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Fundusphotography
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Content

1. Optics of fundus photography

2. The Bennet-Litmann correction

3. The PAROS method

4. How to do this practically

5. Pitfalls and limitations
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Optical principles of fundus photography

Eye

Optics varies between subject

Most parameters can be measured

Camera

Complex (unknown) design

Constant between subjects
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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
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Camera

• Many different configurations possible

• Image has to be in focus

-> camera optics might depend on subject’s refraction
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Camera
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Camera

• Many different configurations possible

• Image has to 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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ocular component is 
realtively well described

fundus cameras are 
not telecentric!

ccamera depends on subject



14

PAROS
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Input:

- Biometry data

- Corneal curvature

- Objective refraction

- (p)IOL data

“Simple” linear model of camera

Paraxial ray-transfer formalism
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Camera calibration
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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?
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• Read the PAROS paper (Pors et al, IOV 2024) 

• Full method is available on github.com/MREYE-LUMC/PAROS

• Calibrate your camera

• and/or: explore the impact for our camera

How to start correcting
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demo.mreye.nl/paros/
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- 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,….

Conclusions and limitations
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