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9.2-10.4 GHz Synthetic Aperture Radar

Commercial startups are
launching fleets of dozens
Space agencies had 1-2

SARS don’t need operating licenses
in the countries they image

FIGURE 1
Modes of operations for SAR system in the 9 GHz EESS allocation
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9.2-10.4 GHz Synthetic Aperture Radar

The most powerful SAR have pfd
17dB above our burnout level,
ground albedo is -10 dB

FIGURE 1
Modes of operations for SAR system in the 9 GHz EESS allocation
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9.2-10.4 GHz Synthetic Aperture Radar
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Modes of operations for SAR system in the 9 GHz EESS allocation
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9.2-10.4 GHz Synthetic Aperture Radar

Info at http://SFCGOnline.org

Active Sensing Information for Radio Astronomers

But Iceye & Capella don’t
participate at SFCG

FIGURE 1
Modes of operations for SAR system in the 9 GHz EESS allocation
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9.2-10.4 GHz Frequency Allocation

5.474B
applies at the
extremities
of the 9.2 -
10.4 GHz
EESS (active)
allocation
made at
WRC-15

Allocation to services

Region 1

Region 2

Region 3

9 200-9 300

EARTH EXPLORATION-SATELLITE (active) 5.474A - 5.474C

RADIOLOCATION

MARITIME RADIONAVIGATION 5.472

5.473 5474 5.474D

9 300-9 500

EARTH EXPLORATION-SATELLITE (active)

RADIOLOCATION
RADIONAVIGATION
SPACE RESEARCH (active)

5.427 5474 5475 5.475A 5.475B

5.476A

9 500-9 800

EARTH EXPLORATION-SATELLITE (active)

RADIOLOCATION
RADIONAVIGATION
SPACE RESEARCH (active)
5.476A

9 800-9 900

RADIOLOCATION

Earth exploration-satellite (active)

Fixed
Space research (active)
5.477 5.478 5.478A 5.478B

9 900-10 000

EARTH EXPLORATION-SATELLITE (active) 5.474A E.474§ 5.474C

RADIOLOCATION
Fixed
5.474D 5.477 5.478 5.479

10-10.4
EARTH EXPLORATION-
SATELLITE (active) 5.474A
5.474C
FIXED
MOBILE

RADIOLOCATION
for S

10-10.4
EARTH EXPLORATION-
SATELLITE (active) 5.474A

5.474C

RADIOLOCATION
Amateur

tellenbosch, Iviarch 2020

10-10.4
EARTH EXPLORATION-

A LITE (active) 5.474A
5.474B] 5.474C

FIXED
MOBILE
RADIOLOCATION




9.2-10.4 GHz Synthetic Aperture Radar

5.474B Stations operating in the Earth exploration-satellite (active) service shall comply with Recommendation
[TU-R RS.2066-0. (WRC-15)
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9.2-10.4 GHz Synthetic Aperture Radar

5.474B Stations operating in the Earth exploration-satellite (active) service shall comply with Recommendation
ITU-R RS.2066-0. (WRC-15)

Recommendation ITU-R RS.2066-0

(12/2014)

Protection of the radio astronomy service in
the frequency band 10.6-10.7 GHz from
unwanted emissions of synthetic aperture
radars operating in the Earth exploration-
satellite service (active) around 9 600 MHz

recommends

1 that, in order to ensure compatibility of EESS SAR with RAS stations, EESS SAR systems
operating around 9 600 MHz should avoid, to the maximum possible extent, to illuminate an area
around radio astronomy stations. The size of such an area is defined in Annex 1. Annex 2 provides
the list of RAS stations capable to operate in the frequency band 10.6-10.7 GHz and which may
perform observations during times of illumination;

2 that, in the event that the conditions referred to in recommends 1 are not met, the operator
of the EESS SAR system should contact the operator of the concerned radio astronomy station at
least seven calendar days before an event for EESS SAR routine operations and at least 24 hours for
EESS SAR acquisition of images in cases of emergency only such as disaster management in order
to coordinate and. if necessary. to agree on mitigation or other preventive measures.
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RS. 2066

RS. 2066 describes the viewing geometry
List of radio astronomy stations operating in the band 10.6-10.7 GHz tO Calculate the S|Ze Of the eXCIUS|On zone

Region 1

Country Name N Latitude E Longitude Antenna size (m) d h p TS g I y | g b I I 1 f
. . an as surprisin ong, obsolete lists o
Belgium Humain 50° 11" 30" 05° 15" 27" K
. Mk rizor | wezesr 157 RAS sites operating at 10.6 - 10.7 GHz
Germany Effelsberg 50°31'29" 06° 53" 03" 100
Stockert 50° 34' 10" 06° 43 19" 10 List of radio astronomy stations operating in the band 10.6-10.7 GHz
Region 3
Wettzell 49° 08 41" 12° 52’ 40" 20,132 eon
— e N N Latitud E Longitud Antenna size
Ttaly Medicina 44°31' 14" 11°38" 497 32 ountry e amde ongltude tennasize (m)
Noto 36° 52" 33" 14° 59' 20" 32 Parkes -33° 00' 00" 148° 15' 44" 64
Katherine “142232 | 132°09' 09" 12
Sardinia 30729 34" 09 14" 42" 64 Mopra G o 4 05 S =
Latvia Ventspils 5733 12" 21°51' 17" A sl ATCA (Narrabri) 30°59'52" | 149°32' 56" 6 antennas of 22
Norway Ny Alesund 78 55' 45" 11°52' 15" List of radio astronomy stations operating in the band 10.6-10.7 GHz | Austalia Tidbinbilla ETIYITD 14558 59" 70,34
Region 2 4 18" o' 21"
Portugal Flores w12 3107 48 gion Hobart (Mt. Pleasant) —42’48' |s" 147.26I21" 26
Santa Maria 36° 58 12" 25° 107 12° Country Name N Latitude E Longitude Antenna size ( Ceduna —31°52'05 133°48'37 30
2 2 2 w4 o0 a8 2
Russia Badari 51°45' 27" 102713 16" Brasil lizpetinga CBTINOS | 463328 “ )YA@MN 9.,0' 49'- - : 487- ;o
- - Canads | Algonquin Radio Obsy 3STIOY | 78 08 23 37and9.1 Sh'“:‘ :(1] ;; ; ::‘l’ f 1 ; =
- YT cahan T >
Kaliazyn 57°13'29 373401 USA Arccibo 16°20'39" | —66°45' 10" 305 = I P =
- - anshan oy . 2
Pushchino 54°49'20" 37°37' 53" GGAO Grecabelt 39°06 00 | 7620 24" 12| China — o T r o p=
Rt v
Svetloe 61°05' 00" 20°46' 54" Green Bank Telescope 38° 25" 50" ~79° 50' 23" 100 CSRH 12 | e s 60 antennas of 2
Zelenchukskaya 23049 34" ITEECEY Haystack 427 36' 36" —71° 28' 12" 18 QT 36 01 3940 57" o
- Kokee Park 2507 34" | -159° 39 54" 20 . wpy— e
South Africa Hartebeesthoek _25° 527 48" ~27° 40" 48" a8 Nobeyama 35° 56" 40' 138°28'21 45
Jansky VLA 33° 58" 22" ~107°24' 40" to 27 antennas of VERA-Mizusawa 3Fos o 141°07"' 57" 20,10
MeerKAT -30° 43" 16" 217 24" 40 64 e llg' s -107° 48 22 VERA-Iriki 31044 52" 130°26' 24" 20
i ° 25' 38" ° 14 5T VERA- v 27° 05 31" 142° 13' 00" 20
Spain Robledo 4 s s VLBA Brewster, WA 48707 52" | —119°41' 00" 25 - Opesewara —— — -
Tenerife 28° 30' 00" -16° 30' 007 VIBA For Davis TX o or T o sear T VERA-Ishigakijima 24°24' 44 124°10' 16 20
A Tort Davis, - - Tshioka 36 12317 140° 13/ 36" 132
Yebes 40°31°27" 037057227 VLBA Hancock, NH 473601 | —71°59' 12" 25| japan P st | 1a0r39 e =
Sweden Onsala 57°23'45" 11°55' 35" VLBA Kitt Peak, AZ 31557 23" [ -111°36 45" 25 Usuda 60T ST 13820 36 P
Onsala 57°23' 35" 11°55" 04" 5 VLBA Los Alamos, NM 35°46'30" | -106° 14'44" 25 Nishi-Waseda 357 42' 25" 139° 43' 20" 2.4 antennas of 64
- - VLBA Mauna Kea, HI 19748 05" | —155°27 20" 25 Tomakomai 240 25" *35' 48"
Switzerland Bleien aT2026" | 0806 44" s Kea, : T =
Turk Kaveeri 1859 45" 3617 58" VLBA North Liberty, 1A 41°46' 17" —91° 34" 27" 25 Gifu 35° 28 03 136° 44' 14 1
trkey ysen VLBA Owens Valley, CA T3S | 18 1637 ) Yamaguchi U128 | 131°33'26" 32
UK Merlin - Cambridge [ 52° 10 01" 00° 03" 08" VLBA Pic Town, NM 34° 18 04" | -108° 07 09" 25 Tsukuba 36°06' 11" 140°05' 19 32
(mean) VLBA St Croix, VI 1745 24 64 35 01" % KSWC (Jeju) 33742 36" 126°29' 26" 3
Merlin Knockin 52°47 25" -02° 59' 50" Allen Telescope Array 40° 104" | -119°31' 53" 42 antennas of SGOC (Scjong) 36°31' 12" 127°18' 00" 2
K-SRBL 36° 24'00" 127° 22 12" 2 antennas of 2
anli - 'ty 2° 32' " N ° 25" 33" — g3 9 70.
Merlin Damhall 53°09' 23 -02°32' (¥ Goldstone 35°25'33 116° 53' 22 03 | Korea VN om T ss 2656 27" o
Merlin Jodrell Bank | 53° 14' 07" -02° 18' 23" 64 KVN-Ulsan 35732 33" 129° 15' 04" 21
(mean) KVN-Tamna 3301721 126°27 37" 21
Merlin Pickmere 53° 17 19" -02° 26' 44" 25 ;‘;‘m " Warkworth -36°25' 59" 174°39' 52 30,12
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9.2-10.4 GHz Synthetic Aperture Radar

5.474B Stations operating in the Earth exploration-satellite (active) service shall comply with Recommendation
ITU-R RS.2066-0. (WRC-15)

RS. 2066 is mandatory for EESS (active) use of the ends of the band but is
in fact recommended for radar operating “around 9.6 GHz”

Iceye and Capella Space are aware of RS. 2066 and are “considering”
whether to follow it. Neither company was willing to share detailed
information about their operations or what frequency band they use.
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9.2-10.4 GHz Synthetic Aperture Radar

5.474B Stations operating in the Earth exploration-satellite (active) service shall comply with Recommendation
[TU-R RS.2066-0. (WRC-15)

RS. 2066 is mandatory for EESS (active) use of the ends of the band but is
in fact recommended for radar operating “around 9.6 GHz”

Iceye and Capella Space are aware of RS. 2066 and are “considering”
whether to follow it. Neither company was willing to share detailed [EJIEJ[@ ©

information about their operations or what frequency band they use.
https://www.bbc.com/news/science-environment-51296585 N EWS
At the recent American Astronomical Society meeting in Hawaii, Dr Harvey Liszt from the US

National Radio Astronomy Observatory raised the concern that powerful radar pulses from
orbit could damage the radio receivers that scientists employ in their ground observatories.

Payam Banazadeh told me Capella was taking this matter very seriously and was keen to co-
ordinate his company's activities with the AAS.

"We have also been in contact with Dr Liszt and are actively working to safeguard their
mission when operating our SAR constellation.

"Whether it is observing Earth or deep space, Capella believes in exploration and scientific
discovery. We also believe in and support protecting the mission of the radio astronomy
community."



SFCG

i I U CA F h a S O bs e rve r Stat u S at S FCG (space frequency coordination group)

* Attended SFCG 6-7 times 2004 - 2017
— 2004 mutual planning for 94 GHz radar (see next talk)

— 2010 first comprehensive info on X-band SAR
* Thanks to John Zuzek and JPL

— 2016 active sensor info revision started

* |UCAF asked SFCG to consider avoiding RAS sites
without advance notice at other frequencies also

— 2017 definitive refusal of 2016 IUCAF’s request



rrrrrrr

-~

Thank you
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