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CIAO: a simple way to enhance your
telescope by Adaptive Optics
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Air turbulence

+ When you increase magnification,

objects in the sky move and are blurred
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Air turbulence

Plane waves from distant point source

Turbulent layer
in atmosphere

Perturbed
wavefronts
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+ Because of the wind and the dependency of the air
refractive index in function of temperature and
pressure, the transmitted wavefront changes in

time
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CIAO

Compact Innovative
Adaptive Optics

Light from
telescope

Distorted
wavefront

Corrected
wavefront

Highresolution
"~ Wavefront camera
sensor

+ Beam expander

+ Light from telescope

+ Light to camera

+ Control

system

DM
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CIAO VIS

The deformable mirror
+ Monomorph piezoelectric with 40 actuators

The wavefront sensor : HASO FAST 7Y

+ 1kHz E
D

+ 13 x 13 microlenses E
+

The calculator

+ Windows based

+ C++ time critical core

The Tip-tilt actuators

+ 5Hz to offload the deformable mirror from large tilts

wavefront coming from pointing errors
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Example of a setup
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+ Gamma Delphini: Airy o)
spot on a 355mm E
diameter telescope +

+ Venus during daylight
(11 arcsec diameter)

C14 telescope in Montlaux
Peter Aniol
Guillaume Dovillaire (Imagine Optic)

+ To come : a solar spot

+ Beta Delphini: binary star
0.4 arcsec separation

17/10/2025 Imagine CIAO | GD 6



Collaboration with ONERA for satellite tracking

Feelings OGS
Fauga-Mauzac (Toulouse Area)
4,5 June 2025

Cyril Petit (ONERA) 'Ei
Axel Vincent (ONERA) =
Guillaume Dovillaire (Imagine Optic) =
:
+

©ONERA ' ez v CIAQ VIS demonstrator with Barlow adapter
Filter wheel and ZWO ASI183MM Pro camera

600mm diameter telescope, Nasmith focal plane at /7.3 at the output port of CIAO (0.11 arcsec/pix)
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https://onera.fr/fr/feelings

High resolution
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CIAO VIS

CIAO VIS rejection bandwidth, f=980Hz, g=0.45
1 kHz closed loop, Analytical fit with a delay of 1.6ms
cut-off@0dB : 49Hz

delay 1.6ms,
15
49Hz cutoff freq uency at 0dB 10 ——measurement
40 modes ° .
o O —fit
T2 ring to connect to the ¢ 51
£ -10
telescope O
Optimized for 200mm to 1m 20
-25
diameter telescopes .30

temporal frequency in Hz

+ High resolution imaging (astronomy, SSA)
+ Single mode fiber injection (stellar interferometry,

high performance spectrometry

1000
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CIAO SWIR

The deformable mirror
+ Monomorph piezoelectric with 40 actuators i3

The wavefront sensor : HASO SWIR FAST

+ 13 x 13 microlenses
+ 3.5kHz
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The calculator

+ Windows based

+ C++ time critical core

The Tip-tilt actuators
+ 5Hz to offload the deformable mirror from large ftilts

wavefront coming from pointing errors
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Proof of concept in collaboration with Nokia

+ Due to air turbulence, the coupling efficiency in a single mode fibre is too low and variable to

ensure a good coherent detection and thus decrease the channel bandwidth L
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Proof of concept in collaboration with Nokia

0 + Real sequences of wavefront maps are used
> to drive an atmospheric emulator.
~-10
2 + The sequence can be replayed while AO is
=-15
Z on or off
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+ The probability of loosing 10dB has been o 1.E-3 L
Medium
reduced by a factor of 100 under medium 1 E-4 Turbulencg
turbulence conditions -60 -40 -20

Optical Power [dB]
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CIAO SWIR

3.5 kHz closed loop,

From 1pm to 1.7pm wavelength
> 85Hz cutoff frequency at 0dB
40 modes

T2 ring to connect to the telescope

Free Space Optics and Satcom
Dedicated to downlinks but

precompensation

upgradable

to

uplinks

Compatible with QKD : no noticeable polarization effects,

dichroic beamsplitter
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WaveSky

Hardware
L
[
WaveSky Server é
(time critical thread) e
i
E
€
TCP-IP
C++ SDK
Your application Your application Python example with GUI
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CIAO VIS

September 19, 2PM : Venus occultation by the moon

+ Only AO allows to see clearly

the disk of Venus during 'Ei
daylight 'TE'
an
I
E
+

CIAQ VIS on Celestron C11(285mm diameter) at Orsay
IMX464 (0.4 arsec/pixel)

Astrosurface, Autostakkert, Siril
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Guillaume Dovillaire | gdovillaire@imagine-optic.com

m imagine-optic @imagineoptic r@ Wavefrontrunners a Imagine Optic

< imagine-optic.com
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