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GMCAO IN A NUTSHELL

GOAL: to increase the sky coverage (with NGSs)!!!

WHAT: using NGSs from a wide Technical FoV to 
correct a smaller central Scientific FoV.

INCLUDING:

• Pyramid Wavefront sensing 

• Layer Oriented MCAO 

• Very Linear WFSensing

• Highly accurate wavefront metrology

• Virtual (live) DMs

• Referencing or DM with feedbacks
(Ragazzoni et al., AO4ELT 2009)
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SR estimation

Read input 
parameters

START

Black Box

WFSensing in the VLT/ELT era workshop II VALENTINA VIOTTO Padova October 2nd-4th , 2017

Dataset:
• Atmospheric parameters
• Test case parameters
• Telescope parameters
• GMCAO parameters

Other inputs:
• Cn2 profile data file
• Single WFS performance
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40layers

35layers

9layersTURBULENCE

INPUTs:
- Cn

2 profile 
- Seeing value ( @ λWFS)
- Spectrum Type (default: Von Karman)
- Other screen parameters 
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ASTERISM
Simulated random field

SYSTEM BOUNDARIES
- Inner FoV: stars in the scientific FoV are neglected
- Probes proximity: stars with a relative separation 

lower than a given value are neglected

Real Fields (CDFS)

Circular asterism

Real field on sky

INPUTs:
- Asterism type
- Radius?
- FoV 

Coordinates? 
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PERTURBED WAVEFRONTS
Noise Spectrum TEST:

Different noise spectra, normalized to a common overall rms, 
depending on the NGS magnitude, have been tested

Σ

WFnom.      +   WFSnoise =   WFperturb.

WF0 spectrum 
(no noise)

Von Karman

Von Karman + 
high freq. cut

high freq. cut

I

f

white

NO NOISE

WHITE CUT COMBINED FULL

INPUTs:
- Layers altitude
- WFSs sampling
- WFS performance vs NGS magnitude
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VDMS COMPUTATION LOOP
Measured WFs

WF/N*G
Back-projection
onto VDMs

ΣVDM

VDMs 
effect

RESIDUALS = 
measured WFs – VDMs effect

HL VDM HL metapupil

INPUTs:
- NGSs positions
- VDMs conjugation altitudes
- VDMs a-priori?
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VDMS COMPUTATION LOOP: ISSUES
VDMs conjugation altitudes A B C

How to define VDMs conjugation altitudes?

- User input
- Optimization h-f plane filling:

- Separation: equal, Log, random?
- Max altitude: free, fixed, depending 

on asterism
- …



VDMS COMPUTATION LOOP: ISSUES

- Primary edges: actual meta-
pupil shape at that altitude

- Secondary edges: back-
projections due to different 
VDMs cross-talk during the 
loop

Pupils projections edges issue
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DMS COMPUTATION

Each DM is the sum of all
the VDMs, convolved with a
circular kernel K(sciFoV,h),
and with a gain G(h).
h = h(VDM)-h(DM)

VDMs sum 
(on-axis)

DMs sum 
(on-axis)

Turbulence 
(on-axis)

DM

VDMs

VDMs

f

h

DMs can access spatial freq. up to:
- spatial sampling of the DM

(@ conj. altitude)
- freq. related to the depth of

focus (other altitudes)

FoVSCI + distance from the DM conj.

INPUTs:
- DMs conj. alt.
- Scientific FoV size
- DMs Interact. pitch
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SR ESTIMATION

3 DMs

Scientific FoV

6 VDMs

Technical FoV

Virtual SR with Real SR with

Example of a real field
SR estimation: CDFSSR in the FoV is estimated from residuals RMS

INPUT:
- FoV sampling
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APPLICATION OF RESULTS TO A SCIENCE CASE
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c) Mock-CDFS fields building-up:

Model                     GMCAO PSF                  final image  

 No a-priori PSF knowledge for deconvolution 
(3 R<30 stars randomly placed in each sector)

GALAXY MODEL  RESIDUALS

 GALFIT deconvolution



DATA ANALYSIS AND RESULTS

Sérsic index

ETGs LTGs

n= 1

n= 4

SExtractor completeness (2σ threshold level) 
99.7% (ETGs) - 89.4% (LTGs)

Morphological 
parameters

Results show a higher correlation of the retrieved 
parameter accuracy with the SRstar/SRmodel than 
with the absolute SRmodel

Log M/M

z

e.g. LTGs

SR →
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WHAT’S GOING ON? 
FEASIBILITY OF OTHER SURVEYS

1) Object visibility (selected datasets)
2) MW stellar density

Observations  GAIA (1st release):
Log of number of sources in GMCAO TechFoV

8 < g < 18
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THANK YOU!
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