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Towards a non-linear reconstructor ?

Pupil plane

mask

Focal plane Pupil plane

WFS Linear Model

Calibration

Linear Reconstructor

Non-Linear Reconstructor

?
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Pyramid WFS = Linear Parameter-Varying System (LPVS)

Interaction Matrix Space

Optical Gains: offset between
sensing and calibration

WFS

Linear Parameter-varying
reconstructor

We need to perform gain scheduling
The Reconstructor need to be aware of the state of the system

Information
about  

Towards a non-linear reconstructor ?

Matrix which depends on 

(t)

(t)

(t)
Frame by frame !
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How to perform gain scheduling ?

Pupil plane Focal plane Pupil plane

Modulation
Camera

WFS
model

One possible solution

Calibration

Fauvarque 2019

Mask

On Sky

Gopt = 0.46

Loss of senstivity
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How to perform gain scheduling ?

Pupil plane Focal plane Pupil plane

Modulation
Camera

Update 
Reconstructor

One possible solution

Frame by frame 
follow-up !

Open Loop
Optical Gains

Closed Loop
Optical Gains

WFS
model

Calibration On Sky
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How to perform gain scheduling ?

DRAWBACK: Steal photons on the 
way !

ADVANTAGE: Absolute measurements
« Free from the loop »

NO PAIN                                                       NO GAIN

Pupil plane Focal plane Pupil plane

Modulation
Camera

WFS

Linear Parameter-
varying reconstructor

Information
about  

Gain scheduling

One possible solution
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Applications

BOOTSTRAP ENHANCEMENT OF CLOSED-LOOP 
ROBUSTNESS AND PERFORMANCE

HANDLING
NCPA

Open-Loop 
Optical Gains

Fast Bootstrap

Easier Bootstrap on 
strong turbulence

Seeing at Paranal October 21th 2019

Towards a 
non-modulated

Pyramid ?

Non-Common Path 
Aberrations

Strong variation of seeing during the night

Issue with the PyWFS
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How to handle NCPA with the PyWFS ?

Residual phases

Change the working regime Change the reference
The TARGET measurements are 

affected by Optical Gains

TARGET
We need to build the 

Interaction matrix around
the target wavefront ! Science path

WFS path
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f -2

Z4 Z23

100 nm rms
NCPA

How to handle NCPA with the PyWFS ?

Resolution = 90 px
D = 4m
r0 = 10 cm @ 550 nm
Science: K-band
WFS: visible
300 modes (KL)

Oomao

K-band

Visible
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TARGET

Science 
Averaged

WFS
Averaged

f -2

Z4 Z23

100 nm rms
NCPA

How to handle NCPA with the PyWFS ?

Because Optical Gains, the loop
converge towards the wrong reference

Pushing too much !

Resolution = 90 px
D = 4m
r0 = 10 cm @ 550 nm
Science: K-band
WFS: visible
300 modes (KL)

Oomao

K-band

Visible
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How to handle NCPA with the PyWFS ?

f -2

Z4 Z23

200 nm rms
NCPA
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How to handle NCPA with the PyWFS ?

f -2

Z4 Z23

200 nm rms
NCPA

Modulation Camera PyWFS Science

Optical Gains Pushing too much

Case of Strong NPCA

+

THE NCPA CATASTROPHE !
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How to handle NCPA with the PyWFS ?

f -2

Z4 Z23

200 nm rms
NCPA

Modulation Camera PyWFS Science

Modulation Camera PyWFS Science

Compensated reference

Uncompensated reference



13

Compensated reference

Uncompensated reference

TARGET

Compensated reference

Uncompensated reference

PyWFS

PyWFS PyWFS

PyWFS PyWFS

Science Science

NCPA TARGET
100 nm rms 200 nm rms

SciencePyWFS

How to handle NCPA with the PyWFS ?

Science
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Conclusion

Modulation
Camera

• Noise on modulation camera               Impact on Optical Gains computation ? 

• Can we use the modulation camera at another wavelength ?

Some Questions
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THANK YOU

If you have it, use it !
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ANNEX: The Convolutional Model – FAUVARQUE 2019

Mask

Modulation

Pupil

PyWFS

Linear Model

Convolutive Model

Small phases 
approximation

Sliding pupil
approximation

HYPOTHESIS

At Calibration

PSF
Camera
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Interaction Matrix Space

At Sensing

Structure Function
of Residual Phases

Structure Function

ANNEX: The Convolutional Model – FAUVARQUE 2019


