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Eye Camera
Optics varies between subject Complex (unknown) design
Most parameters can be measured Constant between subjects




The eye

- Distances and curvatures can be quite accurately determined
similar to IOL calculation

- Refractive indices cannot be measured

but varies little between patients and has a minor impact
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Impact of axial length

A. Ocular anatomy induced magnification
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Many different configurations possible
* |mage hasto be in focus

-> camera optics might depend on subject’s refraction




T




Camera

 Many different configurations possible
* Image hasto be in focus

-> camera optics depends on subject’s refraction
* Optics of the two systems are “coupled”
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Bennet-Littmann method
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Bennet-Littmann method
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A. Ocular anatomy induced magnification

N realtively well described

® Phakic
® Pseudophakic
® plOL

=== Bennett model

ocular component is

20

22

24 26 28 30
Axial length (mm)

Contribution to relative magnification

15

I
E
f

=
w
s

=
[N
)

=
-

-
=)
L

o
©

e
=)

%

® Phakic
® Pseudophakic
@ ploL

fundus cameras are
not telecentric!

Conera dEpends on subject
A I,

Spherical equivalent (D)




y

PAROS




Multidisciplinary Ophthalmic Imaging
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Purrosk. Although fundus photography is extensively used in ophthalmology, refraction
prevents accurate distance measurement on fundus images, as the resulting scaling differs
between subjects due to varying ocular anatomy. We propose a PARaxial Optical fundus
Scaling (PAROS) method to correct for this variation using commonly available clinical
data.

Meraops. The complete optics of the eye and fundus camera were modeled using ray
transfer matrix formalism to obtain fundus image magnification. The subject’s ocular
geometry was personalized using biometry, spherical equivalent of refraction (RSE),
keratometry, and/or corneal topography data. The PAROS method was validated using
41 different eye phantoms and subsequently evaluated in 44 healthy phakic subjects
(of whom 11 had phakic intraocular lenses [pIOLs]), 29 pseudophakic subjects, and 21
patients with uveal melanoma.

Resurrs. Validation of the PAROS method showed small differences between model and
actual image magnification (maximum 3.3%). Relative to the average eye, large differ-
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Paraxial ray-transfer formalism

Input:

- Biometry data

- Corneal curvature

- Objective refraction
- (p)IOL data

“Simple” linear model of camera
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Camera calibration
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¢ Calibration measurement (mean,sd)
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Model validation (41 phantom eyes)
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Comparison with Bennett-Littmann
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OK, nice, but why bother? /

200 A. Impact in uveal melanoma B. Impact in myopia
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How to start correcting /

 Read the PAROS paper (Pors et al, IOV 2024)

* Full method is available on github.com/MREYE-LUMC/PAROS
e Calibrate your camera

« and/or: explore the impact for our camera
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demo.mreye.nl/paros

Eye model parameters

Model type

Phakic

Anterior corneal curvature (mm)

Posterior corneal curvature (mm)

Anterior lens curvature (mm)

772

6.5

| 102

Posterior lens curvature (mm)

6.0

Corneal thickness (mm)

0.55

Anterior chamber depth (mm)

| 3.05

Crystalline lens thickness (mm)

Vitreous chamber depth (mm)

Spherical eq. of refraction (D)

4

16.3203

|0

Estimate posterior corneal curvature ] |

Fit posterior lens curvature

Camera parameters

See our publication for an explanation of the camera-specific parameters. Parameters used in this demo:

Condenser lens power 38D
First order correction term -0.01

Result
Parameter Value
Magnification eye model 1.60

Necessary correction at camera phakic 0.00




Conclusions and limitations /

- The magnification of fundus images differs between subject
- Validation of methods is important (but often ”future work”)

Limitations:
- Only valid for central retina (but, .... see last presentation of session)
- Not (yet) validated for scanning laser ophthalmoscoscopes, OCT,....
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