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ntroduction

n 2016, a rocky exoplanet has been discovered in the habitable
zone of Proxima Gentauri, the closest star from our solar system.
his may represents our best current opportunity to search for
fe outside the Solar System.

The Observatory of beneva has started a feasibility study for an
instrument that would allow direct detection of Proxima Centauri b

in visible reflected light, and characterization of its atmosphere [l]. The Exupllﬂﬂﬂt F"m;i_rt"&%ﬂ"tﬂu"iﬂ
mage credit:

This instrument includes a powerful Adaptive Optics (AD) system capable to run at 4KHz in closed |oop.

[1] "Atmospheric characterization of Proxima b by coupling the Sphere high-contrast imager to the Espresso spectrograph”, Lovis et al. 2016, url: https://arxiv.org/abs/1609.03082.
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ptics dystem corrects the blurring of the image due to the presence of

Adaptive Uptics Components

e WaveFront Sensor (WEFS)
e [eformable Mirrar (DM)
e Real-Time Computer (RTC)

The planet Neptune
seen from the ground
without Adaptive
Optics (Left) and with
Adaptive optics (Right)




Target System dpecification

WaveFront Sensor (WFS)

e Pyramid WFS with OCAMZK camera OCAMZK Camer
o ['a00 tps of 240x240 / 3'000 tps of 120x120 (14 bit depth) '[\"ngaggﬁg';
e [ameralink interface

Deformable Mirrors (DM) oy
e Boston Micromachines MEMS image Credit: Baston
e |Ip to 4K actuators feromechnes

Real-Time Computer (RTC)
o WES acquisition rate: 200ps
e Lomputation latency: < allps
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Gontrol Algorithm

The control algorithm is based on the concept of modes. These modes are the result of spatial
decomposition of the shape of the wavefront into a set of functions orthogonal in the space of the pupil.

Stage | Preprocessing Stage 2 Modal Decomposition
Extract the slopes Compute the amplitude of the modes from the WES signal
o (o u k) = PA@Y) +pe(@Y) —Po(z,y) — pp(x,y) o o
51(@3:F) > a.B.0,0PT:Y) s(k) = {8_1 (k. --)} (k) = Dyslk)
so(,y, k) = po(z,y) + pe(z,y) — pclz,y) —palz,y) 8_2(%’ ")‘ D of size [n,m| with m < 400
e ZA,_B,CLD p(z,y)
Stage 3 [ptimal Lantrols Stage 4 Actuators Lammand
IR (Infinite Impulse Response Filter) using 3B coefficient for the first 3 modes Mapping the command ta the mirror

cr.sk+1)=ap1.5m.5k)+ai1.5m.5(k—1)+ ... +as 15715k —18)
—50,1..5?”1..5“?) - 51,1..5?”1..5("\? - 1) T T ‘518,1,.5'?"1.,5('If - 18) F*(k + 1) - ﬂﬁ(k * 1)
for the other modes

c6.m(k1) = ao.6.m76..m(k)
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Real-Time Computer

Architecture

o Intel Arriall SXBED

e 20nm Saol: HPS+FPGA 2a0MHz

e Hard floating point DSP blocks

e 45iB DDR4 B4bit 1.26Hz FRGA

e 2LiB DDR4 32bit 1.26Hz HPS

e Jual ARM Cortex-A3 MPCare 1.0lHz
e Fmbedded Linux
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Block Diagram
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Real-Time Computer

Hardware Pipeline
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o 72a0MHz FPGA op. freq. (up to 4a0MHz)
e |se of resource sharing techniques™
e High speed memory interface lalGb/s
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Interested to the project?

Don't hesitate to et in touch with us!
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Thank you for your attention
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