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1 Abstract
The original goal of this second semester Applied Science Research
project was to make something move using “only our minds.” In order
to achieve this seemingly impossible feat, we constructed an EEG (electroencephalography) device that uses electrodes to detect microvolts
emitted from electrical impulses within the brain. Once amplified and
filtered from background noise, these microvolts (now roughly millivolts) were to be sent to an Arduino microprocessor to ultimately create
some sort of movement, most likely through a servo motor. The Arduino portion of this project is still a work in progress, but, as of May 2014,
we were able to monitor brain waves (viewable via an oscilloscope) and
observe a huge spike in amplitude when each of our test subjects tapped
his or her foot. This accomplishment has made the project successful in
our eyes.
2 Introduction
Researchers and engineers have created EEG-based headsets with the
capability to perform a variety of final functions. Controlling a quadcopter or moving prosthetic limbs are examples. [1] However, with our
limited expertise in this area we hoped for our device to function in a
more on/off manner. For example, we wanted to enable a servo to start
spinning when a subject’s eyes opened, and stop spinning when the patients’ eyes closed. In order to get to this point, our biggest challenge
was amplifying and filtering the voltage to a point that could be read by
the Arduino/oscilloscope. This required research and the use of operational amplifiers and electronic filters. Overall, we learned a great deal
about the process of amplifying/filtering voltage, and how the mind and
its billions of neurons work.
This paper was written for Dr. James Dann’s Applied Science Research
class in the spring of 2014.
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3 History
Electroencephalography denotes the sensing of electrical activity along
the scalp. Using electrodes that conduct minute voltages, scientists have
been able to detect these voltages since the early 20th century. At first,
physiologists like Richard Caton and Adolf Beck discovered these electrical phenomena in rabbits, dogs and monkeys. It was only in 1924
that German psychiatrist Hans Berger was successfully able to record
the first human EEG. Berger made this recording during the surgery
of a teenage boy, and in 1929 he reported on his findings, such as the
alpha and beta waves that he detected. This discovery of electrical activity was a major breakthrough for the field of neuroscience, but due
to World War II and a lack of recognition, Berger’s findings were not
widely appreciated until the 1940’s. Nowadays, Berger is also credited
with constructing the first electroencephalogram, or the actual device,
which records the electrical activity along the scalp [2].
In the early stages of this technology, the main function of EEG devices
was to discover what caused specific neurological diseases, such as epilepsy. More specifically, the difference between epileptic seizures and
other symptoms like fainting, strokes, or migraines had not yet been
identified. By using EEG devices, neurologists realized that patients with
epilepsy suffered from an excessive amount of neuronal activity in the
brain. Before they had a way of viewing brain activity, this fact was not
known. From this point on, scientists realized the immense benefits of
EEG devices, and in 1947 the American EEG Society was founded with
the purpose of discovering more about this revolutionary technology.
Electroencephalographs, like any other piece of technology, have numerous advantages and disadvantages. The advantages of EEG devices
are that they are relatively inexpensive to manufacture, they are mobile
when compared to other brain scan devices, such as MRI’s, and they are
not invasive, unlike other techniques which require surgery to monitor
the brain. In addition, EEG devices are silent, and allow researchers to
monitor the effects of auditory stimuli on a patient. The mobile function of an EEG device also allows users to move while being monitored,
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making research on the effects of activity in the motor cortex on brain
activity possible. However, the disadvantages of EEG devices are that it
takes a lot of time for a proper EEG recording to be set up because it
requires the precise placement of numerous electrodes on the scalp to
achieve an accurate reading. Furthermore, since the electrodes are only
connected to the scalp, brain activity further below the surface cannot
be detected. For most researchers though, EEG devices are just as effective at recording brain activity over a certain period of time as other,
more expensive devices are. In addition, the ability to have subjects
move and interact instead of lying still makes the EEG device invaluable: it opens up many more avenues of research.
Since the introduction of electroencephalography, numerous fields
have used EEG devices to discover more about the brain, for both trivial
and medical uses. Medically, EEG devices have typically been used in
diagnosing epilepsy, proving whether a patient is brain dead or not, and
monitoring the brain activity of patients in comas. However, further
research is being conducted by monitoring brain activity during sleep,
and studying how different wave frequencies are sent through neuronal connections when subjects are relaxed compared to when they are
focused. Much of the current research in electroencephalography is focused on aiding paralysis victims or amputees, because the calibration
of certain EEG devices with motor functions could aid those who do
not have full control over their bodies. In the future, prosthetic limbs
could be controlled by amputees’ minds, and allow them to essentially
regain a part of their body. Since brain activity associated with different
kinetic actions, such as making a fist, generate distinct voltage readings;
scientists could technically calibrate a person’s mind so that when he
thinks of moving his arm a robotic arm could move in response. [1]
This field of study has been referred to as the study of a Brain-Computer
Interface (BCI), and has been around since the mid-1970’s. Scientists in
this field originally worked with animals such as monkeys, but in the
1990’s the first neuroprosthetic device was implanted in a human. Since
then, peoples’ lives have benefited from this technology. One patient,
Jens Naumann, a formerly blind man received a brain implant which
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eventually allowed him to drive a car slowly around a small course. [3]
Steps such as these in the BCI field are revolutionary, and are rapidly
making what was once thought of as science fiction a reality.
Besides the medical usage of EEG devices, there are now commercially
sold EEG devices that promise to improve sensory functions as well as
track and monitor people’s everyday brain activity. Products such as the
NeuroSky are currently selling portable EEG devices, targeted towards
students, which are meant to monitor brain activity while the students
work on homework. By taking these observations of the student’s brain
activity and quantifying how focused, calm, and mentally stimulated
they are, NeuroSky states that they can help improve students’ study
habits and make them more efficient. [4]
Across the world, researchers are discovering new ways to harness the
EEG device, and further develop the growing field. Recently, at the University of Minnesota, researchers constructed a connection between
an EEG device and a quadcopter, which allowed the user to control a
quadcopter using only his mind. Users were asked to think about making a fist with their right hand, which would allow the quadcopter to
turn right. With such detailed instructions as these, it appears possible
that in the near future, paralysis victims could control artificial limbs
and possibly function independently. The brilliant ideas of researchers
in the field of neuroscience, as well as the promising applications of
EEG devices, have inspired this project, which is to construct an EEG
device and allow a user to control a certain object using only his mind.
4 Theory
EEG devices are able to pick up voltages from electrical impulses within
the body’s nervous system. Understanding these electrical impulses is
key to understanding the science behind our project. These impulses
are sent through neurons, which are made up of a dendrite cell and an
axon (long fiber) leading to synaptic terminals and ultimately to another neuron. This image can be seen in Figure 1. Simply put, the charge
of the inside of a typical cell body is negative due to its large organic
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molecule proteins, while the surrounding salt solution has high concentration of positive sodium ions. What causes an electrical impulse is
the movement of these positive sodium ions into the cell body, through
protein channels, and ultimately through the attached axon sending an
action potential through to the synaptic terminals. Following right behind this sodium ion trail are Potassium ions diffusing out of the cell
body and axon. Parts of this action potential “leak out” at various increments along the axon, called Nodes of Ranvier, as it moves down the
axon. This lost potential is immediately replaced as new of sodium ions
move into the axon as the action potential continues to move across the
length of the axon. In between these nodes there are myelin sheaths that
act as insulation to keep the positively charged ions moving down the
axon at a quicker pace. [5] Along with action potential, we will be picking up a little bit of postsynaptic potential. This potential is generated
from neurotransmitters leaving the presynaptic terminal and moving
across the synapse to a new neuron, which ultimately creates a trans
membrane potential. [13] These two movements of ions or neurotransmitters create a potential, giving us (a very small) voltage to pick up,
amplify, filter and send to an Arduino or oscilloscope.

Figure 1: A simplified neuron. [5]
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Figure 2: A more detailed model of a typical neuron. Again, the body of the cell sends
electrical impulses down the axon to the synaptic terminals, and ultimately to another
cell or dendrite. [6]

After understanding the electrical impulses in the brain, it is essential
to learn how the brain responds to external stimuli and how best to get
a differentiated reading of this activity. By getting a clear alteration in
brain activity, we are able to either monitor the change in voltage via
oscilloscope or begin the on/off mechanism when the voltage is sent to
an Arduino. We researched this in the scientific literature, but also met
with Dr. Bruce Hill of Stanford University Medical Center. We learned
that the brain produces frequencies mostly between 1-20Hz and voltages between 5-200μV. [7] Our hunch was that the most effective way
to read brain activity would be to measure the alpha waves (frequencies
range from around 8Hz to 12.5Hz and voltages range from 20-200μV).
[7] Alpha waves are found during “wakeful relaxation.” [7] These make
up the EEG pattern given off by an adult who is awake but relaxing
with her eyes closed. To best measure alpha waves, two electrodes are
placed on the skull, with an additional electrode as a ground, placed
either on the earlobe or collar bone (both of which have limited muscle
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tissue, which can limit interference with the wave pattern). As for the
two electrodes placed on the skull, one is placed centrally on the top of
the forehead, and the other on the bone protruding from the back of
the skull, as seen in Figure 3. Alpha waves, also known as Berger’s waves
after the founder of the EEG device, are the strongest signals sensed by
an. EEG [7]Additionally, and of utmost relevance to us, alpha waves alter significantly when patients open or close their eyes, as seen in Figure
3. Knowing that alpha waves abound during a state of relaxation, we
made the connection that, in general, alpha waves increase when eyes
are closed and decrease when the eyes open.

Figure 3: One of the two electrode placements enabling us to read alpha waves.
As seen, the EEG will function regardless of the patient’s hair length.
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Figure 4: A display of Emma’s alpha waves, while she was hooked up to an EEG.
Although it is difficult to see from this photograph, the points of high amplitudes are
while eyes are closed, while the points of low amplitudes are while eyes are open. These
signals were gotten through use of a medical voltage amplifier, courtesy of Dr. Hill.

Figure 5: Dr. Hill’s overall set up at his lab. He uses a professional voltage
amplification device.
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Figure 6: This chart shows what is “normal” and what is not for alpha waves. These
alpha waves are obviously much cleaner than those seen in Figure 4. This is because in
practice there is a lot of interference and noise affecting the data, and we are never truly
able to get the raw alpha waves.

Our research gave us insight into the range of alpha wave recordings.
Figure 6 displays what is “normal” to see in alpha waves and what is
not. If the waves are too small, it is often telling of a person who has
trouble focusing and/or relaxing and more likely to have conditions like
ADHD, Chronic Fatigue Syndrome, and Parkinson’s disease. [8] If alpha waves seem to be too large, this can be a signal of conditions like
depression, “sluggishness” and thyroid problems. [8]
5 Final Method for Brain Activity Alteration
Our original idea was to have our test subjects close their eyes and rest
for thirty seconds, and theoretically we would see increased amplitude
due to the thriving alpha waves. We planned for this, and made sure we
were not filtering out anything in the alpha frequency range. Our filter’s
main purpose was to filter out background noise of around 60Hz and
low frequencies below 3Hz. This left room for waves of other frequencies to be picked up.
After our circuitry was finalized, we began our testing process of identifying a simple method to effectively alter the voltage emitted from the
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brain. Unfortunately, the eyes closed method did not work as effectively
as we had hoped, or as well as it did while visiting Dr. Hill at his Stanford lab. His commercially used EEG was able to pick up voltages with
higher specificity than our “home-made” EEG. Therefore, we went in
search of a new method to increase the magnitude of the voltages emitted from the brain, based on some sort of movement or thought.
We tested a range of activities: listening to relaxing music as compared
to loud, electronic music; reaching for objects; random movements;
thinking about random movements. It was not until Ryan Hammarskjold randomly tapped his left leg while he was hooked up to the EEG
that we hit on a new idea. When he tapped his leg, there was a huge
spike in the amplitude. Since Ryan, we’ve seen the same increased voltage with every single test subject tapping or stomping this way.
There are a few theories behind why tapping one’s foot brings such a
surge of voltage emissions. One is that the brain is sending a signal via
its neuron network to the leg to make it move, and we are picking up
that path of action potential. This is a possibility because we have noticed that oftentimes there will be a spike in the oscilloscope reading
before a test subject has even set their foot down to stomp it. This led
us to believe that it was not the impact of stomping the foot on the
ground that caused the spike, but rather the brain signaling the foot
to move. In other tests, the spike does not happen until after the foot
has stomped. This told us that it was more likely the muscle movement
altering the voltage. This is seen in Figure 4 on the edges of the voltage
readings. There are points of extremely high voltage amplitudes when
Emma closes and opens her eyes, an impact of the muscle movement,
according to Dr. Hill. Although the theory behind our increased voltage
from stomping the foot is unclear, the method is consistent and effective in altering the voltages emitted.
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6 Design
6A. Operational Amplifiers
Before sending the voltage from the electrodes to an Arduino, the voltage must first be amplified and filtered. To amplify the voltage, operational amplifiers were utilized in series to boost the voltage output from
the electrodes by approximately 1000 times. Since the expected output
from the electrodes is between 10 to 50 microvolts (10-6V), and an Arduino can only detect values in the millivolt range (10-3V), an amplification of approximately 1000 was necessary. For this circuit, two Texas
Instrument Dual General-Purpose Amplifiers were utilized. Since these
were dual operational amplifiers, the circuit ran through three out of the
four possible op amps provided by these two devices. [9]
An operational amplifier is a device that takes the voltage difference
between two inputs and magnifies that difference by a certain factor
(referred to as the gain). These two inputs are referred to as either the
inverting input (represented by the – sign), or the non-inverting input
(represented by the + sign). The inverting input is for negative voltages,
and the non-inverting input is for positive voltages. Typically, one of
these two inputs is grounded, because that allows for the voltage from
one input to be amplified instead of the difference between the voltages
from two inputs. For an ideal op amp (see Figure 7), the gain is either
infinity or negative infinity depending on whether an inverting or noninverting input has been grounded. However, an output of infinity or
negative infinity is not possible, and for actual op amps, a system of
feedback is utilized to control what the output of the op amp is. In Figure 8, a resistor is connected from the output of the op amp to the input
into the op amp. This makes the output from the op amp become the
input into the op amp, creating a cycle which makes the difference between the two inputs decrease to zero. Since the op amp wants the difference between the inputs to be zero, when the feedback cycle makes
the difference go to zero, the op amp outputs the amount of voltage that
was necessary to correct for the difference. For example, if the inverting
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input was grounded, 1V was sent to the non-inverting input of the op
amp, and the resistors were equal to each other, the op amp would have
to output 1V to account for the difference between the inverting and
non-inverting inputs. [10]

Figure 7: An ideal operational amplifier. Notice the lack of a resistor connecting A to C,
which in a normal op amp would create the feedback. [10]

Figure 8: A circuit diagram of an example inverting operational amplifier. The
non-inverting input (represented by the + sign) is going to ground, while the voltage
is seen going into the inverting input. This circuit diagram also has a resistor
connecting the output voltage back into the inverting input. [14]

To actually amplify the voltage difference, resistors are put into the op
amp circuit, which will change the amount of voltage coming out of
the op amp. As seen in Figure 8, there is a resistor between the voltage
source and the inverting input to the op amp. This resistor is commonly
referred to as Rin. The resistor that connects the output of the op amp
to the inverting input is referred to as Rf. The relationship between Rf
and Rin is what determines the amount of gain that an op amp provides,
because (Rf / Rin) = A (gain). This relationship exists because the current stays constant through the circuit, so by increasing Rf, the voltage
output of the op amp increases because of V = IR. This multiplication
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factor of the op amp is what makes it so valuable, because it can drastically amplify small voltages.
An issue with operational amplifiers is that there is sometimes saturation, which is when the op amp’s gain is too large, so its output is capped
at a certain voltage. This can be seen in Figure 9, where the full range of
voltages is not met because of saturation. When saturation occurs, Rf
must be decreased so that the entire range of voltages can be observed.
The reason that saturation occurs is that the output voltage is too close
to the power supply voltage. By being so close to the power supply voltage, the op amp is reaching its maximum output, causing it to cut off
and “saturate”. To solve this issue, either Rf can be lowered, or the voltage input into the op amp can be lowered. Since the input into the op
amp is going to be extremely low (in microvolts), a voltage divider was
utilized (see Figure 13) to simulate the small voltage input. By decreasing the voltage output from the voltage divider, the voltage input into
the op amp was lowered, and prevented the op amp from saturating.
Even after the voltage divider, approximately 3.50mV was still being
inputted into the op amp, so when the electrodes are used instead as the
inputs, saturation will not be an issue.

Figure 9: This graph displays the saturation effect on voltage output. As the voltage
increases past a certain point, the output plateaus, because it is approaching the voltage
coming from the power supply. The dark and light gray lines show what will appear on
the oscilloscope when saturation occurs, while the black line shows the desired output
reading. [15]
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As seen in the circuit diagrams below (Figures 10 and 11), three operational amplifiers were used, with the non-inverting input being grounded in each. The resistor values were found through trial and error, and
trying to reach the maximum gain before saturation occurred. The output from this circuit is going to lead to an Arduino, which can read in
the amplified voltages and adjust its function according to the different
voltage readings it receives.

Figure 10: This is the Operational Amplifier Circuit generating an amplification
factor of approximately 1,000. This will make the microvolts picked up from the
electrodes detectable for both the oscilloscope (for testing purposes) and Arduino
(for the final product).

Figure 11: This is the same circuit as seen in Figure 7, but detailed with the specific
pins of each op amp and where they lead. Op Amp 1 and Op Amp 2 are both Texas
Instruments Dual General-Purpose Amplifiers. Both op amps were utilized in
Op Amp 1, and one op amp was utilized in Op Amp 2.
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Figure 12: This is a photo of the breadboard containing the operational amplifiers.
The leftmost column goes to ground, the second leftmost column connects to +15V, and
the second rightmost column connects to -15V. The first op amp is shown on the top left,
the second op amp is on the top right, and the third op amp is on the bottom right. The
white wire on the bottom right is the output, which will connect to the voltage sensor
on the Arduino.

Figure 13: This is a diagram of the voltage divider used to simulate the low voltages
inputs from the electrodes. The output of this voltage divider was approximately 3.5mV.
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Figure 14: This is a photo of the breadboard containing the voltage divider. The wire
on the bottom right is the input from the power supply, the wire on the top left goes
to ground, and the wire below that is the output which goes to the op amp
circuit (see Figure 9).

6B. Filters
When voltages are amplified over one thousand times, a lot of unwanted signals are also picked up. At such small voltages, these extraneous
signals can come from electronics that are in the vicinity, and make it
difficult to see the desired signal. To get rid of the noise from these signals, filters are used to only allow signals of a certain frequency to pass.
There are different types of filters, each of which has a different function to isolate frequencies. The filters that are being considered for this
project are either a low-pass filter or a band-pass filter. A low-pass filter
only passes through signals below a certain frequency. This filter can be
used to get rid of signals from surrounding electronics, and allow for
only the signal from the electrodes to pass through, which is expected
to have a frequency around 8-15Hz (alpha wave range). The band-pass
filter contains a low-pass and a high-pass filter, and instead of having ei-
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ther a maximum or a minimum frequency cutoff, it contains both. This
could allow us to ideally eliminate frequencies below 8Hz and above
15Hz. Both of these filters will be tested for optimal performance.
Another decision to consider when designing the filter circuit is whether to use an active filter or a passive filter. A passive filter does not require a power supply, and can handle large currents and high voltages.
However, passive filters require the use of inductors as well as a more
complicated circuit, which makes it difficult to set up. An active filter
requires a power supply, because it uses op amps, and is not as reliable
as a passive filter. Active filters are easier to design, though, and do not
require the use of inductors. Since an op amp is being used already to
amplify the voltage, an active filter was chosen for this project, because
it also is smaller in size and weight, making the setup easier to manage. [11] We consulted a previous student’s project, one by Ben Adler,
because of his work with active band-pass and low-pass filters and his
circuit diagrams (see Figure 15).

Figure 15: Ben Adler’s circuit diagram for his speaker system project. This diagram is
being consulted for the initial construction of an active low-pass filter circuit.
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Figure 16: A photo of the breadboard containing the first attempt at an active low-pass
filter circuit. This circuit is based off of the bottom circuit from Ben Adler’s project
(see Figure 15).

For the final circuit, an active low-pass filter and an active notch filter were
used, although the notch filter performed the function of a high-pass filter. The low-pass filter demonstrated a steady drop in amplitude for frequencies above 20 Hz, and the notch/high-pass filter demonstrated a rapid
drop in amplitude for frequencies lower than 1 Hz. Below are the final
filter circuit diagrams along with a picture of the circuit on a breadboard.

Figure 17: The circuit diagram for the low-pass filter, which filters out signals that have
a frequency higher than 20Hz. This is not a sudden cutoff though, and instead is a
steady lowering of amplitude until the signal coming through is much less noticeable.
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Figure 18: The actual breadboard containing the circuit. Two 9V batteries, with one
supplying the positive voltage, and another supplying the negative voltage, power the
op amp in this circuit.

Figure 19: The circuit diagram for the notch filter, which instead acted as a high pass
filter. This circuit showed a rapid decrease in amplitude for frequencies lower than
1Hz, which helped to filter out some of the DC signals that had been amplified by
the amplification circuit.

7 The Actual Product
In our initial plan, we sought to create a headset that could easily be
put on and used. After working with the electrodes and the conductive
paste, we are realizing that this might be unnecessary. The conductive
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gel acts as an effective adhesive that holds the electrodes to the person’s
scalp. Plus, dispensing with a headband leads to more flexibility and
accuracy of proper placement of electrodes (not just where the headband lands).
Our product finally seemed to come together. We decided it would
include electrodes connected to our amplifying and filtering circuits,
which wee connected to an Arduino, which was connected to something
that would “move” or “light up.” These medically used electrodes, like
all other electrodes, are conductors that pass electrical current from one
medium to another. In this case, the electrodes are picking up the voltages from electrical impulses within the brain and passing them through
the connecting wire toward our circuit. [16] These electrodes are put on
in pairs, in order to measure the difference between the two metal plates.
For most EEG devices, alpha waves (8-12Hz) are the easiest waves to pick
up, but for the device made in this project, the signals picked up seemed
more in tune with the nervous system and muscular contractions. The
signals were typically picked up when the subject would tap his or her
foot on the ground, or in some cases raises a leg. Also, some subjects
would experience larger changes in amplitude based on their actions
than others, suggesting that either some people have different levels of
brain activity for specific actions, or that the placement of the electrodes
varied enough to affect the output of the circuit. Initially, the user of our
device would have an electrode placed on the middle of the forehead,
the back of the head where the skull bone juts out, and on the skin above
the collarbone. However, as testing continued, it was observed that the
electrode connected to the back of the head was not required, so only
the electrodes on the forehead and collarbone are currently being used
by subjects. The forehead electrode is acting as the “voltage in” for the
circuit, while the collarbone electrode is connected to the ground line of
the circuit. The reason the ground electrode is placed on the collarbone
is that the collarbone has low muscle density, so there is no such tissue to
interfere with the waves captured.
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When we first planned it, the final stage of this project was to include
an output from the circuit into an Arduino, which would allow a user
to actually “control something with his or her mind.” After we read the
output from the circuit on an oscilloscope, however, a major problem
arose that made the Arduino connection impossible. Although there is
a clear difference in the AC signal when a subject moves a leg or otherwise “activates” the circuit, there is still an underlying DC signal of approximately 8.2V coming out of the circuit. Despite the fact that most of
the DC signal was filtered out using the notch/high-pass filter, there was
still approximately 8mV after the filters, which was then amplified by
the op amp, causing for such a large signal at the end of the circuit. This
8.2V DC signal was a major problem for the Arduino input, because the
Arduino Mega can only read in at most 5V. Since the signal coming out
of the circuit was too high, the Arduino could not read in the circuit’s
output properly.
To address this issue, we researched numerous methods of filtering out
the DC component of a composite signal, and eventually we settled on
two options. We found that there is a device capable of filtering out the
DC component of a composite signal, called an AC coupling, which can
be found in oscilloscopes. With this knowledge, we took apart an old
oscilloscope (see Figure 20) so that the AC coupling could be disconnected. Unfortunately the circuitry of the oscilloscope was interconnected to such an extreme degree that we were unable to isolate and
utilize just the AC coupling component of the oscilloscope.
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Figure 20: This is a photo of the oscilloscope that was taken apart for the AC coupling.
The AC coupling was in the bottom left of this photo, on the bottom rack of this
oscilloscope. As is seen in the photo, there are many wire connections in this photo,
and due to the amount of connections, it was determined that it would be too difficult
to isolate and utilize the AC coupling in this oscilloscope.

Our last attempt to fix the DC current issue involved creating an AC
coupling circuit by hand. Below is a picture of the attempt, which ,unfortunately, was not successful. However, if this project were to be extended, the AC coupling circuit would be attempted again, because if
the DC current issue were solved then the Arduino would ideally be
able to read in the output from this circuit.
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Figure 21: This is a photo of the attempted AC coupling circuit. While the DC current
was reduced, the AC signal did not show any change when a subject would move a leg
or do actions that would normally generate a spike on the oscilloscope.

8 Results
The results for this project were recorded via photographs taken of the
oscilloscope screen. This gave us voltage as a function of time, as picked
up by the electrodes placed on the scalp. As you will see in the following photographs of oscilloscope readings, the brain activity (or voltage)
captured changes as a result of the act of tapping or stomping a foot.
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Figure 22: This shows a reading given by the oscilloscope of a test subject’s brainwaves
in an initial state. Our initial state would be to have the test subject sit still, doing
absolutely nothing. The graph of an oscilloscope gives voltage as a function of time.

Figure 23: This shows the altered brain activity when a test subject stomped a foot on the
ground. As you can see, the voltage range increased significantly from this movement.
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Figure 24: This oscilloscope reading was taken while a test subject tapped a foot
repeatedly. Again, the voltage going through to the oscilloscope has changed
dramatically from the initial, flat reading.

9 The Next Step
At this point, we successfully amplified the microvolts to readable levels, filtered out all background noise, and read brainwaves. We nailed
down a method that consistently sparks a spike in the voltages emitted
from the average test subject’s brain. This alone was a huge accomplishment and something we were not sure would be able to do when we
started this project. Although the Arduino proved to be a little more
difficult than originally imagined, we will troubleshoot and continue to
work on this aspect of the project. We have had a range of ideas about
what we could do next with the knowledge we gained from this project.
We would love the chance to try using the setup to turn on a servo motor, to make something move, to light up a light bulb above a subject’s
head, etc. This project has opened the door for us to the many amazing
medical applications of engineering. And, on top of it, Project Mind
Control was a blast!
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Figure 25: Kevin Jacques, a test subject, demonstrating his intelligence with the device.
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