EyeQue Personal Vision Tracker:
How It Works

The following will present an
overview of how the EyeQue
Personal Vision Tracker works
and how the human eye works.

How it Works

The EyeQue Personal Vision Tracker is a selfadministered refraction measurement device that
uses the light from a smartphone screen.

The PVT has three main elements:

myEyeQue application

• an EyeQue miniscope (EQ100)
• a compatible smartphone
• the myEyeQue smartphone application
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EQ100 miniscope

user’s compatible
smartphone

When you look into the
EyeQue miniscope you will
see parallel red and green
lines which correspond to
rows of illuminated pixels.

How it Works

Using your own vision
perception, you will move
the lines closer together so
that they converge.

The lines are moved closer
and further apart by
pressing the “+” and “–”
controls of the myEyeQue
app.
Closer
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Further

You may be asking yourself,
“Why do we need this device?”

More than 40% of the world’s population needs
some vision correction. Yet, many don’t have
access to eye care professionals.
EyeQue provides an alternative way to screen
and track your vision– and it’s also fun and
educational!
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Let’s explore how the eye works.
For people with normal vision*,
about 60% of the human population, light
rays coming into the eye from a far away
source will converge on one spot on the
retina.
The problem for the other 40% is that their
eye lens does not sharply focus light onto
the retina – basically the lens and eye ball
shape and size are not “perfectly” matched.
*normal means that no vision correction is required.
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Normal Eye

retina
LIGHT
eye lens

The basic model of the eye is comprised of
an eye lens and a focusing plane called
the retina.

For eyes with refractive error, the lens
will focus light before or after the retina.
Refractive error can be thought of
distance that the light focuses compared
to the retina.

Myopia:
focus before retina

Normal Eye

LIGHT

retina
eye lens

Normal vision:
focus on retina
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Hyperopia:
focus behind retina

To get light to focus on the retina we add a corrective
lens in front of the eye. That corrective lens represents
your eye glasses or contacts.
The Personal Vision Tracker measures the focal length
correction needed to get light to focus on your retina.

This focal length adjustment is called your refractive
correction and at EyeQue we call that correction your
EyeGlass Numbers.
Later on we will describe these numbers in more detail,
but first it is important to learn some basic optics.
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Now it’s important to understand a bit
of optics.

The metric used for defining refractive
error is called a diopter.

A lens has a focal length which is the
distance needed to take parallel light
entering the lens and focus it to one
point.

A strong lens, that is, one with a short
focal length has a high or strong diopter
value.
A diopter is related to the focal length of
a lens as follows:

1000
diopter =
focal length in mm
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If a lens has a focal length of 1
meter (1000 mm), the lens has a
strength of 1 diopter.

diopter =

1000
focal length in mm

diopter =

1000
1000

diopter =
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1

Simple Eye Model

Think of your eye as a lens with a surface to
focus light. That surface is called the retina.

17 mm

Retina

Here’s a simple eye model:
All human eyes are about the same size. It is
about 17mm from the eye lens to the retina–
meaning, the human eye effectively has a
lens with a focal length of 17mm.

Retina

Therefore, the human eye lens corresponds
to a power of about 58.8D.
1000
58.8 =
17
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Suppose an eye’s retina distance is 17 mm, but the
light focuses 1 mm before the retina. That is, the
eye has a higher power than 58.8 diopters. What
would be the diopter power of that myopic eye?

Nearsightedness

Focal length of eye lens = 16 mm
Power is D’ = 1/0.016 = 62.5 D
What is the difference in diopters?
D’ – D = 62.5 D – 58.5 D = +4 D

The eye correction lens of -4 D, a concave lens, is
used to adjust the incoming light so the light will
converge on the retina.
The -4D cancels the +4D. This concave lens
corresponds to a focal length of -250 mm
compared to 16mm.
How it Works

Corrected
-4D

f = 250 mm

Another major aspect of human vision is an
effect called astigmatism, an effect that causes
blurry vision. Astigmatism complicates the
process of determining refractive correction.
The normal eye has an almost perfectly
spherical lens. However, many people have
eyes that are not perfectly spherical, causing
astigmatism.
Astigmatism occurs if the eye is elongated in
one direction relative to another direction.
For most people the amount of astigmatism is
different between the left and right eye, so it
must be measured for each eye.
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Normal cornea

Cornea with astigmatism

The eye’s astigmatism is estimated as a
cylindrical lens at a given orientation
combined with a spherical lens.
Depending on the orientation of the astigmatic
component, different powers are measured at
different angles.
In this example, the cylinder lies along a 180
degree angle– that is, horizontal. The
maximum cylinder power is at 90 degrees.
By taking a series of eye power
measurements about the eye at different
angles the astigmatism correction is
computed. This cylindrical component can be
applied to the making of your eyeglasses.
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Cylinder lens + spherical lens
Axis 90
max power at this
meridian

Axis 180
no power at
this meridian

The EyeQue miniscope is an optical
device that achieves the effect of a
variable corrective lens as it translates
pixel spacing to corrective powers.
To simulate the effect of converging or
diverging rays into your eye that a
correction lens would provide, you simply
move the pixels on the screen closer or
further emulating the effect of a corrective
lens.
The miniscope can measure corrections
from + 8 D to – 10 D. Think of the
miniscope as a converter of pixel spacing
to optical power.
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smartphone screen with myEyeQue
app running

EyeQue miniscope

Now that you understand focal length,
diopters, and the focusing issue with respect to
the retina, we can talk about how the EyeQue
Personal Vision Tracker works.

The PVT requires a high resolution display
to work well; with a pixel spacing on the
order of .07 mm (70 microns) or better–
comparatively, about the diameter of a
human hair.

Smartphone screen

The iPhone 6s has adjacent pixel spacing
of 21 microns. About 63 microns between
same color pixels
With this small pixel spacing the miniscope exceeds
0.25 D resolution. 0.25 D accuracy is the level
typically achieved by Optometrists.
Older, lower resolution displays don’t have sufficient
resolution to achieve the < 1D resolution needed for
good measurements
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EyeQue miniscope

human hair on smartphone
screen

iPhone 6S
display
21 microns
for iPhone 6s
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To measure astigmatism, EyeQue
works as follows:
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A complete set of power
measurements is comprised of 9
measurements for your right eye and 9
measurements for your left eye.
Measurements are made at
increments of 20 degrees from 180 to
20 degrees.

1

With these measurement the
astigmatism is computed.
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That’s a lot of measurements!

7

Yes, but remember we are making
measurements of tiny differences that
reflect the share of the eye lens.
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More data is needed to measure
astigmatism than is need to get the
spherical component.
About 1 diopter of astigmatism, a
typical value implies that the non
spherical component of the eye is
about 0.25 mm.
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Angle

If the eye had no astigmatism, all of
the points would have the same power
values and form a horizontal line.
This sample shows astigmatism.
The degree of power variation is
directly related to the degree of
astigmatism.
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Power

The plot shows the measured power
as a function of angle from a typical
EyeQue vision test.

A best fit to the power vs angle data is made
based on the model of the eye correction.

We find the values for S, C and A that
creates the red curve that fits best to the
measured points.

Angle (⍬)

20

Power

The fitting function is comprised of a
spherical (S) and cylinder (C) oriented along
some axis (A).Axis is in degrees.

180

The closer the measurement points (x) are
to the fit (red line), the better is the fit.
EyeQue scores the “goodness” of the
measurement using proprietary statistical
methods.
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Fit: Power(⍬) = S + C sin2(A - ⍬)
Measurement Point

Fit

Since the spherical component is the same for all
angles, after only one full vision test we one get a
good measure. This is shown as the green line.

The closer the data points are to the red curve, the
better the fit.

S0
Power

After a single test, this measure is shown on your
dashboard as the spherical equivalent, S0.

Angle

The EyeQue dashboard shows the spherical
equivalent for each eye, tracking data over time.
In this example, the S0 is approximately + 7 D for
most of the Tracking Data. Data much higher or
lower represent bad tests or tests when the person
was wearing glasses.
This corrected vision, i.e.. testing with eyeglasses,
generates a spherical equivalent of about zero.
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0 spherical equivalent > test with eye glasses on

With practice, people perform better and more
consistently, and they conduct the test more
quickly… scoring better and completing tests
faster.
EyeQue has developed ways to describe the
goodness of a fit and that is turned into a
score for each vision test.
That score is provided to you after each test.
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Angle

Power

To get accurate values for the cylinder and
axis, more testing is needed in order to get
more data points. The points are then
processed.

More Data Points – Better Fit

Each test is scored based on the
goodness of the computed fit to the
measurements.

40
30

A bad fit is scored as 5 points and an
excellent fit as 40 points.

20

There is also a fair range that
corresponds to 20 points, and good range
that corresponds to 30 points.

5

Poor Test
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Excellent Test

40

If the scores are in the poor and fair range, the
user is required to take more tests.

30

If the user is in the good to excellent range, they
can get to the point of accurate cylinder and axis
after 3 full sets of tests.

20
5

Not everyone is the same.
Some have more difficulty than others.
In this example Bob and Jane both have taken 3
tests
When the total score is 100 or greater, the user
can unlock their first set of EyeGlass Numbers.
Jane can get her EyeGlass Numbers (110)
Bob is not there yet(45).
How it Works

Poor Test
5 + 20

Excellent Test

+ 20

= 45
Tester Bob

30

+

40

+

40

=

110
Tester Jane

What’s going on behind
the scenes?

EyeQue Cloud

EyeQue uses a cloud
based architecture, called
EyeQue Cloud to store and
process your results.
Vision tests are processed
in real-time.
Reach 100 or more points
to retrieve your EyeGlass
Numbers.
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Spherical Equivalent
Right Eye: +6.25 Left Eye: +6.75
Your Score: 40 / 40
Discard this test

EyeQue Cloud

All computations are carried out in the
cloud as it takes a substantial amount of
computation that is dependent on many
different parameters including the
smartphone you are using.
As you take more tests, the results are
aggregated together through averaging
and removing bad data points.
Reach 100 or more points to retrieve your
EyeGlass Numbers.
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Spherical Equivalent
Right Eye: +6.25 Left Eye: +6.75
Your Score: 40 / 40
Discard this test

For more information, contact info@eyeque.com
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