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Image plane phase-shifting WFS for giant telescope active and adaptive optics



Previous publications • “Analysis of stellar interferometers as wavefront sensors,” Appl. Opt. vol. 44, p. 4733-4744 (2005) • “Conceptual design of a phase shifting telescope-interferometer,” Optics Communications vol. 261, p. 34-42 (2006) • “Signal-to-noise ratio of phase sensing telescope interferometers,” J. Opt. Soc. Am. A vol. 25, p. 631-642 (2008) • “Telescope interferometers: an alternative to classical wavefront sensors,” Proceedings of the SPIE vol. 7015, n° 70155N (2008) • “Multi-spectral piston sensor for co-phasing giant segmented mirrors and multi-aperture interferometric arrays,” Journal of Optics A vol. 11, n° 125503 (2009)
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General principle • There must be a reference subpupil (or segment) on the optical surface of the telescope • Its dimensions are ≤ other segments. It is not necessarily centred • Three (or four) phase-shifts are successively introduced into the reference sub-pupil:



φ = 0, 2π/3 and –2π/3



Y



Ref. sub-pupil: - Radius r - Phase-shift φ



X R



• Three different telescope PSFs are acquired and linearly combined with complex coefficients {1, exp[2iπ/3], exp[-2iπ/3]} • The result is inverse Fourier transformed  Smoothed replica of the original entrance wavefront including phase Conf. 8149 Astronomical Adaptive Optics Systems and Applications V
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Extending measurement range beyond [-λ/2,λ/2] • Goal: Given a piston error δp, remove the 2π ambiguity of this WFS • Use of a “synthetic wavelength” method based on three neighboring wavelengths λ1, λ2 and λ3 Algorithm • Linear system to be solved δp = λ (ϕ - 2ϕ + ϕ ) 0



1



2



3



n1 = NINT(δp0/λ1 - ϕ1) n2 = NINT(δp0/λ2 - ϕ2) n3 = NINT(δp0/λ3 - ϕ3) δp1 = λ1 (n1 + ϕ1) δp2 = λ2 (n2 + ϕ2) δp3 = λ3 (n3 + ϕ3) δp = (δp1 + δp2 + δp3) / 3



δp = (n1 + ϕ1) λ1 δp = (n2 + ϕ2) λ2 δp = (n3 + ϕ3) λ3 (ϕ1, ϕ2, ϕ3 measured fractional phases) • Synthetic wavelength λS 1 1 2 1 = − + λ S λ1 λ 2 λ 3



S



Self-sanity check



[



Σ δ2p = (δp1 − δp 2 )2
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WFS optical scheme Wavefront sensor



X CCD camera



Entrance wavefront



Telescope



Reference segment



Focusing optics



Flat or deformable mirror



Z Secondary mirror



Focal plane



Collimating optics



Mobile reference facet



Segmented primary mirror Conf. 8149 Astronomical Adaptive Optics Systems and Applications V
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WFS optical scheme (spectral stage)



Telescope



Modified IFS



X



CCD camera



Diffraction grating



Z Secondary mirror Primary mirror



Focal plane



X



Pupil slicer
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Piston errors reconstruction (1/2) Pupil transmission map



Single PSF acquisition



Difference between two phase-shifted PSFs



Single MTF acquisition



Difference between two phase-shifted MTFs



Reconstructed pupil map
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Piston errors reconstruction (2/2)



OPD (µm)



Measurement errors



Reconstructed wavefront
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200 µm



Entrance wavefront



Single PSF acquisition



OPD (µm)



OPD (µm)



PTV = 71 nm RMS = 14 nm San Diego, 08-21-11
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Limiting magnitudes in AO mode 0.20
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Magnitude of guide star (V band)



• For a 30-m telescope diameter, V = 4, 8 and 11 respectively in medium, good and excellent seeing conditions Conf. 8149 Astronomical Adaptive Optics Systems and Applications V
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Piston measurement error vs. spectral bandwidth



1



δλ/λ δλ λ = 3 %



δλ/λ δλ λ = 5 %



µm



0 Error maps δλ/λ δλ λ = 7.5 %



δλ/λ δλ λ = 10 %
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Magnitude 12



Magnitude 15



Magnitude 18



0 - 10



Image plane SNR



Noise analysis (1/3)



Reconstructed pupil map



∆X’ = 640 µm
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Noise analysis (2/3) Magnitude 15



Magnitude 18



0 – 1 µm



Error map



Measured WFE



Magnitude 12



∆X = 6 m Conf. 8149 Astronomical Adaptive Optics Systems and Applications V
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Noise analysis (3/3) Measurement accuracy and Success ratio vs. Magnitude of guide star and Read-out noise
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Read-out noise (e /pixel)



Telescope diameter = 6 m; δλ/λ δλ λ ≈ 5 %; integration time = 1 sec Conf. 8149 Astronomical Adaptive Optics Systems and Applications V
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Conclusion • Image plane wavefront sensors can be operated in a phaseshifting mode, introducing different phase-shifts into a reference sub-pupil • They can perform multi-spectral measurements in order to remove the 2π ambiguity and extend their capture range to [-10,+10 µm] and beyond • They perform better in space, but may attain magnitude 11 in AO regime, with residual errors around 20 nm RMS • They are suitable for cophasing large segmented mirrors, but also sparse aperture interferometers • They can be envisaged as low-order AO wavefront sensors, or as a special form of “phase diversity” methods Conf. 8149 Astronomical Adaptive Optics Systems and Applications V
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Joint Image and Word Sense Discrimination For Image Retrieval 

Task. â€¢We study the task of learning to rank images given a text query. â€¢Our hypothesis: a surprisingly large number of queries have multiple senses (visually.
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somatosensation. For example, it was Katz [7] who first discussed the concepts of passive and active touch and work on these aspects of touch continue.










 








Bayesian Approach for Data and Image Fusion 
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organic coatings." Yet, if you buy some epoxy, bond some metal togeth ... Before I receive too many angry letters from adhesive compounders, I must say that it is ...
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Loosen the two Philips-head screws on the side of the finderscope and slide the clamp over the dovetail bracket. Secure the finderscope in place by tightening ...
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Telescope Instruction Manual 

The RASA 8 rear cell is equipped with an air cooling system utilizing a fan to ... The focuser moves the primary mirror forward and backward within the rear cell.
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Telescope Instruction Manual 

A. Celestron warrants this product to be free from defects in materials and workmanship for two ... Monday-Friday 8AM-4PM PST • ©2018 Celestron • All rights reserved • 10-18 .... added to apply slight heat to the corrector to keep it dry all night.










 








60az telescope 

the star diagonal attaches to the back of a refracting telescope that contains a small mirror that reflects the light at a 90Â° angle, providing a more comfortable ...










 








telescope maintenance 
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