6

Centre de Desenvolupament de Sensors, Instrumentacio i Sistemes
Departament d’Optica i Optometria

UNIVERSITAT POLITECNICA DE CATALUNYA

Curvature sensing: a new
method for ocular wave-
front determination

ocular wave-front determination
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Current ocular wave-front sensors are based on
sampling the slope of the wave-front across the pupil

Example: Hartmann-Shack sensor

Microlens array HS image
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ocular wave-front determination
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DRAWBACK

!

The number of samples limits the
aberration order that can be
achieved in the reconstruction !

Important when high order aberrations
are significant®

ocular wave-front determination
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* F. Diaz-Douton et al., “Comparison of the retinal image quality
with a Hartmann-Shack sensor and a double-pass instrument”, IOVS

47,1710-6 (2006)




ALTERNATIVE

!

Curvature sensor

Based on the changes in light intensity as it travels
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[rradiance Transport Equation:

k; 1(r,2)=—=V[I(r, 2V o(r, 2)]

Linear approximation
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Curvature sensing: a new method for
ocular wave-front determination

ontrast between = Wave-front’s Wave-front’s
ages in two planes  curvature first derivative
>ensor’s signal (S) (Only on the signal’s

edge)



UOIJEUTULId}OP JUOIJ-IAEM IE[ND0
I0J POYJ}oUI MIU € :3UISUIS INJeAINn))

(Z,%)

Coma

)

Astigmatism
(Z;



o°TF(p)

TF(VZp)

[
e

_|1_|2

|

<
[s
|

I, +1,

[ ¢ estimate ]

J

0

on

[TFI [TF(ga)a)z]]
(3(0 =
around the edge

—

Iterative Fourier Transform algorithm

UOTJPUTULId)IP JUOIJ-IAEM IBTNDO E
r%LA

I0J POYJ}oUI MIU € :3UISUIS INJeAINn))



Advantages:

* A higher aberration order can be
retrieved

® Much higher dynamic range for low
order aberrations

® Is possible to retrieve information within
pupil zones with reduced transmitance

ocular wave-front determination
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e Application in very high frequency
closed-loop adaptive optics systems

®* Much cheaper



umerical simulations:

e Optimal placement of the detection planes

e Performance of the wave-front retrieval
algorithm

* Optical system design

» System'’s aberrations
» Sensitivity
» Dynamic range

ocular wave-front determination
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The second derivative is equal to zero for
the harmonic modes

ave-front retieval algorithm
Problem
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ave-front retieval algorithm:

Classic solution: Imposing boundary conditions

!

New solution: Separate the signal in two different zones
and treat them independently

4 s R

ocular wave-front determination
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ocular wave-front determination

ave-front retieval algorithm:
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Wave-front retieval algorithm:

Direct computation.
No iterative
algorithmlll

ocular wave-front determination
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Dptical set-up:

D
L2 L1
L3
%___@____9[ CCD1
Spinning mirror Splitting Le L7
system

Scans the position of
the beam on the retina

ocular wave-front determination
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Optical set-up:

N s

a new method for

[ cCD1

Splitting

Lateral FIT_ L -
" displacement: 1w
T 10 mm

=
=)
.S
(g
=
o v
&
i
P
whd
P)
o
whd
[N ] =
=)
Yol
b
9]
S
(4
2
Yo
4"
—
=
@)
o

Optical path ; -

2 . E1l | N

Y | difference: i 7]; u
33 mm BS% _____ {:I:

Curvature sensing

cCcD2

r

i
|
i
i
i
i
i (= =)
i

lembre de: :

Q@ IT XARXA DE CENTRES
DE SUPORT

A LA INNOVACIO
S TECNOLOGICA




Yo
o
S
e
o
<
)
v
=
2
v
c
(4]
.bb
S
R7
S
v
9]
¥}
Yo
=
e
(4]
>
Yo
=
O

ocular wave-front determination

Dptical set-up:

fé B/5 mm

f7 = 254 m%

oth images registered at once by

the camera
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Splitting
system
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= Experimental results:
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Experimental results:

Cylindrical lenses \

Calibration:
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Experimental results:

Real eye’s measurements:

ocular wave-front determination
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xperimental results:

Real eye’s measurements:

="
-

RMS 0.396 nm

Bl

Curvature sensing: a new method for
ocular wave-front determination




Experimental results:

Real eye’s measurements: N 15

Mean age 29.67 +£5.83
Mean refraction -1.27+1.85

0.8

I Curvature sensor
B HS sensor

06 4
Mean RMS difference

(RMS(curv)-RMS(HS)):
0.007 £ 0.038 pum

0.4 -

ocular wave-front determination
RMS (um)
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ocular wave-front determination

Conclusions:

We have implemented a curvature based wave-front
sensor for ocular aberration determination.

The performance of the system has been tested by
means of numerical simulations, setting important
parameters affecting the sensor’s operation.

The wave-front retrieval algorithm has been
reformed. The new features make it faster with an
increase in accuracy.

Experimental measurements for both artificial and
real eyes show results comparable to conventional
Sensors.

Further work is needed to show the full potential of
this technique.



Thank you
for your
attention!
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