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Abstract
The main aim of this work is to increase the accuracy in finding out the acuity errors in the human eye. The scope of the proposed
system is to overcome the minute errors in finding the acuity errors in the eye and to specify the accurate sight of patient by the

doctors.

The objective of this project is to design application for handheld device which calculates the human eye sight. This project is done by
Digital Image processing techniques in a practical approach, which would help us to compute the accurate readings.
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1. INTRODUCTION

Human acuity error occurs because of unexpected focal
point(s) in the human eye. If the focal point falls before retina
then it is called myopia or short sight and if the focal point
falls beyond retina, then it is called Hyperopia or long sight.
These are usually corrected by using contact lens or
spectacles. Doctor uses retinoscopic mirror to detect the type
of disease. Earlier, they use to keep the snellen charts at a
distance from patient and keep on asking the contents of the
charts.

Patient’s interaction is found to be less which may result in
errors while assigning power to the spectacles.

To test the eye sight of the patient in the present system, we
have manual testing and computerized eye testing. To make
sure that the error is accurate, after the doctor determines the
eye sight of the patient using the trial lens, he is given a tablet
PC device which displays the blurred images, then the patient
selects the blurred image that looks similar to that when he
have seen the image in the projector. Based on the image
selected the accurate acuity error of the patient is determined
by the doctor.

2. PROPOSED METHODOLOGY

To test the eye sight of the patient in the present system, we
have manual testing and computerized eye testing. To make
sure that the error is accurate, after the doctor determines the

eye sight of the patient using the trial lens, he is given a tablet
PC device which displays the blurred images, then the patient
selects the blurred image that looks similar to that when he
have seen the image in the projector. Based on the image
selected the accurate acuity error of the patient is determined
by the doctor.

In this project we are using SNELLEN CHART to determine
the eye sight. This chart is the common and standard chart
which is used for testing of human acuity. The Snellen chart
contains English letters at different sizes, where the patient
should be able to recognize them at different level of size.

The given specifications for us regarding the Snellen chart is
shown below

Fig 2.1: Chart Specification
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2.1 Defects of Eye

An eye examination is a battery of tests performed by an
ophthalmologist, optometrist, assessing vision and ability to
focus on and discern objects, as well as other tests and
examinations pertaining to the eyes. Health care professionals
often recommend that all people should have periodic and
thorough eye examinations as part of routine primary care,
especially since many eye diseases are asymptomatic. Eye
examinations may detect potentially treatable blinding eye
diseases, ocular manifestations of systemic disease, or signs of
tumors or other anomalies of the brain.
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Fig 2.2: Formation of image in the Eye

2.1.1 Myopia (nearsightedness)
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Fig 2.3: Myopia

This is a defect of vision in which far objects appear blurred
but near objects are seen clearly. The image is focused in front
of the retina rather than on it usually because the eyeball is too
long or the refractive power of the eye’s lens too strong.
Myopia can be corrected by wearing glasses/contacts with
concave lenses these help to focus the image on the retina.
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2.1.2 Hyperopia (farsightedness)
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Fig 2.4: Hyperopia
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This is a defect of vision in which there is difficulty with near
vision but far objects can be seen easily. The image is focused
behind the retina rather than upon it. This occurs when the
eyeball is too short or the refractive power of the lens is too
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weak. Hyperopia can be corrected by wearing glasses/contacts
that contain convex lenses.

2.1.3 Astigmatism
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Fig 2.5: Astigmatism

This defect is when the light rays do not all come to a single
focal point on the retina, instead some focus on the retina and
some focus in front of or behind it. This is usually caused by a
non-uniform curvature of the cornea. A typical symptom of
astigmatism is if you are looking at a pattern of lines placed at
various angles and the lines running in one direction

appear sharp whilst those in other directions appear blurred.
Astigmatism can usually be corrected by using a special
spherical cylindrical lens; this is placed in the out-of-focus
axis.

In case of astigmatism some rays focuses in front of retina and
some focuses beyond retina

Compound Hyperopic Astigmatism

Compound Myopic Astigmatism

Fig 2.6: Different forms of Astigmatism

3. CHARTS CREATION AND
IMPLEMENTATION
3.1 Snellen Chart Created according to the given

Specification

Fig 3.1: Snellen Chart with given specification

Snellen chart created according to the specification

Fig 3.1: Snellen Chart with given specification

3.2 Implementation of Filters

In image processing, 2D filtering techniques are usually
considered an extension of 1D signal processing theory.
Almost all contemporary image processing involves discrete
or sampled signal processing. This is compared to signal
processing that was applied to analog or continuous time
domain processing that characterized television and video
several generations ago. The two are related, and the
foundation for discrete signal processing is derived from
continuous time signal processing theory.

A low-pass filter passes low-frequency signals and attenuates
signals with frequencies higher than the cut off frequency.

In this project we implemented low pass filters of the digital
image processing. Low-pass filtering smoothes an image. Low
pass filtering, otherwise known as "smoothing", is employed
to remove high spatial frequency noise from a digital image.
There are mainly 3 types of low pass filters.

e  Ideal low pass filter

e  Butterworth low pass filter

e  Gaussian low pass filter
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The 2-D discrete Fourier transform:-
The discrete Fourier transform of a image f(x,y) of size M*N
is given by the equation

1 M-1 N-1 R,
F(u.v)—M—Z D fye i
x=0 y=0

Similarly given F(u,v) we obtain f(X,y) via the inverse discrete
Fourier transform given by the expression

f(xy) =

F(u v)e ~2m G+

||'_\4|2

3.2.1 Implementation of Ideal Low pass filter:

A 2D lowpass filter that passes without attenuation all
frequencies within a circle of radius Dy from the origin and
"cuts off" all frequencies outside this circle is called an ideal
lowpass filter (ILPF); it is specified by the function

1if D(u,v) <D,

HUY=10 it vy > b,

Where D, is a positive constant and D(u,v) is the distance
between the point (u,v) in the frequency domain and the centre
of the frequency rectangle.

3.2.2 Gaussian Low Pass Filter:

The transfer function for Gaussian lowpass filter with standard
deviation & of the gaussian curve is given by

H (U,V) _ e—Dz(u,v)/2c72

where D(u,v) is the distance between the point (u,v) in the
frequency domain and the center of the frequency rectangle.
By letting o =D, we can express the filter as

Here’s what our weight window would look like:

H (U,V) _ e—DZ(u,v)/2D02

Where Dj is the cutoff frequency

Hix,|)
‘

Intensity

(a)Perspective plot of an gaussian lowpass filter transfer
function (b) Filter displayed as an image. (c) Filter radial cross
section.

The Gaussian low pass filter achieved slightly less
smoothening than the butterworth low pass filter of order 2 for
the same value of cut-off frequency, as can because the profile
of Gaussian low pass filter is not as “tight” as the profile of the
butterworth low pass filter of order 2. However, the results are
quite comparable, and we are assured of no ringing in the case
of the Gaussian low pass filter. This is an important
characteristic in practice, especially in situations in which any
type of artifact is unacceptable.

Calculating a Gaussian Matrix, also known as a
Kernel

Let’s say we wanted to find out how we would weigh
neighbouring pixels if we wanted a ‘window’ or ‘kernel size’
of 3for our Gaussian blur. Of course the centre pixel (the pixel
we are actually blurring) will receive the most weight. Lets
choose a ¢ of 1.5 for how blurry we want our image.

1 = e_((12+12)/2*1'52) 1 = e_(°2+12)/2*1-52 1 = e‘(12+12)/2*1'52
2ml. 2ml. 2ml.

1 = o~ (1240%)/2+152 1 = e—(0)/2+1.5 1 = o~ (1240%)/2+152
2ml. 2ml. 2ml.

1 = o~ (17+1%)/2+1.5 1 = e~ (02+1%)/2+152 1 = o —(12+1%)/2+1.5
2ml. 2ml. 2ml.
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With each weighting evaluated it looks like this: (Notice that
the weighting for the centre pixel is greatest)

Results of Blurring Using a Gaussian Low Pass Filter
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Fig 3.2: Gaussian blurred image for sigma=0
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3.3 Comparison of Filters (Gaussian, Butterworth th,
Ideal, Median, Mean)
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Fig 3.4 comparison
3.4 Choosing the Right Lowpass Filter: The dioptre values for sigma values are as follows:
Since among all the filters implemented, Gaussian lowpass Table 3.1 sigma-dioptre values
filter is more suitable for measuring the human acuity errors,
because Gaussian low pass filter has a standard deviation “c” Dioptre Sigma
in its denominator which is responsible for blurring an image ) 14.05578759
in an efficient manner. By varying the “c” in small amounts, 1.9375 13.64856802
blurring the image in very smooth way without distortion of 1875 13.14289976
the elements present in an image is possible. -1I8125 12I72285203
That is why, Gaussian low pass filter is chosen so that the 12275 ﬁ;igggifg
sigma value could be helpful to relate it with the dioptre value. -1I625 11I37589499
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-1.5625 10.92959427 1.625 12.33323389

-1.5 10.47702864 1.6875 12.71927208

-1.4375 10.01760143 1.75 13.20674224

-1.375 9.551312649 1.8125 13.700179

-1.3125 9.130966587

- o

-1.1875 8.218973747 - :

-1.125 7.781026253 2 15.01103819

-1.0625 7.337112172

-1 6.887231504

-0.9375 6.431384248

-0.875 5.969570406 3.4 .1 Testing
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4. RESULTS
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Fig 4.1: Screen shot of the application

5. CONCLUSIONS

In this project, first, using the digital image processing
concepts we simulated three filters namely, ideal low pass
filter, Butterworth filter and Gaussian filter in Matlab. After
observing the pattern of blurring, Gaussian filter blurring
better suited to the blur which a human eye can visualize.
Next, we developed an android application that will be
deployed on the tablet-PC, which helps the doctor in finding
out the accurate visual acuity errors of human eye. In this
application the image is blurred in different magnitudes and is
presented to the patient. For the purpose of blurring we used
Gaussian filter.

In the future, an application can be developed so as to replace
the use of auto-refractometer completely in finding the visual
acuity errors of the human eye.
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