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Abstract - The anti-social behaviors of the people who are

characteristic of abnormal action have seriously affected our society.

Recent years, with the development of brain science, the features of
human’s abnormal action have been identified by means of the low
frontal lobe activities. However, in many countries, the
corresponding systems for identification and treatment are in an
insufficient situation. Thus, in this paper, an integrated portable and
real-time neurofeedback system assisted by EEG has been
developed. The algorithm for this system has been developed and its
performance has been verified by the fMRI experiment. Through the
experiment, we ensured that the subjects controlled and checked
their frontal lobe activities by themselves via the integrated
real-time neurofeedback system. And then, the potential human’s
abnormal action could be not only early detected, but also eased via
neurofeedback system. Therefore, we expected that our system can
be more benefit to individuals and society.

I. INTRODUCTION

ECENT years, with the development of brain science,

the features of human’s abnormal action have been
identified that the psychotics have very low frontal lobe
activities. Their actions could have a serious impact on our
society.

The cause of this psychotic can be divided into some
mechanisms, such as the cause of genetic, stroma and broken
connection between frontal lobe and thalamus by activities of
autonomic nervous system (ANS). Now many scientists have
announced that the cause of psychotics is low frontal lobe
activity (FLA).

Reduced FLA can cause various forms of pathological
symptoms. ADHD(Attention-Deficit Hyperactivity Disorder)
is one outstanding case, and it is exhibited in a more
aggressive form as psychopathology.

In the State of Oregon, U.S., 1998, a 15-year-old boy killed
his parents at home, went to school and shot at teachers and
students with guns. Two were killed and 25 were injured.
After the incident, a psychologist named Daniel G. Amen
checked the FLA of the boy and diagnosed that functioning
had seriously deteriorated.
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So, a treatment for enhancing FLA was given to the student,
and it was noted that after the treatment, his FLA improved
significantly, his temper became milder, and he eventually
became another normal boy [1]. A Japanese psychologist,
Mori Akio, measured the EEG of students addicted to games,
and reported that among all EEG parameters associated with
the frontal lobe, which indicate brain activities, the parameter
of Beta(13~30Hz) waves were very low[7].

Generally, based on different frequency bands, EEG
signals can be categorized into 4 specific categories of brain
activity, which have been commonly discussed in EEG
literature: EEG waves as shown in Table 1.

TABLE 1
Specific brainwave types and their associated state of consciousness

Brainwave Frequency State of Consciousness

-Sleep, Unaware,

Delta (below 4Hz) Deep-Unconsciousness

-Drowsiness, Unconscious,

Theta (4-7Hz) Optimal Meditative State

-Deeply-Relaxed,

Alpha (8-12Hz) Passive-Awareness, Composed

-Fully-Awake, Alert,

Beta (13-30Hz) Excitement, Tension

In 1950, scientists thought that the cause of this psychotic
is genetic. So, they gave up treatment and therapy. With the
development of psychiatry, the method of therapy depended
on the nerve stabilizer appears. But many scientists suspected
that therapy depends on drug. In fact, if the patients
depending on drug stop to take the drug, the state of illness
will be worse than ever. In order to reduce this side effect,
many scientists tried various therapy methods in the world.
Among these therapy methods, the neurofeedback is low side
effect and ratio of the recurrence [5S]. But neurofeedback
therapy’s disadvantage is that it needs a long period of
treatment and reaction ranged from 6 months to 1 year, while
the therapy using drug needs a short period for reaction,
ranged from 1 hour to 1 day.

In 1967, NASA, USA began research concerning
neurofeedback therapy. The researchers in NASA discovered
that the astronaut who got frequently smelled the fuel of the
rocket engine gets the Epilepsy easily. So, they used the
neurofeedback method as the therapy of the Epilepsy patients.
And, in 2000, in clinical trials for the Epilepsy patients,
therapy’s effect using neurofeedback was improved [10].

Now, this therapy has made a great achievement in USA
and UK.
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In Amen Clinic Centre, California, USA, Daniel G. Amen
said that the cause of human’s abnormal action was the low
level of FLA. And he improved the effect of neurofeedback
therapy through experiment [1]. Also, this therapy improved
the treatment effect of ADHD in clinical trials and
Dissociative Disorder [1].

Generally, the latent period of aggressive tendency
behavior which is human’s abnormal action is 10 years. For
example, the psychopath in teenage who had an abnormal
childhood starts to commit critical crime from late 20 years
old to early 30 years old. So, brain scientists said therapy and
corrective training for the criminal in late 10 years old to early
20 years old is important.

So, it is necessary to develop therapy and corrective
training system for human’s abnormal action. Most of
potential patients were not treated appropriately, therefore
their symptoms got worse and if their behaviors are harmful,
the impact on society is very critical.

Consequently, further research is required for the
development of systems which determine the potential for
abnormal actions in humans.

In this research, we introduced the integrated
neurofeedback system which is able to simply determine in
real-time and training for high FLA.

II. SYSTEM DESIGN

In order to measure easily, it is necessary to design a
portable device (pEEG) to filter and amplifier the weak EEG
signals. And the neurofeedback system which is used to make
determination via analysis of EEG signal from pEEG is also
necessary. Thus, we developed an integrated real-time
neurofeedback system to meet the requirement mentioned
above. Fig 1 shows the block and specific diagram of the
proposed system.

pEEG Device
Neurofeedback

Neurofeedback

[ Visual Feedback ‘
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Fig 1. Structure of integrated real-time neurofeedback system

A. Structure of EEG Device

The internal structure of the pEEG device as shown in Fig
2 could be divided into analog and digital parts. The analog
part is consisted of amplifiers and filters. And the digital part
is mainly responsible for the digital form of analog data and
appropriate format transformation which is necessary to the
neurofeedback part.

The filtering range of the band-pass filter in analog part is
from 0.15 to 130Hz. And a 60Hz notch filter is used to
remove power line interference. The magnification of signal
was set as about 20,000 times. The sampling rate adopted was
256Hz. In digital part, we used the 8051 microcontroller as
the core component. This device has an §8-channel system to
amplify the EEG.

B. Structure of Neurofeedback

The obtained data from pEEG was transmitted into
neurofeedback part. The Fig 3 shows the concrete diagram of
the neurofeedback part.
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Fig 2. Internal structure of pEEG device

This part is consisted of three modules. The first one is the
display module which draws the signal. The second one is the
signal processing module. The last one is the determination
module which depends on the algorithm to make a decision.

Neurofeedback
. Display Part . Signal Processing . Algorithm
Data Save Il Determinate
Data Draw | FFT FIR
Data Sampling I Feedback
Communication User

Module pEEG Device

(RS232 Serial)

Fig 3. Internal structure of neurofeedback

Follows the name and function of the module:
1) Data Sampling: 256 sampling points per second
2) Data Draw: convert data into signal
3) Data Save: save the data
4) FIR (Finite Impulse Response): software filter (0.5~30Hz)
5) FFT (Fast Fourier Transform) : convert time domain into
frequency domain
6) Determination: determination by algorithm on system
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7) Feedback: visual feedback via monitor

C. Algorithm of feedback

Among all the brain structures, the frontal lobe is the most
advanced, which is responsible for functions such as
concentration, rational decision-making and impulse control.
So when these functions are performed, the § power is high.
But, it is slightly difficult to determine the FLA by only the
amount of § power. The reason is that the difference of brain
wave varies greatly across persons. Therefore, in this
research, the discerning parameter was distinguished by the
waves exhibited by EEG, which was measured in the stable
and stimulated states. The stable state is that subjects were
told to close their eyes for five minutes, and their relaxed
states were measured. Stimulus state is a task mode, for
example puzzle game or reading book, requiring the use of
the frontal lobe, involving activities such as memorizing and
calculating.

In our neurofeedback system, AP was used as a parameter
and it defined difference between the stimulus state of 3
Power and the stable state of f Power. Based on this result,
AP was chosen as the parameter used for the discerning
method for distinguishing subjects with reduced frontal lobe
functioning. Satisfying this condition also, the ones with a
lower B Power than normal in the stable state were
determined as candidates for reduced frontal lobe
functioning.

So, B power of subject with lower than 18% in the stable
state and AP of subject with lower than 12% were grouped as
having lower FLA than normal individuals. Fig 4 shows the
flow chart of the algorithm of neurofeedback.
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Fig 4. Flow chart of algorithm to determine

Through the experiment, the determination algorithm is not
good to be applied if unchanged. Generally, the nerve cells of
the brain changed many times per second. So, immediate
reaction of the system is impossible. Therefore, if the same
level of the B wave can be maintained for 10 seconds, our
system will feedback to subject.

The users are able to check and train themselves by means
of the feedback of their FLA displayed by the moving
progress bar which indicates bottom of right side of Fig 5.
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Fig 5. The display of the real-time neurofeedback system

We used the International EEG 10-20 System of electrode
placement. Two coordinates were chosen and measured. FLA
was measured at Fpl and Fp2. Electrodes for the reference
and ground were at Al and Iz, respectively, at the back of
neck. Ag-AgCl disc electrodes were adopted, and the sample
rate was 256Hz per second. The A/D converter resolution
was 12 bits.

III. IMPLEMENTATION AND EXPERIMENT RESULTS

Fig 6 is the big picture of our experiment which used the
pEEG device and neurofeedback system. Fig 5 is the display
of the neurofeedback. In this Fig, the real-time signal
waveform and feedback of the FLA via progress bar are
presented at the upper right and at the lower right respectively.
And the options of band-pass filter and the analysis of the
real-time brain wave by FFT is displayed at the lower left.

Fig 6 Blg picture of our experirﬁent
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IV. CONCLUSION AND FUTURE WORKS

Everybody’s action and thought is subjected to own will.
However, due to the loss of brain function, some incorrect
behaviors will happen, resulting in many disadvantages for
individuals and society. Given the reason above, it is
necessary to research the frontal lobe of human brain, which
is responsible for the behavior control. The  power of the
brain wave at the frontal lobe is relatively lower than others,
when the incorrect behaviors happened. But, it is slightly
difficult to determine the FLA by only the amount of § power.

Therefore, in this research, the discerning parameter was
distinguished by the f waves exhibited by EEG, which was
measured in the stable and stimulated states. Subjects with
less than 18% [ Stable and AP 12% were grouped as having
lower FLA than normal individuals.

Our developed neurofeedback system based on this
algorithm mentioned above is easy to determine who are
likely to the degradation of the FLA. Also, the subjects could
train for a high level activity after checked the original level
of the activity by themselves in real time.

We have no therapy data from our neurofeedback system.
Therefore, from now on, it is necessary for us to research the
therapy deeply.

If the persons, who are likely to degrade the FLA, use our
system, they will find this potential low FLA problem before
it becomes too serious, and to obtain appropriate therapy.
Therefore, it benefits all of society, as well as for individuals
and families.
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