Validating and Testing a Convolutional
Model for Extended 3D Objects: An
Application to the Pyramid Wavefront
Sensor with Laser Guide Stars

Francisco Oyarzun’, Vincent Chambouleyron’, Benoit Neichel’,
Thierry Fusco!

1Aix Marseille Univ, CNRS, CNES, LAM, Marseille, France

REGION
+ SUD

/ £ 5% H ) ALPES
e COTEDAZUR
DE MARSEILLE VAN /0\ANCED IMAGERY




Intro duction

NGS and LGS with PWFS

NGS LGS

Spot image



Modeling

LGS modeling

Sample height [km]

100

105

100 |

957

907

851

80

Number of samples
50 0

Il df from generated numbers
— Sodium profile

LGS modelation: point source sampling

Sky position Y (7)

-10 - 0 D 10

Sky position X (7)

Focal plane image of LGS with 40 m télescope




Sample height [km]

100

105

100

957

90

85+

80

Number of samples
50

Il pdf from generated numbers
—— Sodium profile

0




Modeling

NGS vs LGS signal
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Modeling

(iMatygs)T- iMat ;s
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Modeling

Issues for 40 m telescopes

- Single frame: = 10 000 seconds

-  80x80 DM: = 5000 actuators

- Interaction Matrix: = 4 years to compute
-  We don’t have access to the iMat;



Modeling

Convolutional model?

IR =2Im[m (Mw)]
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1) Fauvarque, O., Janin-Potiron, P., Correia, C., et al. 2019, J. Opt. Soc. Am. A, 36, 1241




Modeling

onvolutlonal model
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Modeling

Convolutional model

IR=2Im[m (mw)]

Al(p) = (¢I,) = IR
iMat = [AI(¢y) ... AI(¢;) ... Al(Pp)]
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Modeling

Convolutional model

IR=2Im[m (Mw)] ‘

Al(p) = (¢I,) = IR
Mat = [AI(¢) ... AI() .. Al ()]

= 10
'z

2 |
<

1

Opt

0G = diag((iMatygs)T - iMat;cs) T

2F 724 m
| Conv OG 24 m

10 ‘
0

)\ 20 29
KL lll(nh‘



Modeling

(iMatygs)T- iMat ;s
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Modeling

Sensitivity computation
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Modeling

Sensitivity computation
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Modeling

Sensitivity computation
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Modeling

Transfer function

TF(u,v) = IR

Sf = %(s(cosf)z + S(Sinf)z)

sf =+/|TF|? * PSF



Performance evaluation

Sensitivity maps

sf =+/|TF|% * PSF
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(zoom x300) 1” spot Full 3D LGS structure




Performance evaluation

Sensitivity maps

L/ sf =+/|TF|% * PSF
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Performance evaluation

Sensitivity maps

sf =+/|TF|% * PSF
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Performance evaluation

Sensitivity maps
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Performance evaluation

Sensitivity
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Conclusion

* Successfully developed a method 60+ times faster than
traditional ways of simulating LGS.

 Validated and tested the use of a convolutional model to
further speed up the process 1000+ times.

* The width of the laser beam is more important than the
elongation in terms of noise propagation



Performance evaluation

Thank you!

e Questions?
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