Segmented pupil phasing with deep learning

. u : : .
. Y : -,‘_  . ! *,‘

-PORTO {ERA LAM -

FEUP [\ BERG THE FRENCH AEROSPACE LAB M.Dumont 21/10,/2022 LABORATOIRE D' Asggﬁp:gééﬁfg /




Context: Segmentation errors

For astronomy or Earth observation, challenge of high angular resolution

Segmented pupil : Angular resolution > Platform

Segmented pupil requires a perfect mirrors alignement
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Segmented pupil image formation
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Methods

Deployable telescope at LEO for earth observation
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« Computing burden
* No additional optics -> FPWFS

2imOPD |2
e PSF = |[FT(de 2 )
* Thermal gradient sensitivity
* PTT control
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PSF WFE=0.000000 nm

DEEP LEARNING

* Non linear problem solvers

* Computing burden: Training off-line
e 2D image compatiblility

C Wldely used fOI‘ WES W)(2)3)

1. Point source
. Understand the NN behavior
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Summary ﬂ 3

* Inside the black box : -
* 1 Pupil - 1 Mode
* 1 Pupil - 2 Modes Find the smallest
: architecture to make the
* 2 Pupils - 1 Mode NN interpretable
2 Pupils - 2 Modes

* Full Pupil
 Validation
* Noise
 Stronger aberrations
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Single fully connected layer
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1 PUPIL -1 TIP
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Input image FC layer weight

Biais =- 3.75 ~ COG

COG = | xf(x)dx
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OPD [nm RMS]

Input image

Distance [pix]
Focal plane position [pix]

200 30 40 50 60
Distance [pix] Focal plane position [pix]

WriLt

FC layer weight

600 0

BiaSTIp =047
BiaST[LT: 2.02 ~ COG
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2 PUPILS - TILT

0

20

Weight Pupil 1

Input image
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* Frantz Martinache 2013 PASP 125 422 The Asymmetric Pupil Fourier Wavefront Sensor
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OPD [nm RMS]

Focal plane position [pix]
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PSF WFE=334.272873 nm
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Still the COG ramp !
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8 filters 3*3 + 16 filters 3*3 +
y. ReLU ReLU

Tip 1
Tip2
Tilt1l
Tilt2
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Convolutionnal Convolutionnal Fully
layer 1 layer 2 connected
layer 1
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Full pupil- 12 coetficients

256 filters 3*3 256 filters 3*3

+ ReLU
128 filters 3*3 128 filters 3*3 +RelU

+ ReLU + ReLU

64 filters 3*3
+ ReLU

Input

Convolutionnal Convolutionnal Convolutionnal Convolutionnal Convolutionnal
layer 1 layer 2 layer 3 layer 4 layer 5

ReLU
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256*4*4->64

Fully

connected connected connected

layer 1

64>64

Fully

layer 2

64>12

Fully

layer 3
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Full pupil - 12 Coefficents

Low input WFE

Residual WFE from NN estimation[nm]
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* Frantz Martinache 2013 PASP 125 422 The Asymmetric Pupil Fourier Wavefront Sensor
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RMSE phase map [nm]

Distance [pix]
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Focal plane
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PSF RMSE=75.568979 nm i

* Acceptable impact on the image
e Futur design compatible
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What now :

 Noise

e Stronger aberrations
e QOthers aberrations
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Noise | |

SNR = 30 SNR =300 SNR = 3000

e Trained on a given SNR ratio
ot ire e Evaluated on a different SNR

Residual WFE at different SNR level

Residual WFE at different SNR level for NN trained at SNR=300

Input WFE
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Stronger ab

NN 1

RMSE probability

300 400
RMSE [nm]

Mid -High aberrations

errations
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NN 2

RMSE probability

RMSE [nm]

LLow aberrations

cascade PSF prediction

6
Iteration
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Current solution : cascade

Close loop cascade PSF prediction

inital RMSE = 315 nm

inital RMSE = 310 nm

inital RMSE = 281 nm

inital RMSE = 297 nm

inital RMSE = 335 nm

inital RMSE = 376 nm

inital RMSE = 257 nm

inital RMSE = 378 nm

inital RMSE = 291 nm

inital RMSE = 382 nm

Boundary between NN1 and NN2 = 150nm
Boundary between NN2 and NN3 = 15nm

lteration
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Conclusion & Further work

NN able to measure aberratlons from * Study the extended scene
single image

 Point source:

: * Higher order aberrations
Robust to noise

» Search for a more generalized NN (deeper
architecture)
Improvement from state of the art

method

RESGUETRLAY D Time [s] Relies on a
[nm] model ?

Image . .
Sharpening M.Dumont 21/10/2022 16




