
The 11th Asian Conference on Computer Aided Surgery (ACCAS 2015) 
 

Central Vision Assessment through Gaze Tracking 
Huiying Liu1, Yanwu Xu1, Damon W.K. Wong1, Jiang Liu1, Augustinus Laude2, and Lim Tock Han2 
Institute for Infocomm Research, Agency for Science, Technology and Research, 138632, Singapore 

National Healthcare Group Eye Institute, Tan Tock Seng Hospital, 308433 
{liuhy, yaxu, wkwong, jliu} @i2r.a-star.edu.sg, laude_augustinus@ttsh.com.sg, tock_han_lim@nhg.com.sg 

 
Abstract: In this paper, we propose AVIGA, a system for Automated Vision assessment and Impairment detection for Age-related 

Macular Degeneration (AMD) through Gaze Analysis. The assessment of visual symptoms is important for the detection, monitoring and 

screening of AMD, which is an increasingly prevalent eye disease and leading cause of blindness in the aging population. Current methods 

of vision assessment require forced fixation, rely on oral report or manual response, and necessitate the presence of a doctor. The AVIGA 

system assesses vision through gaze analysis with two major advantages. For the patients, it does not require forced fixation or oral/manual 

response thus the progress is more relaxing and the result is more objective. For the clinicians, it is easy to operate and does not need the 

presence of an ophthalmologist. 

 

1. Introduction 
Age-related Macular Degeneration (AMD) is the third 

leading cause of blindness, and the first one in the elderly. 
The first line of defense for AMD is awareness. A simple 
vision assessment will alert a person to any changes that 
may indicate a problem with AMD or a worsening of the 
condition.  

There are four major methods of vision assessment for 
AMD detection. 1) Amsler grid, which is a tool for 
screening and monitoring of the eye to detect the onset of 
AMD. In this test, the patient is required to stare at the 
central dot and to report the missing or distortion of the 
lines. However, there are problems associated with 
performing the paper Amsler grid test correctly, e.g., 
compliance with the testing, and recording or reporting the 
test findings. Furthermore, many elderly patients find it 
difficult to maintain fixation, thus affecting the accuracy 
of the test [5]. 2) Preferential hyperacuity perimetry 
(PHP), which is based on vernier acuity, i.e., the ability to 
judge whether a pair of target features is aligned. It 
requires a subject to fixate on a central point and indicating 
on a screen at the perceived location of a misaligned dot. 
This has been shown to be more sensitive than the Amsler 
grid in detecting visual changes associated with AMD, 
although this may be at a cost of less specificity. This 
technology is costly and the current device is bulky and 
not portable. 3) Entoptic perimetry (EP), which is based 
on the truth that noise field campimetry helps subjects 
perceive scotomas because of perceptual filling in. This 
test can be done by having patients stare at a snowy 
television screen. The region of scotoma is perceived as a 
‘motionless’ or dark/grey area, different from the rest [7]. 
4) Microperimetry, which provides a quantifiable way to 
measure the regression or progression of retinal visual 
function in the examined eye. In a microperimetry test, the 
patient is required to stare at the central cross and to 
response each white spot appearing in the vision field, by 
pressing a button. The intensity of the spots varies to 
determine the minimum contrast/intensity for the testee to 
notice the dot [8]. As a theoretical clinical gold standard, it 
was adopted as ground truth in our experiments.  

Current methods of vision assessment for AMD require 
forced fixation, rely on oral report or manual response, and 
necessitate the presence of a doctor. To address the 
drawbacks of the current methods, we developed a novel 
automatic system AVIGA (Automated Vision assessment 
and Impairment detection through Gaze Analysis) for 
objective vision assessment, inspired by some existing 
studies demonstrating that gazes of impaired vision are 
different from normal vision [4]. 

The gaze of the patients in the presence of visual 
stimulus will be recorded and analyzed to map out vision 
functionality at each position in the person’s vision field. 
In this way, AVIGA avoids the need for verbal 
communication or manual response which is subjective 
and may cause errors. Finally, by analyzing the data, 
AVIGA will generate an objective vision assessment 
report, showing the position and degree of the scotomas. 
AVIGA will enable the detection and monitoring of visual 
symptoms in AMD automatically and objectively, with the 
potential for home based screening/monitoring. 

The advantages of AVIGA are 1) it does not need 
patients' manual response or oral report thus is more 
objective. 2) It causes less fatigue so is more relaxing for 
the patients. 3) It is simple and easy to be operated 
therefore save clinicians’ labor and time. 
  

Fig. 1. Showcase of vision assessment through eye tracker. 
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Fig. 2. The system flow of AVIGA under the setting with central fixation. 

 

 
Fig. 3. The system flow of AVIGA under the setting without central fixation. 

 
2. The AVIGA system 

We employ Tobii eye tracking machine TX3001  to 
implement our system. The one eye calibrator is used to 
perform monocular calibration and gaze tracking. In order 
to do monocular eye tracking, an infrared transparent 
occluder is used to cover one eye. Fig. 1 shows the 
situation of vision assessment using AVIGA system. 

 
2.1 Workflow of the system 
We initially designed some test images/patterns (see 

Sec. 2.2) for vision assessment. During the test, the testee 
is required to watch the images. At the same time, the 
testee's gaze data is recorded by the eye tracker. Before 
displaying the test patterns, the testee’s monocular 
calibration information is loaded. We evaluated our 
system using two settings, i.e., with and without central 
fixation in between of displaying two test patterns. 

                              
1 TOBII TX300: 
http://www.tobii.com/en/eye-tracking-research/global/products/hardwar
e/tobii-tx300-eye-tracker/  

Setting 1: vision assessment with central fixation. 
The workflow of this setting is shown in Fig. 2. Under this 
setting, at the beginning, an image with only a cross at the 
center appears, the testee is required to fix on the cross. 
Then an image with an extra test target appears. If the 
testee notices the target, he/she shifts gaze to the target and 
then fixes on it. If the testee does not notice the target, 
he/she keeps fixing on the cross. When the target 
disappears, the testee shifts back to the central cross. This 
progress repeats until all the test targets are displayed. The 
targets are displayed in a random sequence to avoid the 
effect of anticipation. Each image is displayed twice to 
ensure the robustness of the test. For a test with 33 points, 
a total of 33 2 2 1 131     images are displayed. Each 
image is displayed for 2 seconds so the test takes 4 to 5 
minutes. 

Setting 2: Vision assessment without central fixation. 
The workflow for this setting is shown in Fig. 3. The testee 
is asked to shift his/her gaze to the newly appeared white 
spot from the current target, otherwise keeps staring at the 
current target. At each time, the position of the next target 
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is determined according to the current one. The relative 
displacement between the two test targets is the true 
pattern tested, as shown in the left part of Fig. 3. Each test 
target is displayed twice thus 33 2 1 67    images are 
displayed in total. Each image is displayed for 2 seconds 
so the test takes 2 to 3 minutes. 

Once the gaze data is obtained, we analyze it to estimate 
the vision functionality of the testee at each position. The 
detail is introduced in Sec. 2.3. 

2.2 The test patterns 
We adopt white dots on black background as test image 

(see left parts of Fig. 2 and 3 for examples). The position 
and size of the dots are designed to be consistent with 
microperimetry test, which is used as the ground truth in 
our experiments. 

The positions of the test targets are set to test the 
corresponding position of the vision field. Let vision angle 
to be  , the distance from the testee to the screen to be d  
(see the left plot of Fig. 4). Then on the screen, the distance 
from the target to the center should be tanr d   . Let 
  be the angle to the horizontal line, then the position of 
the target, relative to the center of the screen, should be 

cosx r   , siny r    (see the middle plot of Fig. 4). 

In this work, we take the setting with 33 test points (see the 
right plot of Fig. 4) as example, the vision angles tested are

 0 , 2 , 4 ,6 ,8 ,10        , the positions tested are

 0 , 22.5 , 45 ,67.5 ,...,337.5       . 

Each target is a round with a radius of 0.13cm. The 
screen used for eye tracking is 50.92 28.64cm cm  with a 
resolution of 1920 1080 (i.e., the diameter of a pixel is 
0.0265cm ), thus the diameter of a dot in pixel is 
0.13 0.0265 2 1 11   . 

2.3 Vision assessment from gaze data 
From the recorded gaze data, we further analyze vision 
situation at each position. While fixing on a target, the 
testee’s gaze may shift a little. The eye tracker may also 
have a little error. Due to these two reasons, there may be 
more than one fixations on one target, as shown in Fig. 5.  

 
Fig. 5. Examples of fixation. 

 
These fixations are marked as 1 2, ,..., nF F F , with n  as 

the total number of fixations during the display of the test 
pattern. We get five properties of the fixation. 
 Notice. Judge if the testee noticed the dot. A threshold 

of 200 is used for this justification, meaning if the 
distance from the fixation to the target is smaller than 
200 pixels, the target (central cross or test pattern) is 
deemed to be noticed. If at least one fixation is 
focused on the target, the target is deemed to be 
noticed. Thus the fixations are marked as successful 
or failure. 
For a test pattern, there are three types of results. We 
state the three situations here by taking the setting 
with central fixation as an example. 
1) The testee failed to fix on the central cross or the 

eye tracker failed to track the fixation on the 
central cross. In this situation the assessment of 
this test pattern is deemed to be invalid. 

2) The testee successfully fixed on the central cross 
but did not fix on the test pattern. This situation 
means the testee does not notice the appearance 
of the test pattern and indicates vision scotoma. 

3) The testee successfully fixed on the central cross 
and successfully fixed on the test pattern. 

 

 
Fig. 4. Illustration of the test pattern. 
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For the setting without central fixation, the previous 
test pattern acts as role of the central cross for the 
current test pattern. 

 Acting time. The time taken to shift from the 
previous target to the current one. It is calculated as 
the difference between start time of the first 
successful fixation and the start time of the displaying 
of the test pattern. 

 Fixation duration. The sum of the durations of all the 
successful fixations on the target.  

 Accuracy. The average distance of the successful 
fixations from the actual target to the one measured by 
the eye tracker. 

 Precision. The spatial variation of the gaze position 
calculated using all the successful fixations. 

Finally, for the valid and successfully noticed test 
patterns, we concatenate acting time, fixation duration, 
accuracy, and precision as a feature of 4 dimensions to 
estimate the vision functionality at the positions. Support 
vector regression with radial basis kernel function is 
employed for this task [9]. 

 
3. Experimental results 

The vision functionality assessment result of the 
AVIGA system is compared with Microperimetry. We 
employ NIDEK MP-1 to obtain microperimetry data2 with 
the help of a research assistant from a hospital in 
Singapore. The setting of 33 points for AMD assessment is 
adopted (see Fig. 4.). For each point/position, 
microperimetry test reports a value ranges from 0 to 20, 
where 0 indicates cannot see and 20 indicates very good 
vision functionality. The built-in refractive error 
correction function is employed so that no contact lens or 
glasses are used during the microperemetry test. 

Subjectives. The details of the testees are shown in 
Table 1. Seven testees without AMD and aged from 30 to 
35 were invited to attend the experiments. Six testees have 
refraction errors. While taking the microperimetry test, we 
used the built-in refractive error correction function. 
While taking the eye tracking experiments, testees were 
not allowed to take spectacles, thus two of them wore 
contact lens.  

3.1 Experimental setting 

                              
2 NIDEK MP-1: http://www.nidektechnologies.it/ProductsMP1All.htm 

In experiments, the sampling rate of TX300 is set to 300 
Hz. The tests are performed in office lighting condition 
which gives best eye tracking performance as suggested 
by the manufacture. 

Each testee attended four tests, i.e., two eyes under two 
settings (with/without central fixation). Gaze data of left 
eye and right eye are recorded separately. Before test on a 
testee, monocular calibration is performed only once using 
9-points calibration setting, and the calibration result is  
then for all the following four tests. 

Although the eye tracker has tolerance to head moving 
and distance changing, it has best accuracy at the distance 
of 60cm. Furthermore, for our current system using 
pre-generated test images, fixed head position is preferred. 
At the beginning of each test, the testee was asked to adjust 
the distance and height of the chair to make sure that 
her/his two eyes appear at the center of the screen and the 
distance from the eyes to the screen is between 59cm  and 
61cm, using the tool embedded in the eye tracker. The 
testee keeps the same position during  each test. 

 
3.2 Result and discussion 
In our experiments, left eye and right eye are analyzed 

separately. Leave-one-out scheme is used to evaluate the 
performance of the system. At each time one testee is 
chosen as test data and the others are used as training data. 
Three measurements are used to evaluate the performance 
of the system. 

 1-hit rate, indicating the ratio of test dots that are 
successfully tracked at least once. 

 2-hit rate, indicating the ratio of test dots that are 
successfully tracked twice. 

 Mean error, is the average value of absolute 
differences of the estimated values from the 
ground truth (microperimetry). For each eye, the 
mean error is calculated on all the valid test 
patterns. The lower the mean error is, the better the 
AVIGA system performs. 

Table 1. Information of the testees, including gender, 
refraction error of each eye, and if they wear contact 
lens to correct refraction error during gaze data 
collection. 
Testee Gender OD OS Contact lens 

P1 M -2.0 1.5 No 

P2 M -4.5 -4.5 Yes 

P3 F -5.5 -5.0 Yes 

P4 M -3.0 -3.0 No 

P5 M -2.5 -2.5 No 

P6 F 0 0 No 

P7 F -1.0 -1.0 No 

 

Table 2. Performance of vision assessment with central 
fixation. OD and OS mean right eye and left eye, 
respectively. 
#eye 1‐hit rate 2‐hit rate  Mean error

P1_OD  0.00%  0.00%  NaN 

P3_OD  87.88%  30.30%  1.55 

P4_OD  18.18%  0.00%  1.99 

P5_OD  72.73%  54.55%  3.41 

P6_OD  69.70%  39.39%  1.66 

P7_OD  36.36%  3.03%  4.48 

P1_OS  66.67%  36.36%  2.96 

P2_OS  78.79%  21.21%  1.25 

P3_OS  27.27%  3.03%  2.86 

P4_OS  66.67%  30.30%  1.74 

P6_OS  33.33%  3.03%  2.68 

P7_OS  39.39%  6.06%  2.47 

Average  49.75%  18.94%  2.46 
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Table 2 and Table 3 show the vision assessment results 
of the two experimental settings with/without central 
fixation. From Table 2 we can see that the 1-hit rate is over 
50% for 6 out of 12 tests, and the average 1-hit rate is 
49.75%. The corresponding mean error is 2.46, which is 
still acceptable, considering that the vision assessment 
values range from 0 to 20. From table 3 we can see that 10 
out of 12 tests got 1-hit rate over 50% and the average of 
1-hit rate is 66.41%, which is much higher comparing to 
the setting with central fixation. The corresponding mean 
error is 2.25, which is lower than using the setting with 
central fixation. 

Comparing the results in Table 2 and Table 3, we can 
conclude that the setting without central fixation obtains 
better performance in terms of higher hit rates and lower 
mean error. This is possibly because of the setting witout 
central fixation takes less time then the setting with central 
fixation (134s vs 262s) and thus causes less fatigue. 
Therefore this setting will be adopted in our future work. 

In addition, there is a failure case in all the 12 tests, 
which might be caused by poor monocular calibration. We 
will further investigate the situation to improve the 
robustness of the system. 

 
4. Conclusion 

In this paper, we propose the AVIGA system, which 
performs vision assessment through gaze tracking. 
Experiments verified the feasibility and effectiveness of 
the system. The experiments show that the setting without 

central fixation performs better because it takes shorter 
time thus causes less fatigue. In our next step work, we 
will investigate using natural images as test pattern to 
make the vision assessment procedure more natural. We 
will further upgrade the system to be more adaptive, 
meaning adaptively display the test patterns according to 
the situation of the testee. 
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Table 3. Performance of vision assessment without 
central fixation. OD and OS mean right eye and left eye, 
respectively. 
#eye  1‐hit rate  2‐hit rate  Mean error

P1_OD  9.09%  0.00%  NaN 

P3_OD  87.88%  45.45%  1.84 

P4_OD  72.73%  21.21%  1.58 

P5_OD  63.64%  39.39%  2.64 

P6_OD  78.79%  57.58%  1.88 

P7_OD  66.67%  21.21%  4.04 

P1_OS  69.70%  24.24%  2.27 

P2_OS  78.79%  51.52%  1.60 

P3_OS  84.85%  54.55%  2.72 

P4_OS  45.45%  6.06%  2.04 

P6_OS  66.67%  48.48%  1.66 

P7_OS  72.73%  21.21%  2.44 

Average  66.41%  32.58%  2.25 


