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� FBGET is novel, non-invasive, and
easy to mount eye tracking
methodology.

� FBGET can be utilized as a point of
care device.

� FBGs are electrically and chemically
inert, hence suitable for biomedical
sensing.

� FBGET tracks both eyes
simultaneously eliminating time
synchronization complexity.

� FBGET can facilitate diagnosis of
ophthalmological/neurological
disorders.
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Eye movement evaluation is vital for diagnosis of various ophthalmological and neurological disorders.
The present study proposes a novel, noninvasive, wearable device to acquire the eye movement based
on a Fiber Bragg Grating (FBG) Sensor. The proposed Fiber Bragg Grating Eye Tracker (FBGET) can capture
the displacement of the eyeball during its movements in the form of strain variations on a cantilever. The
muscular displacement generated by the eyeball over the lower eyelid, by its swiveling action while mov-
ing the gaze on a target object, is converted into strain variations on a cantilever. The developed FBGET is
investigated for dynamic tracking of the eye-gaze movement for various actions of the eye such as fixa-
tions, saccades and main sequence. This approach was validated by recording the eye movement using
the developed FBGET as well as conventional camera-based eye tracker methodology simultaneously.
The experimental results demonstrate the feasibility and the real-time applicability of the proposed
FBGET as an eye tracking device. In conclusion, the present study illustrates a novel methodology involv-
ing displacement of lower eyelid for eye tracking application along with the employment of FBG sensors
to carry out the same. The proposed FBGET can be utilized in both clinical and hospital environment for
diagnostic purposes owing to its advantages of wear-ability and ease of implementation making it a point
of care device.
� 2019 The Authors. Published by Elsevier B.V. on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The eye movement is routinely investigated for the assessment
of ocular motor functioning and is widely used to study covert
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cognitive processes in normal and pathological conditions. Though
there are different types of eye movements such as saccades,
smooth pursuit, vergence and vestibule-ocular movements,
research is largely focused on saccades. Saccades are rapid eye
movements which focus the target image on the fovea central, a
region at the centre of the retina possessing highest visual acuity.
Since the seminal work of Yarbus [1], which showed that saccades
are not random eye movements but are planned and are changed
when the cognitive context changes; many covert processes like
attention, decision making, planning of movements have been
studied using saccades. Tracking of saccadic movements are used
for detection of the onset and evolution of many psychological
and cognitive disorders. For example, saccades are known to be
perturbed in numerous neuro-developmental and neuro-
psychiatric disorders, such as Parkinson’s disease [2,3], Alzheimer’s
disease [4], Autism [5], Schizophrenia [6] and Attention-Deficit-
Hyperactivity Disorder [7]. Therefore, saccadic eye movements
are used as a simple and non-invasive clinical diagnostic tool for
studying the above-mentioned disorders.

Previously, clinicians used to rely upon direct observation of
subjects’ eye movements. However, the recent advancement in
various detection/measurement methodologies has facilitated clin-
icians to acquire precise quantitative eye movement characteris-
tics. Further development of easy and cost-effective ways to
detect eye movements would tremendously help in the early diag-
nosis of many disorders. Eye movement trackers are mainly
divided based on the sensing methodology employed, as contact
type or non-contact type. The contact type eye movement trackers
include electrodes mounted around the eye or head mount devices,
whereas non-contact type eye movement trackers use cameras to
track the movement of the pupil. Traditionally, eye movement
acquisition at very high spatial and temporal rates has been carried
out using scleral search coil [8,9] and dual-Purkinje image tracker
[10]. Some of the modern eye movement detection techniques
include electro-oculography, limbal tracking, video-oculography
and the magnetic search coil [11]. However, search coils are inva-
sive and hence not comfortable method for eye tracking and could
cause changes to the dynamics of the eye movement itself [12].
Though the dual-Purkinje image tracker [10] avoids the problem
posed by the search coil method, its utilization is limited by factors
such as its expense and range limitations [13]. Additionally, even
though the camera-based systems are easy to use, one of the major
limitations of this methodology is the requirement of the eyes to
be wide open; thus, these methods perform poorly when the sub-
ject looks down, which makes the eye aperture smaller. Further,
camera-based methods cannot be used to track the eye movements
during Rapid Eye Movement sleep. With this background, the pre-
sent study proposes a novel, non-invasive, wearable type eye
movement sensing methodology using a Fiber Bragg Grating
(FBG) sensor. The developed Fiber Bragg Grating Eye Tracker
(FBGET) has the ability for real time acquisition of the displace-
ment of the lower eyelid caused due to swiveling of the eyeball
while making a particular eye movement. The FBGET is a contact
type eye movement tracker in which a probe rests on the lower
eyelid. The FBGET essentially converts the muscular displacement
of the eye into strain variations on a cantilever which is acquired
by the FBG sensor bonded over it. The FBGET is a standalone sys-
tem comprising of features such as electrical passiveness (no elec-
tric power required at the sensor end), highly sensitive, chemically
inert, wear-ability, compactness, light-weight and portable which
make FBGET as one of the best point-of-care diagnostic devices
[14]. Also, the use of FBG sensors brings out other advantages such
as insensitivity to electromagnetic interference, low fatigue and
fast response, which makes the proposed FBGET an effective eye
movement tracker [15–18].
Material and methods

Fiber Bragg grating

FBG is basically periodic modulation of the refractive index of
the core of a single-mode photosensitive optical fiber, along its axis
[14]. The periodic modulation in refractive index is brought by
exposing the optical fiber to a spatial interference pattern created
by an KrF excimer laser. The characteristic feature of an FBG is to
reflect a narrow band of wavelength which satisfies the Bragg con-
dition, when broadband light is launched into the fiber consisting
FBG [15]. The centre wavelength of the reflected band is termed
as Bragg wavelength (kB) of the FBG and it is governed by Eq. (1).

kB ¼ 2neffK ð1Þ
Here, K is the periodicity or inter-distance of the grating and

neff is the effective refractive index of the fiber core. In the present
work, FBG sensors of gauge length of 3 mm are fabricated in a
photo sensitive germania doped silica fiber using the phase mask
inscription method [16], whose Bragg wavelength is around
1531 nm.

Any external perturbation such as strain, temperature, etc., at
the grating site of the FBG sensor alters the periodicity of the grat-
ing as well as the effective refractive index of the fiber, which in
turn shifts the reflected Bragg wavelength. Hence, by interrogating
the shift in Bragg wavelength, the parametric external perturbation
can be effectively quantified [17,18]. For example, the strain effect
on an FBG sensor is expressed as

DkB ¼ kB 1� n2
eff

2
½p12 � mðp11 þ p12Þ�

� �
e ð2Þ

where P11 and P12 are the components of the strain-optic tensor, m is
the Poisson’s ratio and e is the axial strain change [19]. The strain
sensitivity of FBG inscribed in a germania-doped silica fiber is found
to be approximately 1.20 pm/me [20]. Furthermore, FBGs are also
sensitive to temperature changes, however the temperature effect
on the FBG sensor in the present study can be neglected, as the
experiment is conducted in a controlled environment and the
experimental duration is small.

Fiber Bragg Grating Eye Tracker (FBGET)

A stainless-steel cantilever of dimension 30 mm in length,
3 mm in width and 0.1 mm in thickness is attached perpendicu-
larly to a copper plate. The copper plate is in turn attached to a rub-
ber sheet. The other end of the stainless-steel cantilever is attached
to a plastic probe. The rubber sheet facilitates the mounting of the
device on the cheek of the subject while the plastic probe rests on
the lower eyelid of the subject. FBG sensor is bonded on the stain-
less steel cantilever to acquire the strain variations over it. Collec-
tively, these components constitute to form the FBGET as shown in
Fig. 1(a). The appropriate positioning of the FBGET probe is signif-
icant to acquire the eyeball movement efficiently.

The FBGETs are attached to the cheeks of the subject in such a
way that the probe resides on the lower eyelid as depicted in
Fig. 1(b). The eye gaze movement is initiated by the six muscles
which surrounds the eyeball effectively making it angular move-
ment (angle subtended at the eye by its gaze) due to spherical
geometry of the eyeball. The eyeball swivels in the socket with
each eye movement making the bottom eyelid move along with
it. Consequentially, the probe resting on the bottom eyelid also
moves thereby creating a strain variation over the stainless-steel
cantilever. Therefore, the angular movement due to the eye gaze
movement is the measurand parameter and its subsequent



Fig. 1. (a) Pictorial representation of FBGET, (b) Positional placement of the FBGET probe on the lower eyelid along with the plane consideration.
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displacement on lower eye lid produces a strain on the cantilever
of the FBGET. These strain variations are acquired by the FBG sen-
sor bonded over the cantilever. Effectively, the recorded signal is an
indicator of the eye gaze movement with respect to saccade ampli-
tude. Thus, the FBGET converts the displacement of the eyeball
during its movement into strain variations over the cantilever.

In the present study, the whole eye gazing space is divided into
two planes as be observed in Fig. 1(b). Plane 1 and plane 2 are
defined in detail in the ‘‘Eye Movement Pattern” section. It is
observed that the FBGET probe on the right eye captures the gaze
movement in plane 1, with better sensitivity. Similarly, the FBGET
probe on the left eye captures the gaze movement in plane 2, with
better sensitivity. This variation in sensitivity arises due to the
selected position of the FBGET probe on the lower eyelid. The
recorded data from the FBG sensor can be further processed to
identify the basic characteristic movements of the eye such as sac-
cades, fixations and blinks.

The strain sensitivity of the developed FBGET is evaluated by
calibration trials against a motorized translational stage. The probe
of the FBGET is brought in contact with a shaft as shown in Fig. 2(a)
and this shaft is connected to a motorized translational stage. Sub-
sequently, a uniformly increasing displacement is imparted on the
probe of the FBGET via shaft, using the motorized motion con-
troller. The corresponding variations in FBGET Bragg wavelength
is acquired using FBG interrogator and is compared with the dis-
placement imparted by the shaft the FBGET probe. The shift in
Bragg wavelength is observed to be in good agreement with the
displacement imparted on the probe as observed by the correlation
coefficient of 0.99 obtained by the responses of both the right and
left FBGET as shown in as can be seen in Fig. 2(b). Further, the
strain sensitivity of the FBGET is evaluated by the slope of the
response curve and in the present study, the strain sensitivity is
found to be 0.12 nm/� (120 pm/�) and 0.09 nm/� (90 pm/�) on left
and right FBGET, respectively. The variation in the strain sensitivity
of the FBGET on the left and right eye may be attributed to the
positional variation of the FBG sensor on the cantilever.

ISCAN eye tracker

To validate the proposed FBGET, the obtained results are com-
pared with an infrared based pupil tracker (ISCAN ETL 200, Boston,
MA, USA), which has the ability to track the pupil of the eye with a
precision of�0.5�. The ISCAN is mounted on the desk in front of the
subject in order to monitor the eye movements at a frequency of
240 Hz and a spatial accuracy of �1� of visual angle as shown in
Fig. 3. The stimuli are generated in software called TEMPO/Video-
SYNC (Reflective Computing, St. Louis, MO, USA) which also
receives the data in real time. The eyeball movement patterns per-
formed by the subject are recorded simultaneously through ISCAN
and FBGET and then compared against each other to validate the
developed sensor methodology.

Eye movement pattern

During investigations, the screen is placed at a distance of
57 cm from the subject’s eye such that a 1 cm shift on the screen



Fig. 2. (a) FBGET Calibration test setup, (b) Response of left and right FBGET during calibration.

Fig. 3. Experimental setup of the ISCAN eye tracker with display unit.
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subtends roughly 1� of visual angle at the eye. The subject’s head is
locked in place with the aid of a head and chin rest, in order to
ensure that there should be no lateral movement of the head.
The head and chin rest ensure that the head is locked in order to
prevent the relative movement of head during the performance
of the eye movement. Prior to the experiment, calibration for the
ISCAN is carried out and the eye gains are adjusted in TEMPO. Each
trial begins with the fixation of the subject’s gaze at the center of
the screen on a white fixation square. After a delay of
500 ± 50 ms, a target (green square) is displayed at the periphery
to which the subject makes a saccade, after which the subject’s
gaze returns to the center of the screen on the white fixation
square.

The peripheral targets are displayed at an eccentricity of 5�, 9�
and 13� from the center. The possible locations of target at the
three eccentricities in the two planes which are displayed during
the experiment are shown in Fig. 4(a). Here, the pattern is dis-
played such that the 5�, 9� and 13� angular movement of the eye
is initiated from the fixated center. The two planes considered
are perpendicular to each other as shown in Fig. 4(a), wherein
up-gaze or adduction and down-gaze or abduction with respect
to the right eye will be referred to as plane 1, while up-gaze or
adduction and down-gaze or abduction with respect to the left
eye will be referred to as plane 2. The sequence of steps in the
experimental paradigm employed in the present study is shown
in Fig. 4(b).

Experimental methodology

The present study has been approved by the Institutional Human
Ethics Committee (IHEC), Indian Institute of Science. The experiments
carried out in the present study are within the guidelines of the IHEC
for human studies that approved the protocol. Also, the subjects were
given a detailed explanation about the experimental procedure and
their written consent was obtained prior to the experiments. Totally,
6 subjects in the age group of 24–30 years (3 males and 3 females)
volunteered for the present study.

The FBGETs were attached on the cheeks of the subject on either
side, such that the probe of the FBGET was positioned on the lower
eyelid as shown in Fig. 5. The subjects were requested to fix their
gaze at the centre white square, followed by an eye movement
sequence along plane 1 and plane 2. The data from both the FBGETs
were recorded simultaneously through SM 130–700 FBG Micron
Optics Interrogator, which can acquire the data with a sampling
rate of 1 kHz and with a resolution of 1 pm shift in Bragg wave-
length which effectively converts to 0.81 mƐ strain variation. Simul-
taneously, the gaze movement during the same procedure was
acquired using ISCAN methodology which was utilized for validat-
ing the developed FBGET.
Results

The obtained results have been divided into sections for better
understanding. Three different sections namely Plane 1, Plane 2 and
Main Sequence describes the obtained results during various trials
performed by the subject. Section Plane 1 and Plane 2 includes
the results obtained while the subject follows the eye pattern for
plane 1 and plane 2 respectively whereas section Main Sequence
includes all the results obtained by analysis carried out to study
the main sequence.

Plane 1

The FBGET response obtained from the right eye (raw data
acquired in the form of peak reflected Bragg Wavelength) while
following the pattern along plane 1, is shown in Fig. 6. Further,



Fig. 4. (a) Target at all three eccentricities in plane 1 and plane 2, (b) Sequence of steps in the experimental paradigm.

Fig. 5. Experimental Setup with FBGET mounted on the subject and ISCAN placed on a nearby reference plane.
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Fig. 7(a) and (b) quantifies the response (in shift in reflected Bragg
wavelength) obtained from the right eye FBGET for the same indi-
vidual subject whose data is shown in Fig. 6. The reflected Bragg
Fig. 6. The FBGET response from right eye for movement along plane 1 (eye
movement pattern as shown in Fig. 4) which includes three eccentricities on either
side of centre fixation.
wavelength (strain variation = 1.22 � shift in wavelength)
obtained for each saccadic movement from 0� to 5�, 9�, 13� for
10 different trials performed by the said subject with the left and
right eye is shown in Fig. 7(a) and (b), respectively. The slope
obtained from this data was utilized as the scaling factor to convert
the wavelength shift obtained from the FBG sensor into an angular
movement of the eye.

A typical trial is considered for illustration, which consisted of
movements to three eccentricities along two planes and the sac-
cadic eye movement was recorded simultaneously by ISCAN and
FBGET. The results obtained simultaneously from the ISCAN and
FBGET for 10 individual trials performed by the same subject are
depicted in Fig. 7(c). The error bars at every angular movement
shows the standard deviation obtained with respect to ten trials
performed by the subject. Further, the mean amplitude of the
angular movement obtained from FBGET was compared with the
corresponding mean amplitude of the angular movement obtained
from the ISCAN, as shown in Fig. 7(d) and both methodologies are
found to be in good agreement with each other with a correlation
coefficient of 0.99.

Plane 2

The data obtained from FBGET for the eye movement along
plane 2 was analyzed using the same procedure as plane 1.



Fig. 7. Individual response of FBGET for eye movements along plane 1 with (a) left eye and (b) right eye for 10 trials repeatedly performed by the same subject. (c) Angular
movement acquired from right eye for movement along plane 1 from ISCAN and FBGET for 10 trials performed by single subject, (d) Comparison of angular movement
obtained from ISCAN and FBGET along plane 1 for right eye.
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Furthermore, a near linear response with a Pearson’s r of 0.99
(correlation coefficient obtained through regression analysis) for
left and right eye was observed between the response of FBGET
and the angular movement from both eyes as shown in Fig. 8(a)
and (b). Also, the angular movement obtained from both the
methodologies simultaneously for all the 10 trials, performed by
the same subject, were in good accordance with each other, as
shown in Fig. 8(c). The comparison of results obtained from FBGET
and ISCAN for the particular subject is shown in Fig. 8(d).
Main sequence

The kinematic profile of saccades is highly stereotypical where
the saccade peak velocity and duration show a monotonic relation-
ship with saccade amplitude [21]. This relationship is called the
main sequence. In the present study, the responses from ISCAN
and FBGET recorded simultaneously were analyzed to evaluate
the main sequence responses. The eye movement velocity obtained
for each of these saccades from FBGET and ISCAN are shown in
Fig. 9(a) and (b), respectively. The main sequence graph of time
duration with respect to amplitude obtained by FBGET for 5
selected trials carried out by the subject are shown in Fig. 10(a).
Further, Fig. 10(b) shows the main sequence graph of time duration
with respect to amplitude obtained from ISCAN during the same
trials. Further, the other aspect of main sequence, which is the peak
velocity comparison with respect to amplitude was carried out for
the same 5 trials performed by the subject which is shown in
Fig. 10(c) and (d).

To further validate the efficacy of the FBGET to acquire the
angular motion from off-center positions, trials which begin with
a fixation offset of 5� was carried out. The results of the same is
shown in Fig. 11.
Discussion

Plane 1

As explained in the earlier section, plane 1 consists of eye move-
ment of up-gaze or adduction and down-gaze or abduction with
respect to the right eye. Also, for such eye movements the strain
variations obtained from the right eye is dominant than the strain
variation obtained from the left eye during the trial due to the cho-
sen position of the FBGET probe. It can be observed from Fig. 6, that
in addition to changes in wavelength shift, there is also polarity
reversal in the response of the FBGET when the subject is perform-
ing the downgaze or abduction when compared to the up gaze or
adduction. This polarity reversal is due to the compressive strain
experienced by the FBG sensor during up gaze and the tensile



Fig. 8. Individual response of FBGET for eye movement along plane 2 with (a) left eye and (b) right eye performed by the same subject repeatedly for 10 trials. (c) Angular
movement acquired from left eye for movement along plane 2 from ISCAN and FBGET for 10 trials performed by single subject, (d) Comparison of angular movement obtained
from ISCAN and FBGET simultaneously for plane 2 for left eye.

Fig. 9. Velocity of eye movement for varying saccades acquired simultaneously from (a) FBGET and (b) ISCAN.
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Fig. 10. The time duration recorded for varying saccades acquired from (a) FBGET and (b) ISCAN for repeated trials performed by a subject, and the peak velocity recorded for
varying saccades acquired from (c) FBGET and (d) ISCAN for repeated trials performed by a subject.

Fig. 11. FBG Wavelength obtained from FBGET starting from 0� and 5� positions.
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strain experienced by the FBG sensor during downgaze. A high cor-
relation coefficient of 0.99 (Fig. 7) was obtained between the
amplitude of eye movement at the target and the resultant shift
in wavelength experienced by FBGET. The FBGET’s wavelength
shift exhibits a linear response for both the eyes.

The angular movement of eye obtained from both ISCAN and
FBGETmethodology were found to be in good agreement with each
other. Since the ISCAN camera tracked the movement of one eye
only, the validation was carried out for the right eye movement
only. Moreover, the angular movement obtained from the ISCAN
as well as the FBGET, are in good agreement shown by the obtained
correlation coefficient of 0.99 for the said subject.
Plane 2

On similar lines of the analysis carried out on plane 1, a similar
analysis was performed with the eye movement pattern along
Plane 2, which consisted of eye movements of up-gaze or adduc-
tion and down-gaze or abduction with respect to the left eye. Such
eye movements, at this chosen position of the FBGET probe, is
dominated by the left eye due to the selected position of the probe
in the lower eyelid. The comparison of results obtained from FBGET
and ISCAN for the particular subject in plane 2 also were in good
agreement with a correlation coefficient of 0.99 as shown in
Fig. 8(d), validating the efficacy of the FBGET as an eye tracker.
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Main sequence analysis

In addition to the stereotypical bell-shaped saccade velocity
profile (Fig. 9), the FBGET data also closely matched the velocity
profile observed in ISCAN. The small variations in the velocity pro-
files may be attributed to the different sensing principles along
with the variation in the data sampling rate of ISCAN with
250 Hz and FBG Interrogator with 1 kHz. Further, the relation
obtained between time duration and amplitude seems to be linear.
It is observed from Fig. 10(a) and (b), that the trends in both the
responses were similar (obtained slope of 3.4 ms/� for FBGET and
3.6 ms/� for ISCAN) with a small variation in time duration which
may again be attributed to the difference in the sampling rate of
acquisition between FBGET and ISCAN. Furthermore, the peak
velocity and the amplitude were compared against each other to
observe the relationship between the two as shown in Fig. 10(c)
and (d). The slopes obtained by both methods were in good accor-
dance with each other, i.e. a slope of 15.45/s with FBGET and slope
of 14.73/s with ISCAN is recorded. FBGET and ISCAN responses
have been found to be in good agreement with each other. These
comparisons prove that the main sequence of FBGET is in good
agreement with the main sequence of ISCAN, which again proves
the efficiency of the FBGET as an eye tracker when compared to
ISCAN.

For further validation, two sets of trials were analyzed to vali-
date the FBGET for the offset trials, in which the first sequence of
eye movement began from a 0� position (black curve) and the sec-
ond sequence of the eye movement starts from a 5� position (red
curve). The slopes of both the sequence were nearly same
(6.0 pm/� for red curve and 6.1 pm/� for black curve) with the high
correlation coefficient of 0.99 for both the sequence. It is interest-
ing to note that there is good concurrence between the two curves
obtained from FBGET, as shown in Fig. 11. This proves that the
change in the pattern does not affect the ability of the FBGET as
an eye tracker.

To summarize, the eye movement tracking trials carried out
with the FGBET and ISCAN showed a good agreement between
them, with respect to the angular movement in two planes, the
main sequence and offset trials. Multiple trials were carried out
to observe the repeatability of the device and methodology. The
main sequence obtained from both FBGET and ISCAN methodolo-
gies were found to be in good agreement. Consequentially, anoma-
lies in the eye movement may be observed by main sequence
obtained from FBGET, which may be an indicator of neuro-
developmental and neuro-psychiatric disorders. In the present
study, the effect on FBG sensor due to temperature variations are
neglected because the duration of experimental trial is short, and
the experiments are conducted in a temperature-controlled envi-
ronment. Moreover, it is imperative to understand that the tem-
perature changes from the starting to ending of an individual eye
pattern trial (temperature change within 20 s) only will affect
the recorded measurements. The change in temperature in the
temperature-controlled room within a trial duration of 20 s is
found to be <0.02 �C and therefore, the effect of temperature on
the obtained readings during this study are deemed to be negligi-
ble. Nevertheless, when the FBGET is employed for trials of longer
durations, then an auxiliary FBG sensor bonded on the separate
stainless-steel plate will be employed for temperature compensa-
tion. This auxiliary FBG sensor on stainless steel plate will respond
to explicit temperature changes. The temperature response of this
auxiliary FBG will comprise of both the FBG sensitivity towards
temperature (10 pm/�C) along with the thermal expansion of the
stainless steel due to temperature variations (thermal expansion
coefficient of 16 lm/m �C). Therefore, the data from this auxiliary
FBG sensor can be used to negate the complete temperature effect
on the FBGET (FBG temperature sensitivity and thermal expansion
of material).

One of the major limitations of the FBGET is the possibility of
errors arising due to positional offsets during the mounting of
the FBGET on the subject’s eyelid. The amplitude of measured sig-
nal of the FBGET is varying with respect to the positioning of the of
the probe on the lower eyelid. Due to these positional offsets, a cal-
ibration trial involving a reference pattern needs to be performed
before starting the eye movement tracking. In addition, due to
the selected positions of the FBGET probe on eyelid, the response
of FBGET is dominating in one plane than the other plane. An indi-
vidual FBGET employed on one eye provides the 1-D information of
eye gaze movement and therefore it is essential to consider data
from both the eyes for complete eye tracking applications to make
FBGET an efficient 2-D eye tracker. However, the developed FBGET
is a non-invasive, easy to wear, non-tedious, optical method of eye
tracking which can be employed on the bedside of a patient. There-
fore, the developed FBGET can prove to be an efficient methodol-
ogy to acquire the eyeball movement.
Conclusions

A novel, non-invasive, wearable Fiber Bragg Grating Eye Move-
ment Tracker (FBGET), has been developed, to acquire the angular
movements of the eye. Eye gaze movement in the form of displace-
ment variations on the eye ball are captured by the strain variation
on a cantilever via a FBG sensor. Various trials have been carried
out in order to compare the responses between FBGET and the
widely used ISCAN eye tracker and the results obtained are found
to be in good agreement, which proves the efficacy of the devel-
oped FBGET as an Eye Tracker. The elimination of time synchro-
nization complexity employing multiple FBG sensors is facilitated
in FBGET, which proves to be one of the major advantages for the
simultaneous eyeball movement monitoring on both the eyes. In
addition, advantages such as easy implementation and conve-
nience of the subject as well as the medical fraternity, non-
invasiveness, chemical and electrical inertness etc. make the FBGET
as one of the best eye tracker which can aid as a diagnostic tool for
various types of ophthalmological and neurological disorders. Fur-
ther, the inherent advantages of optical fiber sensor such as small
footprint, light weight, high sensitivity, no electromagnetic inter-
ference and crosstalk etc makes the FBGET suitable for efficient
and convenient eyeball tracking. The present work focusses on
proving the efficacy of the FBGET to acquire the eye ball movement
pattern effectively along with the displacement of the lower eyelid
as an indicator of the eye gaze movement. Further, the present
study is extended to assess the relationships between the basic
characteristic movements like saccades, fixations, smooth pursuit
and blinks employing FBGET. Furthermore, the specifications of
FBGET like precision, accuracy, resolution and measurement errors
are presently being characterized with a substantial sample size. In
addition, the authors also intend to collaborate with doctors/clini-
cians to test the applicability of FBGET for the diagnosis of various
ophthalmological and neurological disorders.
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