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Abstract
The authors have demonstrated a novel neuro-fuzzy based 
model for quantitative estimation of depth of anaesthesia using 
ANFIS. By eliciting the fuzzy if-then rules, this approach provides 
a way to address the DOA estimation problem by integrating 
the extracted EEG characterstics such as approximate entropy, 
average frequency, LZ Complexity, Delta Power and Beta Power. 
A clinical study of 30 patients was conducted with their written 
consent. Values of graded index have been calculated for all 
the patients that signifies the EEG Index. Adaptive Network 
Based Fuzzy Inference System (ANFIS) has been used along 
with EEG which distinguishes between Awake and Anaesthetic 
Sleep states. EEG Index obtained from ANFIS can be used by 
the doctors and physicians for automatic drug delivery control 
to the patient.
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I. Introduction
Anaesthesia is a state of total or partial loss of sensation to 
touch or pain, caused by nerve injury or disease, or induced 
intentionally, especially by the administration of anesthetic drugs, 
to provide medical treatment [1]. A number of methods have 
been proposed by the researchers for the estimation of Depth 
of Anaesthesia. One such method is based upon the electric 
potentials generated by the brain i.e. Electroencephalogram 
(EEG). In the present analysis, EEG signals from the frontal 
region has been recorded and processed. Total of 30 patients 
of different age groups and undergoing abdominal surgeries 
are studied. EEG data recording process was done in two steps: 
1.) when the patient is in awake state taken as BASE line EEG 
data. 2.) When the patient is in anaesthetized state. These 
recorded EEG signals are processed by the traditional EEG 
processing methods and total of 21 identified parameters are 
calculated. However, a simultaneous processing of these 21 
parameters can lead to calculation complexity. Therefore, out 
of these 21 parameters, a set of 5 parameters having best 
discriminative capability between anaesthetized and awake 
states are selected. These 5 parameters are fed to a Adaptive 
Network based Fuzzy Inference System (ANFIS) as input[5]. The 
Training of the network was done and when the system was 
tested on unknown epochs, accuracy of 100% was achieved 
to predict DoA with its Index value.

II. Materials and Methods

A. Patients
30 patient  having  age in the range of 20-60 years (mean 35± 
SD 12year) and weight in the range of 45 to 85 kg (mean 62± 
SD 10kg), after obtaining  written consent and hospital ethics 
committee approval, were selected for study. Individuals having 

any signs of neurological syndromes or having any antiquity of 
psychiatric ailments were excluded from the study.  Patients 
who had bradychardia with heart rate less than 55 beats/min, 
tachycardia with heart rate greater than 120 beats beats/
min, hypotension systolic arterial pressure (SAP) less than 60, 
hypertension with SAP greater than 160 mm Hg and oxygen 
saturation SpO2   less than 90% were also excluded.

B. Anaesthesia Procedure
About 2 hours before the patient enter into Operation Room; 
premedication of patients was done with 5-10mg diazepam. 
An anaesthetic agent   thiopentone with concentration 5 mg/
kg and muscle relaxant vecuronium with concentration 0.1 
mg/kg was administered into the patient’s body. After tracheal 
intubation the patient’s lungs were ventilated with 70% nitrous 
oxide, 30% oxygen and halothane. The end tidal concentration 
of halothane was monitored continuously with a multi gas 
analyser. 

C. EEG Data Acquisition Method
Two channel EEG was recorded (Recorders & Medicare 
Systems, India) keeping Fp1 and Fp2 as Active, Electrode 
Cz as reference and Ground was connected at Nasion. Prior 
to the administration of anaesthetic drug into the patient, a 
Ten minute recording of raw EEG was done in the operation 
theatre.  As the patient was fully anaesthetized, EEG data was 
recorded for during the halothane maintenance period. This 
stage attainment condition was approved by the concerned 
anaesthetist.           

D. Processing of EEG Data
Although two channel EEG data was recorded, one Channel 
was processed and another was kept for backup. The low pass 
filtering of EEG data 0.5Hz-70Hz was done to remove artifacts. 
The filtered EEG data was then broken into different epochs 
of length 4 seconds.

III. Feature Extraction and Analysis 
The vital information in EEG, present as signal properties are 
extracted and represented in the form of EEG parameters. 
21 identified EEG parameters were extracted from the valid 
artifact free 4 second EEG epochs of 30 patients. A raw EEG 
parameters data base was prepared indicating the values of 
all the 21 parameters for all the patients. The average value 
and standard deviation of all the epochs for all the patients was 
also calculated. Step Discriminant Analysis (SDA Analysis) and 
Score Graph Analysis method are applied on the 21 identified 
EEG parameters to reduce them into a meaningful set of 5 
parameters having best discriminative capability between Sleep 
and Awake states [2]. SDA Analysis results into 6 parameters 
which include: LZ complexity, Total Power, Bratio, Average 
Freq, Theta Power and Delta Ratio. For reliable results, Score 
Graph Analysis method is used over Step Discriminant Analysis 
method. Score Graph Analysis method uses the following rule 
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base (shown in Table 1) to find out a combination of parameters 
having maximum Score Value.  Maximum score was achieved in 
case of 5 variables - Approximate Entropy, Average Frequency, 
LZ Complexity, Delta Band Power and Beta Band Power. These 
descriptors were used for further analysis.

Fig. 1: Score Graph Method

‘↑’ indicates an increase in the value of a particular parameter 
from Awake to Sleep State while ‘↓’ indicates a decrease in the 
value of parameter from Awake to Sleep state.

Table 1: Rule Base for Score Graph Method

Normalization of 5 parameters for awake and anaesthetized 
states, with respect to a normalization parameter was done. 
This reduces the interpatient inconsistency and recognition 
problems. Awake Average was chosen as the normalization 
parameter. The value of EEG index was calculated for all the valid 
epochs using Fuzzy Logic method. The values of noramalized 
5 parameters along with EEG indexes were presented in the 
form of a data base. This data base is a N+1 matrix having 
input variables in the first N columns and output variable in the 
N+1th column. The maximum and minimum value of normalized 
parameters are found which is prerequisite for constructing the 
membership functions of Fuzzy Inference System.
 

Table 2: Maximum and Minimum Value of  Normalized 
Parameters

PropertyName Sleep Awake

ApEn 0.39-0.80 0.71-1.49
Avgf 0.31-0.90 0.63-2.16
L-Z Comp. 0.44-0.95 0.77-1.74
δ-Power 0.13-0.59 0.54-1.45
β-Power 0.16-0.49 0.54-1.87

The universe of discourse of these 5 input variables is thus 
defined as:
                     A =  0 < ApEn < 2
                     B =  0 < Avgf < 3
                     C =  0 < C(n) < 2.3 
                     D =  0 < δ-Power < 2.1
                     E =  0 < β-Power < 2

The input space X thus is defined as the Cartesian product of  
all the input variables’ parametric sub-spaces. Thus the output 
space is alienated into 32 sub-spaces. 
                 X = A×B×C×D×E
Each subspace is defined by a particular rule. Thus 32 rules 
are made after consulting with the doctors and physicians.

 
                               (A)

 
     (B)

                                             
                               (C)
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    (D)

                               (E)                                                                                                                                   
Fig. 2: membership functions for input variables

(A):Entropy, (B):Average Freq, (C):LZ Comp., (D):Delta Power, 
(E):Beta Power

    (F)
Fig. 3: Membership functions for output variable (EEG Index)
                            
The total data set is divided into two data sets: Training Data 
Set and Testing Data Set. Training Data Set consists of the 
60% of total data and Testing Data Set consists of 40% of the 
total data. 

 IV. EEG Index Calculation by ANFIS
Takagi-Sugeno type Fuzzy Inference Systems are used in 
ANFIS. Hybrid Learning Algorithm is used in ANFIS for training. 
Trapezoidal membership functions are used for the input 
variables and linear membership function is   used for the 
output variable. Two membership functions are defined for 
each input variable: Sleep and Awake.32 rules are derived 
from the stipulated input-output data pairs for ANFIS. The error 
tolerance is set to be 0.01. The training of network is done with 
a minimum training error of 0.00569. This results in a derived 
Fuzzy Inference System which is used for the calculation of EEG 
Index.  When this trained network is tested against the Testing 
Data Set, an accuracy of 100% is achieved.

Fig. 4: ANFIS structure for calculation of EEG Index

V. Results and Conclusion
The output of this ANFIS is a binary crisp number ranging from 
0-100 where ‘0’ signifies the deep anaesthetized state and 
‘100’ signifies the fully awake state. EEG is the only means 
that allows a quantitative assessment of anaesthetics on the 
brain as the primary target organ during General Anaesthesia. 
Approximate Entropy, Average Frequency, LZ Complexity, Delta 
Band Power and Beta Band Power are the optimum parametres 
for best discrimination among sleep and awake states. So, 
Analysis of the EEG is done by calculating these parameters 
in both Awake and Sleep States from frontal FP1, FP2 region. 
ANFIS is a soft computational technology for more reliable and 
precise calculation of DoA. EEG Index obtained from ANFIS 
can be used by the doctors and physicians for automatic drug 
delivery control to the patient. 
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