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/Context: Optical Communication

Issue: Increasing needs for satellite-to-ground communication

(SMF) coupling enable 10 Gbps.
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AO limits:

with radio-frequency bandwidth saturation. - Bulk optics,
=>» Solution: Free Space Optical links (FSO) with Single Mode Fibre - Robtustness : lot of mechanical
parts,

- Implementation complexity.

/—Solution: Adaptive Optics (AO) vs PIC |

New concept: Coherent
recombination using PIC.
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que: SMF coupling with atmospheric turbulence effects.

J

\_~ ~ propagation
q’turb (1", t)
oo’ Y‘E Yourp(T,8) = ZiaiHGi
Phase-shifters
Couplers
Waveguide PIC

< Photodiodes

v

SMF coherent output

J

Spatial and Temporal properties I

s

[Principle: Perturbed fields modal decomposition supported by Gaussian modes to be coherently recombined using output intensity measurements [1][2]. ]
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PIC inputs turbulent energy distribution after modal
decomposition [2]

Temporal evolution of PIC inputs after modal

decomposition
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PIC control?

Non-linear relation between Phase-shifters space and
intensity measurements

e Gradient descent :
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o Stochastic: SPGD, D-SPGD [4],
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o Sequential modulation [5],
o Multi-frequential modulation [6].
o = Slow convergence, high modulation bandwidth required.
ki e * Non-linear algorithm:
HGD4, te=1.00 ms o Atrtificial intelligence [7],
o Nelder-Mead [8].
=> Not accurate near convergence.

HGOD, tc=120 ms
HGO1, te=1 15 ms
HG10, tc=120ms
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100 modes decomposition required for a 30°

satellite elevation [2].

Temporal evolution of 1 ms for a 30° satellite
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Needs for a specific control algorithm using relatively low
modulation bandwidth and robust to noise.
=>» Spatial modulation: Spatial diversity, all outputs. /

elevation [3].

Spatial Diversity Control Algorithm E2E Simulation

Spatial diversity
- Spatial modulation applied on all phase-
shifters at the same time,

‘Optimised medulation: 05;1

Photon noise propagation optimisation

w optimisation to minimise photon noise -
propagation
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E2E modelling
-30° elevation, 2 = 5, o = 0.085,
To

- 32-inputs PIC,
- feorr = 10 kHZ, finoq = 50 kHz,
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