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Abstract: Preventable loss of vision is of significant concern to global organizations such as the International 
Agency for the Prevention of Blindness (IAPB) and the World Health Organization (WHO). The WHO estimates 
that 158 million people around the world need glasses, but are unable to access them because they lack a 
prescription. EyeCheck aims to be a low-cost alternative for performing eye exams in areas currently 
underserved by vision services. The solution uses eccentric photorefraction, employing an image capture device 
with infrared illumination to capture the light reflected from a patient’s eyes. Captured images are processed via 
purpose built software, which provides the type of refractive error and its severity. Currently, the team’s software 
is able to detect refractive error with over ninety percent accuracy. The team is also working with its partners to 
develop a roadmap to create field-ready devices which can be tested in rural India.

1. INTRODUCTION 

WHO estimates 153 million people around the 
world need prescription glasses. A major barrier to 
detect refractive error in developing countries is the 
unavailability of service to detect error. 
Additionally, eye examination centers being too far 
and costly further exacerbate an already pressing 
concern. A tool developed to improve the process 
of refractive error detection should lend to an 
overall improvement of vision health, while over 
time, increased prevalence of optometry services 
should facilitate better education of the same.  

The proposed solution is a non-invasive vision 
screening system to measure refractive error 
based on the principles of eccentric 
photorefraction. The system should serve to 
reduce the burden of poor vision across 
developing geographies. 

2. PROTOTYPE OVERVIEW 
The proposed solution consists of three parts - 

Raspberry Pi camera, a near infrared illumination 
source and custom built software. The idea is to 
shine infrared light into a subject’s eye and capture 
the light reflected via a camera. If the subject’s eye 
has a refractive error, the captured image has a 
visible crescent pattern. Algorithms then classify 
the type of error as hyperopia or myopia. Figure 1 
shows the crescent formations in the artificial eye 
for illustration. The human images are very similar, 
though the patterns are more difficult to discern 
with the naked eye. 

 
Figure 1: Artificial Eye set to opposite refractive states 

Using the artificial eye, the team has been able 
to demonstrate a working image capture range of -
5 to +4 Diopters (D) of refractive error. Such a 
range is sufficient to capture a variety of vision 
complications including anisometropia.  

The algorithm begins by identifying the pupil via 
region detection and then the first Purkinje image 
(a bright white spot near the centre of detected 
pupil) is cleaned. Lastly, the pupil’s crescent 
formations are then assessed for refractive error. 

Designing and calibrating the system has been 
made simpler through the generous support of 
Bobier Labs, which provided the team with an 
artificial eye (pictured above) and thousands of 
sample images which simulate a range of 
refractive errors. The team is currently building on 
the success of their early prototype to develop a 
cleaner, more robust tool which can be used for 
human trials. 

3. TESTING 

Testing the proposed solution has been 
conducted in two ways, with a third beginning in 



the near future. First, the team ran their algorithm 
against 8800 sample images captured from three 
test subjects, each subject induced with eight 
diopter values from +4 to -4D. The team was able 
to achieve above 90% accuracy in the detection of 
refractive error for all of these samples.  

The image capture system is being tested and 
calibrated with an artificial eye that can simulate 
refractive errors from +4D to -5D. The camera is 
being tested under a variety of lighting conditions 
and angles to simulate the environment of real 
world testing. Thus far, photorefractive effects were 
observed in all scenarios tested.  

Currently the team is in the process of gaining 
ethics approval for human trials. One of the 
prerequisites for this process is to calibrate the 
illumination array to emit irradiance within the 
safety limits set by the American Conference of 
Governmental Industrial Hygienists (ACIGH). The 
design team is working closely with Dr. Chou and 
Dr. Hovis at the School of Optometry to follow 
industry-approved standards for quality and safety.  

4. RESEARCH OBJECTIVES 

When beginning the EyeCheck project, the 
design team had five main goals: a device which 
cost less than $300; a device that does not require 
training; a 96% detection rate for refractive error; a 
hardware solution which can capture crescent 
formations; and an error rate of +/-.25D for 
prescriptions. After a year of development, the 
team has been able to achieve three main goals in 
addition to several feasibility studies taken on in 
parallel during the design process.  

First, the team has built a scaled version of a 
prolifically documented near-infrared light array, to 
be used as an illumination source for the vision 
screening tool. Combined with a Raspberry Pi and 
NoIR camera, the image capture system has been 
completed. Second, the team has developed a 
novel image-processing algorithm which cleans, 
analyses and assesses refractive errors in a given 
eye with a detection rate greater than 90%. While 
this falls short of the original target, the team was 
able to identify the reason for the failed tests. The 
algorithm can benefit from some robustness when 
it comes to refractive errors which do not produce 
a crescent pattern. It should be noted that 
incidents of this case were very rare in the 8800 
image sample set. 

The illumination array, Raspberry Pi image 
capture system and the algorithm suite together 

form a cost-effective eccentric photorefractor. 
Essentially, illuminating the eyes of a subject with 
IR light would create photorefractive patterns which 
could be correlated to specific refractive error 
states (hyperopia and myopia). 

The device created requires no training to use, 
and the team’s prototype cost was $150. Further, 
device costs are expected to be far lower if 
manufactured at a larger scale. In order to gauge 
the team’s ability to provide prescriptions with +/-
0.25D, the team requires human data to perform 
some final calibration of the system. Some steps 
remain however, before data can be collected at a 
clinical level.  

5. NEXT STEPS 

As discussed earlier, the team’s ability to 
provide classification of refractive error falls short 
of the 96% target desired. In order to proceed, it 
would be important to add robustness to the 
algorithm to either catch these cases or at least 
provide better feedback to the user so that 
appropriate medical attention can be sought.  

Second, after obtaining clearance from the 
University of Waterloo Office for Research and 
Ethics, the team will need to begin testing on 
humans. With this, the team will be able to finalize 
calibration on their image capture and algorithm 
components. In order to achieve this goal, the 
team will need to be able to continue forging new 
relationships with organizations that conduct eye 
camps. In these camps, large numbers of people 
can potentially be used as test cases for the 
team’s system. Currently, the team is working with 
the Toronto Calcutta Foundation and is in contact 
with other likeminded organizations. 

6. CONCLUSIONS 

The design team set out to create a low cost, 
easy to use tool to help automate some of the 
most mundane and subjective parts of an optical 
exam. The team has shown that this is not only a 
realistic goal, but also that given the team’s current 
prototype, there is sufficient promise and 
momentum to continue to work towards clinical 
trials. Given current partner and stakeholder 
timelines, the team has until Fall 2014 to build on 
its current success and obtain funding to build 
field-ready devices. These field-ready devices can 
be used to collect the calibration data the team 
needs to perfect its algorithm and provide 
prescriptions. 


