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A Quantitative Investigation on the Effect
of Edge Enhancement for Improving
Visual Acuity at Different Levels of
Contrast
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ABSTRACT

Background: The major limitation in human vision is refractive error. Auxiliary
equipment and methods for these people are not always available. In addition, limited
range of accommodation in adult people when switching from a far point to a near
point is not simply possible. In this paper, we are looking for solutions to use the facili-
ties of digital image processing and displaying to improve visual acuity when using
digital display devices. We quantitatively investigate the effect of edge enhancement
on improving the visual acuity at different levels of contrast. We can improve visual
acuity for people such as emmetropia, myopia and hyperopia when they utilize display
devices.

Materials and Methods: According to the objective of this research, 24 vi-
sual acuity optical charts were designed using MATLAB software, based on logMAR
standard. The charts have different levels of contrast with enhanced edges of optotypes
at two brightness levels: 0 and 255. The proposed patterns were tested on 20 human
subjects. The obtained results for each chart were analyzed in SPSS software.

Results: The results show that at all contrast levels, edge enhancement improves
visual acuity. The degree of improvement where the edges have brightness level of 0
is higher than where the edges have brightness level of 255.

Conclusion: Based on the results, enhancing the edges of optotypes in the back-
ground image improves visual acuity by about 16.1% on logMAR scale.

Keywords
Optical Aberrations, Pre-compensation, Visual Acuity, Contrast Sensitivity,
Edge Enhancement

Introduction

uman eye, like any other optical system, suffers from a number

of specific optical aberrations [1]. Any deviation in the path of

light rays from the ideal state in an optical system is called an
aberration. Optical aberrations are the main causes of degradation of
image quality in the eye and are divided into two categories: low-order
optical aberrations and high-order optical aberrations. Low order aber-
rations such as regular astigmatism, myopia and hyperopia account for
approximately 90% of overall optical aberrations in the eye [2]. Nowa-
days, studies are conducted in the field of developing techniques to im-
prove the quality of images to help the people with visual impairments.
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For example, in 2006, efforts were made to
enhance the image quality by adjusting the
light direction and increasing the local con-
trast using shading exaggeration method but
did not make significant difference in visual
acuity [3] or in [4, 5] reference in 2009 am-
plifying the high-frequencies of images was
proposed to improve the quality of images,
but due to the limitation in frequency range
of the human eye and the dynamic range of
digital displays, practically, this method could
enhance only the limited frequency bands of
an image. In 2011, image resolution enhance-
ment techniques were presented in movies
and animations, in which by increasing the
local resolution, they solved the problem of
time fluctuations and improved image quality
[6, 7]. In 2012, the multi-layer displays were
proposed in order to improve the static opti-
cal aberrations such as astigmatism and defo-
cus [8]. In that year, a display technique was
presented which could dynamically adapt the
optical content of the image proportional to
the subject’s specific conditions [8]. But this
method is only able to show a very small area
of one’s field of view. After that, a proprietary
multi-layer display was introduced based on
deconvolution. Although, the subject can see
images more clearly and edges more sharply
[9], in this method, the image contrast is very
low and it cannot be used for color images due
to the presence of different wavelengths. Also,
the subject is not in a fixed position relative
to the display, and so, these methods are not
practically efficient in increasing visual acuity.
Later, three-dimensional display technologies
were introduced in 2013. In this method of dis-
playing, angular resolution is one of the limit-
ing factors which causes only a limited depth
of the field of view to be displayed. These
constraints blur images outside this range and
make it unclear for vision [10]. Another meth-
od was presented to correct optical aberration
based on the pre-compensation of images. In
this method, to implement pre-compensation,

the PSF (Point Spread Function) of the sub-
ject’s eye is required. PSF describes the image
of the system from a point light source. In this
method, the image changes based on the PSF
measured from the patient, in that, the patient
perceives the pre-compensated image clearly
and without any aberration [11, 12].

In this field, several articles were presented,
butin 2015, areverse filter was designed based
on the deconvolution of the total variation. In
this method, the amount of ringing artifacts
decreases. Moreover, the pre-compensated
image has a higher contrast than those in pre-
vious methods, and the edges of the image has
been preserved relatively better [13]. An error
which can be seen in all these researches is
lack of correct normalization of PSF. Also the
PSF is under the influence of pupil size, which
has not been regarded in these studies.

Optical flaws and refractive errors of the
eye in addition to reducing visual acuity affect
contrast sensitivity. Having a high contrast
sensitivity and accurate diagnosis, directly de-
pends on how to focus the image on the retina.
Thus, the scattering and diffraction cause a
lack of precise focus of the image especially
its edges on the retina. In addition, the con-
trast decreases between the desired objects
and background, and consequently the edges
of the objects will be lost. In this study, we
deal with investigating the effect of enhanc-
ing the edge of an object on improving visual
acuity at different levels of contrast between
the object and the background in an image.
Then, we quantitatively consider how much
edge enhancement can be useful to improve
visual acuity. For this purpose, standard opti-
cal charts were designed and presented to a
group of 20 human subjects. The test results
were recorded based on different sizes of the
signs and were analyzed using SPSS software.

Material and Methods

To conduct this study, 24 dynamic charts for
visual acuity were designed using MATLAB
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software. The standard of logMAR chart and
E optotype has been used in this design. The
direction of optotypes can randomly change
each time during the test. Thus, the error rate
is reduced due to memorizing the direction of
optotypes and deceiving operator (Figure 1).
To avoid the crowding effect, each optotype
has distance from the adjacent optotype at
least as much as its size. This spacing is ap-
plied from the highest to the lowest row in the
chart.

The logMAR chart has been designed to
achieve a more accurate estimate of visual
acuity compared with other tests such as Snel-
len chart [14]. Nowadays, the logMAR chart
is used for optical studies. The results are ex-
pressed in the form of logarithm of the mini-
mum angle of resolution (MAR). In the log-
MAR chart, each optotype has a score value
of 0.02 log unit, and the total score for a line
represents a change of 0.1 log unit. According
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Figure 1: View of a chart designed with dif-
ferent directions of optotypes

to this, an increase of 0.1 log unit represents
the loss of one line on the visual acuity chart.
The formula used in calculating the score in
the LogMAR method is as follows [15]:

1

= )
Visual Acuity

log MAR = 0.1 + log MAR value of the best

line read - (0.02 x (number of letters read))

In the logMAR presentation, the results vary
between the two numbers -0.3 and 1, in which
the number -0.3 is for 20/10 and the number 1
for 20/200 on the Snellen chart.

LogMAR§ = 0.1+L0g£—(0.02><5) =-03
10 20

LogMAR& =0.1+ Log@—(0.02x5) =1
200 20

A smaller number in the logMAR presenta-
tion shows a better visual acuity. Where, zero
represents the normal acuity and smaller-than-
zero numbers show better acuity. According to
the definition of World Health Organization a
number equal to 1.3 in the logMAR scale, is
considered Blind [16].

The size of each optotype is calculated based
on the following formula:

Y: min X: meter R: distance (2)
360, 1

Y = Xx (=) x(—)x60
(27[) R

Table 1 shows the size of optotypes at each
row in millimeter unit for 6-meter distance
from designed charts.

Charts 1 to 12 are designed at different con-
trast levels. The contrast levels of optotypes
and the background vary from 0 to 255 (Table
2). In this research, Weber’s formula is used to
express the contrast (Equation 3).

L ax Lmin

Weber contrast = — 3)
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Table 1: Size of the optotypes in each row of
the visual acuity charts, for a distance of six
meters.

Visual Acuity = Optotypes Size (mm)
20/15 6.541
20/20 8.722
20/25 10.927
20/30 13.083
20/40 17.444
20/50 21.805
20/60 26.166
20/70 30.527

20/100 43.611
20/200 87.222

Where, L and L, respectively show the
maximum and minimum brightness of the im-
age [17].

Figure 2 shows an optotype from each of 12
charts at different levels of Weber contrast.

In terms of contrast, charts 13 to 18 are
similar to charts 1 to 6 peer to peer. However,

brightness level of 2 pixel from the edge of
each optotype has become 0. Also, charts 19 to
24 are analogous to charts 7 to 12 one to one,
but 2 pixel from the edge of each optotype has
become 255 (Figure 3).

The charts were shown to the human sub-
jects on a 27-inch display screen, which has a
resolution of 2560 x 1440 pixels and a mini-
mum quantization error of 0.233 millimeter.
Moreover, each case study was in six meters
distance form display. Due to use of a digital
display, the background of the optotypes has
uniform brightness without any color change.
In addition, the brightness level of the labora-
tory was set to be equal to 500 lux, and there
was not any direct or indirect dazzling light
source in the field of view [18].

In this research, 20 human subjects were
tested in the range of age from 20 to 35 years
with a mean age of 29.4. In this study, we con-
sider the cases without any systemic ocular
and neurological diseases. All cases had the
optical aberration myopia. The required infor-
mation has been obtained through the exami-
nation of the subjects.

Table 2: Specifications of contrast levels of charts 1 to 12.

Chart No. Optotypes Contrast Background Contrast Weber Contrast
Ch-1 0 255 1
Ch-2 25 230 0.89
Ch-3 50 205 0.75
Ch-4 75 180 0.58
Ch-5 100 155 0.35
Ch-6 125 130 0.03
Ch-7 130 125 0.03
Ch-8 155 100 0.35
Ch-9 180 75 0.58
Ch-10 205 50 0.75
Ch-11 230 25 0.89
Ch-12 255 0 1
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J Biomed Phys Eng 2018; 8(1)



www.jbpe.org

Enhancement of Edge to Improve Visual Acuity

E

Chart 1

E

E

Chart 2

Chart 3

Chart 4

Chart7

Chart 8

léan 1

Figure 2: Differences in the level of contrast
between the background and optotypes on
the charts
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Chart 12

Results

To serve the final purpose, all obtained in-
formation was analyzed using paired T-test in
SPSS statistical software.

In order to apply paired T-test, the normality
of data distribution was investigated through
Kolmogorov-Smirnov test. The data had a
normal distribution based on P-value, P >
0.05, (Table 3).

The paired T-test was applied to two sets of
charts (1 to 6 and 13 to 18) and (7 to 12 and 19
to 24) peer to peer for considering the presence
of a significant difference between the data of
two charts. In order to find potential signifi-
cant differences, the P-value must be less than
0.05. Tables 4 and 5 show the obtained results
from the paired T-test.

Chart 13

Chart 16

Chart 19

=

Figure 3: Enhance the edge of the optotypes
on the charts

Chart 14 Chart 15

Chart 17

Chart 18

Chart 20 Chart 21

[ul

Chart 23

Chart 24

The results from the first set indicate that
the mean values of each chart form 1 to 6 are
greater than corresponding charts 13 to 18
(Figure 4). These results illustrate that black-
ening 2 pixels from the edges of the optotypes
improves visual acuity. This improvement is
maximized when the Weber contrast is equal
to 3 percent. Also, visual acuity increases by
16.1 percent on the LogMAR scale. For the
Pair No.1 in Table 4, the percentage of Weber
contrast is equal to 100 percent and the bright-
ness level of the optotypes is 0. Thus, blacken-
ing 2 pixels from the edges makes minor dif-
ference by about 0.3 percent that is considered
an error.

According to table 4, low P-value (less than
0.05) in the comparison from pair No. 2 on-
wards shows that there was a significant dif-
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Table 3: Mean, standard deviation and the results of the K-S test for 40 data

Chart No. Mean Std. Deviation Kolmogorov-Smirnov Z  Asymp. Sig.(2tailed)
Ch-1 0.245 0.173 1.122 0.161
Ch-2 0.249 0.169 0.938 0.342
Ch-3 0.265 0.164 0.814 0.522
Ch-4 0.297 0.160 0.942 0.337
Ch-5 0.347 0.178 0.882 0.418
Ch-6 0.668 0.405 0.654 0.786
Ch-7 0.656 0.317 0.922 0.363
Ch-8 0.306 0.168 0.701 0.709
Ch-9 0.252 0.161 0.749 0.629
Ch-10 0.211 0.158 0.807 0.532
Ch-11 0.175 0.154 0.760 0.610
Ch-12 0.139 0.151 0.631 0.821
Ch-13 0.242 0.170 1.015 0.255
Ch-14 0.230 0.166 0.737 0.649
Ch-15 0.222 0.178 1.015 0.255
Ch-16 0.241 0.176 1.044 0.226
Ch-17 0.257 0.179 0.748 0.630
Ch-18 0.507 0.212 0.916 0.371
Ch-19 0.521 0.217 0.908 0.381
Ch-20 0.279 0.151 0.870 0.436
Ch-21 0.233 0.151 0.557 0.916
Ch-22 0.194 0.130 0.913 0.376
Ch-23 0.161 0.148 0.674 0.754
Ch-24 0.141 0.149 0.661 0.775

Table 4: Investigating the significance of the difference between data in the paired comparison
between charts 1 to 6 and 13 to 18

102

Pair No. Pair Chart T Sig.(2-tailed)
1 Ch-1&Ch-13 0.798 0.430
2 Ch-2&Ch-14 3.733 0.001
3 Ch-3&Ch15 8.205 0.000
4 Ch-4&Ch-16 8.688 0.000
5 Ch-5&Ch-17 12.337 0.000
6 Ch-6&Ch-18 5.407 0.000
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Table 5: Investigating the significance of the difference between the data in the paired compari-

son between charts 7 to 12 and 19 to 24

Pair No. Pair Chart T Sig.(2-tailed)
1 Ch-12&Ch-24 -0.438 0.664
2 Ch-11&Ch-23 2.573 0.014
3 Ch-10&Ch-22 2.190 0.035
4 Ch-9&Ch-21 2.042 0.048
5 Ch-8&Ch-20 3.166 0.003
6 Ch-7&Ch-19 4775 0.000
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Figure 4: The graph of the paired comparison between charts 1 to 6 and 13 to 18

ference between the data of these pairs. As ex-
pected, this difference is not significant in the
analysis of pair No.1.

The results from the second set were the
same (Figure 5). This means that whitening
2 pixels from the edges of the optotypes im-
proves visual acuity. The maximum effect is
equal to 13.5 percent for the pair No.6 in Table
5. In this case, 0.2 percent improvement was
considered an error.

Table 5 shows P-value in comparison with
other pairs. There was a significant difference
between the pairs from pair No.2 onwards.

Discussion

The most significant feature of this study in
comparison with previous studies is the quan-
titative presentation of the results based on the
obtained information from human subjects. In
addition, the optical patterns utilized in this re-
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Figure 5: Graph of the paired comparison between charts 12 to 7 and 24 to 19

search, have been designed based on the stan-
dard of visual acuity charts. For each level of
contrast, a separate chart has been designed.
All experiment settings have been done based
on the standards provided in Iranian National
Standards Organization (INSO 16285, 2013)
.The result has been expressed exactly based
on the number of optotypes recognized by the

subject. In this study, it was determined that by
reducing the contrast, visual acuity decreases
against the mean value of logMAR numbers
and the slope of the graph increases. The re-
sults show that blackening the edges of the
optotypes further improves visual acuity as
compared with whitening them (Table 6).

Table 6: Percent of improvement in visual acuity on LogMAR scale, for different states of edge

enhancement

Pair No. 1 2 3 4 5 6
Weber Contrast percent 100 89 75 58 35 3
Visual Acuity 0.245 0.249 0.265 0.297 0.347 0.668
Visual Acuity with black edge 0.242 0.230 0.222 0.241 0.257 0.507
Percent of improvement in visual acuity 0.3 1.9 4.3 5.6 9 16.1
Pair No. 1 2 3 4 5 6
Weber Contrast percent 100 89 75 58 35 3
Visual Acuity 0.139 0.175 0.211 0.252 0.306 0.656
Visual Acuity with black edge 0.141 0.161 0.194 0.233 0.279 0.521
Percent of improvement in visual acuity 0.2 14 1.7 1.9 2.7 13.5
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Conclusion

In this research, we came to know that edge
enhancement improves visual acuity by about
14.8 percent on average for 3 percent Weber
contrast. The aforementioned method enhanc-
es visual acuity, but it is not complete for the
full compensation of low-order optical aberra-
tions. For future research, we suggest a com-
bination of this method and the reverse filter
technique to be used to assess more improve-
ment in human vision.
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