( opermicus

COPERNICUS IMAGING o
" -MICROWAVE RADIOMETER

L J

Strategies to mitigate the impact of RFI for the
Copernicus Imaging Microwave Radiometer
(CIMR) -

Craig Donlon, Rolv Midthassel, Marcello Sallusti, MarieITkigénese,

Claudio Galeazzi, Benedetta Fiorelli and Yan Soldo
ESA, ESTEC, Noordwijk, The Netherlands

RFI12022, ECMWF 14'-18th February, 2022

= ] ™ 4 Bl mEe=m ] == | =4 F 3 —"TTO » THE EUROPEAN SPACE AGENCY



—_—— - Lo

ESA-DEVELOPED EARTH OBSERVATION MISSIONS @esa

15in operation

S 2010 Ll 2015 40 under development
%;g b S Metop-A Meteosat 10 MailgE Meteosat 11

T =N e 220 13 under preparation
=

¢ Proba-1 Sentine‘él‘f;gjﬁ
z SMOS e g % W
coce & o Cryosat Proba¥ £} Sentinel-18  “c tinel-2B

% Swarm y\@ W
Sentinel-3A 4& Sentinel-3B B

Sentinel-5P ; Sentinel-5A Arctic Weather
Sentinel-6 i

Met0p-SG-AL Satellite _f
Ae I . s
. us Michael Freilich "¢ . > ( ) 2025
Sentinel-1C : d MetOp-SG-B1
Ao, W Sentinel-4A

Pl @9 « (g MTG-51
ALTIUS — Sentinel-3C  co2M
- & o T

W o
- 5 L7

s Biomass Sentinel-1D P,
57 Sentinel-2p  Sentinel-3D  ROSE-L

EarthCARE ‘9 o Senti?eli'-bs
@ Scout-1 FLEX TRUS*S crisTAL RS, <5+
FORLM . s
Exp!lzglrg"-lo CHIME P@ CIMES Sentinel-5B
&y, — Met0p-SG-A2
. CRIST/ L-B <@%JSE-L-B 2030

L

Earth ‘ : MetOp-SG-B2
2 / Sentinel-4B P
Explorer-11 cive-e B (U amres MTG-52 MTG-I3
&%, LS1i4-B
Q i e 9

Kol Science Copernicus = b Meteorolo

Al e Wy W Mz + = == rum + THE EUROPEAN SPACE AGENCY



Gpernious Increasing use of the spectrum

Europe’s eyes on Earth

Number of frequency bands used by ESA missions

2015 2020 2025 2030

This implies an improved ability to observe the Earth system.
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COMPATIBILITY STUDY BETWEEN EESS (PASSIVE) AND POTENTIAL - :

ALLOCATION OF IMT IN FREQUENCY BAND 6/7-GHz"

"1 - Introduction?

The bands 6 425-7075 MHz and 7 075-7 250 MHz are used by passive EESS in-order 1o perform measurements-
of brightness temperature of ocean. This band- is not allocated to' passive EESS -in the Radio Regulation,

however RR-5.458 states that :“Administrations should bear in-mind the needs of the Earth-exploration-

satellite (passive) and space research {passive) services in their future planning of the bands 6-425-7-075 MHz-

and 7075-7250 MHz"

The bands 6 425-7 075 MHz and 7 075-7 250 MHz are already allocated to several services (Fixed, FSS (Space-

to earth) and Mobile). |

Due to- the particularity of natural emission captured: by EESS- sensors, the only band to- perform ocean
temperature measurement  need- to- be closed to- the bands- described - in' RR- 5.458. The advantage of the
measurement by satellite of ocean temperature is the bility to perform globally everywhere-
on-the earth ocean surface. It should be noticed too, that it is-well known today that the ocean temperature-

provides a direct knowledge of the storm strength. /|

The-aim-of this-contribution is to-assess the situation that passive EESS will have to face if IMT is-deployed-
in the band 67 GHz and particularly if*deployments are performed-closed to-coast. It-should be highlighted-
that inthat frequency band passive EESS have no right in‘Radio Regulations and that the EESS protection is

totally dependent of the wish 10 administration 1o preserve the measurement performed in that bands. |

Because EO sensors operate outside allocations, it is
difficult to argue for their protection in frequency

management fora, and they cannot claim protection from
the RFI they experience.

But it also implies and more involvement in frequency regulatory matters.
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(opemicus  CIMR: RFI issues Lesa

RFI is present in all CIMR frequency bands (as for most microwave radiometer instruments)
RFIl issues are expected to increase, as the use of the spectrum increases

In the design phase, it is important to take RFI into account to:
Ensure survivability of the instrument;
Ensure high rejection levels outside the allocated band;
Develop RFI detection strategy;
Develop RFI mitigation approaches;
Develop RFI monitoring approach (evidence for ITU and spectrum pollution management)

In Phase E2 operations, it is important to implement ground based RFI mitigation and monitoring
techniques based onthe CIMRdataA esach sensor O0sees6 RFI i1 n i

RFI in some frequency bands can be reported to the ITU (e.g. in the bands where all emissions are
prohibited by article 5.340 of the Radio Regulations). This has decreased RFI in L-band!

Possible to coordinate with other space agencies to report RFI: now RFI in L-band are reported by
SMOS and SMAP around the same time. 4
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(opernicus The Copernicus Imaging Microwave Radiometer (CIMR) @esa

Europe’s eyes on Earth

EU Arctic policy

e Polar Oceans are fundamental to understanding
the global environment

CIMR | - - |
s © COPERNICUS IMAGING CIMR is designed to:
ol i Prevent the anticipated Gap in capability
' Be Areadyo for an ice f

Key variables: Sea Ice Concentration, Sea
Surface Temperature, thin Sea Ice Thickness,
Sea Surface Salinity, Wind Speed, soll

ITALIA -+ Taes /s compory

The European Commission and the moistureé
High Representative of the Union for . : : y
Foreign Affairs and Security Policy Low frequency/High Spatial resolution (51 15
issued to the European Parliament and km)
the Council, on 27 April 2016, a joint .
g rication ihat pro I8 AN s Megsurements every ~6 hours in the Polar
integrated European Union policy for BRFGIELERS gaTs | =Rl I Sy regions, no hole at the pole

the Arctic” 95% global coverage every day for application

In all Copernicus Services

@ @ (‘7 Directly addresses the EU Arctic Policy.
A f

O0Game Changer O (

Atmosphere Marine Land Climate Emergency Security
(CAMS) (CMEMS) (CLMS) (C358) (EMS)
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(opemicus CIMR: Cryosphere-ocean-atmosphere processes @esa

irope’s eyes on Earth

1. Sea Ice Concentration

. Sea Surface Temperature
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Sea Ice Extent [million km® ]

OPErNICUS

Europe’s eyes on Earth

Sea Ice Concentration
Arctlc Sea Ice Extent (> 15% SIC) Monthly Tlme Serles
Rcfr_rcnte period 1981 2000
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September Trend:
5F -89 thousand km* fyear
-11.5%/decade

Forty years of passive microwave satellite data

al »
Graph was plotted 28/10/2018 08:19 UTC
Source: EUMETSAT 05| SAF (http: r‘f’oslsaf met. ne:
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CIMR_SST_No_Smoothing

37.5

37

36.5

36

35.5

35

MO OW gy

34.5

34

33.5

1985 1990 1995 2000 2005 2020
. : : Sealce Drft ,ice type, snow
Thin Sea Ice thickness Surface Wind over ocean " YPE, "
CIMRL+C+Xband15kmSWSfromFuIIStokes V e g e t a. t I O n y S O I | mO
AWI/ESA SMOS L-band Sea Ice Thickness
200 CIMR is also a game ch ... for Land application (‘cesa
0 €aa 21”;4"3:“3...":ri“f.ng:;:ésfrifn’:.i’Q%?sao".‘.’#cﬁfé‘u?e”’“’ 8 Eesa
E - d) Annual mean total column soil i
AC‘ moisture change (standard deviation)
S
"E
3 NN = =
2 § 20°E 25°E 30°E 35°E 40°E
2
EHES 2 e
5 B @B b & & & B T e S e T
ind Speed [m/s
iz N L= ol o = = s Il 2R c= K — B L » THE EUROPEAN SPACE AGENCY




The CIMR Payload Overview @esa

wﬂre:ce altitude 817.5km
OZA 55 1.5 degrees

A Rotation speed 7.8rpm
A Dictated by radiometric sensitivity
requirements

A Instrument Mass ~600kgn¢ margin) rotating
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A 50 receiver channels in 'mgﬁfqu total
d , . bandwidth), incuding dual linear polarisation

A Data ~ 7Mbps nominally
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\oeernicus CIMR Orbit design

CIMR is to be placed in a 06:00 sun
synchronous dawn-dusk orbit T =

Speed: 2000x

Daylight

MetOp-SG
Orbit Number: 833

CIMR flies O0a8&HIBdO6 of P
+/- 10 mins difference in Arctic
Focus on the Arctic region
No nhole at the pol
Minimise daily eclipse periods and
mitigate the impact of thermoelastic
distortion,
Maximise power generation,
Minimise the complexity and size of the
solar array.
Maximise the colocation between CIMR
measurements and MetOp-SG(B) within
°10 minutes in the polar regions
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(opernicus Coverage and Revisit Cesa

ropeseyesonfarth - (~QK04/day Global coverage, 1 satellite; 99% coverage after 1.5 days)

Coverage of CIMR (global)

3y
0 1 2 3 4 5 6 7 8
Number of revisits in 24 hours
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e
CIMR Channel Selection

30 MHz SRS — 9N « e 300 MHz
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Gpernicus Channel selection @esa

Europe’s eyes on Earth
CIMR channels

1.4145 GHz:  SIT, SIC, SSS, WS, SM, SD N e
A ——555
6.9 GHz: SIC, SST, SIT, IST, WS, SID, —sc

— Arctic
===Mid-lat
=-=-=Tropical

SM, SD

05+

10.65 GHz:  SST, PCP, WS, SD, SM

18.7 GHz: TCWYV, LWP, PCP, SIC, SD, SM,
SID

Normalized sensitivity d TB /7 X

36.5 GHz:  SIC, SST, LWP, TCWYV, PCP,

SIC, SWE, SD o5l , . . . .
0 5 1c| 15 20 25 30 35 40
F (GHz) -
woo | (Killic et al, 2020)

SIC = Sea Ice Concentration, T O = - =
SST = Sea Surface Temperature, SIT = Sea o - E E
Ice thickness, g o © Qo
SSS= Sea Surface Salinity, - - o
WS = Wind speed,
LWP = Liquid Water Path, Channels (GHz, Full Stokes): 1.4 6.9 10.65 18.7 36.5
TCWV = Total Column-liquid Water Vapour, Resolution (km): <60 015 015 05 . 5 05 (g: 4k
gazzgmggaﬁé NEGT (K @L50K) : 00.3 00.2 O00.3 00.4 00.7
SWE = Snow Water Equivalent, Tot. Standard Uncertainty(K): O0.5 0O0.5 O0.5 0O0.6 OO0. 8
SID = Sea Ice Drift,
PCP=precipitation
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Gpernicu§ Sea Ice Thickness channel selection

Europe’s eyes on Ea

180} :
—— TB1.4v 40-50" 1400 |
TBév
160} | TB10v 1 120
TB22v
140} ——TB3V 100
—— TB89v
80
o oz e 0 0.1 0.2 0.3 0.4 05
0 0.1 0.2 0.3 0.4 05 : - . - ~
SIT bins, m SIT bins, m

Polarized brightness temperatures as function of sea ice thickness
various frequencies (from Heygster etal, 2014).

The best performing frequency for thin sea ice thickness determination is 1.4 GHz.

for
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Gpernicus Sea Ice Concentration: the role of L-, C/X, K/Ka-bands @esa

Europe’s eyes on Earth

_ On a single -channel basis, we
AMSR-E/2 and SMOS Brightness Temperatures of Surface Types _
VY1 T want to use low -frequencies
i ?:
= because:
= 225 F‘F'Y'I": high dynamic range
2 200 between Open Water and
S 175 1 J sea-ice.
() ’ .. ]
E 150 1 FYI=First -Year Ice /’/[( limited dynamlc range
V MYI=Multi -Year Ice ’ .
£ 1251 OW-=Open Water ,}/ between Multiyear Ice and
€.l W P First -Year Ice.
I L -IP—"I’ = : The best SIC algorithms
1 i . . .
, — ' I , iInvolve Ka -band: high spatial
™ ) A\ A \e) Q . .
Lo LA\ NS ol S resolution<5 km achievable
Frequency (GHz)
Lu, J. and Heygster, G.: AMSR-E/2 and SMOS Brightness Temperatures of
Surface Types, , doi:10.6084/m9.figshare.7370261.v2, 2018
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GDQEDEEHE Sea Ice Concentration (SIC) algorithms
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(Lopernicus Sea Ice spatial characteristics are complex.

Europe’s eyes on Earth

e e |

Satellite Imagery
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opernicus CIMR -3dB projected IFoV and footprint_size
CIMR compared to other PMRs

antenna
reflector

MWI-SG (2023)
N AMSR2 (2012)

I CIMR footprint_size

_(a+b)

r4

footprint_size:
® L: <60 km

C: O15
p— X: 015

CIMR N
SMAP: 36x47 @ > 7.0m (mesh) K O 5 .

SMOS 32->80+ (mean:42) N
3dB ellipse K a . O 5
35x62 24x42 14x22 7x12 diameters

[km]

3dB Footprints

n
=
2
>
Y
@)
o
@
L
n
>
o
)
c
©
-
=
©
-
)]
£

20x10 20x10 x4 5x3

C X K Ka
6.9 10.6 18.7 36.5

#CIMReu cimr.eu
Band name and Frequency [GHz] @lavergnethe (9th sep 2019)
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(QFD?EF“CH§ Engineering model of the 8m diameter antenna reflector @esa
ZLSS / TICRA —//_'NVENT LUMA METALL®  etaiET &N

e, La1ge Space Structures st uac vH&S TP HP§ @meq: @

\vAntenna boom during deployment
testing. © HPS GmbH

a First automatic motorised deployment
test of the European LDR . © LSS GmbH

https:// phi.esa.int /automatic -unfurling -of-european -large -deployable -reflector -successfully -demonstrated/ 18
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OpErnicus The CIMR Payload Thalesalenia ~ OHB, esa

Europe’s eyes on Earth . 2 Thales / Leanardo compar Spa ce
Supporting truss
<\

‘We.Create.Space.

Rotating instrument

50 receiver channels in total (~11GHz total
bandwidth), incuding dual linear polarisatio

Full Modified Stokes parameters provided.

Each channel uses interradlibration.
A Hot and Active Cold Load (ACL).

alancing
mass

Detection is done in digital domain.
Rotating instrun All channels have onboarBFI processor
A To identify interference and remove it
from the mesurement.

old down
release
echanisms

All the above done in rotating part of the
satellite (due to limitation in data transfer
through the rotary joint to the fixed part).

Stowed reflector & boom
19
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P The CIMR Measurement Principle eSa
Gpgmgggﬂsh Footprint sizes and overlap for all frequencies @ center of swath @

Instrument feed configuration:

. ll-band :
2 .. ‘— § 0= B
| 7- ' All feed are dual polarised
' 'r . 50 receiver channels in total
L-band wl Gband X-band K-band Kaband

"~

60km FP I \ P  15kmFP  55kmFP  4kmFP
(77x43) Lilal v ) i (20810) |
30% overlap b 20 rlap 20% overlap 6

4+ 11 = 11 11



(Obemicus CIMR Key Radiometric Performances €esa

Europe’s eyes on Earth

Label Mission Priority Primary Primary Primary Primary Primary
ID-080-1-1 Addressing CIMR ALL ALL ALL ALL ALL
ID-080-1-14 ITU EESS (passive)
(MRD-250) allocated band and 1.4 -1.427 6.425-7.250 10.6-10.7 18.6-18.8 36-37
band centre frequency 1.4135 6.8375 10.65 18.7 36.5
(MHz)
ID-080-1-2 Channel centre frequency!'#
(MRD-240) [GHz] 1.4135 6.925 10.65 18.7 36.5
1D-080-1-3 Maximum channel
(MRD-380) bandwidth [MFHz] 25 300 100 200 300
D-080-1-4 " -
(MRD-300) rooi-:.print size [km] <60 <15 <15 <55 <5 (goal=4)
1D-080-1-5 L1b Radiometric resolution <04
(MRD-420) [K] NEAT for zero mean, 1- <0.3 <0.2 <03 - <0.7 -
sigma at 150 K (goal: <0.3) The CIMR InStrUIllent
1D-080-1-6 icRa K Kmin=2.7, Kmax=340
(MRD-430) Dynamic Range [K] in=2.7, X= . k
1D-080-17 — remains on track to meet
RD-440 L1b Radiometric Total <05 <05 0.6
ﬂ;D P Standard Uncertainty'” [K, <0.5 D 4 =02 45 s <0.8
oy |z mean -sigm a9 | D49 | eout 09 these performances
ID-080-1-8 ..
(MRD-560) Polarisation Full Stokes (see MRD-550, MRD-560, MRD-570)
ID-080-1-9 .
(MRD-170) Swath width [km)] >1900
ID-080-1-10 Observation Zenith Angle
(MRD-270 " 55.0 £1.5
1D-080-1-11 adiometric stapill
(MRD-470) over lifetime [K, zero mean, <0.2 <0.2 <0.2 <0.2 <0.2
1-sigma]
1D-080-1-12 L1b Radiometric stability <0.15 <0.15
(MRD-480, over orbit [K, zero mean, 1- <0.2 ~ 1'_0 1 - 1'_0 1 <02 <0.2
MRD-490) jornal (goal=0.1) (goal=0.1)
1D-090-1-13 L1b geolocation uncertainty
(MRD-660) 1 <1/10 of ID-080-1-4 (see MRD-660)

https://esam_ult_i m_edia.ésa_._i_nt/docs/ EarthObservation/CIMR -
MRD-v4.0 -20201006 Issued.pdf

21
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https://esamultimedia.esa.int/docs/EarthObservation/CIMR-MRD-v4.0-20201006_Issued.pdf
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Evolution of RFl detection over land (Percentage of pixels affected)
—=Strong RFl ==RF| tails -—RF|sources

#RFI2022

Cesa A A
il

E STATISTICS OF INTERFERENT SOURCES
| IN L-BAND OBSERVED BY SMOS

DETECTION, REPORTING AND SHUTDOWN OF RFI

Alvaro Llorente
European Space Agency (ESA)
111 ine

| 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018 |

The SMOS experience has been a great lesson learned
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(Lopernicus CIMR: RFI @L-, C-, X- K- and Ka-band 1! Lesa

Europe’s eyes on Earth

Probability of sustained hard RFI occurences (no outliers detection) for 20181227 + 07 days period
from BB post-processing of OPER/REPR SML2 UDP & DAP - ASCENDING only passes - Dual & Full polarizations products
- : H < . S o

; Eutelsat W2A 10.0° E; 8
} Atlantic Bird 7.2°W 1 f
Hotbird 13.0° E’

Astra 19.2° E

DirecTV-10 102.8°W
DirecTV-11 99.2°W
DirecTV-12 102.8°W

e
18.7 GHz 10.65 GHz
2007-Jul/Sep 2009-Apr / 2002-Jun

httpr://www‘cesblo.ur‘JS»tIse‘fr/SMOS (blog

http://www.cesbio.ups-

- — Marty Brewer and Kyle Hilburn
Frank, Carl, Chelle, et. al.
Remote Sensing Systems

tise.fr/fSMOS_blog/smos_rfi/?q=image/3-latest-global-15- AMSR Science Team Meeting

days—asc Portland, Oregon, 2012.Sep.11-12
24
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http://www.cesbio.ups-tlse.fr/SMOS_blog/smos_rfi/?q=image/3-latest-global-15-days-asc

OPErNICUS

Europe’s eyes on Earth

6.925 GHz V-pol RFI, Maximum over 1 month

60
o 40 .
3 <
~ 20 x
g
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© o
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60 7.3 GHz V-pol RFI, Maximum over 1 month
> 40 -
3 X
-~ 20 x
g
2 0 -
= w
© (4
= =20
-40
-100 -50 0 50 100 150
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ngi)nimum 6.925, 7.3 GHz V-pol RFI, Maximum over 1 month
3
x
3
£
[T
(4

-50 0 50 100 150
Longitude (deg)

-100

Fig. 7. RFI Mitigation effectiveness for AMSR2 the C-Band Channels. Top:
Maximum RFI index over a month for the 6.925 GHz V-pol channel. Middle:
Maximum RFI index over a month for the 7.3 GHz V-pol channel. Bottom: For
each measurement over the month, the minimum RFI index of the two frequency
bands is chosen, and the maximum result over the month is shown. AMSR2
data taken from October 2017.

CIMR: RFI @L-, C-, X- K- and Ka-band !!!

GMI 10.65 GHz V-pol RFI, Maximum over 1 month

g¥ 3
= 1
8 50 £
2 e
® 40
30
-1 10 . 4
0 9 Lor?gltude (889) = 9
0 AMSR2 10.65 GHz V-pol RFIl, Maximum over 1 month
g 60 <
= %
$ 50 -
2 =
- et
840 =
30 - p
-1 10 .
. 0 Lor?gltude (c?igg) ) ¢
0 WindSat 10.7 GHz V-pol RFI, Maximum over 1 month s

D60 .
s 2%
8 50 2
E g
840 w

30 40

10 0
Longitude (geg)

Fig. 8. 10.65-10.7 being in the protected band, GMI (top) does not exhibit
reflected RFI around Europe but does pick up substantial RFI over land. AMSR2
(middle) is also in the protected band, but does see reflected RFI. WindSat
(Bottom) whose bandpass is in the nonprotected satellite transmission band
exhibits significant interference. GMI and AMSR?2 data are taken from October
2017 and WindSat data are taken from September 2014.
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