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Introduction
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Airbus D&S & Eutelsat are supporting astronomers community in a 

global effort of light & RF pollution reduction:

• By being part of IAU CPS & exchanging with astronomers community

• By supporting agencies in their standardization/regulation efforts 

(CNES, ESA, E.U, U.N. COPUOS)

• By clarifying impact of spacecrafts on scientific instruments 

mechanism, refining IAU recommendations toward spacecrafts 

constellations 

• By developing brightness & RF impact prediction tools

• By proposing & qualifying alternative materials, coatings, 

architectures & operational methods to mitigate light & RF pollution



Ensuring Dark Sky
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Dark sky requirements wrap up & cascading

Discussions held with Astronomers community, represented by: David Galadi Enriquez, to refine 

IAU CPS requirements:

• Clarifying critical bandwidth for brightness calculation

• Improving flares & glares definition 

• Clarifying uncertainties consideration methods (positioning & pointing, BRDF uncertainties, …)

• Introducing a notion of acceptable brightness criterion overpass duration, sharing the effort of 

brightness mitigation with other constellation. 
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Modelling capabilities

Dedicated modelling tools developed:

• Full spacecraft geometry can be modelled

• Materials represented by customisable BRDF 

• Single S/C or Full constellation can be simulated

• Worst brightness cases identification capabilities

• Full constellation post treatment per elevation, S/C zone, time…

Tool successfully correlated on a few flight measurement (Oneweb)
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Brightness drivers & mitigation solutions

Main drivers of magnitude  for our use case constellation @1200 km 55° are:

• Solar panels, PZ (Earth deck), OISL and antennas

And can be mitigated by the following range of solutions
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ranking solution Design impact Cost impact
Operational 

impact
remarks

1 Passive 

coatings

Thousands euros none Not enough to satisfy 

mitigation limits at all 

time

2 Active solar 

arrays 

management

Reduces by up 

to 15% solar 

power

Hundred thousands of 

euros to restore similar 

power budget

Variable impact on 

latitudes

3 Triple junction 

solar panels

Hundred thousands / 

millions euros

none

4 Constellation 

management

Higher constellations 

are cheaper

(consider tens of 

millions of Euros)

Limited impact of 

constellation design 

on brightness
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Compliance status vs astronomers recommendations (mag 7.85 @ 1200 km)

o Total duration trespassing the magnitude limit is low

o OISL brightness contribution is limiting the magnitude gain, but cannot be modified without equipment redesign
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Zone
Reference case

(1200 km /55°)
Passive coatings

Triple junctions 

solar cells 
Comments

Full satellite min magnitude Mag. min ~2.5 Mag. min~4.3 Mag. min~4.9

Average magnitude 6.7 7.5 7.7

Nb of occurences / total duration of NC in Vera  

C Rubin (VCR) FOV (all solar elevations) per 

night

9228 / ~100s ~76s ~75s Gain limited by OISL impact

Nb of occurences / total duration of NC in VCR 

FOV (Sun elevation>-12°) per night
6358 / ~82s ~60s ~60s

Nb of occurences / total duration of NC in VCR 

FOV (Sun elevation>-18°) per night 5307 / ~69s ~49s ~49s
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Compliance status key messages
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Ref: Satellite Constellations Exceed the Limits of Acceptable Brightness Established by the IAU, 

Anthony Mallama, Richard E. Cole

https://arxiv.org/abs/2507.00107

• Change of spacecraft constellation topology (altitude) does not 

lead to significant changes in average magnitude

• Spacecraft attitude, geometry & coatings remain the main drivers

• Duration of magnitude criterion overpass remain very limited 

anyway (<100 / 82s max per civilian/astronomical night)

• Reaching astronomers requirements remains a challenge !

• Brightness shall be considered for a full constellation and not as 

single spacecraft issue.

https://arxiv.org/search/astro-ph?searchtype=author&query=Mallama,+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Mallama,+A
https://arxiv.org/search/astro-ph?searchtype=author&query=Cole,+R+E
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Next steps

o Specify & develop mitigation coatings & technics

o Provide recommendations to constellations designers

o Refine with astronomers community mitigations priorities :

o most important latitudes, 

o type of instruments, 

o perturbation acceptable ratio (total time/ nb of occurrences ?, max 

sun elevation,…) 

to find the best compromise between constellation constraints & 

astronomy impacts.

o Cascade these requirements toward national & international 

regulations

Unfortunately, this is where the most important telescopes are located:  

 

Vera C Rubin 

ELT/VLT 

Mauna Kea 

Gran 
Telescopio 
Canarias 

(https://calgary.rasc.ca/world_observatory_map/world_observatories_large.htm) 

https://fr.wikipedia.org/wiki/Liste_des_plus_grands_t%C3%A9lescopes_optiques#/media/Fichier:Comparison_optical_telescope

_primary_mirrors.svg 
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Ensuring Quiet Sky
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Quiet sky current regulatory environment
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• ITU-R Radio Regulations recognizes Radio Astronomy as a service, similarly to other

radiocommunication services in parts of the RF spectrum.

• The protection of RAS is based on a tailored methodology described in specific ITU-R

Recommendations.

• However, the RR leaves room for interpretation and applicability, creating uncertainty for multi

billion-euro projects, (radio astronomy observatories or non-GSO satellite constellations alike).

• Revision every 4 years in WRCs. WRC-23 agreed to study multiple radio astronomy related

issues with the goal to implement regulatory change at the next one in 2027:

• AI 1.16: protection of RAS in the band 10.6-10.7 GHz from non-GSO systems operating

in the band 10.7-10.95 GHz (OneWeb and Starlink) and others

• AI.1.18: protection of RAS in bands above 75 GHz from non-GSO systems
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Modelling interference into RAS
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• The methodology defined in ITU-R Rec M.1583/S.1586 allows to determines the aggregate interference

from all satellites of a single non-GSO constellation, integrated over 2000 seconds, not to be

exceeded for more than 2% of the time (Rec RA.1515/RA.769).

• A Monte Carlo analysis is performed considering:

• A typical victim RAS station with a given location and

antenna diameter, observing over a set frequency band

• Enough random pointing directions spread evenly

across the sky seen by the RAS station

• Randomized propagation time start for the non-GSO

constellation
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Modelling interference into RAS
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• There are 4 options to model the emissions of satellites in

RAS bands:

• Considering a constant EIRP in all directions (worst case of

isotropic interference)

• Considering a EIRP mask corresponding to a max hold of the

operations of the satellite

• Considering EIRP statistic distributions based on typical

traffic (complex to scrutinize)

• Considering real traffic (very detailed and time consuming,

proprietary information)

• As baseline, the isotropic EIRP approach provides a good

baseline from which maximum EIRP not be exceeded by a

single satellite can be deduced for a given non-GSO

constellation in all RAS bands.
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RAS protection criteria
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We can also deduce E-field levels not to be exceeded for any satellite of a

given non-GSO constellation, which can be tested before the satellites

are launched, to be compliant with RAS protection in RAS allocated

bands far from frequency bands the satellite system operates in.

The results shown here have been obtained for a mid-inclination 360

satellite non-GSO constellation. Many parameters influence this result,

but it evolves quasi linearly with the number of satellites.

Frequency 

band (MHz)

Ref 

bandwidth 

(MHz)

EIRP not to 

be exceeded 

(dBW/ref BW)

E-field not to be 

exceeded 

(dBµV/m/40kHz) 

at 1m

13.36 - 13.41 0.05 -84.64 49.16

25.55 - 25.67 0.12 -84.43 45.58

73 - 74.6 1.6 -85.56 33.19

150.05 - 153 2.95 -84.64 31.45

322 - 328.6 6.6 -80.05 32.54

406.1 - 410 3.9 -80.13 34.75

608 - 614 6 -76.68 36.33

1400 - 1427 27 -73.93 32.56

1611.99 -

1612.01
0.02 -88.70 49.08

1660 - 1670 10 -74.92 35.87

2690 - 2700 10 -70.70 40.09

4829.98 -

4830.03
0.05 -73.05 60.75

4990 - 5000 10 -61.03 49.76

10600 - 10700 100 -48.64 52.15

14487.93 -

14488.08
0.15 -59.52 69.51

15350 - 15400 50 -54.04 49.76

22210 - 22500 290 -44.02 52.15

23600 - 24000 400 -45.01 49.76

31300 - 31800 500 -41.65 52.15

42500 - 43500 1000 -41.03 49.76

85000 - 93000 8000 -29.61 52.15

Source: ECC Report 363
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Opportunistic measurements issue
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Many bands are allocated to RAS in the RR, based on (1) astronomical phenomena and (2) the necessity of conducting

observations at regular spacings throughout the radio spectrum. However, due to red shift, most of the leading

astronomical discoveries rely on observations conducted outside of these RAS allocated bands.

The recent exponential growth of non-GSO satellite

constellations has created a new challenge, due to

RF emissions not resulting directly from in-band

transmissions but more related to EMC, as

highlighted in:

Bassa, C.G., Di Vruno, F., Winkel, B., Józsa, G.I.G.,

Brentjens, M.A. and Zhang, X. (2024) 'Bright

unintended electromagnetic radiation from

second-generation Starlink satellites’, Astronomy

& Astrophysics, 689, L10, which cannot be solved by

building radio astronomy stations in remote areas.



.

.

.

.

EMC compliance
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Thresholds given in Rec RA.769 are based on radio

telescope sensitivity, so levels degrading radio

astronomical measurements can be interpolated

from them for bands where RAS has no right.

Using the same methodology, it is then possible for a

given non-GSO constellation to deduce target E-field

values not to be exceeded to limit power levels

received by radio telescopes operating in bands not

allocated to RAS, from 10 MHz on.
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Possible ways forward
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Bands allocated to RAS:

The current ITU regulatory framework is sufficient but needs to be properly implemented by

national administrations across the world so they require their satellite operators to comply

with it.

Bands not allocated to RAS:

Regional and national actors are exploring solutions, as ESA is with this study carried out by

Airbus and Eutelsat.

However, due to the non-standardized and transborder nature of satellite systems, only ITU has

the proven track record and tools to protect radio astronomy worldwide from an increasingly

challenging RF environment. ITU-R WP 7D is already working on it, despite some countries

challenging its right to do so.



Thank you all
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