Reconstruction & control of the
commands - 1

Pure integrator case:

Cepl = Cot g A my

where ¢ 1s the commands vector (7 actuators), m the measurement vector
(m elements), g a scalar loop gain (usually < 1), A the (2xm) control matrix.

The commands matrix A 1s, in practice, the pseudo-inverse (SVD) of the
measured (during calibration stage) interaction matrix D (mxn):

A==V ¥

where }' 1s an mxn rectangular diagonal matrix with non-negative numbers
on the diagonal (J; are the singular values of D), and U (mxm) and V (nxn)
are orthonormal unitary matrices.

Filtering of SVD modes: Yi: ‘too small’ => Y+ set to 0 (truncated SVD).




normalized singular values of mirror modes—to—commands matrix
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Reconstruction & control of the
commands - 3

Reconstruction Controle

Inverse généralisée (SVD tronquée) | Intégrateur (ou autre filtrage temp.)
— matrice d’interaction — déf. du filtre, déf. des gains/mode
MAP (Fusco 2001) Idem

— + coeff. bruit, var./covar. spat.
OMGI (Gendron & Léna 1994)
— matrice d’int., coeff. bruit/mode, DS de la phase/mode (débruitée)
OMGI alternatif (Dessenes 1998)

— matrice d’int., DS de la phase/mode (bruitée)... + ajustement de la DS !
Kalman (éq. MAP en boucle fermée - Le Roux et al. 2004)

— matrice d’interaction, coeff. bruit, var./covar. spatio-temp.







TT bad correction
=> agitation
=> image blurring

HO bad correction
=> coherence loss
=> coherent core reduced, more intense halo

Hence, for a given Strehl ratio:
- NGS AO => beffer resolution,
- LGS AO => better encircled energy.



Are other improvements
possible ? - Examples - 1

WFS: replace CCDs with EMCCDs ?...

standarg CCD vs. LLLECCD

(pyramide - régime a faible flux)

CCD standard L3CCD+clipping
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Are other improvements

possible ? - Examples - 2

WFS: add a TT sensor ?...




Are other improvements
possible ? - Examples - 3

Image reconstruction : take into account the quality
of correction within deconvolution process ?...
(=> Strehl constraint)

G. Desidera and M. Carbillet: Strehl-constrained IBD for post-AO data

x

Fig. 2. Left: final error on the reconstruction of the PSE. Right: final error on the reconstruction of the object. Both plots are made as a function
of the SR of the image data and comparing the simple IBD (rhombuses) to the Strehl-constrained IBD (asterisks). A gain of up to a factor ~10 is
achieved for the poorer SR.




Are other improvements

possible ? - Examples - 4

Image reconstruction : improve again resolution ?...
(=> Computational Super-Resolution)

YO € X! pre-proc'd image | YO € X! pre-proc'd PSF
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(HD 87643 observed with NACO/VLT, super-resolution algorithm of Anconell et al. (A&A 2005))
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(Introduction to)
The CAOS Problem-Solving

Environment

&
The Software Package CAOS

+
AQO Simulations...

Marcel Carbillet (Lagrange, UNS/OCA/CNRS)

| marcel.carbillet@unice.fr ]
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The CAOS “PSE’...

e CAOS means Code for Adaptive Optics Systems.
e “PSE” means Problem-Solving Environment.
e It is written in IDL, and based on a modular structure.

* It is composed of a global interface (the CAOS Application

Builder), a library of utility routines (the CAOS Library),
and some scientific packages (the Software Packages).

* a Software Package is a set of modules dedicated to a given
scientific subject (AO, imaging, whatever).



CAQOS Problem Solving Environment -1

CAOS Library
CAOS

Application Builder

ASTROLIB Library

Software Package CAOS Software Package AIRY




CAQOS Problem Solving Environment -2

appbuilder
caos_pse .
library
packages Soft. Pack. CAOS
Utilities
work caos admin. files .
Projects example projects

other routines :
your own projectds

somewhere else: astrolib, vome other library



CAQOS Application Builder

/' d It is essentially a
AR CEER

worksheet where the

)& :1 CAOS Application Builder - 4.0
File Edit Hodules Run

Project name: my_project Status: modifi Project type: Simulation ¢ tions: user Can Place Small

) ) odules,
”\ The “virtual machine” feature KN—=

sac l
~of IDL permits in addition to SRt
@ have an IDL-licence-free

COMMON s_block, t«

mds (0 001 00,

22 version of a given project... broject is

[F ret NE O IHI Pro;

ret (0 002 00,

What you will use later on. can be

[F ret NE Pro

et = gpr(0_002_00, Sk,

0_001_00,
0_003_00,
gpr_00003_p

INIT=gpr_00003_c) TR generatlng the IDL

[F ret NE O THEN ProjectMsg, "gpr" rint, "=== RLNNING

. 'OR _iter=1, to t t DO BEGIN ; Begin Main Loo
ret = d13(07003—09’ orint, "=== . strtr (th iter)+"/"+strtrim(tot_iter)+"..." COde V‘/ I ICh
dis_00010_p, @Proiects _ca
"NDFOR . i

INIT=dis_00010_c)
[F ret NE O THEN ProjectMsg, "dis"

implements the

simulation program.




CAOS PSE: availability

All (public!) parts of the CAOS PSE are available for download:

Current status of the dedicated mailing-lists (as

on May 2022):

- Soft. Pack. CAOS: 105 subscribers,

- Soft. Pack. AIRY: 24 subscribers,

- Soft. Pack. SPHERE: 25 subscriberd, (as on 2016)
- Soft. Pack. PAOLAC: 3 subscribers. (as on 2016)


http://lagrange.oca.eu/caos/

