
- Présentation papier Rigaut

- Point sur exercices 1,2,3…



Reconstruction & control of the 
commands - 1

Pure integrator case:
<latexit sha1_base64="hd2cgycsvID0PGB6EXlC69Uo33M="></latexit>

ct+1 = ct + g A mt

where c is the commands vector (n actuators), m the measurement vector 
(m elements), g a scalar loop gain (0 < g < 1), A the (nxm) command matrix.

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

where ∑ is an mxn rectangular diagonal matrix with non-negative numbers 
on the diagonal (∑ii are the singular values of D), and U (mxm) and V (nxn) 
are orthonormal unitary matrices. (Note : D+=(DtD)-1Dt)

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

<latexit sha1_base64="ktTCi0eb9u3C0klvNdoj5GPDvk8="></latexit>

A = D+ = V ⌃+ U⇤



Reconstruction & control of the 
commands - 2

interaction matrix

m mirror modes

n slope measurements (x & y)  

filtering of the SVD modes with low singular values



Reconstruction & control of the 
commands - 3

Kalman (éq. MAP en boucle fermée - Le Roux et al. 2004)
 matrice d’interaction, coeff. bruit, var./covar. spatio-temp.

OMGI alternatif (Dessenes 1998)
 matrice d’int., DS de la phase/mode (bruitée)… + ajustement de la DS !

OMGI (Gendron & Léna 1994)
 matrice d’int., coeff. bruit/mode, DS de la phase/mode (débruitée)

IdemMAP (Fusco 2001)
 + coeff. bruit, var./covar. spat.

Intégrateur (ou autre filtrage temp.)
 déf. du filtre, déf. des gains/mode

Inverse généralisée (SVD tronquée)
 matrice d’interaction

ContrôleReconstruction







TT bad correction 
=> agitation 
=> image blurring

 
HO bad correction 
=> coherence loss 
=> coherent core reduced, more intense halo 
 
Hence, for a given Strehl ratio, one should have: 
- NGS AO => better resolution,

- LGS AO => better encircled energy…

AO partial correction…



L3CCD+clipping CCD standard 

(pyramide - régime à faible flux) 

(Carbillet & Riccardi, 2010)

WFS: replace CCDs with EMCCDs ?…

Are other improvements 
possible ? - Example #1



WFS: add a TT sensor ?…

Are other improvements 
possible ? - Example #2



Are other improvements 
possible ? - Example #3

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



(HD 87643 observed with NACO/VLT, super-resolution algorithm of Anconelli et al. (A&A 2005))

Are other improvements 
possible ? - Examples - 4

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





about the gain of the pure 
integrator command law…



End-to-end AO modeling with the 
Software Package CAOS -1



End-to-end AO modeling with the 
Software Package CAOS -2



End-to-end simulation of a 
complete AO system: calibration



End-to-end simulation of a 
complete AO system: running...


