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MULTI-TELESCOPE INSTRUMENTS COPHASING FOR ASTRONOMY Mocoeur, I 1 , Cassaing, F.1 , Baron, F. 2 , Blanc, A.1 , Mugnier, L.1 , Rousset, G.1 and Sorrente, B.1 Abstract. Interferometry is used to combine light from several telescopes to obtain a resolution equivalent to a single telescope with the diameter of the combined spread of beams. However, the performance of the intrument thus synthetized is linked to the measurement and the correction of the aberrations between the telescopes. For cophasing a large number of beams, focal-plane approach has been selected due to its simple opto-mechanical device. Several focal-plane algorithms, developped at ONERA, were validated by simulations and by experiments on a laboratory test bench; the results we obtained demonstrate that a simple focal-plane fringe sensor can be easily implemented on most instruments such as VLTI Very Large Telescope Interferometer /2nd generation (4 to 8 beams) or spaceborne interferometers.
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Introduction



The next generation of multi-telescope interferometers will have more cophasing requirements. For nulling, a very accurate OPD correction is required, and for imaging, an increasing number of apertures will be used. The measurement of higher orders than differential piston, at least differential tip/tilt, for real-time of post-facto correction is also required. When cophasing a large number of beams, new approachs should be considered because the classical pairwise combination leads to an unreasonable complexity. Two focal-plane algorithms, the ”Phase Retrieval” and the ”Phase Diversity” (described in section 2), inherited from wavefront sensors on monolithic telescopes or interferometric fringe sensors were developped at ONERA. These algorithms were validated on a laboratory test bench; the analysis of these results are presented in section 3. Finally, the validity of the simple focal-plane approach is given in conclusion. 1 ONERA - Office National d’Etudes ´ et de Recherches A´ erospatiales Optics Department, BP 72, 92322 Chˆ atillon cedex, France 2 Cavendish Laboratory - University of Cambridge Madingley Road, Cambridge CB3 OHE
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Cophasing a multiple-beam instrument: requirements and solutions



Spaceborne interferometers and 2nd generation instruments for the VLTI will have stringent requirements: they will use 3 or 4 beams, 8 at the most; not only piston/tip/tilt correction1 , but also higher orders stabilization will be required. Furthermore, cophasing on a wide field can also be specified. Such multi-purpose sensors has already been investigated at ONERA for two projects with similar requirements. The first one is DARWIN (Detection and Analysis of Remote Worlds by Interferometric Nulling) composed by 4 flyers dedicated to the search of habitable terrestrial exo-planets. For the fringe sensor (ref. 1), correction from piston to spherical aberration is required with nanometric accuracy. The second project is GEO (ref. 2), an imaging interferometer for Earth observations from a geostationnary orbit. In this case, the main difficulty is the cophasing on a wide field. Due to that new requirements, ONERA have developped several focal-plane algorithms inherited from wavefront sensors on monolithic telescopes: • For ”Phase Retrieval”, only the focal plane is used, when the object is known (unresolved reference star). Although Phase Retrieval is known to lead for centro-symmetric pupils (case of monolithic telescopes) to a sign ambiguity on the even part of the phase, a non-redundant multiple-beam configuration allows to uniquely solve for piston/tip/tilt. • For ”Phase Diversity”, 2 images are taken, in the focal plane and in an extra-focal plane (or with any other known aberration). In this case, the two data sets allow to fully retrieve the two macro-unknowns (object and phase): phase ambiguities are resolved and the object can also be estimated. These algorithms, gathered in the MASTIC code (Multiple-Aperture Software for Telescope Imaging and Cophasing) were validated by simulations and by experiments on the laboratory test bench BRISE (Banc Reconfigurable d’Imagerie sur ´ Sc`enes Etendues). 3



Experimentals results on the BRISE bench



Brise is mainly composed by (ref. 3) two objects, an unresolved monomode fiber (He-Ne laser) and a photographic plate illuminated by a white cell, an aperture mask and three planar mirrors monted on piezo-electric plateforms which can introduce calibrated piston/tip/tilt aberrations, the cophasing sensor, which records simultaneously the focal and extrafocal images of each object in a single frame of a CCD camera, a control software and an efficient isolation against environmental disturbances (air turbulence, vibrations, thermal drifts). Piston linearity: To check the correct behavior of the estimators, a linearity test was first made. A 30-point piston slope from -500 nm to +500 nm is applied on a given sub-aperture. 1 In



this article, all the aberrations mentionned are differential aberrations.
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The estimated piston with Phase Retrieval (Figure 1a) or Phase Diversity (Figure 1b) is linear between ±λ/2 and wrapped as expected. Because diffraction is chromatic, whereas our numerical model is monochromatic, the spectral bandwidth is an important parameter to optimize. All curves where measured at λ = 650 nm with ∆λ=40 nm for the extended scene and three filters (width= 10 nm, 40 nm and 80 nm) used for Phase Retrieval. The slope is close to one: the piston cophasing on polychromatic source is possible with the phase retrieval algorithm (80 nm @ 650 nm = λ/8). Figure 1b, for each introduced piston, three measurements are realized. As a comparison, the result obtained with the Phase Retrieval (unresolved object) is reported, showing that the linearity is excellent from −λ/2 to +λ/2. With the extended object, the wrapping at 635 nm is not clear; this phenomena can be explained by the object form. However, it’s not a problem in closed loop. We also performed repeatability measurements that have shown the excellent behavior of our estimator(standard deviation of estimated piston under 10 nm in photon-noise mode).



(a)



(b)



Fig. 1. a: Piston linearity with Phase Retrieval and different bandwidths. b: Comparison between Phase Retrieval and Phase Diversity.



Piston repeatability: Figure 2a shows the repeatability obtained on the piston measurement at 650 nm. Experimental data are compared to the simulation: images simulated are generated with photon noise and RON, at the same wavelength and with the same flux than experimental one. √ First, we note that in photon-noise mode, the aberrations follows the expected 1/ N law, whereas at low fluxes, the piston estimation is dominated by the detector noise. The piston performance is excellent, and the 0.75 nm repeatability specified for DWARF is reached. A similar simulation has been performed for VLTI. The number of sub-apertures was progressively increased, based on Golay aperture configurations for simplicity. The result Figure 2b shows that the repeatability is better for UT configuration,
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(a)



(b)



Fig. 2. a: Piston repeatability for DARWIN with Phase Retrieval. b: Piston repeatability for the VLTI with Phase Retrieval.



as expected; we also notice that the piston measurement error increases with the number of apertures. However, a good estimation is possible (with a Golay3 in UT configuration, 100 nm @ V9 = λ/22). 4



Conclusion and perspectives



With the BRISE test bench, the use of the focal-plane approach for a fringe sensor have been validated; piston can be well-estimated with nanometric retetability using Phase Retrieval or Phase Diversity (Golay3 configuration), not only on unresolved objects but as well as wide fields. We also demonstrate that it can be applicable to a variable number of beams. Focal-plane fringe-sensing is thus a simple solution wich can be easily implemented on most instruments such as VLTI/2nd generation or spaceborne interferometers. Future investigations will enable us to understand the infuence of the pupil configuration, and to caracterize the behaviour of ours algorithms in higer orders. References [1] Cassaing, F. et al. 2003, DARWIN Fringe Sensor (DWARF): Concept Study, in Towards Other Earths, vol. SP-539, 389 [2] Mugnier, L. et al. 2004, Multiple-Aperture Optical Telescopes: some key issues for Earth observation from a GEO orbit, in 5th International Conference On Space Optics, vol. SP-554, 181 [3] Sorrente, B. et al. 2004, Multiple-Aperture Optical Telescopes: cophasingsensor testbed, in 5th International Conference On Space Optics, vol. SP-554, 479



























des documents recommandant







[image: alt]





BRISE: a multipupose bench for cophasing sensors - Laurent Mugnier 

Jul 7, 2006 - MOTS-CLÃ‰S : interfÃ©romÃ©trie, analyse de surface d'onde, cophasage, diversitÃ© de phase. Vision in InfraRed Astronomy, Volume 5, nÂ° 3-4/2005 ...










 


[image: alt]





BRISE: a multipurpose bench for cophasing sensors - Laurent Mugnier 

To test performance of CSs, ONERA has built the BRISE bench (Banc Reconfigurable d'InterfÃ©romÃ©trie sur ... is not possible from the sole focal-plane data.










 


[image: alt]





Astronomy Astrophysics - Mugnier 

the coherent energy referring to the wavefront variance Ïƒ2 in radian. ... where OTF is the optical transfer function. ... tector modulation transfer function (MTF).










 


[image: alt]





Observational Astrophysics - Laurent Mugnier 

Translation from the French language edition of L'observation en astrophysique. c 2008 EDP ... astronomy â€” the search for life in the Universe â€” in which physics, chemistry, and biology each play their role. There are ... teacher have been organi










 


[image: alt]





Observational Astrophysics, 3rd Edition (Astronomy ... - Mugnier 

H H OoLS D H i, where H is the adjoint of H (normal equation). 3. H OoLS D Pi .... In the least-squares method, the choice of a quadratic measure of the deviation.










 


[image: alt]





Optimal Method for Exoplanet Detection by Spectral ... - Laurent Mugnier 

each acquisition time, two images are recorded by the IRDIS instrument in two different .... The method has been tested on realistic data, elaborated simulating ...










 


[image: alt]





Post processing of differential images for direct ... - Laurent Mugnier 

the use of sophisticated post-processing techniques is mandatory to achieve the ... like its orbital period or mass, but does not indicate its atmosphere composition .... is therefore sensitive to the evolution of the observing conditions between the










 


[image: alt]





Coronagraphic focal-plane wave-front estimation for ... - Laurent Mugnier 

2s. yM. (B.3). Finally, these estimated tip-tilt values are given to COFFEE as an input of the minimization, and are used as initial values to begin phases ...










 


[image: alt]





Optimal method for exoplanet detection by angular ... - Laurent Mugnier 

speckles in the coronagraphic images of the star [10]. These speckles are the .... enough to obtain the peculiar signature of the planet's ap- parent rotation but ...










 


[image: alt]





Unsupervised 3D deconvolution method for retinal ... - Laurent Mugnier 

... term, so the MAP solution can equivalently be called a penalized-likelihood solution. ..... image and only 1 pixel on the solution). ... 862â€“872, Apr. 2001. 3.










 


[image: alt]





Optimal control law for classical and multiconjugate ... - Laurent Mugnier 

INTRODUCTION ... process that corresponds to the concept of multiconjugate adaptive optics ... the optimization needs to be global, that is, applied to the ... per, and its most innovative aspect, is to propose a closed- .... ( tur, u) is the mean sq










 


[image: alt]





New sensorless wavefront estimation approach for ... - Laurent Mugnier 

the correction is applied on the excitation beam alone and no correction is ... measurement relies on introducing a wavefront sensor such as a ... expected that the mean image intensity metric M1 is maximized when there are .... around 2.88Âµm depth;










 


[image: alt]





Multiple-beam fringe tracking for the VLTI - Laurent Mugnier 

solution has been selected in other projects such as DARWIN or Earth observation. Experimental results, obtained with a laboratory breadboard tested on the ... by MACAO or a posteriori calibration or real-time correction with DMs in the ATs.










 


[image: alt]





Myopic deconvolution method for adaptive optics ... - Laurent Mugnier 

is detailed. This method is .... is the mean wind speed across the different turbulence layers. r0 can ..... to the presence of a bump on the first Airy ring of the real.










 


[image: alt]





Point spread function determination for Keck ... - Laurent Mugnier 

case and the work performed since our last update at the AO4ELT4 conference in October 2015 [1][2]. ..... The telemetry recording system (TRS) records telemetry data on AO nights. Data is sampled at 10 MHz and saved to a ..... the letter â€œPâ€�.










 


[image: alt]





darwin fringe sensor (dwarf): breadboard ... - Laurent Mugnier 

DARWIN Infrared Space Interferometer (IRSI). The background of this mission and the outcome of the concept and feasibility study is given in [1]. The DWARF ...










 


[image: alt]





TRANSFER FUNCTION ESTIMATION FOR ... - Mugnier 

formance of the complete extraction plus estimation process on a realistic simulated image. 2. TRANSFER FUNCTION ESTIMATION. 2.1. Observation model.










 


[image: alt]





Author Guidelines for 8 - Mugnier 

systems. This allowed documenting the loss of photoreceptors in diseases such as retinitis pigmentosa. A precise counting of residual photoreceptors may be an.










 


[image: alt]





wiring for cryostat - Montana Instruments 

drop the heat losses by 90% by just changing out the copper wires. But let's also look at ... at that boundary is close to the radiation shield temperature (~30K) and the .... contract differently than the other materials in the cryogenic environment










 


[image: alt]





Inversion in optical imaging through atmospheric ... - Laurent Mugnier 

... is zero1. For a real telescope, the variations of the field P exp (jÏ•) are due both to aberrations ... is the diameter of the aperture, and is strictly zero beyond it. ...... [BKL+94] P. A. Bakut, V. E. Kirakosyants, V. A. Loginov, C. J. Solomon










 


[image: alt]





lab demonstration of the zernike phase mask near ... - Laurent Mugnier 

Abstract. Exoplanet direct imaging instruments such as the VLT-SPHERE and the Gemini Planet. Imager will soon be in operation, providing a quantum leap in ...










 


[image: alt]





arXiv:1607.05029v1 [astro-ph.IM] 18 Jul 2016 - Laurent Mugnier 

Jul 18, 2016 - infrared camera Gemini South Adaptive Optics Imager (GSAOI), ... diffraction limited images at Near-Infrared (NIR) wavelength (from 0.9 to 2.4 ...










 


[image: alt]





Phasing segmented telescopes with long-exposure ... - Laurent Mugnier 

between ONERA, Observatoire de Paris, CNRS and University Denis Diderot Paris 7 ... a sign ambiguity in the recovered phase, i.e., the solution is not unique. ..... Limited Imaging,â€� Advances in Imaging and Electron Physics, P. Hawkes, ed., ...










 


[image: alt]





DARWIN fringe sensor: experimental results on the ... - Laurent Mugnier 

was performed to identify the best cophasing sensor for DARWIN,2 .... Between roughly -Î»c/2 and +Î»c/2 wrapping is due to the intrinsic modulo 2Ï€ dynamic of the.










 














×
Report multi-telescope instruments cophasing for astronomy - Laurent Mugnier





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



