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Abstract
Computerized Perimetry (CP) is one of the clinical tests commonly used to evaluate peripheral vision and monitor the progress of
eye diseases such as glaucoma. The aim of CP is to determine retinal sensitivity using luminous stimuli of variable intensity at
different positions of the visual field. In modern campimetry devices, patients must respond to each perceived stimulus by
pressing a button; however, this characteristic makes the test more susceptible to spurious and erroneous interpretations due to
tiredness, lack of concentration, or device design flaws. This work presents an alternative paradigm for automatically assessing
stimulus perception through a low-cost eye tracker and a computer monitor. We tested the preliminary version of the paradigm
among eight subjects and obtained favorable results. In conclusion, our eye-tracking paradigm tool could help design more
reliable visual field tests using low-cost portable equipment.
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1 Introduction

Human body deterioration is a natural and inevitable process,
which negatively affects the health and lifestyle of most people.
The sense of sight, which involves complex processing of signals
in the nervous system, is one of the systems that are commonly
affected by senescence [1]. According to 2017 statistics from the
World Health Organization (WHO), approximately 253 million
people suffer from visual disability, 36 million of which are
completely blind. Adults aged 50 years or older account for a
high percentage of the blind people, thus suffering mostly from
cataracts (35%), refractive correction errors (21%) and glaucoma
(8%) [2]. Similarly to many degenerative diseases, glaucoma is
incurable and characterized by a gradual loss of the visual field,

with no other symptoms such as pain. However, multiple clinical
tests are nowadays available to diagnose, evaluate, and monitor
the progress of glaucoma and other diseases of the retina and the
optic nerve. One of these tests is computerized campimetry (CC)
or computerized perimetry (CP) [1].

CC employs luminous stimuli of variable size and intensity,
located at different points within the visual field. The goal of the
test is to evaluate the sensitivity of the retina to the different light
intensities by asking the subject to respond to the stimuli by
pressing a button each time a stimulus is perceived. Under this
paradigm, CC demands a considerable amount of concentration
from patients, who must also focus their sight toward a specific
area (usually the centre of the screen) during the test. After a few
minutes, patients often become easily tired and/or distracted,
whichmay lead to spurious responses and thus unreliable results.

An eye-tracker (ET) is a device that registers gaze location
within a certain area, often using an infrared light source and a
high-speed camera. Currently, ETs are successfully used in
different areas of research and entertainment [3]. In the med-
ical field, they have been used for a wide range of purposes,
including the assessment of visual adaptability of glaucoma
patients in daily activities such as walking [4], determining the
impact of cataracts in eye sensibility [5], or proposing new
campimetry paradigms to overcome the difficulty that some
people have in fixating their gaze in the central luminous
stimulus during a visual field test. This work proposes a
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low-cost system based on an ET to test the visual field as a
proof of concept. The system analyses and classifies gaze
trajectories without the need of a motor response from the
subject.

2 Materials and methods

Our paradigm for visual field testing requires showing patients
a moving visual stimulus on a computer, and then making
them follow the stimulus with their eyes at all times.
Initially, the stimulus appears at a reference position (i.e. the
centre of the screen), yet once the system detects users fixating
their gaze at the point of interest, it abruptly moves the stim-
ulus to some peripheral point. If the stimulus lies within the
healthy visual field, the patient will direct their sight toward
the stimulus, resulting in a nearly straight trajectory between
the center of the screen and the stimulus location. On the other
hand, if the patient cannot see the stimulus, the resulting gaze
trajectory will be random (as the subject searches for the stim-
ulus across the screen) or will be fixed near the reference
point. With this in mind, we hypothesize that gaze trajectory
analyses performed by the ET will allow us to determine
which of the peripheral stimuli were observed and which ones
were not seen. This goal is achieved by extracting two features
from each trajectory: angle difference with respect to the stim-
ulus trajectory, and shortest distance between stimulus and
gaze trajectory. Finally, we used two cascaded classifiers to
categorize each stimulus as either observed or not observed.

2.1 Prototype specifications

We implemented the prototype in Processing language (v3.0.1
for Windows 64 bits), which is an open-source language de-
rived from Java that simplifies the development of interactive
graphical applications. Similarly, we employed a low-cost ET
from The Eye Tribe, with a frame rate of 30 fps and an oper-
ating range of 45–75 cm. The system was implemented in an
HP ProBook 4430 s laptop with the Windows 7 operating
system running under a 64-bit Core i3 processor, an Intel
HD Graphics 3000 video card, and USB 3.0 ports (required
for the eye-tracker). Finally, we also employed a 20” LCD
computer monitor (model Dell P2011HT) with a resolution
of 1600 × 900 pixels.

2.2 Test subjects

Eight healthy subjects (one woman and seven men) from a
public university, between 24 and 30 years old participated in
the experimental tests. We obtained informed consent from all
of them. Four of the subjects needed glasses to correct near-
sightedness but were asked to perform the test without them.

2.3 ET calibration

Prior to the test, it is necessary to calibrate the ET for each
subject. To do this, a short animation is employed by our
system. The animation shows a sequence of nine little red
circles for approximately two seconds each, as depicted in
Fig. 1, and the subject is asked to fixate their gaze at each
circle. The ET registers the patient’s gaze direction for each
of the nine targets and from this data determines the calibra-
tion parameters.

2.4 Implementation of the proposed paradigm

Before performing the test, each participant was given instruc-
tions and then performed the calibration stage. Those subjects
who used glasses for nearsightedness were asked to perform
the test without glasses to avoid interference from reflections
in the glasses. Each participant sat 45 cm away from the screen
to be comfortable during the experiment. Similarly, we placed
a customized chin-rest to avoid undesirable head movements
and reduce fatigue. Figure 2 depicts the prototype system.

Figure 3 introduces a block diagram of our paradigm. A
reference stimulus (RS) is presented at the center of the screen.
When the subject fixates their gaze on this stimulus for at least
one second, the stimulus is abruptly moved towards the pe-
riphery. This peripheral stimulus (PS) is shown for 600 milli-
seconds, and then, it is moved back to the reference position to
prepare the subject for the next PS. If the RS is shown for
more than three seconds without the subject staring at it, a
simple animation, consisting of a ring of decreasing radius,
is displayed to attract the subject’s sight to the center of the
screen.

During our experiment, we used two types of PS: visible
peripheral stimuli (VPS) and non-visible peripheral stimuli
(NVPS). In terms of implementation, the only difference be-
tween VPS and NVPS is that NVPS have a null intensity
contrast; that is, they are shown in the same color as the back-
ground; hence, it is impossible for the subject to see them. On
the other hand, VPS offer a high contrast with the background.
Specifically, VPS were shown in violet, corresponding to

Fig. 1 Target locations during calibration. The targets appear in sequence
from left to right, top to bottom
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(182, 0, 255) on an eight-bit RGB scale, whereas the back-
ground and NVPS were shown in gray (200 on an eight-bit
grayscale). All stimuli consisted of filled circles with a diam-
eter of 16 pixels.

The PS positions were distributed in a polar grid, as shown
in Fig. 4. The grid is depicted here for reference but was never
shown to the subjects. An artificial blind zone comprising
NVPS was randomly chosen for each patient by selecting
one position on the grid and all of its immediate neighbors.
Hence, the blind zone consisted of up to nine grid positions.
Each PS was shown exactly twice in a random sequence.
Since there were 126 positions, a total of 252 peripheral stim-
uli were shown during the test.

2.5 Classification stage

A PS is classified as seen if two conditions are met: first, the
trajectory direction of the subject’s gaze is sufficiently similar
to the PS direction, and second, the gaze trajectory passes
close enough to the PS. Given that a gaze trajectory is com-
posed of a sequence of 2D points, we applied least squares

regression on each trajectory to obtain the trajectory’s direc-
tion, and then obtained the absolute difference between the
trajectory’s direction and the PS direction. We also calculated
the shortest Euclidean distance between each point in the tra-
jectory and the PS. In this way, we characterized each trajec-
tory by two features: the angle between the trajectory and the
PS, and the shortest distance between the trajectory and the
PS.

Once the features for all PS were computed, we used a
classifier to separate the PS that were seen by the subject from
those that were not seen. The classification stage involved two
cascading classifiers: first, we relied on a k-means classifier to
obtain a pre-classification of the data. From this pre-classifi-
cation, we developed Gaussian models for each class (seen /
not seen) by computing their corresponding mean and covari-
ance matrices. Then, we relied on a Bayesian classifier to
reclassify the data according to the models, based on the
Mahalanobis distance. Once we reclassified the data, we
recomputed the models and applied the Bayesian classifier
once more. This process was iterated until convergence.
Figure 5 depicts the result of the classification process using
the two characteristics mentioned before. In this case, blue
points correspond to the stimuli classified as seen, whereas
green points correspond to stimuli classified as not seen. The
gray rings correspond to the mean of the not-seen class.
Finally, note that we computed the classification models inde-
pendently for each subject to account for perceptual differ-
ences between the participants.

3 Results

An expert visually analyzed all the trajectories acquired dur-
ing the experiment in order to obtain the true class (seen/ nor
seen) for each PS and perform a quantitative evaluation of the
proposed classifiers. Table 1 summarizes our results for each
subject and the average results. The first two columns list the
number of seen peripheral stimuli (SPS) and not seen periph-
eral stimuli (NSPS) per subject, according to the expert visual

Fig. 4 Distribution of the 126 positions of the peripheral stimuli in a polar
grid

Fig. 3 Block diagram of the proposed paradigm for the evaluation of the
visual field

Fig. 2 Subject executing the proposed visual test
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analysis; this information is considered as ground truth. The
following four columns show the percentages of true positives
(TP – SPS that were correctly classified as such), false nega-
tives (FN – SPS that were wrongly classified as not seen),
false positives (FP – NSPS that were wrongly classified as
seen), and true negatives (TP – NSPS that were correctly
classified) obtained from the classification stage. Finally, the
last column lists the time taken for each subject to complete
the test.

We used the trajectory analysis results to reconstruct the visual
field map for each subject. Figure 6 illustrates the reconstructed
map for subject 5, where the blue circles represent those stimuli
that the classifiers detected as seen by the subject both times (as a
reminder, a stimulus was shown twice at each position), whereas
the red triangles correspond to those PS that were classified as
seen only once. The black squares correspond to stimuli classi-
fied as not seen on both occasions. Finally, the positions marked
with a black circle correspond to the artificial blind zone; that is,
non-visible stimuli that should be classified as not seen. In this
case, our system correctly detected the blind zone.

4 Discussion

The results from the computational analysis of gaze trajecto-
ries revealed the expected behavior of the ET trajectories with
respect to the two types of PS. That is, the system detected the
subject’s inability to see an NVPS, as well as their ability to
see the VPS within their visual field. The reconstruction of the
visual field map in Fig. 6 indicates that the subject in question
struggled to see stimuli on the upper-left and upper-right re-
gions of the polar grid, which deserves further investigation.
As expected, each subject showed different behavior. During
visual field tests, such as CC, it is important to correctly detect
those regions where patients struggle to perceive relevant ob-
jects. In this sense, we consider that our classification method
provides good results, with an average true negative rate of
95.37%, while also maintaining a relatively high true positive
rate of 87.73% on average.

5 Conclusion

In this work, we demonstrate that it is possible to reconstruct
the binocular visual field map by analyzing the trajectories
obtained from an ET under a novel assessment paradigm, in
which patients are not required to manually respond after each

Fig. 5 Classification stage. (Left) Pre-classification of the data using a K-means classifier. (Right) Classification of the data using a Bayesian classifier

Table 1 Experimental results

Subject SPS NSPS TP (%) FN (%) FP (%) TN (%) Time
(min: s)

1 229 23 93.01 7.99 0.0 100 09:21

2 221 31 88.68 11.32 3.23 96.77 08:18

3 231 21 87.44 12.56 0.0 100 08:25

4 208 44 81.73 18.27 2.28 97.72 08:33

5 193 59 87.56 12.44 10.17 89.83 12:23

6 224 28 87.05 12.95 7.15 92.85 07:57

7 229 23 81.22 18.78 0.0 100 11:35

8 104 148 95.192 4.808 14.19 85.81 8:59

Average 204.88 47.12 87.73 12.39 4.63 95.37 9:21
Fig. 6 Visual field reconstruction for Subject 5
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stimulus. Similarly, our visual field assessment alternative can
reduce patient fatigue, it does not require patient attention at
all times. In other words, patients can blink, close their eyes, or
look at somewhere else without affecting the results of the test.
Instead, our system simply waits for patients to focus their
attention on the reference stimulus to carry on the evaluation.
Other advantages of our system include its low-cost, portabil-
ity, and adaptability. That is, the software is implemented in an
open-source platform and is easy to maintain and modify. As
its main limitation, our system relies on an ET that needs both
eyes open to detect gaze position. Consequently, the system
can assess only the binocular field, whereas most perimetry
devices evaluate the monocular field. To address this limita-
tion, we are currently investigating different schemes for mon-
ocular field assessment using low-cost ETs. Future work will
also focus onmodulating PS intensity to make our system able
to detect not only whether stimulus is observed, but also the
intensity threshold value required for the patient to observe
each stimulus.
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