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Introduction

 Contact lens movements (rotation and
translation) limit its correction effect
especially for astigmatism patients and
those with high higher order aberrations
(e.g. keratoconus patients)

Guirao A, Williams DR, Cox IG. Effect of rotation and translation on the expected benefit of an ideal
method to correct the eye’s higher-order aberrations. J Opt Soc Am A 2001; 18, (5): 1003-15.

Tomlinson A, Ridder W.H. III, and R. Watanabe. Blink-induced variations in visual performance with toric
soft contact lenses. Optom Vision Sci 1994; 71, (9): 545-549.



Introduction

 Some research has been done to simulate
the effect of custom wavefront soft lens
movement on visual performance.

de Brabander J, Chateau N, Marin G, Lopez-Gil N, Van Der Worp E and Benito A. Simulated optical performance
of custom wavefront soft contact lenses for keratoconus. Optom Vis Sci 2003; 80, (9): 637-43.

Menjivar JA, Marsack JD, Donnelly WJ and Applegate RA. Impact of custom contact lens dynamics on simulated
keratoconus visual performance. AAO 2005

Guirao A, Williams DR, Cox IG. Effect of rotation and translation on the expected benefit of an ideal method to
correct the eye’s higher-order aberrations. J Opt Soc Am A 2001; 18, (5): 1003-15.



Novel Contribution

 Wavefront aberrations
were measured
dynamically at 30 Hz on
subjects with soft contact
lenses

 Static Simulation
 Wavefront aberrations
or corneal topography
were measured on
subjects without
wearing contact lenses

Our Current StudyPrevious Studies



Our Current Study: Dynamic Simulation



Methods
 Monitor Calibration
 Subject: 1 astigmatic subject with more

than 1D cylinder in the right eye
     (OD: -6.50-1.75X10°)

 Pre-experiment Training: Subject is asked
to read some static acuity charts and
simulated movies before the experiment.

 Cycloplegia: 1% Cyclopentolate and 2.5%
Phenylephrine



 Wavefront measurement
 Subject wearing soft contact lens
 3 times after cycloplegia using COAS multi-

buffer mode.
 400 frames are recorded continually at 30 Hz

each time
 Subject is allowed to blink naturally as needed.
 5mm pupil is used to analyze the wavefront

data until 10th order.

Testing Procedure



 Visual acuity and reading time (I)
 Subject wearing contact lenses, contact

lens+over-refraction and best cycloplegic
spectacle corrections reads static clear
charts through 5mm artificial pupil.

 Visual acuity and reading time recorded

Testing Procedure



 Simulation: Wavefront aberration data are
input into VOL (Visual Optics Laboratory
Version 7.15, Sarver and associates) to
generate simulated visual acuity charts.

 Movie Making: Simulated visual acuity
charts after Gamma correction are imported
into a MatLab psychotoolbox program to
generate a movie. For each eye, three chart
movies with different letters are used.

Testing Procedure



 Visual acuity and reading time (II)
  The subject read the simulated movies

with best cycloplegic spectacle correction
through a 3mm artificial pupil to
minimize the eyes’ residual aberrations.

 Comparison: Visual acuity result and
reading time I and II are compared and
plotted.

Testing Procedure



Results (Visual Acuity)
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Results (Reading Time)
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Discussion

 The contrast loss of using 3mm artificial
pupil is not pre-emphasized in simulated
acuity charts.

 Wavefront aberrations are not the same
when the subject read static charts and
those used in the simulation movies.



Discussion

 In real life, visual acuity charts are static objects.
But when the subjects read the simulated acuity
movies, they are produced based on dynamic
aberrations.



Discussion
 The eye is not completely diffraction-

limited through 3mm artificial pupil.
Some aberrations remain when the
subject reads simulation movies.

 Neural system adapts to blur and
compensates for the optical aberrations.

  Webster MA, Georgeson MA, Webster SM. Neural adjustments to image blur. Nat Neurosci

     2002; 5: 839-40
     Artal P, Chen L, Fernandez EJ, et al. Neural compensation for the eye's optical aberrations. J
     Vis 2004; 4:281-7



Improvements

 Stabilize and pre-emphasize simulated
retinal images

 Filter the instrument noise



Conclusions

 Help understand how habitual or
customized contact lens movements
influence the visual performance from
an objective point of view of optical
retina images

 Assist in the evaluation in the design of
toric and customized contact lens



Future Directions

 Measure wavefront aberrations and
visual acuity simultaneously when the
subjects wear contact lenses

 Monitor contact lens movement and
retinal image at the same time

 Polychromatic simulation
 Include neural factors in the simulation
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Questions???



Research Purposes

 To develop a technology to dynamically
simulate the effect of soft contact lens
movements on visual performance

 To evaluate the effectiveness of this
method



 Gamma correction of the monitor
   Gamma correction is used to correct for

the nonlinear relationship between input
pixel value and displayed luminance.

 Checking the angular dependency
   Angular dependency means the display

property of a monitor varies with the
viewing angle of the subjects.

Monitor Calibration



Test of the resolution of the screen

• In the study, 20/10 letter is chosen as the
smallest letter in the acuity charts and two
pixels are used for resolving each bar of
20/10 letter. So 10 pixels are needed to
resolve the whole 20/10 letter and 100 pixels
for 20/100 letter.



    The physical size of the screen for the study is 10.63
(height)*13.36(width) inches and the pixel size of the
whole screen is 1024*1280. Assume the height of
20/100 letter in visual acuity chart shown on the full
screen is h,

                                               h = 1.038 inch
1024
100

55.10
h

=



20/100 letter subtends 25 arc min in the eye.
Assume the test distance is d

1.038/d = tan 25’
d = 142.73 inch = 11.89 feet



    The dimensions calculated above will be used as input
parameters in software called Visual Optics Laboratory (VOL) to
produce simulated visual acuity charts. Those charts after
simulation will match the resolution of the screen.



 The height of a pixel on the screen:
    10.63/1024 = 1.038°¡10-2 inches
    it subtends tan-1(1.038°¡10-2 inches /11.89feet) = 15

arc sec in the eye.

 In the foveolae on the retina, the diameter of cone
photoreceptors is about 2.3 microns, so

   one cone subtends tan-1(2.3 microns /16.67mm) =
28.5 arc seconds in the eye.



Testing properties of the monitor in
horizontal and vertical directions



Gamma correction

   Gamma correction is used to correct for the
nonlinear relationship between input pixel value and
displayed luminance.

 A method provided by Dr. Scott Stevenson is used to
find out the Gamma correction value of monitors.
This method is a MatLab program using a brightness
match between middle gray and a spatial mixture of
black and white. The correction value is the
reciprocal of the gamma value and the correction
value of the monitor used in the study is 0.46.
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 Based on the luminance data, contrast is
calculated and shows contrast keeps stable
across the whole screen. For example, the
maximum difference in contrast among these
12 blocks is 0.63% for 80% high contrast and
1.26% for 10% low contrast.



Angular Dependency Test

   Angular dependency means the display
property of a monitor varies with the
direction when the user looks at the monitor.





 The result shows a near perfect linear relationship
between output luminance of each of these three
blocks with the input pixel value after gamma
correction.

 Furthermore, contrast keeps stable in the three
blocks which means viewing angular doesn’t cause a
problem to the perception of the subjects in this
study. (The maximum difference in contrast among
these 3 blocks is 0.70% for 80% high contrast and
0.50% for 10% low contrast.)



Angular Dependency Test

 Test distance: 4 feet
 The maximum difference in contrast

among these 3 blocks is 0.24% for 80%
high contrast and 0.86% for 10% low
contrast.



10-16-2006 (Visual Acuity/OD)

.013 2 .756 .5286
0.000 2 • •
-.140 2 -7.000 .0198
-.013 2 -.756 .5286
-.153 2 -4.131 .0539
-.140 2 -7.000 .0198

Mean Diff. DF t-Value P-Value
CLs, CLs+Over-Refraction
CLs, Spectacles
CLs, Simulation
CLs+Over-Refraction, Spectacles
CLs+Over-Refraction, Simulation
Spectacles, Simulation

Paired t-test
Hypothesized Difference = 0



10-16-2006 (Reading Time/OD)

3.130 2 1.250 .3377
-.003 2 -.007 .9952

-15.038 2 -6.373 .0237
-3.133 2 -1.046 .4054

-18.168 2 -8.883 .0124
-15.035 2 -5.600 .0304

Mean Diff. DF t-Value P-Value
CLs, CLs+Over-Refraction
CLs, Spectacles
CLs, Simulation
CLs+Over-Refraction, Spectacles
CLs+Over-Refraction, Simulation
Spectacles, Simulation

Paired t-test
Hypothesized Difference = 0



 Contact Lens
R: -6.50-1.75X10°     L: -8.00-1.75X180°
 CL Over-Refraction
R: -0.37X125°           L: +0.25-0.25X120°
 Best cycloplegic spectacle correction (I)
R: -7.325-1.75X6°      L: -8.75-2.25X14°
 Best cycloplegic spectacle correction (II)
R: -7.37-2.00X5°        L: -9.75-2.25X12°



Monitor Calibration

 Enough resolution to show chart
movie

 Similar property in horizontal and
vertical directions

 Gamma correction
 Checking the angular dependency


