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Introduction

The following deliverable will serve as an overview of the work | completed this spring, as well

as a reference for myself and others interested in the same line of research.

My work this semester continued my efforts last semester towards designing a circuit to
accurately measure electrooculography (EOG) signals for eventual use in a mobile eye-tracking system.
As it stands, our Bass Connections team uses an Eyelink Infrared System to track the gaze of study
participants across a series of eye-tracking test [1]. The Eyelink system offers an accurate and generally
reliable way to measure participants’ gaze, however, the Eyelink system retains several drawbacks as
opposed to EOG technology. Foremost, building an EOG eye-tracking system would likely be significantly
less expensive than the Eyelink system, which costs nearly $10,000. Further, an EOG system has the
potential to be extremely portable when compared to the Eyelink system. Our current Eyelink setup
involves the Eyelink Infrared Camera and a desktop monitor affixed to an aluminum frame contained
within a 6’ by 6" black tent to eliminate external visual distractions from the test subject. We plan for our
EOG system to be contained within a wearable headset comparable to modern virtual reality headsets.
This level of portability would allow for the rapid deployment and use of an eye-tracking system, such as
on the side-lines of an ongoing sporting event. Finally, an EOG-headset device may be a more
comfortable eye-tracking alternative when compared to our current Eyelink system. Our current testing
procedure requires study participants to fix their head on a chinrest for approximately 15 minutes to
stabilize the position of their eyes with respect to the infrared camera. Packaging EOG electrodes within
a mobile headset may thus allow the study participant greater freedom of movement in the testing

process.

My work this semester concentrated on physically implementing the EOG acquisition circuit
designed over the course of last semester. Over this process, | built upon the work of past Bass teams
that had designed their own EOG-acquisition circuits. Most of the circuit | worked on was modelled
according to a proto-board circuit | reverse-engineered last semester. In addition to ordering the circuit
components, breadboarding, and testing, | also engaged in a high degree of personal study to
understand the intricacies of the circuit. | gained a working understanding of instrumentation-
amplification techniques for high-common mode signals (such as EEG, ECG, and EOG) which underpin
the circuit | ultimately built. | believe | also developed a stronger knowledge of circuit prototyping in
general, including the process of selecting parts to correct specifications, working with component data

sheets, and constructing a larger circuit through individually testable modules.



Background

A concussion, or mild traumatic brain injury (mTBI), is a type of injury to the brain resulting from
excessive biomechanical forces applied to the head. TBIs as a whole account for an average of 1.1
million annual emergency room visits in the United States. Concussions are the most common form of
TBI, and estimates suggest mTBI to be at least 10 times as frequent as moderate or severe TBI [2-4].
Most concussions do not result in emergency-room visits, and there is an estimated 1.7-3.3 million
concussion occurring each year due to sport and recreation activities alone [5]. Concussions often go
unreported and the true number of concussion occurring each year may be much higher than this
estimate [6]. Although often discussed in the context of sports related events, concussions may result
from any sufficiently high blunt force or whiplash to the head, such as from a fall, car accident, or one’s

work environment [7].

The mechanical etiology of mTBIs is often complex and highly variable given the number of ways
external forces may exert pressure on the brain [4]. There are two primary categories of forces which
comprise most mTBI-inducing impacts: contact forces and inertial forces. Contact forces, concentrated
forces at the impact site, are associated with localized skull fractures and focal brain injuries such as
epidural hematoma. Injuries of this type most commonly present in severe TBI, and rarely occur with
mTBI [8]. Inertial force/acceleration, defined by the loading experienced by the brain during impact, is
thus responsible for most mTBI-related injury. Inertial forces consist of some combination of linear force
and torque, which respectively cause linear and rotational motions of the brain. Substantial work has
found an association with maximum linear force and loading experienced by the brain [9, 10]. Linear
acceleration is also highly correlated with concussion likelihood [11]. However, the current scientific
consensus has established that rotational acceleration is the primary source of injury in mTBI [4, 12]. The
brain is particularly susceptible to shear forces caused by rotational acceleration [13]. Research has
demonstrated the central influence of rotational acceleration on concussion severity, with one study
demonstrating it is extremely difficult to induce unconsciousness on animal subjects via linear forces

alone [14].

The brain’s deformation under a traumatic load launches a “neurometabolic cascade”
responsible for the cellular-level damage associated with a mTBI [15]. Upon initial impact, tears in the
lipid membranes of brain cells cause the indiscriminate release of potassium ions and glutamate, as well
as the rapid intake of sodium and calcium ions [16]. Extreme extracellular ion concentrations may then

trigger further ion channels, cause a chain reaction and further increasing extracellular ion levels across



the brain tissue [17]. lonic pumps then go into overdrive as the brain attempts to restore normal ion
levels and cellular homeostasis. These ion pumps require energy which brain cells acquire through
hyperglycolysis, ultimately resulting in an oversupply of ADP and the depletion of the brain’s energy
reserves [18]. The brain thus enters a period of metabolic mismatch in which the demand for energy
exceeds the supply. This altered metabolic state may last for up to 7-10 days and has been associated
with cognitive dysfunction in animals [18]. The deformation of the brain may also affect the cellular
structure of brain cells, impairing axon function and causing cytoskeletal damage [17]. mTBI has been
further associated with many types of dysfunction, including deficits in neurotransmission, increased
inflammation, and in the case of repeated head impact, potentially brain atrophy. [17] With time,
studies have associated many of these cellular changes with specific symptoms of concussion. For
instance, extreme ionic flux has been correlated with migraines, the brain’s altered metabolic period has
been associated with increased vulnerability to further impacts in the period following an mTBI, and

impaired neurotransmission has been tied to cognitive dysfunction [15].

Concussions are associated with a set of acute and prolonged symptoms. In the short term,
concussions may cause a wide variety of symptoms depending on the individual patient. Most
individuals who experience a concussion develop some level of headache, difficulty concentrating,
fatigue, and mental “fog” among other symptoms [19]. A smaller number of concussions are associated
with more physically apparent symptoms including vomiting, visual problems, and balance problems
[19]. Most individuals diagnosed with a concussion recover within 7 days and display no clinical deficits

following this period [20] .

However, a growing body of literature has highlighted the potential long-term effects of
concussions. Chronic traumatic encephalopathy (CTE) is a degenerative brain disease associated with
repeated mild traumatic brain injury [21]. Individuals often present with CTE long after their athletic
careers, and a set of recently confirmed cases among high-profile athletes has spurred attention
towards the disease [22, 23]. CTE has a complex disease pathology currently poorly understood by the
scientific community. Current theories accredit the cognitive decline present in CTE to factors including
intracellular metabolic dysfunction, cumulative cell death, and the accumulation of toxic proteins in
brain tissue [17]. CTE may only be diagnosed post-mortem, and it is difficult to predict which athletes
will ultimately suffer from the condition [21]. A single season of football has been linked to alterations in
brain white matter [24], and even heading a soccer ball is associated with white matter microstructural

and cognitive abnormalities [25]. Nevertheless, most individuals who participate in contact sports do not



develop CTE. It is thus of great importance to determine if there exists a threshold or a precise means of

assessing an individual’s risk of developing long-term deficits from head impact.

As researchers have devoted increased attention towards the potential long-term ramifications
of repeated head injury, recent years have seen an increase in awareness towards the risks of mTBI.
Especially in sports settings, concussions have occasionally been known to be disregarded as a minor
injury, sometimes one which an athlete may “walk-off” and immediately return to play [26-28]. As
research has demonstrated increasingly serious ramifications of concussions, such as the potential for
CTE, this attitude has shifted considerably over the past several decades [26]. Now, most professional,
and often amateur, sports organizations have implemented formal policies to address concussions and

regulate an athlete’s return to their sport [29-31].

Given the wide-reaching and potentially devastating long-term effects of repeated sports-
related concussion, it is important to develop strong diagnostic tools to determine the extent of each
injury. To an outside observer, a concussion may often appear to be difficult to discern. Those concussed
often present with a wide range of symptoms, many of which rely on self-reported scores to determine
relative severity [27]. Further, almost all structural and functional deficits take place at the cellular level
[32]. Barring a small minority of concussions (i.e. those that present with subdural hematoma), there are
often no physically measurable signs of injury, even when analyzed using advanced imaging techniques
[7]. As such, most clinicians and athletic trainers rely on a series of tests such as post-concussive
symptom checklists and neurocognitive assessments to gauge concussion recovery and severity.
Symptom evaluations have been found to be an effective predictor of concussion likelihood, with one
study reporting that symptoms evaluation sheets may identify up to 90% of concussed athletes[27, 33].
Nevertheless, symptoms evaluations depend upon the full cooperation of the patient, and concussed
athletes have often been reported to exaggerate baseline symptoms or play down post-concussion
symptoms to accelerate their return to play [34]. Even if effective towards initial diagnosis, symptom
evaluation sheets often fail to precisely quantify an athlete’s recovery, as symptoms may vary on a day-
to-day basis [27]. Further, without the aid of advanced imaging techniques, no concussion assessment
may determine whether the brain has returned to typical metabolic activity. Even without the presence
of clinical concussion symptoms, the brain may exist in a state of heightened vulnerability until it

reaches full functional recovery [35].

Pending further research, imaging techniques such as functional magnetic resonance imaging

(fMRI) or diffusion tensor imaging (DTI) may offer an objective way to gauge concussion severity and



recovery. However, their high cost and limited accessibility may inhibit their regular use for concussion
diagnosis [27]. Much research has also investigated the use of certain biomarkers present following
brain injury for use in concussion diagnosis. One study achieved a concussion-prediction AUC of 0.68 by
measuring blood glial fibrillary acidic protein (GFAP) levels in a set of concussed and non-concussed

individuals [36].

The most widely used concussion diagnostic tools today thus retain a high degree of subjectivity.
As such, the application of better objective diagnostic tools for concussion is of great interest to the
research community. At the moment, there remains no single tool to effectively determine the exact

time at which an athlete is safe to return to play [37].

A large body of work has attempted to determine concussion risk profiles through the
biomechanical analysis of head impacts. There currently exist a wide variety of devices that record the
acceleration and speed of an athlete’s head during practice and gameplay [5]. Many studies have
attempted to relate cumulative head-impact exposure or the qualities of specific impact events to
concussion likelihood and severity [11, 38, 39]. One such study developed a risk likelihood curve
according to rotational head acceleration, finding that a peak rotational acceleration of about 7000
rad/s? is associated with a 90% risk of concussion [11]. However, the same study found that concussive
impacts display a wide range of rotational accelerations, and the range for concussive impacts overlaps
considerably with non-concussive impacts. This fact would limit the statistical specificity of a concussion-
predictor relying on this data alone. Another study conducted a statistical analysis using the HITS
dataset, a compilation of the linear and rotational acceleration profiles across over 63,000 head impacts
as measured with a Head Impact Telemetry (HIT) system [39]. Their model displayed a high degree of
both selectivity and specificity, achieving an AUC score of 0.981. However, it is worth noting the HITs
dataset is dependent upon both the accurate labelling of concussive vs non-concussive impacts, as well
as the accurate collection of acceleration data. For instance one study has found that the Head Impact
Telemetry System is prone to a high degree of error, meaning the HIT dataset is not a perfect
representation of true impact profiles [40]. The use of biomechanical analyses may nevertheless provide
a helpful diagnostic tool, yet such analysis is dependent upon the athlete wearing often expensive head-

impact detection devices.

There exists much research demonstrating the effectiveness of eye-tracking towards the
evaluation of mild-traumatic brain injury [37]. Oculomotor deficits are visible in as many as 90% of

concussed individuals [41]. Although the motion of the human eye is determined by just three sets of



oculomotor muscles, eye-movement entails many neural pathways extending to many parts of the
brain. Accordingly, fine eye-movements are highly susceptible to brain injury and may serve as a reliable
way to determine the existence/severity of concussion. Many studies have demonstrated measurable
oculomotor deficits in concussed versus healthy populations using a variety of eye-tracking techniques
[37]. However, oculomotor deficits have been found to be most prominent in the acute range following
a concussion, within 30 days of the injury. Given the lack in quantity of directly comparable longitudinal
eye-tracking studies, there is no consensus on the effectiveness of eye-tracking over longer periods than

30 days [37].

Electrooculography (EOG) is an eye-tracking technique which uses a set of electrodes placed
around a person’s eyes to determine eye movement. Metabolic activity within the human eye generates
a slight negative charge in the retina [42]. Known as the corneal retinal potential, this charge creates a
dipole across the long axis of the eye which is measurable by placing electrodes along strategic locations
around the eyes. As the eye moves and the dipole shifts, electrodes can measure a difference in
potential corresponding to various directions of movements, generally from 5 to 20 micro-Volts per
degree of gaze shift [43]. Acommon EOG configuration is to place two electrodes above and below the
eye to measure vertical movement and two electrodes to the right and left of an eye to measure

horizontal movement [43, 44].

Infrared Reflection Oculography (IROG) is another prominent form of eye-tracking [45]. Infrared
oculography involves shining invisible infrared light onto the face of the test subject. The sclera, or the
outer white part of the eye, reflects more light than the pupil and iris. Infrared cameras may leverage
this property to track the position of a subject’s eyes as either more or less light is reflected depending
on how much of the sclera versus the iris or pupil is visible to the camera. Most modern IROG systems
may also identify structures of the eye such as the border between the iris and sclera to better
determine subject gaze [45]. IR-based eye-tracking systems have been shown to be extremely accurate.
The Eyelink 1000 system, for instance, tracks gaze to within 0.5 degrees [46], while the Dual-Purkinje-

Image (DPI) gaze tracker has been shown to be accurate to within 0.1 degrees [47].

EOG displays several benefits over other eye tracking methods. Foremost, EOG systems are
known to cost much less than eye-tracking methods involving camera setups. EOG electrodes are
relatively inexpensive, and it does not require extensive circuitry or computing power to process an EOG
signal. EOG systems generally have four input channels which, even if recording at high sample rates, do

not require excessive storage or processing capabilities. This fact thus makes it extremely feasible to



process EOG signals in real-time [48]. Many papers have demonstrated the use of EOG signal acquisition
to measure eye movement at a high accuracy (within 1-2 degrees for horizontal movement [45]), often
on par with established eye tracking methods, such as with an IR camera [49]. In fact, the accuracy of
EOG systems is high enough to enable applications such as visual activity recognition and or as input to

human computer interfaces [43, 50].

An active area of research is the development of mobile eye tracking (MET) systems. Today,
most eye-trackers require subjects to either fix their head in place (as for most IROG systems) or at
minimum to stay seated over the duration of the exam (given, for instance, the array of wires, power
sources, or immobile sources of visual stimuli). The physical restraints imposed by eye-tracking systems
are often uncomfortable to the test subject, yet they may also limit the ability to test individuals outside
of a prepared lab setting. Certain fields of research require the subject to be mobile during the eye
tracking process, thus necessitating the development of accurate MET devices [51]. For instance,
marketing researchers may implement MET to determine how in-person (or online) customers allocate
their visual attention towards advertisements or products [52, 53]. More general uses of MET hinge on
the fact that the context of our surroundings/objects of engagement influence our visual perception
[51]. Accordingly, MET is required to fully understand our eye movements in everyday situations. MET
may also serve as a replacement for normal eye-tracking systems in situations in which it is

inconvenient/impossible to conduct traditional eye-tracking a field setting.

There exist many MET systems in scientific literature as well as MET systems currently marketed

for commercial use. | will review these systems in increasing subjective order of similarity to our project.

Several papers have demonstrated MET systems based on mobile smartphone cameras. Krafka
et al. assembled a dataset of over 2.5 million images of people labeled by the position of their gaze [54].
Using the dataset, Kafka et al. trained a neural network which takes front-facing camera feed as input
and achieved a gaze prediction error of 1.34 cm at a typical distance from one’s eyes to their mobile
device. Valliappan et al. trained a convolutional neural network which takes an image from a device’s
front-facing camera and outputs a gaze position with at most 0.75 cm of error at reading distance

(corresponding to 0.6-1 degrees of error) [53].

The predominant type of MET system in use today, both for research purposes and otherwise,
involves infrared (IR) tracking within a wearable headset. Kassner et al. outline an open-source eye-

tracking platform named “Pupil” [55]. Pupil consists of an IR camera fixed to a lightweight headset as



well as a software framework for mobile eye-tracking. Pupil is accurate to within 0.6 degrees of visual
angle and displays a near-instantaneous processing speed [55]. Chugh et al. developed a camera-based
eye tracking system for use in virtual reality applications, achieving an accuracy of 1.1 degrees through a
convolutional neural network fed with camera input [56]. The paper also notes their system is 91%
accurate at identifying corneal reflections resulting from the LED’s necessary to illuminate the eyes. A
company names Tobii AB developed an MET system called the “Tobii Pro Glasses 3” which implements
IR tracking within a headset similar in form to a pair of eyeglasses [57]. Another company developed a
virtual reality headset named “FOVE” equipped with IR eye-tracking. The headset reportedly tracks

users’ gaze to selectively render content in the VR video/image according to the user’s field of view [58].

Finally, several papers have outlined MET systems based on EOG technology. Shimizu et al.
developed a low-cost EOG-based eye-tracking system integrated within a Google Cardboard VR headset.
[59]. Their system utilizes a pair of JINS MEME smart glasses which possess a pair of electrodes within
the nose bridge to measure ocular potential [60]. Their paper does however note that their system does
not possess the accuracy necessary to measure fine eye movement. A company called “imec” developed
a pair of ergonomic eye-tracking glasses equipped with a series of 5 EOG electrodes [61]. The glasses can
reportedly process eye tracking data twice as fast as traditional eye-trackers (given the simplicity of EOG
data vs IR images) and are highly portable with a battery life of 8-10 hours [62]. Altobelli et. al developed
a custom low-cost EOG headset constructed using a 3D-printed plastic body and commercial EOG
components [62]. The paper demonstrated the acquisition of a reliable EOG signal under a range of
visual stimuli. To my knowledge, there are still no headsets which integrate virtual reality (VR) with
precise EOG eye tracking. Our Bass Connections project, if fully implemented, would thus present a

novel application in the context of existing MET systems.

Despite the advantages of EOG eye-tracking setups, there are a series of drawbacks which
currently limit the use of EOG technology. Foremost, EOG systems are extremely sensitive to external
noise [63]. Given the extremely low magnitude of the corneal retinal potential (often below 100 uV), it is
likely for the incoming signal to be distorted before or during signal processing. External electro-
magnetic interference, such as 60 Hz noise emanating from power lines, may induce significant error on
both circuit components and the quality of the input signal. From our experiments, we found that the
magnitude of 60 Hz noise alone may exceed any measurable resting potential across the eye. EOG
electrodes are also sensitive to error if they are not firmly attached to the human subject. Other

structures within the human face may produce measurable electric potentials which interfere with the



EOG data, such as from muscle contractions. Variable conditions on the subject’s skin, such as relative
moisture content, have bene known to alter skin impedance, and may result in error in the system

output [63].

EOG systems also tend to display a high degree of baseline wander (BW) drift [42, 64, 65].
Baseline wander drift is very low frequency noise that results in a gradual rise or fall of the overall EOG
signal. Baseline wander may result from a number of sources in EOG systems, such as a shift in the
position of the electrodes, movement of the subject, or external electromagnetic interference [65]. It is
often difficult to address baseline wander at the source, since it can be difficult to determine the exact
cause of the drift. However, multiple processing techniques have been proposed to address the
influence of baseline drift on signal quality [65, 66]. In 2018, Abrams et. al proposed a baseline drift
mitigation process which uses a series of linear regressions to approximate the baseline value of the
signal [previous Bass project]. This linear regression-based technique was found to work well on eye

tracking data, reaching an error of less than 1.5 degrees when compared to the Eyelink Infrared system.
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Circuit Annotations

1.

Four Olimex Active EEG Electrodes? are fixed to the EOG goggles to capture the vertical and
horizontal gaze components. The electrodes located above and below the left eye capture the
vertical gaze component. The electrodes positioned to the right of the right eye and to the left
of the left eye capture horizontal gaze component. The electrodes include an internal amplifier
to strengthen the quality of the transmitted EOG signals. The electrodes terminate in a 3.5mm
aux jack with three leads: two correspond to power/ground, and one carries the voltage
information.

The electrodes are connected to the tin can circuit via four audio jack ports.? This model of
audio jack consists of three leads, one which is used to carry the electrode data (#2), and two
which are used for power. The lead carrying the electrode data is then connected to a low pass
filter to begin signal processing. Unlike the other four electrodes, the electrode labeled “RLD"”
does not carry EOG data. In this case, “RLD” stands for “Right Leg Driving” or “Driven-Right-Leg”
circuit, and is used to actively cancel the common mode voltage of the test subject [67]. An
“ideal” operation amplifier returns a scaled difference of two input voltages at a constant gain.
Actual operational amplifiers may behave slightly differently depending on a variety of factors,
such as temperature or external electro-magnetic interference. One source of error results from
the common mode voltage between the two inputs, which may be calculated as one-half times
the difference of the two input voltages ((V1— V) / 2). Depending on the design, operational
amplifiers add a small fraction of the common mode voltage to the output voltage. When the
difference between the input voltages is large, the common mode error is generally insignificant
compared to the magnitude of the desired output. However, the electric potential across a
human eye is extremely small, meaning if a common voltage exists, it could potentially interfere
with the proper function of the operational amplifier. The human body displays a small degree
of electric capacitance, meaning humans can act as antennae for external electro-magnetic
noise. During our experiments, we found this to hold especially true for 60 Hz noise generated
by power lines. The RLD circuit works by taking the average voltage across all four sensing

electrodes, inverting this voltage, and feeding it back to the human body. To ensure safety, the

L https://www.olimex.com/Products/EEG/Electrodes/EEG-AE/open-source-hardware
2 https://www.cuidevices.com/product/resource/sj1-351x-smt.pdf



RLD electrode is isolated from the body using a set of unity-gain buffers before the final
inverting op-amp.

3. The inputs from the right/left and top/bottom electrodes are routed to two low-pass filters with
a cutoff frequency of 1592 Hz. This portion of the circuit eliminates high-frequency noise from
the incoming signals that likely does not originate from the movement of the human eye.

4. The tin can circuit contains two INA114BP instrumentation amplifiers, one for both the right/left
and top/bottom, electrode pairs.3 This circuit uses the INA114BP over a standard operational
amplifier as the INA114BP may precisely amplify small signals, such as those generated by the
human eye. The INA114BP consists of three internal op-amps arranged to maximize the
common-mode rejection ratio, being the ratio of the gain applied to the difference of the true
signals, and the gain applied to the common mode voltage. The output of the INA114BP is wired
directly to the LR OUT/TB OUT ports on the tin can circuit to be digitally processed by an
oscilloscope.

5. The MCP607 is a pair of two operational amplifiers packaged in the same chip.* The MCP607
serves as a buffer between the human body and the circuit to prevent high currents from
reaching the test subject through the RLD electrode.

6. The TLE2426 generates a constant reference voltage equivalent to one half of the supply
voltage. The INA114BP instrumentation amplifiers center their output about this reference
voltage. Without a reference voltage present, the instrumentation amplifiers would simply
output 0 volts for all negative Vi, since the INA114BP is a single-source amplifier. With a
reference voltage, the INA114BP will map negative Vi, to output voltages in the range 0 to Vie/2
to avoid output clipping. ®

7. The TLC277CP acts as a precision amplifier to connect the RLD circuit to the body.® In this case,
the TLC227CP acts as an inverting amplifier so that its output effectively cancels the common
mode voltage of the body.

8. As labelled on the physical circuit, the circuit is powered by a 5V battery pack terminating in an

H-barrel power plug.

3 https://www.ti.com/lit/ds/symlink/ina114.pdf?HQS=dis-mous-null-mousermode-dsf-pf-null-
wwe&ts=1639376200544&ref_url=https%253A%252F%252Fwww.mouser.com%252F

4 https://www.mouser.com/datasheet/2/268/MCHPS02963_1-2520680.pdf

5 https://www.ti.com/product/TLE2426

5 https://www.ti.com/lit/ds/symlink/tlc277.pdf?HQS=dis-mous-null-mousermode-dsf-pf-null-
wwe&ts=1639390223706&ref_url=https%253A%252F%252Fwww.mouser.com%252F



Conclusion and Future Work

This semester, | furthered my work towards building a mobile EOG eye-tracking system by
assembling a preliminary physical EOG circuit. Across the semester, | gained valuable experience
building a circuit over the stages of the initial design/planning process, ordering parts, and incremental
testing. | also advanced my knowledge of the field of eye-tracking technologies, especially as related to

concussion-diagnosis.

There are multiple areas for potential future work on this project. Foremost, | hope to validate
the physical circuit | designed and achieve a working prototype. Given the experiences of past Bass
Connections teams involved with the EOG-headset project, further work may potentially involve
isolating the circuit from electro-magnetic interference and determining ways to ensure reliable contact
between the test subject and the EOG electrodes. Ultimately, | hope to transfer the breadboarded
circuit onto a PCB which may then be integrated into a VR headset or used for general research

purposes.
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