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A Leverage new technologies to
improve the efficiency of
(small) survey telescopes

A Time domain astronomy
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Potential benefits of deep sky video imagi

Ultra-short readout time (Electronic shutter)
A CCDs: 280s (1660%)

No shutter action required
No guiding required
No derotator required
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Digital stacking

A MegaCam25% of exposures are neidereal guided

A Realtime monitoring
A Photometry

A Turbulence profile

~ 0
¢ D A Lucky imaging
A Mitigate the impact of temporal artifacts
A Mitigate blurring effects from the atmosphere
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Number of payloads and rockel hodies in space, by orbil EhRve

Debris from launches or collisions is not counted. Objects are subtracted from the time series after they have reentered
the Earth's atmosphcere.
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Data source: United States Space Force (2023) CurwarldinData, org/space-exploration-satellites | CC BY
Note: Low Earth orbit’ is defined by a point of closest approach to Earth below 2,000 kilometers; mediurm Earth orbit between 2,000 and
35,586 kilometers; geostationary orbit between 35,586 and 35,986 kilometers; high Earth orbit above 35,986 kilometears,

1. Low Earth orbit: A low Earlh orbil (LEQ) s ah orbil areund Earth with a period of 128 minules or less (making al least 11.25 orbils per day). Mosl of
Lhe artificial objects in ouler space are in LEQ, with an altilude never more than aboul one-Lhird of the radius of Earth,
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CMOS vs CCD sens
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A low orbit satellite
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A more distant object
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Requirements

AAn excellent <1m telescope in a good observing site, witl
excellent widefield correction and low obstructién

AA large SCMOS camara
AA high speed image acquisition system (~1@B/s)

E. Bertin Joint ARGOBITANTOSCA worksheieb 1, 2024 i



Propagatiorthroughthe atmosphere

Ay A Stochastienodelwith a
LT -. modifiedvonKarman
] spectrum

20 AFrozerfield approximation
A Centrimetricresolution
~ 15 AFresnel lighpropation
E usingthe angularspectrum
|2 representation
T 10 I Instrumentpupiland
£ aberrations
< I Starstwinkle!
: Almplementationin PyTorch
2
0 I BatchFFTsandtensor
folding/unfolding

I 10° PSHs on a fast GPU
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PSF renderingxample
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Dealing with larger pupil

A Extendis AYSGAO | NBI | R S
aoul NAé€
A Pupil splitting with a ligkiield camera
design (e.g., Ng 2006)?

1 Abbe diffraction limit for an F/4 beam:

T 2um@400nm

i 4um@800nm
A Or rely on holographilike
reconstruction?
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-Net regressors

202080
X

Deep learning approach

e.g.,Ronnebergeet al. 2015
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DanceNet

(no turbulence)
(noiseless) Ground Truth

Short-exposure video sequence Inferred
(with atmospheric turbulence and noise)
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Inference test results
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