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(1) The Landolt ring index evaluation :
The experiment was designed to render
the blur level in Landolt ring

visual acuity when images passed the
ground glass filter. If the ground
glass filter was placed randomly
between the Landolt ring and an
participant, a simulated blur Landolt
ring was seen by the participant. At
the ground glass filter position,
changing the size of the Landolt ring
to the smallest one visible for each
position allows us to measure the
simulated visual acuity. Using a VSG
2/5 (Cambridge Research Systems),

the Landolt ring was presented on a
CRT monitor (SONY DGM F520) that was
placed 400 mm from the participant
and threshold values were measured
using the up—down method which is a
psychophysical measuring method. 2 The
distances between the Landolt ring

and ground glass were specified in

(a) Sample image of a Gabor patch

luminance

five distances of 30, 45, 65, 100,

and 300 mm. All the participants, two
adult women and one adult man, have
normal vision when using corrective
lenes.

(2) The CSF index evaluation : We
measured the CSF of images that
passed the ground glass while
changing the position of the ground
glass. As a target we used a Gabor
patch(Figure 5.3)3 with the average
brightness of 50cd/m2. The contrast
threshold regarding spatial frequency
of 0.05, 0.12, 0.28, 0.67, 1.60,
and 3.80 cycles per degree (cpd) were

measured using the up—down method.

The ground glass was positioned at
five distances of 0, 20, 30, 45, and
65 mm. The conditions of observation
distance and participants were all
the same as the experiment with the

Landolt ring index. The assignment for

position
(b) Moduration of a Gabor patch

Figh.3 Test Target of CSF(Gabor patch)
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the participants was to choose whether
the striped pattern was vertical or
horizontal, by clicking the mouse,
following the two—alternative forced—

choice procedure.

3.3 Results and discussion
Our research showed the average
visual acuity of the three participants

as follows:

The distance

As the distance from the target to
the ground glass increased, their
visual acuity declined steadily. In
Figure 5.4, the relationship between
filter position and visible target
sizes (at an observation distance of
400 mm) was recorded using the method
of least squares. In Figure 5.5, the
average CSF of all three participants

is shown. The visual acuity estimated

of the Average ' '
ground glass Vlsgal from the CSF was consistent with the
filter acuity Landolt ring index evaluation.
30 mm 0.2
g: " él:;; 4. Experiment 2 : Relationship between
100i§; 6 08 filter position and visual acuity
300 mm 0.03 4.1 Purpose
£ 0.2
5 Y = 3.445 x 059
@ R = 0.98869)
g
® 0.1
=
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o
=
S 006
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S
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Figh.4 Relationship between filter position and visual acuity of Landolt
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In experiment 1, various decreasing
visual acuity situations were simulated
with systematic changes in the degree
of blurring by changing the distance
between the target and special
ground glass filter. However, in
order to create such a simulation, a
certain visual acuity decline must be
duplicated. Therefore, this research
searched the functional relation
between the filter position and visual
acuity decline using psychophysical

measurement methods.

4.2 Method

(1) Apparatus: The prototype simulator
(Figure 5.1) was used to conduct the
experiment. A fixation device was used
to support participants’ face and chin
to maintain a constant observation
distance.

(2) Participants : The participants in
experiment 2 consisted of a total of 12

people (8 men and 4 women) with visual

1000

—y
<
<

oy
<

Contrast sensitivity

0.01 0.1 1.0 10.0

Spatial frequencyicycles par degre

Figh.5 GSF in each filter position.

acuity of 1.0 and above (including some
with corrective lenses.)

(3) Procedure : We showed the
participants the Landolt ring single
letter chart at a 90 cm test distance
directly in front of them. Then we
measured their visual thresholds by
changing the filter position using the
prototype simulator. The Landolt ring
single letter chart for the 90-cm test
distance observation was printed in
1200 dpi.

The test was conducted using a total
of seven visual acuity test charts;
six tests charts of 0.04, 0.06, 0.1,
0.16, 0.25, 0.4; plus one more visual
acuity test chart of 1.2, 1.5, or 2.0
corresponding to each participant’ s
visual acuity.

By changing the filter distance,

the degree of blurring can change
continuously and the thresholds of

the filter distance from which the
participants could see each Landolt
ring letter chart were measured by the

psychophysical up—down method.

4.3 Results and discussion

The relationship between visual
acuity (resolution) and filter position
(the distance from the target to the
filter), using the method of least

squares to analyse the experimental
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data of the 12 participants, is

Visual Acuity =1.8033 x Filter Position ™ (R = 0.967)

It is necessary to position the
filter at an appropriate distance where
visual acuity is specified to simulate
the degree of blurring.

Based on the data, the formula to
specify the filter position from visual
acuity (Figure 5.6) shows the following

relationship.

Filter Position = 1.9807 x Visual Acuity™ ™ (R = 0.993)

Using these relational formulae
expressions it is possible to estimate
visual acuity in accordance with the
degrees of blurring by changing the
filter position. It is also possible to
estimate where the filter is positioned

to simulate a specific visual acuity.

(om
100.0

) -1, 0884
i filter position = 1. 8807 x visual souity
; R = 0993

Filter position

0.0t 0.1 1.0 2.0
Yisual acuity

Figh.6 Functional relationship between
visual acuity and filter position.

5. Summary
The goal of this research is to

develop a simulator meeting designers’

needs while securing simulating
accuracy. The developed simulator has
the following characteristics:

1) Lengthy use is available as there
is no change in visibility during
observation due to perspiration like
the goggle-typed simulation.

2) It is fit to discuss with several
designers seeing the same object as
it provides a wide field of view.

3) There is no necessity to change
goggles and filters as it is possible
to change visual acuity easily and
continuously.

4) It is easy to change the lighting
condition in a room and to evaluate
design of products in any place where
products are used.

5) Operation is simple and simulation
is available at low cost.

6) Highly accurate simulation was
achieved controlling visual acuity
steadily. Knowing CSF characteristic
besides visual acuity, the simulator
is also applicable to more accurate

simulation.
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NOTES

1. Contrast sensitivity function
(CSF) refers to relationship between
contrast sensitivities (reciprocals
of contrast thresholds defined by
contrast values required to detect
stimuli) and spatial frequencies
defined by the number of cycles of
sinusoidal luminance grating per

degree of visual angle.

2. Psychophysics is the study of the
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