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DanceCam

ÅEB, S.Bialek, H.Bouy, J.-C. 
Cuillandre, S.Fabbro, O.Lai, J.-P. 
Rivet

Å CǳƴŘƛƴƎ L59· ά/ƻǎƳƛŎ-DANCeέ 
/ INSU national projects / 
NTCO-Create

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

Å Time domain astronomy
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Potential benefits of deep sky video imaging

Å Ultra-short readout time (Electronic shutter)

Å CCDs: 2s-80s (10-60%)

Å No shutter action required

Å No guiding required

Å No de-rotator required

Å Digital stacking

Å MegaCam: 25% of exposures are non-sidereal guided

Å Real-time monitoring

Å Photometry

Å Turbulence profile

Å Lucky imaging

Å Mitigate the impact of temporal artifacts

Å Mitigate blurring effects from the atmosphere
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Satellite constellations
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CMOS vs CCD sensors

ÅCMOS: charges are converted to voltage at every 
pixel.

ÅModern CMOS detectors allow ~20fps full-frame 
acquisition at sub-e- readout noise.

ÅSuitable for contemporary science (Betouleet al. 
2023).

ÅReadout noise and QE in the NIR steadily 
improving.
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A low orbit satellite
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A more distant object
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e.g., HRCam@CFHT (McLure et al. 1989)
GravityCam@NTT (MacKey et al. 2018)

Kaiser et al. 2000
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Kaiser, Tonry & Luppino 2000
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Requirements

ÅAn excellent <1m telescope in a good observing site, with 
excellent wide-field correction and low obstruction

ÅA large SCMOS camera

ÅA high speed image acquisition system (~1GB/s)

ÅA good forward model 

a
a

a
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Propagation throughthe atmosphere

ÅStochasticmodel with a 
modifiedvon Kármán
spectrum

ÅFrozenfield approximation

ÅCentrimetricresolution

ÅFresnel light propation
usingthe angularspectrum
representation
ï Instrument pupil and 

aberrations

ïStars twinkle!

ÅImplementationin PyTorch
2
ïBatch FFTsand tensor

folding/unfolding

ï105 PSFs/s on a fast GPU
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PSF rendering example

лΦтέ ǎŜŜƛƴƎ ƻǾŜǊ р ǘǳǊōǳƭŜƴǘ ƭŀȅŜǊǎ κ Ǌ ōŀƴŘ κ плέ ŘƛŀƳŜǘŜǊ κ ол҈ ƻōǎǘǊǳŎǘƛƻƴ
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Dealing with larger pupils

ÅExtend iso-ƪƛƴŜǘƛŎ ŀǊŜŀ ŀǊƻǳƴŘ άƎǳƛŘŜ-
ǎǘŀǊǎέ

ÅPupil splitting with a light-field camera 
design (e.g., Ng 2006)?

ï Abbe diffraction limit for an F/4 beam:

ï 2µm@400nm

ï 4µm@800nm

ÅOr rely on holographic-like 
reconstruction?

4m-class

Light
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Deep learning approach: U-Net regressors

e.g., Ronnebergeret al. 2015
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DanceNet

(Anscombe transform)

Isensee+ 2021
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Inference test results
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