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Decreasing the Graze-Height below the von-
Karman-Line in operational OISLs >
Estimation of Atmospheric Constituents
Profiles and IRT by Power Measurement

Various FSO-links in NTN allow Metrology of
Atmospheric behavior:

GEO-LEO and MC-OISLs offer
varying Grazing-Altitudes

GEO-Sat N

LASocc with DSOC
from Mars, with
orbiters and assets
on ground

Scintillation from IRT causes OISL Signal
scintillations — a better understanding
and prediction of IRT’s height-profile
increases link reliability and usability

Estimating Height-Profiles of Aerosol-
Concentration and Molecular
Absorption Spectra by measuring Link-
Attenuation at varying Graze-Heights
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Free Atmosphere consists of
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Air Cells with varying IoR. )
IRT diminishs with height -
above ground .. .l. y “
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Propagation of coherent optical signals through IRT leads
to signal scintillations = dynamic Intensity-Variation and
Phase-Distortion:

Resulting
Speckle Pattern

Measured Max/Min in LEO-GEO show IRT-effect from
below 55km on (one measurement, no campaign -
verification and assessment of findings required):

Grazing altitude and surge to fade ratio
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Fig. 3 GEO surge/fade ratio and grazing alitude versus time. [Sterr]

Extending the Range for OISLs in LEO-Constellations

Max. OISL-Distance, and Increase of

Link Distance around Earth
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Increase of footprint by lowering GH to 50km or 20km

footprint area by a lowered Grazing-

Height (from 100km to 50km or 20km):

GH 100km-->20km
GH 100km-->50km

Horbits (km)
400

3992km 16.2% 25.8%
500 4626km 12.0% 19.2%
600 5190km 9.6% 15.3%
800 6184km 6.7% 10.8%
1000 7062km 52% 82%
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Summary:

* We simulated several aerosol- and molecular-absorption profiles by employing standardized atmospheric constituent profiles
» Scintillation and Phase Piston from IRT needs further investigation and evaluation by coherent-and IM/DD- OISL terminals

* Aerosol profiles can be assessed relatively simple by measuring Attenuation at varying Graze Heights

* The altitude profile of molecular absorption lines can be precisely measured, but requires subtle tuning of the laser signal

* Better understanding of the atmospheric constituents and the IRT profiles is crucial for climate-change developments as well as for

commercial LEO-MCs operation
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» Effectivity of LEO-MCsis governed by their satellite’s maximum distance = increase of OISL-distance pushes commercial usability
* Comparable concept: Fiber cable infrastructure aims at global metrology - project SAFAtor. See PRs by GEOMAR and GFZ

Standardized Aerosol Models:

Volcanic Activity Level (VA) defines the lower
Stratosphere, while pollen/dust/sand/ash/droplets
govern the lower Troposphere:
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Total Aerosol Path Attenuation measured by
Graze-Height variation:

Estimating two types of Aerosol Height Profiles by
LASocc-sounding (at 1550nm):

Medium attenuation at low and high altitudes, and
minimum attenuation at lower tropopause with high VA
in stratosphere

Gracing Height km

107 102 107
Atmos. Tx at 850nm for 3 atmos. models

These metrology results closely resemble the
underlying attenuation height profile. In contrast,
direct optical downlinks do not reveal the height
structure .

Strength of Molecular Absorption Lines (H,O and
CO, in this case) over Graze-Altitude, measured
by Signal Absorption around 1537nm:

Tropopause:

10km gracing height above Earth

Lower Troposphere:

Tum graing height above Earth

Earth
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Abbreviations:

DSOC Deep-Space Optical Communications

FSO Free-Space Optical Links

GEO Geostationary Earth Orbit

IRT Index-of-Refraction (loR) Turbulence

LASocc  LASER occultation metrology

LEO-MCs Low-Earth Orbit satellite Mega-Constellations
NTN Non-Terrestrial Networks

OIS(P)L  Optical Inter-Satellite (-Platform) Link
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