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1 Introduction 

In order to keep well informed, people are very dependent on reading skills, 
in particular those people who live in a position of relative isolation. In 
many cases this concerns older people. The problem is however that es
pecially for this group of older people the visual capacity is often strongly 
reduced. Here it concerns problems such as reduced acuity, a partial loss of 
the visual field, reduced contrast sensitivity, oversensitivity for blinding and 
straylight . In a number of cases these problems can be dealt with partially 
or totally by ophthalmological attendance, optical or opto-electronical aids, 
computer adaptations ([5]) or aids which are meant to stimulate those sense 
organs of the visually handicapped that are still functioning well (for exam
ple sound aids and see also [7]). The project 'Image Enhancement for the 
visually impaired' has as one of its goals to investigate what the possibilities 
are to utilize the visual restcapacity optimally with the help of the current 
technology in the field of image-processing. Since some time it is possible 
to process scenes in real-time in the spatial or in the frequency domain by 
using digital image-processing techniques. In this way the luminance pro
files of images can be on-line adapted to the specific wishes of the users, e.g. 
the application of compensation techniques for the different eye affections. 
As the effect of different eye deficiencies on visual processing is not fully 
understood yet, research is needed to link the fields of low vision and image 
processing in an efficient way. 

Lawton ([6]) made the assertion that the reading abilities of low-vision pa
tients with a macular affection can be improved by compensating the pre
sented text according to the individual contrast sensitivity function. She 
claims that by amplifying the intermediate spatial frequencies the magnifi
cation that is necessary for patients with maculopathy to be able to read 
can be reduced by 30 to 70%, while reading rate increases with a factor 2 
or 3. See Figure 1. 

For this filtering Lawton uses the following filter: 

H(f) _ NCSF(f) 
- NCSF2(f) + ~ gam2 

where 

NCSF(f) = CSF(f)Jow visionobserver/CSF(f)youngnormalobserver 

This filter is based on the following simpler filter: 

H'(f) = NCSF(f) = 1 CSF(f) /CSF(f) NCSF2(f) NCSF(f) = youngnormalobserver lowvisionobserver 
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Figure 1: Summary of the experimental results reported by {6} (figure 
from {3}). Through individualized spatial frequency filters, the three sub
jects with a maculopathy needed less image magnification and accordingly 
achieved a considerable gain in reading rate. 

which makes a correction for the losses in contrast sensitivity for low-vision 
patients based on their individual CSF-function. The term =his added to 

gam 

limit the filter H(f): 

when H'(f) = gain. 

Hmax(f) = gain 
2 

As a first step to mimic the experiments of Lawton, a pair-comparison ex
periment in eccentric vision has been performed with a number of differently 
filtered text images (see [4]) in our research group. This experiment slightly 
differs from the experiment of Lawton. Text images that mutually differed 
in sign and magnitude of the applied contrast were compared with the same 
texts compensated for the losses in the CSF domain as used by Lawton for 
her test person with disciform age related maculopathy. This specific cor
rection filter is typical for the by Lawton applied set of CSF compensation 
filters. It mainly emphasizes the spatial frequencies near 2-4 cycles/degree. 
Assuming that eccentric vision remains relatively unaffected by macula de
generation, the comparisons in eccentric vision were as a first step made by 
a number of test persons with normal healthy vision. 
The main result of these comparisons was that indeed the preference in ec
centric vision for the spatially filtered text increased with decreasing size of 
the characters. However the testpersons with normal vision still preferred 
the black-and-white text over the filtered half-tone text. 
The assumption that is made in this experiment is that low-vision patients 
with a macular degeneration make only use of their eccentric visual field, 
which, by assumption, can be approached by the eccentric field of a normal 
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seeing subject. 
To get an idea what the influence of different image-processing techniques 
is on the performance and comfort of low-vision patients and to get insight 
in which ways considerable gain can be expected, two experiments were 
set up: an acuity test, in which the threshold is determined depending on 
in different ways processed optotypes, and a reading task, in which reading 
speed and comfort were determined depending on in different ways processed 
texts. The stimuli differed in several ways: the applied contrasts differed in 
sign and magnitude, the luminances were varied and there were types with 
a high-contrast edge placed around the characters. These last types were 
quite similar to the filtered characters proposed by Lawton but are, seen 
from a technical viewpoint, simpler to construct than her spatial-frequency 
domain enhanced characters. Also because of the preference for low-contrast 
characters with small (high-contrast) borders of one of the subjects used in 
the experiments (subject BE, see later), it was of relevance to explore the 
possibilities of this type of non-linear image enhancement as a first-order 
approximation of the linear (CSF-based) filtering of Lawton. 

2 Experiment 1: The Acuity Test 

2.1 Introduction 

As a first step to give an answer to the question which image-processing 
techniques on texts might give benefits for different groups of low-vision 
patients, an acuity test was performed with four low-vision observers and 
in different ways processed optotypes. There are different ways to measure 
the acuity. Think for example of an identification task (where a person has 
to identify a stimulus), a detection task (where the question is whether a 
certain stimulus can be seen or not), a resolution task (where the person 
has to indicate whether a stimulus consists of for example one gray patch 
or a grating of black and white bars) or a Vernier acuity task (where the 
question is whether a certain line is on the left or on the right of an other 
line). Because we are interested in the low level vision contribution to read
ing which is, according to Aberson & Bouwhuis ([2]) determined by detail 
detection, in this first experiment the choice is made to use Landolt C like 
optotypes (see for example Figure 2). 
The task in a Landolt C test is to indicate on the direction of the opening. 
The acuity value is determined by the reciprocal of the just resolvable visual 
angle (in minutes of arc) formed by extending two lines from the observers' 
eye to the outside edges of the opening. There are several arguments for the 
choice to use Landolt C rings: 
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• The Landolt C test is taken as the standard eye test since the Inter
national Congres on Ophthalmology in 1909. Although the procedure 
that is used in the first experiment differs in some ways from the one 
that is used in the standard eye test (rings on screen instead of a chart , 
only one ring is presented at a time , different stimuli , luminances and 
contrasts , other criterion for threshold determination), the standardis
ation justifies a comparison of the results of this first experiment with 
the ophthalmological data to a certain degree. 

• All optotypes are of the same form. Because of this property effects 
that certain stimuli are easily confused whereas others are easy to 
recognize are avoided. 

• The acuity value can be determined very accurately: the spread in the 
results is usually very small (see [8]). 

The form of the ring is characterized by the ratio between the outer diameter, 
inner diameter and the opening, which should be 5:3:1 for a standard ring. 

2.2 Stimuli 

Four types of rings were used in the experiment (see Figure 2): 

• black ring, white background (luminance values 3.35 and 120.2 ~) 

• white ring, black background (luminance values 120.2 and 3.35 ~) 

• black ring, gray background (because the monitor was a black-and
white monitor, 'gray' means alternating black and white dots) (lumi
nance values 3.35 and 47.8 ~) 

• black ring, gray background, small white edge (size 0.25 times the 
ring width, half of that overlapping with the ring) around the ring 
(luminance values 3.35, 47.8 and 120.2 ~~) 

This results in the following values for the Michelson-contrast, which is de
fined as t!~t= (where L_ is the minimum luminance level in the image and 
L+ the maximum luminance level): 

• black-white: 0.95 

• black-gray: 0.87 

• white-gray: 0.43 
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Figure 2: The different Landolt rings used in the experiment. 

The luminance value of the monitor surround was 5.2 ~· 

For the subsequent values of the ringsizes 10 steps within the acuity range 
from 0.1 to 1 are taken. This gives as a multiplication-factor between the 
subsequent sizes 1CV10=1.259 (0.1 of a log-unit). The actual values are taken 
in accordance with Vos ([8]), who gives the advice to take a constant ratio 
between the sizes of the rings (i.e. the values follow a logarithmic scale) and 
to take only values which can be described by easy fractions. For the range 
0.1 is taken as a lower-limit and 3.0 as an upper-limit in a standard Landolt 
C test . The acuity test under consideration is meant for low-vision persons, 
so the range of acuity values has to be extended to lower values, whereas 
the high acuity values can be omitted. This results in a range from 0.05 to 
1.0. For all of the types stimuli were made according to Table 1. 

2.3 Procedure 

The optotypes were presented on a SUN SPARC ELC black-and-white mon
itor, 83 dpi. To avoid masking effects only one stimulus at a time was pre
sented, in the middle of the screen. Around the monitor a large plate was 
placed (black or white, depending on the background grayvalue of the stim
uli). The subjects were seated at 2 different distances of the screen: first at 
a distance of 2.5 m and after that at reading distance(± 0.25 m). They used 
their own correction and both eyes were uncovered. The ringtype with the 
high-contrast edge around it as well as all acuity values smaller than 0.20 
were only used at the largest distance (2.5 m). At reading distance these 
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Serie Diameter Diameter Factor 
number Acuity value c ring 0.25 m c ring 2.5 m between rows LogMAR1 

1 0.05 0.73 7.27 - 1.301 
2 0.065 0.56 5.59 1.300 1.187 
3 0.08 0.45 4.55 1.231 1.097 
4 0.10 0.36 3.64 1.250 1.000 
5 0.12 0.30 3.03 1.200 0.921 
6 0.15 0.24 2.42 1.250 0.824 
7 0.20 0.18 1.82 1.333 0.699 
8 0.25 - 1.45 1.250 0.602 
9 0.30 - 1.21 1.200 0.523 
10 0.40 - 0.91 1.333 0.398 
11 0.50 - 0.73 1.250 0.301 
12 0.65 - 0.56 1.300 0.187 
13 0.80 - 0.45 1.231 0.097 
14 1.00 - 0.36 1.250 0.000 

Table 1: The different acuity values, ringsizes for the two different distances, 
factors between the rows and the LogMAR-values for the stimuli of the first 
experiment. 

rings were too much corrupted as a consequence of the limited resolution 
of the monitor. The method used for determining the threshold was the 
up-and-down method. For each type of ring 12 transition points from not 
recognizable to recognizable, or the opposite way, were determined. The 
threshold value for each transition was chosen to be halfway in between the 
acuity values of the transition. The final threshold value was calculated by 
averaging over the 12 values. It should be noted that this method is different 
from the determination of the acuity as it is normally done in a standard 
eye test, where the threshold is determined by the last row on the chart that 
can be read without making errors. 

2.4 Observers 

In this first experiment 4 low vision subjects (called BE, HO, HU and NO) 
are tested. The first subject is a student at the IPO; the other three subjects 
(HO, HU and NO) were recruited among the patients of the Visual Advisory 
Center in Eindhoven (VAC-E). The medical history for the different subjects 
is as follows: 

• Subject BE: 
Age: 25 years. 

1 LogMAR is the logarithm of the minimum angle of resolution (which is by definition 
equal to the inverse of the logarithm of the acuity value). 
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Congenital toxoplasmosis chorioretinitis ODS, myopia, microphthal
mus OS, retinal scar and status after ablatio. Prothesis OS. 
1g-11-1gg3: 
VOD: 2/20 without correction; 
VOS: blind; prothesis; 
Values determined with the Snellen chart; Acuity value constant for 
chart illuminance values between 500 and 2000 lux. 

• Subject HO: 
Age: 4g years. 
OS history of retinal detachment, aphakia. OD high myopia with 
myopian retinal-degeneration and cataract. 
2-4-1gg1: 
VOD with contact lens 0.55; 
VOS with contact lens 1/60; 
Values determined with the Keeler chart at a distance of 2.5 m and 
an illuminance value of 2000 lux. 

• Subject HU: 
Age: 67 years. 
ODS macula degeneration; OD: lens moderate cloudy. 
og-04-1gg2: 
With own correction (OD: S+4.00=C-l.75 axis 120°; OS: S+3.00=C-
0.75 axis 85°; addition +3.00): 
VOD: 0.33; 
VOS: 1/300; 
Values determined with the Keeler chart at a distance of 2.5 m and 
an illuminance value of 800 lux. 

• Subject NO: 
Age: 87 years . 
Age related macula degeneration; The lens is moderate cloudy and 
there are deviations on the maculae, with central scotomata. 
16-5-1gg1: 
With own correction (OD: S-3.25=C-l.OO axis go0

; OS: S-5.00=C-1.25 
axis go0

; addition +2.75): 
VOD: 0.04; 
VOS: 0.21; 
VOO: 0.21; 
Values determined with the Keeler chart at a distance of 2.5 m and a 
chart illuminance value of 2000 lux. 
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2.5 Experimental results 

The thresholds as a function of the ringtype as well as the logarithmic av
erages for distance 2.5 m are given in Table 2 and Figure 3. 

Acuity values at distance 2.5 m 
Stimulus type 

Person 1 2 3 4 x 
l. BE 0.11 0.13 0.07 0.09 0.10 
2. HO 0.50 0.65 0.58 0.40 0.52 
3. HU 0.73 0.73 0.45 0.40 0.56 
4. NO 0.20 0.35 0.25 0.15 0.23 

II Average: II 0.30 I 0.38 I 0.26 I 0.22 II 0.28 II 

Table 2: Resulting acuities for distance 2.5 m in table. Type 1: black on 
white, type 2: white on black, type 3: black on gray, type 4: black on gray 
with edge. 

1 

0.1 
----+ .... +-- ', 

0.01 
1 2 

2 . 5 m 

.............. --+ .... "+ ___ _ 

3 
type 

4 

avg +
be -+-
ho -El- -
hu ·X ··· 
no -8.- · 

Figure 3: Resulting acuities as well as the logarithmic averages for distance 
2. 5 m plotted. Type 1: black on white, type 2: white on black, type 3: black 
on gray, type 4: black on gray with edge. "avg" is the logarithmic average 
acuity. 

By normalizing the previous values for each subject to 1, the values in Ta
ble 3, Figure 4 and Figure 5 are obtained. 
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Normalized acuity values at distance 2.5 m 
Stimulus type 

Person 1 2 3 4 

l. BE 1.10 1.30 0.70 0.90 
2. HO 0.94 1.22 1.09 0.75 
3. HU 1.26 1.26 0.78 0.69 
4. NO 0.84 1.47 1.05 0.63 

II Average: II 1.02 (±0.16) I 1.31 (±0 .10) I 0.89 (±0.17) I 0.74 (±0.10) II 

Table 3: Normalized acuities for distance 2. 5 m in table. Type 1: black on 
white, type 2: white on black, type 3: black on gray, type 4: black on gray 
with edge. 

2 

1 

0.5 

2.5 m 

.. r-.... 
G- ----./· ·· ........ . 

1 2 

................. · ... 
'""·!+.: 

' ~' 
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3 
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·. ' .. ' ....... + 
'\:o 
x 

4 

be ~ 
ho -+--
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Figure 4: Normalized acuities for distance 2.5 m plotted. Type 1: black on 
white, type 2: white on black, type 3: black on gray, type 4: black on gray 
with edge. 
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Figure 5: Logarithmic average of the normalized acuities for each of the 
stimuli together with ±a-intervals. Type 1: black on white, type 2: white on 
black, type 3: black on gray, type 4: black on gray with edge. 

At distance 25 cm all the subjects except for BE had higher acuities than 0.2, 
which was the maximum that could be measured at that distance. Subject 
BE h9-d for stimulustypes 1, 2 and 3 respectively the acuity values 0.18, 0.09 
and 0.12 (logarithmic average: 0.12). 

2.6 Discussion 

Looking in detail to the obtained results and comparing them with the oph
thalmological data gives some interesting considerations. 
For subject BE the difference in the results for type 1 and type 2 can be 
explained by the fact that she is sensitive for glare. The difference between 
type 1 and type 3 is a decrease in contrast . This can be found back in the 
decrease in acuity. The value for type 4 is slightly higher than for type 
3 because of her preference for low contrast characters with a small high 
contrast edge. The average acuity value of 0.1 is comparable with her oph
thalmological data. 
For subject HO it was expected that the determined value for type 3 would 
be lower than for type 1, especially because of this subjects' cataract . From 
the results for type 1 and type 2 it appears to be that this subject also 
has oversensitivity for glare. Comparing the results for type 3 and type 4 
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indicates that the person has no benefit from the small edge around the ring 
but even has a decrease in performance. The average acuity value of 0.52 is 
also in this case comparable with his ophthalmological data. 
From the results of subject HU it can be concluded that this subject has 
not that much hindrance of glare, but has severe problems with decreased 
contrasts. This can be explained by the fact that his lens is moderately 
cloudy. This subject also has no benefit of the small edge around the ring. 
Surprising is the about doubled average acuity of 0.56, compared with the 
ophthalmologically determined 0.33. 
In the case of subject NO the average acuity of 0.23 is again comparable 
with the ophthalmological data. There is a minimal increase in acuity with 
a decreasing contrast from stimulus type 1 to type 3, even if this subjects' 
lens is moderately cloudy. Also in this case we find a decrease in perfor
mance for the ring with the small edge around it and an oversensitivity for 
glare. For the 25 cm case subject BE has an acuity value for type 1 of 0.18 
which is two times as high as for the second type. Especially considering 
her glare sensitivity this is surprising. At this distance she has the worst 
performance for type 2. The result for type 3 is in line with the result for 
type 1: a decrease in contrast gives a decreasing acuity value. 

There are several reasons for the differences between the ophthalmologi
cal data and the data found in this experiment. In the first place are the 
stimuli presented in isolation instead of in rows. This difference is essential 
because of possible masking effects. In the second place the fourth optotype 
differs completely from the standard one. Because of the small edge around 
the Landolt ring, which even has a considerable overlap with the ring, it is 
questionable what the actual size of the ring is in this case. In the third 
place the luminance and contrast values in the experiment differ from the 
values on the standard chart, especially for the second stimulus type where 
positive contrast is used. In the fourth place, as can be seen from the oph
thalmological data, the stimuli that are used for the determination of the 
acuity are different. Besides all these points, as has been said already, the 
criterion that is used for determining the threshold value differs slightly from 
the criterion that is being used by the ophthalmologist. 

3 Experiment 2: The Reading Task 

3.1 Introduction 

In the second test reading speed and comfort were determined from four 
low-vision subjects by using different types of printed text. 
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stimulus page page page total for 
type number chars number chars number chars stimulus 

1 1 155 7 156 13 138 449 
2 2 141 8 143 14 150 434 
3 3 155 9 147 15 146 448 
4 4 150 10 147 16 136 433 
5 5 140 11 145 17 140 425 
6 6 156 12 143 18 126 425 

Table 4: The number of characters per page and the total number of char
acters per stimulus. 

3.2 Stimuli 

In this experiment 18 pages of hard copy were presented to the observers. 
Six types of stimuli were used , of which examples are given in appendix A: 

• Stimulus 1: black on gray with a small edge 

• Stimulus 2: black on gray with a very wide edge 

• Stimulus 3: black on gray with a wide edge 

• Stimulus 4: white on black text 

• Stimulus 5: black on white text 

• Stimulus 6: black on gray text 

The height of the character "x" (the edge included) varied from 1.22 cm 
to 1.50 cm, depending on the width of the edge. The types 4, 5 and 6 are 
similar to respectively the stimuli 2, 1 and 3 in the Landolt experiment. 
The number of characters per page (spaces excluded) is given in Table 4. The 
text which was used in this experiment was "De onfortuinlijke Oostenrijker" 
from [1]. 

3.3 Procedure 

The stimuli were placed on a desk which made an angle of about 30° with 
the table. The observers were reading from a normal reading distance: 25-30 
cm. This resulted in a visual angle for the height of the characters in the 
range of 2.3° to 3.4 °. The illuminance level of the first stimulus (page 1) 
was adjusted to be 300 lux ( 125 ~) for each person. Each page was only 
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Reading speed (characters/sec) 
Person l 1 2 3 4 5 6 x 
BE 5.9 4.8 4.8 4.9 5.9 6.9 5.5 
HO 8.2 7.4 7.5 8.9 8.2 9.2 8.2 
HU 7.5 7.8 7.9 9.3 9.7 9.7 8.7 
NO 6.6 6.9 5.9 7.5 7.5 7.7 7.0 

II Average: II 7.1 I 6.7 I 6.5 I 7.7 I 7.8 I 8.4 II 7.4 II 

Table 5: Reading speed for each of the stimuli for each person as well as for 
all persons together in table. Type 1: black on gray with a small edge, type 
2: black on gray with a very wide edge, type 3: black on gray with a wide 
edge, type 4: white on black text, type 5: black on white text, type 6: black 
on gray text. 

of one type of stimulus. The ordering of stimuli was as follows: page i was 
of type (i MOD 6). The assignment for the subjects was to read the text as 
accurately as possible. 

3.4 Observers 

The observers tested in this second experiment are the same observers as 
being described in the first experiment: BE, HO, HU and NO. 

3 .5 Results 

The reading speed for each of the stimuli was calculated for each person 
as well as for all persons together and is given in Table 5. This speed was 
calculated by dividing the total number of characters of a certain stimulus 
by the total time a subject needed for that stimulus. Normalizing these 
results for each of the subjects gives the values in Table 6, Figure 6 and 
Figure 7. 

Asking the subjects to order the stimuli according to t heir comfort gave the 
results in Figure 8. 

3.6 Discussion 

Looking closely to the obtained results gives a number of interesting consid
erations. 
Subject BE's reading speed decreases by adding a small high-contrast edge 

17 



Normalized reading speed 
Person 1 1 2 3 4 5 6 

BE 1.07 0.87 0.87 0.89 1.07 1.25 
HO 1.00 0.90 0.91 1.09 1.00 1.12 
HU 0.86 0.90 0.91 1.07 1.11 1.11 
NO 0.94 0.99 0.84 1.07 1.07 1.10 

Average: 0.97 0.92 0.88 1.03 1.06 1.15 
(±0.08) (±0.05) (±0.03) (±0.08) (±0.04) (±0.06) 

Table 6: Normalized reading speed for each of the stimuli for each person as 
well as for all persons together (with ±a-intervals) in table. Type 1: black 
on gray with a small edge, type 2: black on gray with a very wide edge, type 
3: black on gray with a wide edge, type 4: white on black text, type 5: black 
on white text, type 6: black on gray text. 
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Figure 6: Normalized reading speed for each of the stimuli for each person 
in plot. Type 1: black on gray with a small edge, type 2: black on gray with 
a very wide edge, type 3: black on gray with a wide edge, type 4: white on 
black text, type 5: black on white text, type 6: black on gray text. 
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Figure 8: Comfort for each of the stimuli for each person in plot. Type 1: 
black on gray with a small edge, type 2: black on gray with a very wide edge, 
type 3: black on gray with a wide edge, type 4: white on black text, type 5: 
black on white text, type 6: black on gray text. 
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(which is in contrast with the results of the acuity test). For the wider edges , 
the reading speed is even lower. On the other hand, the comfort for char
acters with an edge is higher, provided that the edge is not too wide (type 
2 and 3). It was found that decreasing the contrast resulted in a decreasing 
acuity. However, for the reading task the reading speed as well as the com
fort increased! The acuity value for white characters on a black background 
was higher than the value for reversed contrast. However, the reading speed 
as well as the comfort for the black characters on a white background was 
higher. This is a surprising result, especially because of this subjects' glare 
sensitivity. The familiarity with this kind of text might be an explanation 
for these findings. 
As appeared from the acuity test , for subject HO also the reading speed 
and the comfort were lower for characters with a small high-contrast edge 
(although the comfort for wider edges increases again). This is surprising 
because of the fact that this subject suffers from glare sensitivity (see the 
discussion of the acuity test), and therefore would not appreciate high lu
minances, but requires high contrasts because of his cataract. Therefore 
the expectation was that the edges would give an improvement. Anyhow, 
also in the acuity test the acuity for lower contrasts appeared to be higher. 
Apparently the glare sensitivity has higher weight than the decreased con
trasts as a consequence of the cataract. Evidence for this is also found from 
the increasing reading speed, going from stimulus type 5 to type 6. On the 
other hand is the comfort for type 6 lower than for type 5. Concerning the 
difference between white characters on a black background and the opposite 
case, it was found that the acuity as well as the reading speed are higher for 
white characters on a black background, but that the comfort is higher for 
the negative contrast (again, this might be the result of familiarity with the 
type of text). 
For subject HU the edges around the characters resulted in a slightly lower 
reading speed (even more than would be expected on the basis of the results 
for the acuity test). Also the comfort for these types of stimuli is lower. 
The subjects' sensitivity for lower contrasts could not be found back in the 
reading speed: with lower contrast the reading speed increased even some
what. The comfort however was lower for the lower-contrast texts. The 
conclusion from the acuity test that this subject has not much hindrance of 
glare could be found back in the results of the reading speed as well as in the 
comfort. It turned out that both the reading speed and the comfort were 
a little higher for black on white text than for reversed polarity (probably 
because of familiarity with this kind of texts). 
Subject NO also has no benefit from the edge around the characters: his 
reading speed is decreasing (as well as his acuity as we knew already). For 
large edges however the comfort increases. As well as for person HO we 
found a small increase in acuity for a decreasing contrast . This can not be 
found back in the reading task: the reading speed remains about the same 
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for decreasing contrast and the comfort is lower. Also the oversensitivity for 
glare which was concluded from the acuity test could not be found back: the 
reading speed was the same for both black on white and white on black text 
and the comfort was higher for black on white text, again maybe because of 
familiarity. 
Apparently for none of the subjects there was a difference in comfort be
tween the stimulus types 2 and 3. This also holds for the reading speed. 
Only subject NO reads somewhat faster with type 2 than with type 3. 

4 Conclusion 

From the results of the two described experiments a number of conclusions 
can be drawn. First, there appeared to be clearly a discrepancy between the 
results of the acuity test, reading speed and comfort. It turned out to be 
that people can read faster with a certain type of text but suffer very much 
from fatigue. Some of the subjects have the comment that for the wide 
edges the characters tend to be jumbled through each other. In the acuity 
test we saw that the average acuity was highest for the positive contrast op
totypes, followed by the black on white optotypes with maximum contrast. 
Lowering the contrast gave a decrease in acuity and placing a high-contrast 
edge around the ring resulted in an even lower average value. 
In the reading test the highest speed was obtained by negative half-contrast 
text followed by full-contrast positive as well as negative text. Negative 
half-contrast text with a small edge placed around the characters gave a 
still lower reading speed. The lowest speed was obtained with the nega
tive half-contrast text with the wider edges. The results for the comfort 
did not show a general line for all the subjects. For three of the four sub
jects the comfort for full-contrast (negative as well as positive) texts was the 
highest . These subjects preferred negative half-contrast text over negative 
half-contrast text with a small edge around the characters. 
On the basis of the previous results it seems not possible to make clear as
sertions about the perspectives of different text-enhancement techniques. 
Peli et al. (1993) found an improvement in subjects' ability to describe de
tails in still scenes, and an increased appreciation for moving scenes with 
image enhancement. However, they did not find an improvement in their 
ability to read moving sentences similarly enhanced. Peli et al. (1993) as 
well as Engel & Jenniskens (1993) found evidence for the hypothesis that 
only text that does not take up the whole contrast range of the display sys
tem can be improved significantly by compensation filtering. Only for this 
type of text there would be room for increase in contrast to enhance the 
text , leading to room for improvement in performance. In the acuity test 
as well as in the reading test we found already that placing a small high-
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contrast edge around the characters of negative half-contrast text resulted 
in a decreasing performance. 
The previous experiments have indicated that it is essential to obtain a 
deeper insight in the different eye deficiencies, i.e. the first step is to di
agnose. Before applying certain image processing techniques it is essential 
to know what exactly happens at the early-visual processing stages of the 
injured eye. When information is available how a physical image is trans
formed into a so called 'internal image' for different eye deficiencies, it is 
possible to determine how this internal image is influenced by certain pro
cessing techniques and how the internal image might be improved. 
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Appendix A 
Examples of the stimuli used in the reading task 
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