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How can we ensure
responsible, safe and
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Collision Avoidance e

2020-02-27 02:53:20
TCA

2020-02-28 01:24:50

Miss distance Relative Position (RTN):
S55m 15 m,
50 m,
19 m
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COSMIC Laser Technology
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transfer
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Mitigation of Space Debris Eesa
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The orbital environment is changing esa

In 3 years more satellites launched than

1 H 3 H 1 0
Successful disposal in LEO significantly below 90% in the 60 years before

LEO Payload Clearance (excluding natural compliance) Payload Launch traffic in LEO
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Launch Year

Source: ESA’s Annual Space Environment Report. Issue 6, released: 22 April 2022
https://www.sdo.esoc.esa.int/environment _report/Space Environment Report latest.pdf
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https://www.sdo.esoc.esa.int/environment_report/Space_Environment_Report_latest.pdf

ESA’s Zero Debris Approach

by 2030 <

Compliance with Post Mission
Disposal much higher than 90%

Removal missions for remaining debris
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ADRIOS - Clearspace-1

04 - capture
- Stack Configuration

03 - Far Range

Rendezvous
- Close Range
Rendezvous
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NEO Airbursts Eesa

: i | i
(30m diam) (10m diam) (0.1m diam)
May 2019 Fireball
ALY UL DR A = Adelaide, Australia)
Chelyabinsk Bering Sea ’
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FlyEye Telescope tests in Matera @esa

desa
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ﬁ Spectrum Scarcity

SPEAKER

Sergio Buonomo

Chief of the Study Group Department
at the Radiocommunication Bureau, ITU
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Spectrum Scarcity

J U[o e -'f‘)g JONOMO

Chlef, Radlocommumcatlon Study Groups Department
International Telecommunication Union (ITU)
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1865 1906
(Paris) (Berlin)
[ S ————— P ———
The International International
Telegraph Union: Radiotelegraph
Founded on 17 May Convention

1865 by 20 nations (1st Radio Regulations -

binding rules)
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des Etats signataives de la

CONVENTION TELECRAPHIQUE INTERNATIONALE
’ cnnrlve 3 Paria lo 47 Mas L3065 ve gui anl ovcerat iremend 2és

1959 1963
(Geneva) (Geneva)
_____________ _.__________________________
WARC-59: EARC-63 and the first

Included of the definition of
space service and allocated
frequencies for space research
purposes only

allocations to satellite
communications

1971

(Geneva)

WARC-71 for Space

Telecommunications

Radio Regulations
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Over 110 years of ) J&

Radio Regulations




Radio Regulations
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The Radio Regulations (RR) are the international treaty
governing the use of the radio-frequency spectrum and the
geostationary-satellite and non-geostationary-satellite orbits.

It is elaborated and revised by administrations and membership,
during World Radio Conferences (WRC).

Radio Regulations

Articles

Edition of 2020

WRCs are held every 3-4 years.

RR have a binding nature for ITU Member States.

ITU acts as depositary of the RR.

Last version: RR-20 (as revised during WRC-19).

The RR can be downloaded, free of charge, for the general public,
in the 6 UN Languages, at: https://www.itu.int/pub/R-REG-RR-2020.




Several degrees of service
degradation and tolerance.

The global nature of coverage
of space radiocommunications
require mechanisms for
interference prevention.

WRC-97 and WRC-2000
established sustainable
principles which enabled
protection of GSO by the
means of hard-limits and
provided coordination
procedures between
non-GSO systems.
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ITU PP-22

| New and updated regulatory measures adopted by PP-22

&

Space Sustainability

Resolution 219 (Bucharest, 2022)
Sustainability of the radio-frequency
spectrum and associated satellite-orbit
resources used by space services

ITU-R Study Groups to carry out studies on:

« theincreasing use of spectrum and
associated orbital resources in
non-GSO orbits;

« the long-term sustainability of these
resources; and

« the equitable access to the GSO and
non-GSO orbit and spectrum.
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“an
Space2030 Agenda

Resolution 218 (Bucharest, 2022)
ITU’s role in the implementation of the
“Space2030” Agenda: space as a
driver of sustainable development,
and its follow-up and review process

Value of space technology and
applications, as well as of space-derived
data and information to support the
achievement of the Sustainable
Development Goals.

=
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Outer Space

Resolution 186 (Rev. Bucharest, 2022)
Strengthening the role of ITU with regard to
transparency and confidence-building
measures in outer space activities

Need to make available to administrations
information related to satellite-monitoring
facilities.

ITU has signed many cooperation
agreements on Space Radio Monitoring
Facilities to have the detailed technical and
administrative information online.



Debris and the Radio Regulations'

| Satellite debris

It is not in the core mandate of the Radio Regulations.
This is becoming an urgent issue.

I MIFR ITU Master Register (MFIR)

Im Debris management

=@ |TU has a record in the Master Register of the satellites which
are no longer in operation.

| Radio frequency spectrum allocation
l W The allocation of radio frequency spectrum to radar systems to
monitor the debris or the telecontrol to de-orbit the satellites is
an ITU core activity.

| Astronomy
Astronomers
Astronomers are another user community of the space.

5 ITU and radio astronomy
,@ * ITU is working on the level of interference from the aggregate out-of-band
emissions from large constellations.

* ITU is establishing radio quiet zones in locations with astronomy installations.




Thank youl!

B https://www.itu.int/

——— https://www.itu.int/en/ITU-R/Pages/default.aspx

sergio.buonomo@itu.int
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SPEAKER

Piero Benvenuti

Director of the Protection of Dark and
Quiet Skies from Satellite Constellations
Interference, IAU
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We are wrtnessmg the beginning of a new era-in the utlllzatlon of the space enwronment il

. _'anate companles have reached the same |f notsupenor capabllmes of the Space

ol

Agencnes B S &

_Differently from the Iatter thelr ob;ectlves are not onIy technologlcal progress; but mannly
—-their proflt - : :

.
. -
» .

The most impacting. (in posmve and negatlve sense) of their programmes IS the deployment
. of large constellations of communlcatlon satellites |

| Great benefits fbr the soeiety, but a threat to science and cultural hentage in the absence of
__adequate mltlgatlon measures .

—
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The issue: the exponential increase in LE@ ffatellltes [
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WAYFINDezR
Jonathan McDowell / Cfg

Starlinks
I Maneuvera ble Active Satellites

Non-maneuverable Active Sats

ESA SPACE2CONNECT . . Matera, June 79,2023 -



T = % Quiet Sky 4
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Satellite constellations “ T e

351 ] | P \
'—12: @ i
Number of TOda 3 Nt oo \, | §
i Constellation Altitude Sats Number Sats = PR /7
(km) Planned Operational
8 Starlink (SpaceX) Gen1, Apr2020 FCC Filing 540 - 570 4408 3508 [ . OnSt LEO Sa{ CPS
Starlink (SpaceX) Gen2, Aug2021 FCC Filing 340-614 29988 ol 41 00 constellatlon D
OneWeb, Phase 1, 2021 revision 1200 716 = Green Iaunched/m construcﬂon
OneWeb, Phase 2, 2021 revision 1200 6372 e
B Amazon Kuiper 590 - 650 7774 =S5 T
Chinese Guangwang, 2021 revision 590-1145 12992 |n 1 0 yr ‘ |
Galaxy Space (Yinhe) 500 1000 et el
B Lynk Global cellphone service constellation 500 2000 3 O+ ConS tel |a tIOnS :
| Astra (2021 V-band proposal) 380 - 700 13620
) Bosing (2021 V.band proposab 670-10000 132
Caveat
Telesat Lightspeed (Canada) (2021 V-band 1015 -1325 1969 % -
proposal; reduced by 100 in 2022) : i . i
Hughes Network Systems HVNET (2021 V-band 1150 1440 Many f”e’ feW Iaun-‘Ch
proposal) et
Spin Launch/SN Space Systems (UK) 830 1190 A v Many Change$ L
Globalstar (Germany) 485-700 3080 : o
E-SPACE Cinnamon-937 (Rwanda/G. Wyler) 528-638 337323 1 _ B ¢

. Total 426004 A
ESA SPACE2CONNECT .~ . . Matera, June 7-9, 2023 " -



g IIIummated satellltes can affect Optlcal
) 'the nght Sky |

Sl Professional Astronomy

| ‘Amateur Astronomy: -
Stargazers ] = y
Cultural hentage = .
Nature i —

~ Tourism

'ESA SPACE2CONNECT’ . . Matera,June 7-9,2023 -



Credit:C TIO/NOIRLab/NSF/AURA/DECam DELVE Survey [
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redit: Galadi, Zeiss 1.23m telescope af
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_Narrow fleld % - ~10%

»-_,,frames affected at twilight

" Wtde—fleld 50% of frames - .
- several satell/tes per frame

at twilight -

| _Super-Wlde-fleId on Iarge
- .telescope: Vera Rubm |
! ,Observatory

all. frames affecfed at twitight
(tens of trails),

“many frames affected dunng

whole summer night by hlgh-
altitude satellites.

., many frames ruined at
twilight :
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* Satellites are not a new thing
* Before there were not many in LEO

_—and many located inthe GEO orbit. . - -
* Situationis drastically changing! - '

Par oo of bege
0 G QUAOTE seades

T2 comissoning
oo ALEL scan

17/01/22 16:22:43

Active satellites and GEO satellites - No Starlink/OneWeb31/01/22 03:26:53

Visible sats = 125

0r——
Visible s?ts = 1849 GEO

.Starlink phl
Starlink'ph2.
OneWeb phl
OneWeb ph2

(o))
(=)

S
&
°
c
2
®
>
3
=

Elevation [deg]
S
(9]

90 120 150

-30 0 30
Azimuth [deg]

ESA SPACE2CONNECT " . Matera, June 7-9, 2023



e 7 : . s . : . = R B
. ) 2 s » and Quiet Sky "os,,: 8
g . - s ‘ » . ? A 755N %
. ] L] . = — = o‘s J = \ «’/,,o )
- - et ob / X /\ ~ - ’\ = hY %

. - x ' Ay . g/ /1 & N7 \ \ ?g_

- i . 8 . . . 2 » . : St /,\\ \ %

» S e — o ] \ | 2

2 - a ! \ S

¢ S e ‘ e | / \ ) 3

a%e . = - : . £ ’ $oN =

. ’ - - 3 . - 1 3 — / o M\ 3

Satellite Downlinks
10.7 -12.7 GHz

'Interference into wrdeband B RAS

—— observahons s B " protected’ -
: - B e ~__band
Interference |nto RAS protected

~bands

- .Unintentional..elec'tremagheti'c
radiation from satellites -

Reflections of ground transmissions

ESA SPACE2CONNECT . . Matera, June7-9,2023 - ——
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s mitigation pgssible?;:

The answer is yes, if at Ieast theiollowmg 3 goals are met

1 _ The apparent Iumrnosrty of the satellltes is reduced so-that onIy asmall t'ractron of the constellatlon
'_'ls vrsrble to the naked eye (technologlcally qurte chaJlengmg) ——

—r

2 The accurate real-trme posltlonof all 1 the satellltes is made avallable (possrble with the
' _Magreementlcooper ation Of the operatmg compames) . o8 e

: 3." The radio emission by the satellltes is swrtched off in'the proxrmlty of the Iarge radio- astronomlcal
~observator|es (possfble wrth the agreement/cooperatron of the operatlng companles)

The IAU Center (CPS) is pursumg these goals in close cooperation W|th aII stakeholders but the A
- UN COPUOS and the I'-I'U would be instrumental-inpromoting them at mternatlonal level .
~ -as voluntary actlons :

.....

= oo




~ Dark & Quiet Sky has reached high visi:

"We recognlze the |mpo‘rtance of contlnued discussmn in the UN COPUOS and intematlonal
Telecommunications Union (ITU) frameworks, as well as with the International Astronomical Union
~(IAU) on the lmpact of Iarge constellatlons of satellltes,on astronomy for the protection of the dark
and quiet sky ' P = :

. . B Summlt of the G7 Sc1ence and Technology Mm/sters e

- "Acknowledges that the effects of Iight poIIutlon and eIectromagnetlc mterference in particular from
satellite constellation§ must be taken into consideration and mitigation measures put in place to-
minimise negative impacts on astronomical observations and research worldwide; Welcomes the -
.efforts of the United Natlohs Commlttee on the Peaceful Use of Outer Space (UN COPUOS) in th|s
-regard;”

o European Council on "Fair-and sustainable use of space D_ocument.

‘ESA.SPACEZCONNECT.‘ . - Matera, June 7-9, 20'23'_‘. o 210



STSC & COPUOS

| —‘3\\ v * R :;
P .'59th STSC (2022) WP (Austna Chrle Domrnrcan Republrc Slovakra,,Spaln IAU ESO .
i ,SKAO = — Lat ‘
: Astronomy was declared mstrumental to all space actrwtres its protectron is wrthrn the

~  COPUOS remit. - % r - )
®" The constellatrons rmpact |s serreus and requrres the cooperatron of aII stakeholders

o 60”‘ STSC (2023) CRP (Chile,-Spain, Slovakla Bulgana Domrnroan Repubilic, Peru .
. . South Africa, IAU, ESO anq SKAO) . -

| ',4 Keeping the D&Q_S Agenda Item for a minimum of 3 more years o
' Creation of a COPUOS Expert Group on D&Q S

ol 66Th COPUOS (2023) Decrsron TBC

x Independently of the final decrsron the CPS will contrnue |ts actions and the IAU erI regularly report
its achrevements and dlff culties to the STSC and COPUOS 3




Available documentation

https://cps.iau.org/further-reading/

2020:

2021

2022

Identify the issues; formulate recommendations for
mitigation: SATCON1, Dark & Quiet Skies |

Identify the pathways to implement recommendations:

SATCON2, Dark & Quiet Skies Il

IAU Centre on the Protection of the Dark & Quiet Sky
from Satellite Constellation Interference (1AU CPS)

https://cps.iau.org

Impact
of Satellite

Constellations

on Optical Astronomy and
Recommendations Toward
Mitigations

UNITID NATYONS
Ofice for Onster Space Ny

Report of the SATCON2 Workshop
12-36 July 2021

Executive Summary

) 1 Oa-line Conference

Dark and | I
Quiet Skies

NOIR
Lab

for Sclence and Soclety /

SHAO
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Greg Wyler
Founder & CEO, E-Space
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SPEAKER

Jacques Arnould
Expert éthique, CNES
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