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In order to obtain a clear image of the retina of model eye, an adaptive optics system used to correct the wave-front

error is introduced in this paper. The spatial light modulator that we use here is a liquid crystal on a silicon device

instead of a conversional deformable mirror. A paper with carbon granule is used to simulate the retina of human

eye. The pupil size of the model eye is adjustable (3-7mm). A Shack-Hartman wave-front sensor is used to detect the

wave-front aberration. With this construction, a value of peak-to-valley is achieved to be 0.086 A, where X is wavelength.

The modulation transfer functions before and after corrections are compared. And the resolution of this system after

correction (69lp/m) is very close to the diffraction limit resolution. The carbon granule on the white paper which has a

size of 4.7 pm is seen clearly. The size of the retina cell is between 4 and 10 pm. So this system has an ability to image

the human eye’s retina.
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1. Introduction

Adaptive optics is a technology with the merit
of real-time detection, real-time control and real-time
correction. It is endowed with an ability to eliminate
the dynamic disturbance, thereby obtaining clear im-
ages of the target. In 1953 adaptive optics was first
suggested by Babcock!!! in astronomy to improve the
performance of ground-based telescope. After his suc-
cess, more and more systems were used in astronomy
observation and laser communication.[>3 Although a
series of achievements has been acquired, this technol-
ogy will not be used in physic and industry until the
facility is made small enough.

Human eyes retina observation is significative in
clinic iatrology, because not only the ophthalmic dis-
eases but also other diseases such as the diabetes can
be diagnosed by imaging the cell or the blood vessel
of the retina. Although the retinoscope has been used
for observation, we cannot obtain the cell image clear
enough yet, except for pathology slice. Obviously the

slice observation cannot be used in alive human.

The factors restricting the retinoscope resolution
power is that the magnitude and the format of the
wave aberration of human eye are various. The adap-
tive optics system is competent for this task because
of its merit mentioned above.

At present, many research organizations incline to
high resolution retina imaging,*~9 but the corrector
they are using is a deformable mirror. The deformable
mirror has some merits such as high response speed,
high light power efficiency, etc., but it has many dis-
advantages, such as high cost, high drive voltage, big
bulk, and limited modulation range.

Compared with the conventional wave-front cor-
rector deformable mirror, the liquid crystal on silicon
device has the advantages, such as low costs, smaller
size, reliability, low power consumption, high resolu-
tion, and high dynamic range with phase wrapping as

mentioned in several papers.[10—14]

In this paper we introduce a simulated human
eye retina imaging adaptive optics system based on a
liquid crystal on silicon (LCOS) device, which has a
small pixel pitch and high pixel density. Such a system
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is beneficial to imaging operations with a small area,
high accuracy, large modulation depth, and high res-
olution. This will be helpful and necessary for human
eye retina image with the liquid crystal modulator.

2. Optical configuration

A simulated human eye was built as shown in
Fig.1. It was composed of white paper with carbon
granule, an achromatic cemented double lens and a
pinhole, which served as the retina, the lens and the
pupil respectively. The focal length of lens L was
25mm. The pupil diameter was adjustable in size
and the carbon granule on the white paper was 4.7 ym
which was as small as the cones. Owing to the disper-
sion of the liquid crystal,['®) we used a 532 nm laser as
the source. We also used a laser diffuser to eliminate
laser speckles. Based on this eye model we used an
LCR2500 as a wave-front corrector and HASO32 as a
wave-front detector.[!4

1

3 4
Fig.1. Eye model composed of white paper (1), carbon
granules (2), double lens (3) and pupil (4).

Figure 2 shows the optical layout of the system.
Light was irradiated from the laser source, the laser
The light
power was collected by lens L1. After passing through
the BS1 the light was focused by the lens L of the
model eye.

speckles were eliminated by the diffuser.

We focused the light on the point at 250 mm away
from the lens L. Then the light was further focused
by the lens L2 (with a focal length of 100mm) at a
distance of 60 mm. Collimated by the lens L3 (with
a focal length of 300mm), the light was irradiated
on the LCOS. The angle between the normal of the
LCOS plane and the light axis was 3 degree. The
light reflected by the LCOS was refocused by L3. A
hole was located at the focus for eliminating other or-
der diffraction light diffracted by the grating on the
LCOS except for the first order.['S] Being collimated
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Fig.2. Schematic diagram of the system.

BS2

by the lens L4, the light was divided into two parts
by the BS2, one was transmitted into HASO32 for de-
tecting the wave-front aberration, and the other was
focused on the image plane of the CCD for imaging.
The LCOS plane was conjugated with the micro-lens
array of the HASO, and the white paper was conju-
gated with the hole and the imaging plane of the CCD.

3. Results and discussion

For a real eye, medication can be used to enlarge
the pupil size to 7mm in diameter, which is the best
diffraction limit. In this system, the image of the pupil
on the LCOS plane was enlarged 3 times, and the ac-
tive area of the LCOS was 19.5 mmx14.6 mm. Being
converted into the pupil position, the size of the ac-
tive area is 6.5 mmx4.87mm. So the diffraction limit
is determined by the size of the LCOS when the pupil
size is 7mm.

Images of the carbon granules before and after
corrections and the corresponding wave-front maps
are shown in Fig.3. When the close loop correction
was steadily going, we made the voltage applied to the
LCOS unchanged and replaced the whitepaper with a
resolution test target. So we can estimate the imaging
quality of the system after correction. We can clearly
distinguish the sharpest line pairs on it, correspond-
ing to 2281lp/mm. The aberration induced mainly
by the roughness of the LCOS and the disturbance
of the relevant environment are nearly 2.6 A in PV
value, where X is wavelength and PV stands for peak-
to-valley, and 0.34 A\ in RMS, where RMS stands for
root mean square, respectively. After close loop cor-
rection they reduce to 0.086 A\ in PV value and 0.016 A
in RMS.
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Fig.3. wave-front maps (a) before correction and (b) after correction ; images of the carbon granules (c)
before correction and (d) after correction; (e) image of the resolution test target; (f) real size of the carbon
granule at 1000 x 15.

The statistical curve is shown in Fig.4. We can  the system works steadily and effectively. The peaks

see from these pictures that, after 321 times close-loop, are induced by the instability of the source.
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Fig.4. Statistical curves after 321 times close loop, where panel (a) is for RMS and panel (b) for PV value.

To evaluate the system, the modulation transfer  vertical and the horizontal directions are improved re-
functions (MTFs) are compared before and after the  markably. In the horizontal direction the critical fre-
corrections. We assume the critical frequency to be  quency increases from 40 to 701p/mm while the verti-
0.1. From Fig.5 it shows that the MTFs in both the  cal one increases from 23 to 681p/mm. The difference
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Fig.5. MTF curves before correction (a) and after correction (b).
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between the horizontal direction and the vertical
direction is due to the dimension of the LCOS (width:
19.5mm height: 14.6mm). They both approach the
system diffraction limit.

In this optical system, the diffraction limit is de-
termined by the diameter of the pupil of the model eye
except for the case of 7mm pupil size. So we made a
series of close-loop corrections, with diameters of the
pupil ranging form 3 to 7mm. Figure 6 shows the
critical frequency after correction and ideal values at
different diameters. Figure 7 shows the PV value er-
ror and the RMS wave-front error before and after the
corrections at different diameters.

1.4

~A~ PV before correction
—e— PV after correction

1.2 1

1.0

0.8 1

0.6 1

0.4 1

Wave-front error /um

0.2 4

— e

3.0 3.5 4.0 4.5 5.0 5.5
Diameter of the pupil/mm

= 701 .
é a after correction
A o ideal values
< J
> 60
Q
=}
g -
IS
(]
H 50 1
&
Q
e J
o
40 4

3.0 3.5 4.0 4.5 5.0 5.5
Diameter of the pupil/mm

Fig.6. Critical frequencies after correction at different
pupil diameters.
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Fig.7. PV value errors and RMS wave-front errors before and after the corrections at different pupil diameters.

4. Conclusion

An adaptive optics retina imaging system based

(17 is demonstrated in this

on liquid crystal on silicon
paper. Using the LCOS as a wave-front corrector and

the HASO32 as a wave-front detector, we can obtain

a series of clear images of the retina of the model eye
in the case of various sizes of pupil. After close loop
correction the aberration reduces to less than 0.086 A
in PV value and 0.016 A in RMS and the diffraction
limit resolution is approached in all cases.
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