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Abstract— We present a vision-based, data-driven approach to 
identifying and measuring refractive errors in human subjects 
with low-cost, easily available equipment and no specialist 
training. Vision problems, such as refractive error (e.g. 
nearsightedness, astigmatism, etc) are common ocular 
problems, which, if uncorrected, may lead to serious visual 
impairment.  The diagnosis of such defects conventionally 
requires expensive specialist equipment and trained personnel, 
which is a barrier in many parts of the developing world. Our 
approach aims to democratize optometric care by utilizing the 
computational power inherent in consumer-grade devices and 
the advances made possible by multimedia computing. We 
present results that show our system is able to match and 
outperform state-of-the-art medical devices under certain 
conditions. 
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I. INTRODUCTION

Our pair of eyes, which are also called windows to the 
soul, are often considered as one of the most, if not the most, 
important organs in the human body for penetrating and 
perceiving information. The sense of sight is highly 
developed in primates and in human beings, over 30% of the 
brain cortex is devoted to vision processing, as compared 
with only 8% for touch and 3% for hearing [1][2]. The sense 
of sight has only become more important with the advent of 
the information age, as the vast majority of information is 
designed to be understood and processed through vision.   

Given the importance of vision to human perception, it is 
not surprising that ocular health is of paramount concern 
nowadays. In many developed regions, such as Hong Kong, 
vision screening is provided for preschool children as young 
as 4 years old [3]. 

Of the commonly-encountered visual problems, 
uncorrected refractive errors are the leading cause of visual 
impairment worldwide. Myopia (or nearsightedness), 
hyperopia (or farsightedness) and astigmatism are the most 
common conditions, accounting for 43% of visual 
impairment globally. In Hong Kong, about 80% of young 
adults are nearsighted [4], [5].  Even though these problems 
are easily corrected, uncorrected refractive error, especially 
for those who have high myopia, may result in serious visual 
impairment or blindness if it is not corrected timely and 
properly. Indeed, refractive errors constitute one of the 

leading cause of treatable blindness worldwide, accounting 
for over 40% of global vision impairment. [6][7]. 

In developed countries, vision health and refractive error 
is something that is often taken for granted. However, even 
in Hong Kong, which has a GDP that easily places the region 
within the world’s top ten countries, the supply of trained 
optometrists does not meet demand [8], almost 80 per cent of 
employers reporting that employees are difficult to find. It 
can be easily imagined that the situation in many other 
places, especially in developing countries, is much worse. 
Even though the process of diagnosing refractive error has 
been automated to a certain extent with the development of 
sophisticated ophthalmic instruments, the cost of these 
instruments is prohibitive for non-professionals, and the 
usage of these instruments also requires specialist training.   

Our objective is to address this challenge through recent 
advances in computing and multimedia technology. Today’s 
consumer devices, such as smartphones and tablets, possess 
computational power that would be unthinkable just several 
years ago, and recent advances in HCI and usability have 
rendered these devices easily usable, even by people who 
have never seen or used a computer before.  

The goal and main contribution of our project is the 
design and evaluation of an automated system that even 
untrained individuals can use to diagnose refractive error in 
patients. We will demonstrate that our system produces 
results that are well within the range of acceptability for 
vision screening, with minimal human intervention and no 
specialist expertise needed. To this end, we (1) explore the 
potential of using consumer-grade mobile devices for 
screening and detecting photorefractive errors; (2) 
investigate the extensibility of a current state-of-the-art 
photorefractive technique for use in these devices; and (3) 
identify features that can be reliably extracted to train a 
system for measuring refractive errors. 

II. BACKGROUND AND RELATED WORK

Refractive errors refer to the inabilities of the eyes to 
focus on the visual images from the outside environment [9], 
which results in blurred vision, or, in more severe cases, 
serious visual impairment or even blindness. There are four 
major types of refractive errors: Myopia, Hyperopia, 
Astigmatism and Presbyopia. The World Health 
Organization estimates that 153 million people in the world 
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where: 

• X = Refractive error 

• d = Distance from camera lens to eye  

• e = Eccentricity of flash 

• 2r = Diameter of the pupil 

• z = Size (width) of the refractive reflex crescent 

B. Data Acquisition 
Since the ultimate objective of our project is to create a 

system that would not require expensive equipment, or the 
input or judgement of a trained operator, our experimental 
data is collected on mobile devices. This is critical as there is 
a significant difference in quality between photos taken on 
specialized equipment or even single-lens reflex cameras and 
those taken with mobile devices.  

1) Mobile Application for Data Collection 
To ensure the correctness of the collected data, a mobile 

application was developed to wrap around the camera on an 
Android device. The objective of the application is to ensure 
that the photos are taken with the correct flash and 
orientation configuration. 

To prevent distortion of pupil size and crescent size, the 
camera needs to be aligned along the vertical axis, with as 
little inclination as possible. The asymmetric nature of 
refractive error also requires two photographs for each eye, 
with the flash positioned vertically and horizontally parallel 
to the camera lens. Our data collection application therefore 
uses the built-in gyroscope of the phone to detect its position 
and orientation, and directs the operator to rotate the phone 
until the flash is at the correct position relative to the lens, 
whereupon the needed photographs will be taken.  

 The principle behind photorefraction relies on the 
reflection of the light source off the subject’s retina, which is 
also the cause of the “red-eye” phenomenon in flash 
photographs. Since the red-eye reduction feature built into 
many cameras would constrict the pupils and prevent this 
phenomenon from occurring, the application turns off this 
feature and produces a single flash as the shutter is pressed. 

The application is installed on a Samsung Galaxy Note II 
with a 8.0 Mega-pixel Auto Focus Camera. The photographs 
are taken at the standard 1280x720 pixels.  

2) Calibration Eyeglasses 
The calculation of the refractive error is based on the size 

of the pupil and the refractive reflex crescent. It is imperative 
that the actual size of the pupil is known in order to obtain an 
accurate computation.  

To achieve this, we insert calibration points that are 
designed to be clearly visible and easily recognizable. If the 
actual distance between the calibration points is known, the 
actual size of the iris, pupil and crescent can be estimated by 
comparing their size with the distance between the 
calibration points. 

The eyeglass frames in Figure 2 were used for calibration. 
Two reflective stickers are affixed onto the frame, which is 
then worn by the subject while the photos are taken. The 
frame is specially chosen to be as unobtrusive as possible, 
with the main part being made of thin metal and the rest of 
the frame from nylon wire, to avoid potential problems with 
occlusion. 

3) Data Collection 
The data was collected in an optometry clinic. Subjects 

were asked to remove their corrective lenses (glasses or 
contact lenses) and a state-of-the-art autorefractor (Grand 
Seiko Auto Ref/Keratometer WAM-5500) is first used to 
measure the refractive error of both eyes. This equipment is 
certified for medical use, and is capable of producing highly-
accurate measurements. 

The photos were taken with the lights dimmed. The 
subject sits in an optical chair and the mobile device is 
placed 1 meter away. A tripod is used to keep the device 
steady and adjusted such that the camera lens is at the level 
of the subject’s eyes. The subjects are asked to focus on the 
device (as best as they can without corrective lenses), and 4 
photos are taken: 2 photos with the device in a horizontal 
position and 2 photos in a vertical orientation. 

C. Data Processing and Feature Extraction 
1) Feature Detection and Measurement 

Once the data has been acquired, the needed features are 
identified and measured. Our system uses IntraFace [22] to 
identify the region of the eyes on the face. The two 
calibration points are identified with Hough Circle 
Transform to detect collinear sets of points in an image 
(Figure 3). The distance between the center of the two points 
is then used to calculate the actual size of the eye features.  

 
Figure 2 Eyeglass Frames for Calibration. 
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We also evaluate the impact of our detection failure 
process. The fully automated method relies wholly on the 
system to detect the eye features; therefore erroneously 
identified eye regions will result in wrongly measured 
features. (A failure to detect the eye altogether results in the 
instance being dropped from the data set.) The semi-
automated method incorporates failure detection and 
prompts for operator input when problematic cases are 
identified.  

To get a sense of the difficulty and ambiguity of the task, 
3 optometry students were invited to manually measure the 
size of the eye features from the acquired data. These 
students possess substantive background in the discipline and 
are familiar with the underlying theories and structures. 
Since there will be some deviation between the 
measurements arrived at by the three individuals, we take the 
average of their figures as the correct measurement for the 
manual method. 

48 people were invited to take part in our experiments, 
giving us 96 instances (1 instance = 1 eye) in total. The 
operator for the data acquisition process was an 
undergraduate Computer Science student with no 
background in optometry or health sciences.  

Table 1 shows the results. The range of refractive error 
that can be measured by our system ranges between 0.75 
diopters and 13.62 diopters.  

Table 1: Experimental Results 
 Mean Absolute Error between 

calculated refractive error and 
gold standard (diopters) 

Theory-driven Data-driven 

Feature 
Identification 

and / or 
Measurement 

Fully-
Automated 1.9174 1.6477 

Semi-
Automated 1.1422 0.9832 

Manual 2.3096 1.9651 

The theory-driven model achieves a mean absolute error 
of 1.9 diopters when using the fully-automatically-measured 
data for calculations. This performance improves to an error 
of 1.14 diopters when minimal operator intervention is 
applied to correct for obvious errors. This improvement in 
performance is obviously due to the errors introduced when 
the eye features are wrongly detected and illustrates the 
contribution of our failure detection process. 

Taking the data-driven approach, the SVR achieves 
better overall performance both with and without failure 
detection. When failure detection and operator intervention is 
integrated, the mean absolute error drops to less than 1 
diopter, which is within the range of error of the commercial 
autorefractor, and well within the limits of acceptability for 
vision screening. 

There are several possible reasons for the less 
satisfactory performance of the theory-driven method. First, 
the formula was derived on an idealized setup that uses a 
SLR camera taking photos onto film. SLR cameras are 
known to take better pictures than the cameras on mobile 
devices, and the medium of film suffers less from 
quantization and pixelization, compared with digital devices. 
Second, the position of the flash light source may also pose a 
problem. The “eccentricity” of the flash is difficult to 
calculate or measure in mobile devices, where the flash bulb 
and the lens are close together, especially when compared 
with the external flash mount used in many SLR cameras.  

Interestingly, the performance achieved with the manual 
measurements result in a larger error regardless of the 
method used to calculate the refractive error. This illustrates 
the difficulty of the task: the lower resolution of the mobile 
device photos (compared with the SLR cameras used in the 
original work) makes it hard for even trained specialists to 
determine the measurements of the needed features. The 
color similarity between the iris and the pupil also posed a 
problem: in many cases, the students reported that it was not 
easy to identify the pupil boundary.       

Figure 6:Relationship between measured refractive error and mean absolute error.  
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Figure 6 shows the relationship between the measured 
refractive error and the mean absolute error. Across all 
methods, it can be seen that the mean absolute error tends to 
increase with the measured refractive error. It can also be 
seen that our data-driven SVR approach with failure 
detection (semi-automated) outperforms the rest of the 
methods at all refractive error levels. 

V. CONCLUSION AND FUTURE DEVELOPMENT 
This paper presents a vision-based, data-driven approach 

to automatically measuring refractive errors with minimal 
operator input. Our system uses only a standard mobile 
device and the embedded camera, and is successful at 
detecting and measuring myopia with less than 1.0 diopter of 
error. Some manual correction is required, but it takes no 
special expertise or training (beyond being able to read 
instructions and operate a mobile device), and only 19% of 
data requires this additional manual processing.  

For future development, we plan to investigate the impact 
of the form factor of the mobile device on the model. This 
will allow us to generalize our system to other devices, 
including newer devices in which the flash source is not 
aligned with the camera lens, or even with multiple flash 
sources in different colors. We also plan to extend our 
system to diagnose hyperopia and other refractive errors that 
can be detected using photorefraction. 
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