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Atmospheric
turbulence effects
on optical links:

« Downlink effects:
o Beam
broadening
o Scintillation

 Uplink effects:
o Beam wander
o Fluctuations in
the angle-of-
arrival

Noelia Martinez

Instituto de Astrofisica de Canarias



Could the uplink be corrected §
by measurement the downlink |
wavefront?

Noelia Martinez
Instituto de Astrofisica de Canarias




CONTENTS

1. Free Space Optical communicatiGRSHI
turbulence medium

2. Simulations description

BhSimulations results
RE=OLUre work
IR GEVIENGEMENt

Noelia Martinez
Instituto de Astrofisica de Canarias




2. Simulations desc

FSOC in Simulations
turbulence medium results

Object- Oriented Matlab Adaptive Optics Toolbox
(OOMAO) Conan and Correia, 2014

Analysing the Closing the
Isoplanatic patch AQO loop

1. Case study definition 1. Case study definition

2. Real available data 2. Real available data
3. Simulation workflow 3. Simulation workflow

Noelia Martinez
Instituto de Astrofisica de Canarias

Instrumentation Division %



2. Simulatiogs descl

FSOC in Simulations
turbulence medium results

STAR A

Analysing the
Isoplanatic patch

1. Case study definition
2. Real available data
3. Simulation workflow

Noelia Martinez
Instituto de Astrofisica de Canarias

ATMOSPHERE

TELESCOPE

Instrumentation Division




2. Simulatiogs des

-
FSOC in Simulations
turbulence medium results

Observatorio del Teide

— Atmospheric Profiles —
Night data

Analysing the — T ==
Isoplanatic patch : <

1. Case study definition
2. Real available data
3. Simulation workflow

Noelia Martinez

Instituto de Astrofisica de Canarias Instrumentation Division




2. Simulatiogs des

-
FSOC in Simulations
turbulence medium results

Observatorio del Teide

— Atmospheric Profiles —
Day data

Analysing the
Isoplanatic patch

1. Case study definition
2. Real available data
3. Simulation workflow

Noelia Martinez

Instituto de Astrofisica de Canarias Instrumentation Division




2. Simulations desct

FSOC in Simulations
turbulence medium results

: Optical Ground Station
Analysing the — Optical Parameters —

Isoplanatic patch

Telescope diameter = 1m
1. Case study definition Central obstruction = 20%
2. Real available data
3. Simulation workflow Laser Wavelength = 1200 nm

Noelia Martinez
Instituto de Astrofisica de Canarias

Instrumentation Division %



2. Simulations desct

FSOC in Simulations
turbulence medium results

OT atmospheric
profiles

Analysing the oS

Isoplanatic patch parameters

OGS Optical
parameters

TELESCOPE
DEFINITION

—
1. Case study definition
y Other _,—

2. Real available data Pupi Sempling — 100100 pixel

Sampling Time = 1/100 s

3. Simulation workflow penith — 0 arceec

Azimuth = 0 arcsec

STAR A_
downlink SOURCES

STAR B_ DEFINITION

Zenith = I uplink

4 arcsec (GEQ)
10 arcsecs  (LEO)
Azimuth = 0 arcsec

STAR A_
downlink WAVEFRONT

STAR B_ VISUALIZATION
uplink

Uplink [Downlink
phase |phase

PHASE
ASSESSMENT

Noelia Martinez
Instituto de Astrofisica de Canarias




2. Simulations description

FSOC in Simulations
turbulence medium results

Case Study 1: orrcting the uplink with the

downlink - STAR A

Closing the
AO loop

1. Case study definition
2. Real available data
3. Simulation workflow

TELESCOPE

Instrumentation Division




2. Simulations desc

FSOC in Simulations
turbulence medium results

Case Study 2: Correcting the uplink with a
Laser Guide Star

Closing the
AO loop

1. Case study definition
2. Real available data
3. Simulation workflow

TELESCOPE

Instrumentation Division




2. Simulatiogs descl

FSOC in Simulations
turbulence medium results

Observatorio del Teide

— Atmospheric Profiles —
Night data

Closing the
AO loop

1. Case study definition
2. Real available data
3. Simulation workflow

Noelia Martinez

Instituto de Astrofisica de Canarias Instrumentation Division




2. Simulations desc

FSOC in Simulations
turbulence medium results

Observatorio del Teide

— Atmospheric Profiles —
Day data

Closing the
AO loop

1. Case study definition
2. Real available data
3. Simulation workflow

.....

,,,,,

o de A 0 a de Canaria 20 Instrumentation Division "




2. Simulations desc

FSOC in Simulations
turbulence medium results

Optical Ground Station
— Optical Parameters —

Closing the
AO loop

Telescope diameter = 1m
Central obstruction = 20% L
Case study definition

Laser Wavelength = 1200 nm . Real available data
Simulation workflow

Noelia Martinez
Instituto de Astrofisica de Canarias

Instrumentation Division %



oT

atmospheric
profiles

2. Simulations desc

ATMOSPHERE
DEFINITION

OGS Optical

parameters

TELESCOPE A
DEFINITION

TELESCOPE B
DEFINITION

Other J—
parameters:

Pupil Sampling = 100x100 pixels
Sampling Time = 1/100 s

Star A:
Zenith = 0 arcsec
Azimuth = 0 arcsec

Wavelength = lzootm

LGS: DEFIN
Zenith =

STAR A/LGS

STAR B

ITION DEFINITION

-

Other
parameters:
Lg=30m

OGS Optical
parameters

Other
arameters:

R

Pupil Sampling = 100x100 pixels
Sampling Time = 1/100 s

Zenith =
4 arcsec (GEO)
10 arcsec  (LEO)
Azimuth = 0 arcsec

4 arcsec (GEQ)

10 arcsec (LEO)
Azimuth = 0 arcsec
Wavelength = Na

Shack-Hartmann

sensor WAVEFRONT SENSOR
DEFINITION

_—

parameters:

Lenslet array = 10x10
Resolution = 100x100 pix

Parameters: ————
Actuators = 11x11

DEFORMABLE MIRROR
DEFINITION and
CALIBRATION

SCIENCE CAMERA
DEFINITION

Influence function =

Monotonic Mechanical coupling
(adjacent actuators) = 0.75

y

CLOSED-LOOP
ADAPTIVE OPTICS

TIP-TILT
CALCULATION

1

ANGLE-OF-ARRIVAL
ASSESMENT

gth = 1200nm

Simulations
results

Closing the
AO loop

Case study definition
Real available data
Simulation workflow

Instrumentation Division




CONTENTS

1. Free Space Optical communicatiGRSHI
turbulence medium

2. Simulations description

3. Simulations results
RE=OLUre work
IR GEVIENGEMENt

Noelia Martinez
Instituto de Astrofisica de Canarias




3. Simulations resu

FSOC in Simulations
turbulence medium description

Analysing the Closing the
Isoplanatic patch AQO loop

Noelia Martinez

Instituto de Astrofisica de Canarias Instrumentation Division




58 Slmulatlons results
Analvsmq the SIMUlAtTOTE

|soplanat|c patch [
) Downlmk at zemtho arcsec; Telescope elevation:zenith o Downlink at zenith0 arcsec; Telescope elevation:zenith
| Oct-Nov-Dec-Feb Jun-Jul-Aug
18] : : o 2 18} ; i -
i l | o) i | |
1.6 | | o} 1.6 | | (o] o
| o 1 |
I ‘ g ® | 14+ | o T ¥
ek 1 o : ’ ] o I
| | : @ :
e ! o ! 12t
E | P
‘ g w1 :
g e : & 5 |
E I | E ] |
0.8 @] } : 0.8 o : }
| I I |
06} o ! : 061 o | 1
| I I |
} : 04f l |
| I | |
| I | |
| GEO ILEO B2 \GEO |LEO
- : ‘ . L, L .
5 10 15 0 5 10 15
Distance in between links (arcsec) Distance in between links (arcsec)
) Downlink at zenith0 arcsec; Telescope elevation:zenith
Mar-Apr-May
181 j
| ) o o
16+ | i
i | ° 5
L I I o
1.4 : - o CID
I ]
S1.2f : & :
g | o |
w1 —© ]
= @ |
X 08fF 1 I
(o) | |
06 : |
' o i |
04f : |
| |
I 1]
0.2r 'GEO ILEO
Noelia Martinez . ' , ) A
0 ' ; Instrumentation Division

Instituto de Astrofisica de Canarias 0 5 10 15
Distance in between links (arcsec)



3. Simulations res

Analvsmq the SIMUIETOTE
isoplanatic patch [ """
ay'dzr%

Downlink at zenithO arcsec; Telescope elevation:zenith i Downlink at zenithO arcsec; Telescope elevation:zenith
Sep-Oct-Nov Jun-Jul-Aug

2]
& (]

<

RMSE (rad)
=
w

GEO

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
¢
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

:

|
|
|
|
|
|
|
|
|
P
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1

L
5 10 10
Distance in between links (arcsec) Distance in between links (arcsec)

Noelia Martinez

Instituto de Astrofisica de Canarias Instrumentation Division
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4. Future work

FSOC in Simulations Simulations
turbulence medium description results

- Ongoing activity within the Technology Research
Programme (TRP) with the European Space

Agency.
- Further simulations regarding phase variance at
the uplink.
ab testing and telescope testing.

EC — microsatellites programme.
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