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Determine Refractive Errors of Patient’s Eye
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 Double Pass Imaging

• Quantify higher order aberrations and intraocular 
scattering

• Objective

• Typically used pre-/post refractive surgery

• Grade cataracts



Double Pass Imaging
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Image by M. Vilaseca

https://www.maximintegrated.com/en/app-notes/index.mvp/id/1883

 Detection of the image of a point source projected on the 
retina after reflection from retina and double pass through 
the ocular media

Output from CCD:

Point spread function

 2-3% retinal reflection  laser source

 Patient’s comfort 𝜆≈780𝑛𝑚



Speckle Formation & Reduction
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https://en.wikipedia.org/wiki/File:Objective_speckle.jpg

http://www.invenio.es/es/projects/hd-analyser-visiometrics/

 Problem:
coherent illumination
& retina uneven on the scale of the wavelength

 speckle in double pass image

 Vibrating mirror for speckle reduction

• cheap

• vibrating mechanical
parts prone to malfunction



Goal of This Work
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Find a compact, reliable and sufficiently 
incoherent light source to reduce the impact 
of speckle in double pass images so that 
ocular optical quality and intraocular 
scattering can be properly assessed.
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Layout of DP Setup

S: light source

BS: beam splitter

DPC: DP camera (8 bit)

M: mirror

hM: hot mirror (infrared reflected,

visible transmitted)

dM: dichroic mirror (𝜆𝑐=900 nm)

EC: eye camera

FT: fixation target



8

My Current Experimental Setup

1st pass

2nd pass

Eye camera

Fixation test

ocular imaging

eye model



Double Pass Measurements
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 Laser with 𝜆= 780 nm
output power: 1.5 µW
exposure time: 40 ms
ocular imaging eye model

Speckle reduced by

vibrating mirror No speckle reduction Pixel digital level



Speckle Quantification

 How to quantify speckle
noise?

 Speckle contrast:
ratio between the standard 
deviation of the pattern’s
intensity and its average
intensity:

𝑆𝐶=
𝜎𝐼

𝐼

Redding et al.: Speckle-free laser imaging using random laser illumination, Nat Photon 6, 

355–359 (2012).
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 PSF is very localized in the center of the image

 How to seperate image information and speckle?

 Assume DP image to be symmetric with respect to its
center, determine speckle contrast radially:

SC(r)=
𝜎𝐼(𝑟)

𝐼(𝑟)

Speckle Quantification



Different Light Sources
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 Compare speckle noise in DP images from different light 
sources: Laser, LED, Superluminescent LED

LED: Δ𝜆=28 nm

SLED: Δ𝜆=34 nm



Comparison of Speckle Contrast

 Comparison of speckle
contrast for Laser & 
superluminescent LED and 
for scanning mirror
vibrating/not vibrating

 Vibrating mirror more 
effective in reducing speckle
than superluminescent LED
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Networking in Be-Optical
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 March 2017: Two weeks of secondment at CNRS: 
characterizing speckle created by nanolasers

 April 2017: Anterior Segment Academy at IMO, 
Barcelona



Ongoing and Future Work
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 Include LED in setup, compare all three sources

 Modify setup to generate optical chaos by feedback into
laser diode

 Make measurements of real eyes instead of eye model
(exposure limits taken into account for the EC approval)



Thank you!
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