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Abstract
To diagnose the mental status of a patient a doctor makes use of 
EEG reports. The analysis of these EEG reports is a technical 
task. In this work a tool is designed to predict the mental status 
and suggest the possible care to the patient.
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I. Introduction
Mental retardation is a universal phenomenon. It occurs, with 
varying degrees of frequency, in families from all walks of life in 
both developed and underdeveloped countries. In its most severe 
forms it is a source of great trauma, hardship, and despairs to 
parents and is an economic and social burden to communities. 
The prevention and treatment of mental retardation on both the 
individual and societal levels rest fundamentally on a fuller 
understanding of its causes and pathogenesis, on concerned 
and skilled professional practitioners, and on the commitment 
of appropriate resources at all levels of government. Clinical 
interviews with the patient (and sometimes family relatives), and 
observations of the patient’s attitude and behaviour are used to 
elicit symptoms and then establish a diagnosis. Sometimes it is 
not possible for a clinician to employ the principles learned in the 
basic neural classifiers for the recognition of mental tasks from 
on-line spontaneous EEG signals. But EEG reports are not so easy 
to understand and analyzed. Only the trained technician or doctors 
can read it properly. One of the most important sources of error 
in EEGs is that the reporting clinical neurophysiologist prefers 
a convenient but rather unhelpful and uncommitted approach, 
which is often an abbreviation of the factual technical report: 
‘normal EEG’, ‘an abnormal EEG with generalized discharges of 
frontal origin’, ‘there is an active spike in the occipital regions’, 
‘focal episodic left temporal slowing without genuine epileptic 
form activity’ and so forth. This is inadequate, often uninformative 
and sometimes misleading. The receiving physician is often 
unfamiliar with these EEG terms and their significance. Sometimes 
it is not possible to find the EEG test centres as in villages or small 
towns. To keep such conditions in the mind a tool is designed in 
this work. 

II. Literature Survey 
Different work has already been done for mental disabilities. 
[1-14] A research investigates an appropriate computer interface 
design based on mental tasks with a zero false activation rate. One 
more research shows a brain computer interface design based on 
mental tasks with a zero false activation rate. The classification 
is performed through a radial basis function neural network. The 
order of autoregressive model varied from 2 to 20. In the year 2009 
a research work was proposed for Classification of Five Mental 
Tasks from EEG Data by using principal component analysis of 

Neural Network. The principal component analysis (PCA) was 
used for feature extraction of the relevant frequency bands from 
raw electroencephalogram (EEG) signals. In the year 2011 another 
research work is proposed as Reliable identification of mental tasks 
using time-embedded EEG and sequential evidence accumulation. 
In this work eleven channels of EEG were recorded from a subject 
performing four mental tasks. A time-embedded representation of 
the untransformed EEG samples was constructed. Classification 
of the time-embedded samples was performed by linear and 
quadratic discriminate analysis and by an artificial neural network. 
Some research work were based on Electroencephalogram in 
which EEG from one subject performed three mental tasks had 
been classified using Radial Basis Function and Support Vector 
Machines (SVM) to control over fitting. A method for EEG pre-
processing based on Independent Component Analysis (ICA) 
was proposed and three different feature extraction techniques 
were compared: Parametric Autoregressive (AR) modelling, AR 
spectral analysis and power differences between four frequency 
bands. In another work the neural network has been used to classify 
EEG data by using autoregressive with maximum likelihood 
pre-process for epileptic seizure detection.  The purpose of the 
work was to investigate the use of autoregressive (AR) model by 
using maximum likelihood estimation (MLE) also interpretation 
and performance of this method to extract classifiable features 
from human electroencephalogram (EEG) by using Artificial 
Neural Networks.  Since the voltages recorded on an electro-
encephalograph are the result of many processes that occur 
simultaneously in the brain, only events that involve larger areas 
of the brain, such as epileptic seizures, can be readily identified on 
the EEG recording. In this paper back-propagation feed forward 
neural network have been used to identify the status of mental 
retarded patient [1-14].

III. Various Frequency Bands of Brain Waves
Electroencephalography waveforms generally are classified 
according to their frequency, amplitude, and shape, as well as 
the sites on the scalp at which they are recorded. EEG activity 
can be broken down into 4 distinct frequency bands:

Beta activity > 13 Hz• 
Alpha activity 8 Hz-13 Hz• 
Theta activity 4 Hz-7 Hz• 
Delta activity < 4 Hz• 

Beta activity is a normal activity present when the eyes are open or 
closed. It tends to be seen in the channels recorded from the centre 
or front of the head. Some drugs will increase the amount of beta 
activity in the EEG. Beta waves have a frequency of 13 to 30 cycles 
per second. These waves are normally found when patients are alert or 
have taken high doses of certain medicines, such as benzodiazepines. 

Fig. 1: Beta Activity
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Alpha activity is also a normal activity which is present in waking 
adults. It is mainly seen in the channels recorded from the back 
of the head. It is fairly symmetrical and has amplitude of 40 µV 
to 100 µV. It is only seen when the eyes are closed and should 
disappear or reduce in amplitude when the eyes are open. Alpha 
waves have a frequency of 8 to 12 cycles per second. Alpha waves 
go away when the patient’s eyes are open or they are concentrating. 

Fig. 2: Alpha Activity

Theta activity can be classed as both a normal and abnormal 
activity depending on the age and state of the patient. In adults 
it is normal if the patient is drowsy. However it can also indicate 
brain dysfunction if it is seen in a patient who is alert and awake. 
In younger patients, theta activity may be the main activity seen 
in channels recorded from the back and central areas of the head. 
Theta waves have a frequency of 4 to 7 cycles per second. These 
waves are normally found only when patients are asleep or in 
young children.

 
Fig. 3: Theta Activity

Delta activity is only normal in an adult patient if they are in a 
moderate to deep sleep. If it is seen at any other time then it would 
indicate brain dysfunction. Delta waves have a frequency of less 
than 3 cycles per second. These waves are normally found only 
when patients are asleep or in young children. 

Fig. 4: Delta Activity

Abnormal activity may be seen in all or some channels depending 
on the underlying brain problem. There are a number of other 
waveforms which tend to be a little more specific to certain 
conditions. For example spike and wave activity indicates a seizure 
disorder and may be seen in the EEG even if the patient is not 
having an epileptic seizure. Other epileptic conditions may be 
diagnosed if spikes or sharp waves are seen. 

Fig. 5: Spike and Wave Activity

IV. Mental Status Classification of a Patient Using DSM 
Report
In our work we used the Diagnostic and Statistical Manual of 
Mental Disorders (DSM-IV-TR)2 report, to classify the patient in 
normal and abnormal mental status. The Diagnostic and Statistical 
Manual of Mental Disorders (DSM-IV-TR)2, compiled by the 
American Psychiatric Association, is a tool provides diagnostic 
criteria for about 300 mental disorders. According to DSM, the 
EEG report is helpful to diagnose the normal and abnormal 
mental status. The chart below is generated by DSM to classify 
the symptoms of normal and abnormal mental status.

Table 1: DSM Report

Normal:

In adults who are awake, the EEG shows mostly alpha waves and beta waves.
The two sides of the brain show similar patterns of electrical activity.

There are no abnormal bursts of electrical activity and no slow brain waves on the EEG tracing.

If flashing lights (photic stimulation) are used during the test, one area of the brain (the occipital region) may have 
a brief response after each flash of light, but the brain waves are normal.

Abnormal:

The two sides of the brain show different patterns of electrical activity. This may mean a problem in one area or 
side of the brain is present.
The EEG shows sudden bursts of electrical activity (spikes) or sudden slowing of brain waves in the brain. These 
changes may be caused by a brain tumor, infection, injury, stroke, or epilepsy. When a person has epilepsy, the 
location and exact pattern of the abnormal brain waves may help show what type of epilepsy or seizures the person 
has. Keep in mind that in many people with epilepsy, the EEG may appear completely normal between seizures. 
An EEG by itself may not diagnose or rule out epilepsy or a seizure problem.
The EEG records changes in the brain waves that may not be in just one area of the brain. A problem affecting 
the entire brain-such as drug intoxication, infections (encephalitis), or metabolic disorders (such as diabetic 
ketoacidosis) that change the chemical balance in the body, including the brain-may cause these kinds of changes.
The EEG shows delta waves or too many theta waves in adults who are awake. These results may mean brain 
injury or a brain illness is present. Some medicines can also cause this.
The EEG shows no electrical activity in the brain (a “flat” or “straight-line” EEG). This means that brain function 
has stopped, which is usually caused by lack of oxygen or blood flow inside the brain. This may happen when a 
person has been in a coma. In some cases, severe drug-induced sedation can cause a flat EEG.

V. Methodology
Different functions have been used to arrive in the desired result. Whole work is completed through the following steps:

At the beginning EEG of a patient is recorded in the electronic signal form.1. 
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These input signals are a set of multi channel signals. To find 2. 
out the mental status of a patient, different frequency bands 
present in these signals have been obtained and the type of 
electrical activity in the signals like slowing of signals or 
no signal activity is obtained. These information from both 
sides of the brain is collected. For this type of classification 
of signals we have used Discrete Fast Fourier Transformation. 
In our tool the work of Discrete Fast Fourier transformation 
is:
To find the alpha, beta, theta and delta frequency bands.• 
To find the sudden burst in the signals.• 
Check the similarity between the activities of both sides of • 
brain. 

3. After getting different frequency bands, we have found that 
which frequency-band is     present in the maximum. For 
this we used the maximum likelihood estimation function 
of fuzzy logic.

4. Finally the obtained data is fed to the neural network to 
find out the mental status of brain. We used DSM report to 
classify the normal and abnormal mental status. Classification 
chart shown in this work specifies different symptoms of a 
patient.

5. The presence or absence of different symptoms is shown 
through ‘1’ and ‘0’ respectively.

6. A network is designed to classify the patient. ‘0’ is used to 
show the normal status while ‘1’ represents abnormal status 
of the patient.

The entire work carried out in this paper is shown through the 
following chart: 

Electroencephalographers mostly classify the EEG frequency 
bands as follows:-
Below3 ½ Hz             delta
From 3 ½ Hz to about 8Hz   theta
From 8 Hz to about 13 Hz   alpha
Above 13 Hz    beta
Most humans seem to develop EEG patterns in the alpha range 
when they are relaxed with their eyes closed. This condition seems 
to represent a form of synchronization, almost like a “natural” or 
idling frequency of the brain. As soon as the person becomes alert 
or begins thinking the alpha rhythm disappears and is replaced 
with a “desynchronized” pattern, generally in the beta range.
EEG data include power spectrum Analysis. A Fast Fourier 
Transform (FFT) is performed on sections of EEG data to determine 
the power content of the four main frequency bands. The resulting 
waveforms can be displayed as a brain map which will show the 
scalp distribution of the power within each frequency band. The 
amplitude of the different waveforms at a single point can also 
be displayed in a similar format. 

A. Discrete Fourier transform
The functions Y=fft(x) and y=ifft(X) implement the transform and 
inverse transform pair given for vectors of length N by [16-22]:

Where is an Nth root of unit.
Y = fft(X) returns the discrete Fourier transform (DFT) of vector 
X, computed with a fast Fourier transform (FFT) algorithm.
Y = fft(X,[],dim) and Y = fft(X,n,dim) applies the FFT operation 
across the dimension dim.
Every frequency band of EEG recording has its own specific role 
in the detection of mental status. For this purpose we have to find 
out the frequency band present maximum in the given input signal. 
To optimize the parameters of the mixture models describing the 
conditional pdf’s for each of the rules in our model, the maximum 
likelihood criterion is used. The basic principle of maximizing the 
likelihood criterion is choosing the model parameters such that 
it maximizes the chance of having the observed sample data for 
the entire space of possible models: 

)|Pr(maxarg* mD
Mm

m
∋

=

Where m* is the optimal model given the data, M is the model 
space, and D is the dataset available for training. The likelihood 
of a dataset consisting of data pairs (x, y) is given by: 

  [16-22]
Table 2: Classification of the Patient Through DSM Report

Mental 
Status Waves Sudden 

burst

Signal patterns 
from both sides 
of brain

Electrical 
activity

Normal Alpha, beta Absent Similar Present
Abnormal Theta, delta Present Dissimilar Absent
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Various symptoms and its values in each patient are shown in the 
following table:
Table 3: Symptoms and Their Values
Symptoms Present Absent
Alpha waves 1 0
Beta waves 1 0
Theta waves 1 0
Delta waves 1 0
Sudden 
abnormal burst 1 0

Similar signal 
patterns of both 
sides of brain

1 0

Signal activity 1 0

Through this classification chart, some of the patterns are shown 
as below which state the normal status of the patient:-
1100011
0100011
1000011
1100001
0100001
1000001
Patterns for Abnormal status of the patient
0011101
0011001 
0010001
0001001
0000100
0011111
In the experimental setup, the patterns show 7 features. Presence 
or absence of each feature is denoted by binary values, as 0 shows 
the presence of a particular feature for normal mental status and 
1 denotes the features of abnormal mental status. In such a way a 
pattern takes 7 bits to denote a particular category of the patient. 
Each bit of an input pattern has its own meaning, as: 

1st bit from left: This bit represents presence or absence of 1. 
Alpha waves. When Alpha waves are present bit has value 
1, otherwise the bit contains 0 values.
 2nd bit from left: This bit represents presence or absence of 2. 
Beta waves.  When Beta waves are present bit has value 1, 
otherwise the bit contains 0 values.
3rd bit from the left: This bit represents presence or absence 3. 
of Theta waves. When Theta waves are present bit has value 
1, otherwise the bit contains 0 values.
4th bit from left: This bit represents presence or absence of 4. 
Delta waves. When Delta waves are present bit has value 1, 
otherwise the bit contains 0 values.
5th bit from left: This bit represents presence or absence 5. 
of sudden abnormal burst. When sudden abnormal burst or 
slowing of signals are present bit has value 1, otherwise the 
bit contains 0 values.
6th bit from left : This bit represents the similar or dis-similar 6. 
signal patterns of both sides of brain. When both sides of 
brain has similar pattern bit has value 1, otherwise the bit 
contains 0 values.
7th bit from left: This bit represents the presence or absence 7. 
of signal activity. When there is no activity in the signal and 
the signal shows a straight line bit has value 1, otherwise the 
bit contains 0 values.

These pattern sets are trained for normal and abnormal mental 

status by using neural network tool of matlab. The pattern set for 
normal mental status is provided as the input to the neural network 
and the target is set ‘0’.

Table 4: Summary of Trained Neural Network for Normal Mental 
Status

Pattern set Iterations 
require to train

Network 
errors

Best performance 
at (epoch #)

1100011 6 0.33245 4
0100011 8 0.34432 8
1000011 7 0.24324 7
1100001 5 0.22322 4
0100001 7 0.31332 6
1000001 8 0.11345 7

Another neural network is trained for abnormal mental status. The 
pattern set for abnormal mental status is provided as the input to 
the neural network and the target is set ‘1’. 

Table 5: Summary of Trained Neural Network for Abnormal 
Mental Status

Pattern set Iteration require 
to train

Network 
errors

Best performance 
at (epoch #)

0011101 11 0.45623 10
0011001 11 0.23451 8
0010001 10 0.34521 10
0001001 12 0.45456 11
0000100 12 0.34234 10
0011111 11 0.42356 7

Vi. Results and Suggestive Care
The experiments conclude that 

About 85% of patterns get trained to their set target.1. 
Each pattern takes at the most 10 iterations to get trained.2. 
Network errors are very low for each pattern.3. 
All the patterns take almost same number of iterations to 4. 
get trained.

On the basis of the obtained result the following cares are suggested 
to the patients
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Table 6: Suggestive Care
Frequency 
band Status of frequency band Patient’s condition Mental Status Disease Suggestive Care

Alpha Maximum present Awaken, adult by age Normal - -

Beta Maximum present Fear-full, Anxieties, 
High blood pressure Abnormal - Yoga, Meditation, 

Deep-breath.

Theta Maximum present Drowsy, Hyperactive 
behavior Abnormal

Overdose of any 
medicine, Brain 
illness

Consult with doctor

Delta Maximum present Deep sleep, Brain 
injury Abnormal

Possibilities of 
Parkinson’s disease, 
Schizophrenia, Type II 
diabetes, Brain tumor 
or Epilepsy 

Take medicines 
as prescribed by 
Doctor

Sudden 
burst - Faint Abnormal

Brain tumor, Brain 
infection or injury, 
Epilepsy

Move to hospital

No signal in 
EEG, flat or 
straight line

Maximum present Faint Abnormal

Patient has been in 
COMA, severe drug 
induced sedation, brain 
function has stopped, 
Lack of oxygen

Refer to Hospital

Refer the patient immediately to the doctor in following 
conditions:

The patient is severely ill, violent or unmanageable at 1. 
home.
There is history of recent head injury.2. 
The patient has fever, severe headache, vomiting or fits.3. 
The patient has attempted suicide and is still threatening to 4. 
commit suicide.
The patient is getting fits regularly (more than three times a 5. 
day or continuously).
Disturbed behavior has occurred following child birth.6. 
Disturbed behavior has occurring for the first time, after the 7. 
age of 40 years.
Disturbed behavior in persons with known diabetes or high 8. 
blood pressure.
Person who show abnormal behavior after taking alcohol or 9. 
any other intoxicating substance.

VI. Conclusion
Soft-computing techniques are used here to design the tool. 
The tool is useful for the patients of brain disease, to predict the 
mental status as the Normal or Abnormal mental status. Our task 
is based on EEG reports which display brain signals with their 
frequencies. The frequencies of brain signals are broadly grouped 
in four major classes. These major frequency bands show the 
presence or absence of various brain diseases. The soft-computing 
technique ‘maximum likelihood method’ is the base of our work. 
The tool is helpful to find the various frequency bands present in 
their maximum. This work is useful to predict the mental status 
of the patient and suggest an appropriate care.
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