnotic that would increase anesthetic depth(4) , C.-S. Degoute, designed an algorithm to 
evaluate the correlation between the electroencephalographic bispectral index (BIS) and the 
hypnotic component of anesthesia (CA) induced by sevoflurane in  27 children and 27 adult 
patients (5). 

Rakesh Kumar Sinha et al presented an effective application of back propagation artificial 
neural network (ANN) in differentiating electroencephalogram (EEG) power spectra of syncopic 
and normal subjects (6). Esmaeili estimated the depth of anesthesia using fuzzy soft computation 
applied to EEG features (7). 

2. EEG Analysis for estimating of BIS [8] 
Signal processing of an EEG is done to enhance and aid the recognition of some aspect of the EEG 
that correlates with the physiology and pharmacology of interest (8). Many parameters and 
features of EEG signal have been used in the extraction of BIS (9): 

1-The means of amplitude of EEG: 

Mean amplitude is calculated from EEG waves with amplitude of more than 5V. 

2-Burst Suppression Ratio (BSR): 

As previously mentioned, "BSR" defined Burst Suppression as amplitude less than 5V lasts more 
than 0.5 sec in the processed wave. BSR is calculated in the periods lasts more than 0.5 sec  which 
used for calculation of SynchFastSlow and  Ratio. When the effective period is less than 20% of 
total BSR value will be  calculated . It is shown in figure 1(10, 11). 
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Figure 1 EEG burst suppuration (11) 

BSR is used to detect deep anesthesia in the BIS Index. It is quite natural that when the 
suppression progresses, EEG waves become almost flat and frequency analysis becomes less 
meaningful.  

one of the important signal analyses is the frequency domain analysis. Fourier analysis generates 
a frequency spectrum, which is simply a histogram of amplitudes or phase angles as a function 
of frequency. in this Analysis we used the fast Fourier transform for recognizing of EEG frequency 
analysis such as (12): 

3- the range of frequency:  gamma, beta, alpha, theta and delta. 

In EEG signals Delta Band is the frequency range up to 4 Hz and is often associated with the very 
young and certain encephalopathy and underlying lesions. Theta is the frequency range from 4 
Hz to 8 Hz and is associated with drowsiness, childhood, adolescence and young adulthood. Alpha 
(Berger's wave) is the frequency range from 8 Hz to 12 Hz. It is characteristic of a relaxed, alert 
state of consciousness. Alpha rhythms are best detected with the eyes closed. Alpha attenuates 
with drowsiness and open eyes, and is best seen over the occipital (visual) cortex. Beta is the 
frequency range above 12 Hz up to 30Hz. Low amplitude beta with multiple and varying 
frequencies is often associated with active, busy or anxious thinking and active concentration. 
Gamma is the frequency range approximately 30–45 Hz. Gamma rhythms appear to be involved 
in higher mental activity, including perception, problem solving, fear, and consciousness (1,3).  

In this paper we used fast Fourier transform for generating of an EEG frequency spectrum. Figure 
2 shows the alpha, beta, delta and theta waves of EEG signal. figure 3 shows the EEG frequency 
spectrum(6). 
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Figure 2 EEG frequency subbands 

 

2- SEF95 and SEF90: the spectral edge frequency (SEF95) is the frequency below which 95% of 
the power in the spectrum resides. SEF95 becomes small in the state of anesthesia as figure 3 
and is according to equation 1 

 . 

Find the frequency ( f_{SEF95} ) such that: 

[𝑃_{𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑣𝑒}(𝑓_{𝑆𝐸𝐹95})  =  0.95 \𝑡𝑖𝑚𝑒𝑠 𝑃_{𝑡𝑜𝑡𝑎𝑙}]        (1) 

This means ( f_{SEF95} ) is the frequency below which 95% of the total power resides. 
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Figure 3 power spectrum display and analysis of a typical EEG segment (13) 

 

3- SynchFastSlow parameter: According to the review by Rampil (14), SynchFastSlow parameter 
is computed by following equation.  

SynchFastSlow=log(B0.5-47.0Hz/B40.0-47.0Hz)         (2) 

He describes bispectrum as Bx-y (the sum of the bispectrum activity in the area subtended from 
frequency x to y on both axes in the frequency versus frequency bispectral space is shown in 
Figure 4). That BIS calculates SynchFastSlow from bispectrum values of f1+f2<48Hz. The precise 
method of SynchFastSlow calculation (14). 

4- Relative β Ratio: According to the review by Rampil (14), "Relative β Ratio" sub-parameter is 
the log ratio of power in the two empirically derived frequency bands: log(P30-47Hz/P11-20Hz) 
is according following equation. The parameter is most heavily weighted when the EEG has 
characteristics of light sedation in the BIS index. 

Relative β Ratio = log (P30 −
47Hz

P11
− 20Hz)      (3)  
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Figure 4 EEG frequency spectrum 

 

Signals in the EEG that are of non-cerebral origin are called artifacts. The EEG is nearly always 
contaminated by such signals. This is one of the reasons why it takes considerable experience to 
interpret EEGs clinically. The most common types of artifacts are (15): 

Eye artifacts (including eyeball, ocular muscles and eyelid)  

EKG artifacts  

EMG artifacts  

Gloss kinetic artifacts  

Figure 5 shows some of the prevalent artifact that there is in EEG signal: 
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Figure 5 Blinking artifact 

3. Subjects and data recording and processing 
The EEG data used in this study with segments of 1024 samples (8 second duration) were sampled 
at 128 Hz [8]. To prepare a database of raw EEG during anesthesia the raw EEG signal was saved 
during anesthesia by BIS XP monitor (Aspect medical system Inc.) through contact electrodes 
placed on the patient’s forehead. The noise free intervals of the signal were selected for further 
analysis. We used MATLAB software version 2017 for simulating and data processing. 

 

4. Bis estimating using Neural Network 
We use the means of Amplitude of EEG, Burst Suppression Ratio, SEF95 and SEF90, Synch Fast 
Slow, Relative   Ratio and is according to equations 1, 2, 3  as input of a Neural Network and the 
output of the Neural Network is BIS. Neural Network that used in this paper is Time delay Neural 
Network (TDNN). The TDNN used in this study are feed forward multilayer Perceptrons with the 
taped delay line at the input. That is called the time delay neural network (FTDNN), that 
Levenberg- Marquardt method is employed as learning (16). Figure6 shows that construction of 
neural network. 

 

Figure 6 Schematic of applied neural network 
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5. Simulation Result 
In this paper we use actual measured data for learning the neural network. We apply one part of 
data for learning (70%) and other part is used for test (30%). Figure 7 shows the result of neural 
network test. Neural network calculates the Bispectral Index (BIS). For approving out puts of 
neural network we used BIS are calculated by monitoring deep anesthesia (BIS XP monitor). These 
out puts of BIS monitoring were extracted by special software [11]. 

 

Figure 7 Schematic of applied neural network 

 

6. Conclusion 
In this paper we compared performance of our neural network with outputs resulted from 
monitoring system.  As shown in figure 7, outputs original data  are very similar to each other. 
Comparing original patient data with data estimated by the neural network with error of neural 
network near to 0.01 is shows in Figure 7. 
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