


Sentinel 3,4,5 

MTG-FCI, … 



Characteristics of stray light: 

• Paths are „unlikely“  

• Only few ray will take the stray light 

paths 

• =>Radiometric evaluation is often 

associated with statistical errors (so 

called undersampling) 

 

THIS talk: two methods to reduce noise in 

stray light calculations – for scattered 

light and for ghosts 

  





Noisy result even when using millions of rays! 



„Brute Force“-Method: scatter light into all direction, using 

lots of secondary rays. This will almost certainly lead to 

undersampling problems, because only very few rays will 

make it to the image plane. This is usually not an option! 

 

Solution: Importance sampling: create only rays into pre-

defined directions which are known to be relevant for the 

analysis (e.g., rays directed towards the image plane or its 

images). Solves many, but not all undersampling problems.  

 

… but there is another undersampling problem if the 

dynamic range of the BSDF is high … 

Importance 

Sampling 

No Importance 

Sampling 
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BTDF for perpendicular incidence,  

Log-scaled;  

Variation over 8 orders of magnitude! 

Log-log representation 

 
-3 corresponds to 0.057° 

Sharp peak centered about specular direction 
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Dynamic range 4 orders of magnitude;  

can be much higher depending on  

particle size distribution 
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Spots diagram for angular distribution 

Ray with  

extreme flux 



Object 

Glass plate with rough  

surface 

(idealized) 

lens Image plane 

Nominal Light Stray light 

BSDF 



Nominal light Scattered light (105 rays) 

Irradiance distribution  

on image plane. Stray 

light distribution is too 

noisy for evaluation,  

because single rays 

(red) dominate. In  

particular it is impossible 

to make statements  

about the maximum  

irradiance on the image 

plane.  

More rays! 



105 rays 106 rays 

107 rays 
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Spots diagram for angular distribution 

Currently under development  

at Hembach Photonik 
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•x0, y0 

x0+Dx, y0+Dy 

a0, b0 

a0+Da, b0+Db 



• Point source at (5, 0, -40) 

• 10000000 rays 

• Detector: 201x201 Pixels 

ASAP: „normal“ ray tracing 



Path       Rays    SumTOTA   Percent  Hits Curr Prev  Split/Scatter ... 

    3       24725   3.43E-04      35.48    -17    13   10     1.100    10.100     0.000 

    4       9226    1.94E-04       20.07     -9     13   10     2.100     5.100     0.000 

    7       5370    1.13E-04       11.68    -9      13   10     6.100     9.100     0.000 

   15      3476    7.52E-05         7.79    -9      13   10     1.100     2.100     0.000 

    6       4405    7.40E-05         7.67   -13     13   10     1.100     6.100     0.000 

    5       1986    3.72E-05         3.86   -11     13   10     1.100     5.100     0.000 

    8       1525    2.56E-05         2.65   -13     13   10     5.100    10.100     0.000 

   13      1239   1.92E-05          1.99   -15     13   10     1.100     9.100     0.000 

   14      977     1.83E-05         1.90   -11      13   10     6.100    10.100     0.000 

   17      727     1.57E-05         1.63    -9       13   10     9.100    10.100     0.000 

   18      664     1.03E-05         1.07   -15      13   10     2.100    10.100     0.000 

    9       8150   8.86E-06         0.92   -10      13   10     5.100     6.100     0.000 

   16      381     7.76E-06         0.80    -9      13   10     5.100     6.100     0.000 

   10      371     6.98E-06         0.72   -11     13   10     2.100     6.100     0.000 

   12      390     6.78E-06         0.70   -13     13   10     2.100     9.100     0.000 

   11      267     5.02E-06         0.52   -11     13   10     5.100     9.100     0.000 

    1       177     3.61E-06         0.37    -9      13   10     6.100     0.000 

    2       1879   1.74E-06         0.18   -14     13   10     2.100     9.100     0.000 

Ray paths in ASAP 

 

Let us consider only the ghost generated by 

reflection by the first and last lens surface; let 

us also analyze it using differential ray tracing. 

10 mio  

initial rays 



Things are more complicated than expected! 
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