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MATERIALS AND METHODS

INTRODUCTION:
• Brain-computer interface (BCI) systems can
control external devices by translating a certain
set of patterns in the brain signals into actions[1] .

MOTIVATION:

EEG is measured by
placing electrodes on the
scalp and recording the
changes in voltage over
time. It’s inexpensive,
easy to use, and provides
high-temporal resolution.

BCIs are one of the
most common
noninvasive methods to
record electrical activity
of the brain using
electroencephalography
Recent technological
(EEG).
breakthrough in the last
20 years allow us to use
BCIs for the development
of assistive technology
for individuals with
limited physical ability
due to
neurodegenerative
diseases.

Figure 1. Measuring brain activity with electrodes.

• Locked in syndrome (LIS) is characterized by
complete paralysis of nearly all voluntary muscles
in the body except of the vertical eye movements
and blinking.
• Amyotrophic Lateral Sclerosis (ALS) is one of the
most common diseases that causes this condition.
• BCIs provide a promising technology for assisting
LIS patients to regain communication capabilities.
• One of the most common methods for BCI
applications is steady state visual evoked potential
(SSVEP).
• SSVEP is based on periodic presentation of visual
stimuli, for example LEDs blinking at different
frequencies.
• Steady state stimuli evoke steady brain activity
response with same frequency as a stimuli in
relevant areas.
• For visual stimuli, brain activity is evoked in area
that is responsible for visual processing, the
occipital lobe.

BRAIN SIGNALS:

MATERIALS:
•
•
•
•

EEG cap.
EV3 robot.
Arduino system including LEDs.
3D printed boxes.

Figure 9. Plot of 8.5 Hz.

Figure 3. EV3 Robot.

METHODS:
Collecting Brain Signals:

Figure 4. Location of the
electrodes in the cap.
Ground and reference
electrodes are placed on
the frontal lobe and
measuring ones on the
occipital and temporal
lobes.

Figure 5. The person
wearing the electrodes
looks at the LED whose
direction he wants to
follow, evoking the
frequency of the LED in
the brain activity. The
LEDs are inside 3D printed
boxes designed with
SolidWorks.

Figure 13. The total cost of
our system was $665,
which is much lower than
many other similar
systems—often ranging
from $25,000 to $50,000.

Figure 6. After the
brain signals are
collected, they are
amplified. Then,
they are sent to the
computer to be
used in the
program.

Figure 7. Brain signals
were collected with
Python and processed
with the SciPy library.
The results were
displayed in plots.

Controlling the robot:
Figure 8. The user interface has buttons for each
direction, which when red direct the user to move in
that direction. The user looks at the LED with the
frequency corresponding to the direction, evoking the
frequency in his brain activity. Based on the Python
program, the robot should move in as desired.

Figure 10. Plot of 10 Hz.

The plots (Figs. 9, 10, 11)
display the frequencies of
the brain signals collected
by the electrodes. The red
and blue lines are from the
electrodes on the occipital
lobe, while the green line
comes from the temporal
lobe’s electrode.

ACCURACY:

CONCLUSIONS

Amplifying brain signals:

Processing brain signals:

Figure 11. Plot of 12.5 Hz.

Figure 12. Plot of the accuracy we have
reached.

Because the sample rate was
250 Hz, only frequencies
ranging from 0 to 125 Hz were
accessible. We wanted those
from 4 Hz to 15 Hz, so we used
a Bandpass filter to remove the
frequencies outside the range.
We removed the EEG artifacts
caused by eye blinks.

Figure 2. Stephen Hawking used assistive technology from Intel
to help him function with LIS.
Image from: https://www.telegraph.co.uk

RESULTS

With different amounts
of time, we reached
different levels of
accuracy (Fig. 12). In
only 8 seconds the
classifier was able to
reach 95% accuracy, and
close to 100% in 10
seconds. The accuracy
was lower at the
beginning, with a
minimum of 76%, but
then it started to grow
faster. The average
accuracy for time
windows from 4
seconds to 28 seconds
was approximately 95%.

To address our research
question, we found that 8
seconds are needed to reach
95% accuracy, while in past
experiments 85% accuracy
was reached in 50 seconds to
drive 20 feet (6 meters)[2].

FUTURE WORK:
To reach the accuracy
we had in less time, we
could use more
electrodes to collect
brain activity. We could
also use nonlinear
neural networks to
make better classifiers.

Figure 14. EV3 Robot.
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