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N\ Outline

¥~ Status of studies for Cryosat FO mission

“~ Ku-Band instrument (Cryosat-3) : modes and architecture
“~ Addition of Ka-Band

“~ Performances & budgets

“~ Conclusion
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™ Status of studies for Cryosat-FO mission

“~ Two main approaches considered :
“~ Cryosat-3/Siral-3 : Cryosat FO mission based on Sentinel-6 / Poseidon-4
currently under development

“~ Enhanced Cryosat Continuity : based on the implementation of a payload
on an Iridium Next bus launched and operated by Iridium

> Addition of Ka-Band at nadir studied in this context
> Inclusion of a radiometer not feasible due to accommodation constraints on Ir-Prime
bus

C Design of aradar interferometer with :
“~ An identical central electronics block in Ku-Band for both studies
“~ The antenna size adapted to the platform considered (Ir-Next, Cryosat-3)
C Only Cryosat-3 dimensions are considered for antenna performances in this
paper
ThalesAlenia
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N\ Siral-3 : Ku-Band radar interferometer

“~ Main requirements of Cryosat-3 study
“~ Design a Siral-3 Ku-Band instrument based on Poseidon-4
“~ Same baseline requirements as Siral-2, with enhancements
“~ Baseline modes (Siral-2) : SAR & SARIn Closed Burst (CB)
“~ Enhanced modes : Extended SARIn CB & SARIn interleaved

<~ Measurement modes

Measurement modes Radar pattern Targeted surfaces Comments

Nominal configuration

SAR Closed Burst 4 bursts per TrC Sea ice, open ocean and | Siral-2 mode
PRF =18 kHz coastal zones

SARIn Closed Burst 1 bursts per TrC Land ice Siral-2 mode
PRF = 18 kHz

Enhanced configuration

SARIn Interleaved Continuous Tx/Rx Seaice
PRF 01.2 BDop

SAR Closed Burst 4 bursts per TrC Open ocean and coastal | Siral-2 mode
PRF =18 kHz zones

Extended SARIn Closed Burst 4 bursts per TrC Land ice
PRF = 18 kHz
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N\ Siral-3 : Enhanced modes

“~ Extended SARIn Closed Burst
“~ 4 measurement bursts / Tracking Cycle (SARIn CB : 1 meas. burst/Trc)

“~ Improvement factors wrt SARIn CB :
> Range / phase accuracy : sqrt(4)

-
Ll

: Burst transmission Burst reception i
A f‘ N

Fixed PRF=18kHz ~ Tpuse =49 s

R H I A I H Tx / Rx1
U2y sL IaL Rx2

Burstcycle~12 ms

> - /7
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N\ Siral-3 : Enhanced modes

“~ SARIn Interleaved
“~ Measurement of Angle of Arrival of off-nadir leads on sea ice
*~PRF O 1. 2 bandwidthpp! er
“~ Further improvement factor of range / phase accuracy wrt SARIn CB mode
“~ Fully focused SAR mode can be operated

3 r 3
Tpuse =12 ps PRF ~ [15.9,17.2 kHz]
Tx
1 2 3 Rx 64 65 ' '
I ﬂ_ILH_ﬂj_ILll_I'I_l Tx / Rx1
JU JL JL JL TU JL JU JL JL JL| Rx
P Burst pattern : 64 Ku — 1 spare R
~ 780 pulses (12 x 65 pulses)
¢ P

Tracking Cycle ~ 45.5t0 49 ms
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N\ Siral-3 : Architecture trade-off

“~ Nominal and redundant chains
“~ Design of a Central Electronics unit (CEU) based on POS-4
“~ Merger of former HB + DPU (Siral-2) into a single box (CEU)
“~ Deramp substituted by digital pulse compression
“~ Stability (by design) of impulse response in range window
“~ Direct modulation/demodulation in Ku-Band

¥~ Same architecture as Siral-2 for other equipments

Central Electronics Unit
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N\ Siral-3 : Architecture trade-off

“=~ Architecture heritage

“~ Central Electronics Unit : Poseidon-4 + KaRin (Rx modules)

“~ Ku-Band HPA (SSPA) i 2 options :
> GaAs : Recurrent from Siral-2 SSPA
> GaN : Simplified design based on an existing HPA chip

“~ Ku-Band duplexer : recurrent from Siral-2

“~ Ku-Band interferometric antenna : re-use of design principles from

manufacturer of Siral-2 antenna

28 W GaAs SSPA

Ku-HPA

Interferometric Calibration path

Txka] b TM/TC

Interfaces

CEU

Platform Electrical

Tx

Ku

TM/TC

Rx1 Ku

Rx2 Ku

Ku-Duplexer

Tx/Rx Ku

Antl
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N\ Siral-3 : Ku-Band radar interferometer

¥~ Central Electronics Unit
“~ From Poseidon-4 to Siral-3

POS-4 DPU Siral-3 CEU

FORM&SEQ

DSP2

FORM & SEQ

RX1_NUM

DC/DC RX_NUM TX_NUM MOD/DEMOD Ku
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N\ Siral-3 : Ku-Band radar interferometer

10

<~ Ku-Band SSPA

Pulsed EPC
(PSUTAS-B)

“~ GaAs-based SSPA : Siral-2 + POS-4 heritage

SSPA

“~ GaN-based SSPA : New technology
> Better efficiency than GaAs solution [';‘;'3‘*;’;?;,
> Lower power consumption :
A SAR /SARIn CB : -20 W wrt GaAs SSPA
A SARIn Interleaved : -30 W wrt GaAs o - - - .ﬂ
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N\ Siral-3 : Ku-Band radar interferometer

“~ Antenna sub-system description -

Siral-2 heritage

“~ 2 Cassegrain antennas with Ku-Band

horns and main/sub reflectors

“~ Baseplate design derived from Siral-2

Parameter Siral-2 Siral-3
Main reflector diameter 1150 x1400 mm? 1200 x1400 mm?
Baseline 1.2m 1.2m
Gain 42.8 dBi 42.8 dBi
Side-Lobe Level -19 dB -19.5dB
g3dB Across-Track 1.25° 1.23°
g3dB Along-Track 1.12° 1.06°
Cross-Polar <-25 dB <-25dB
Error on Angle of Arrival 20060 20060
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™\ Addition of Ka-Band : benefits of dual band operation

12
“=~ Snow depth retrieval with combination of Ku- and Ka-Band
“~ General trend : Ka-Band penetrates less the snow pack than Ku-Band
70 0.82 pze 's - 40 045,047 ,AmKa
*~ Snow depth on seaice o Hl i S m—}
> Estimates of snow penetration factors with i) g |- 1
Cryosat-2 and AltiKa = g - 1
10 AT y ] :
Parameter Multi-Year Ice (MYI)| First-Year Ice (FYI) ohmbe L e o
AltiKa (Ka-Band) 0.47 0.45 Radar ponavaion act
Cryosat-2 (Ku-Band) 0.82 0.96 Courtesy : UCL
Courtesy : UCL 3“ Per 2038
C Constant penetration factor in Ka-Band B
> Validation with buoy over year 2013 :
A Measurements with Cryosat-2 and Altika I - I
A Measurements performed by a drifting buoy _ september 2013 _ June 2014

Courtesy : UCL

“~ Snow depth on land ice
> Retrieval of snow depth on ablation zones with clear ice/snow interface
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™ Enhanced Cryosat continuity : Addition of Ka-Band

13

“~ QOperation in Ku- and Ka-Band
“~ First assumption : alternate (Tx/Rx) operation in Ku-band and Ka-band
C Chronograms will be further optimised
“~ SAR CB (Ka) : addition of a Ka-band burst (16 pulses) after Ku-Band bursts
“~ SARIn CB (Ka) : 1 burst in Ku-Band + 1 burst in Ka-Band
“~ Range tracking performed in Ku-Band with Ka-Band tracking slaved to Ku-Band

SAR mode (4 bursts / TrCy) 64 pulses Ka
Tx burst Rx burst SARin mode (4 bursts / TrCy)
o | [ ] T [ ]
T Dade '
=== e e e e e e m e e e e m e e s e s e e e m e m— - ———— - - -
SARIn mode Ku&Ka 64 (raw data) + 192 (tracking) pulses Ku
SARin mode (2 bursts / TrCy) 64 (raw data) pulses Ka
Tx burst Rx burst Tx burst Rx burst Tx burst R burst Tx |3|'UFSt Rx Ib'-lrSl
1 1 i | A A [ Y r 1
B o] [eke]  [eke] e o4 Ka
r.---z-';;;};---un! EZHWKJC l Tracking pulses only l Tracking pulses only l
LR L P ———————————— - = == mmmm e m e mmm e m—————— e e e ———_—
BRI=12 ms
Tracking cycle # 48 ms  ———————————
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™ Enhanced Cryosat continuity : Addition of Ka-Band

¥~ Architecture of (Ku+Ka)-Band instrument o
“~ Built on top of the Ku-Band architecture
“~ Possibility to implement or not the interferometric mode in Ka-Band
“~ Ka-Band SSPA+EPC : same design as Altika/SARAL with HPA chip from Qorvo

“~ Ka-Band Duplexer :
> No interferometry in Ka-Band : recurrent from Altika
> Interferometry in Ka-Band : new development based on Ku & Ka-Band duplexer heritage

“~ Dual-frequency antenna: same architecture as Ku-Band

| Ku-Interferometric Calibration path

KU' H PA e g— Tx/Rx Ku -
Antl &)
l o) " = C
Tka] R TM/TC ] = C
- T™M/TC 5 [45) E')
2 Rx1 Ku X Rx Kt E [
g8 Rx2 Ku Ant2 9 ]
UE e s O ©
Eg CEU TM/TC T XY
o £ Rx Ka O +
© Rx2 Ka O | Ant2 'E’ =
& J, $ Rx1 Ka -] — V¥
'[ Tx Ku TM/TC 0O
1
Tx Ka Tx Ku g Tx/Rx Ka
Antl
Ka-HPA ‘
I

Ka-Interferometric Calibration path
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™ Enhanced Cryosat continuity : Addition of Ka-Band

“~ Antenna configuration with a dual frequency horn
=~ Assumption for antenna design : Cryosat-3 volume
*~ (Ku&Ka) concentric footprints with gain maximisation in Ka-Band
“~ Slight loss of gain in Ku-Band wrt single frequency horn

Ku Siral-3 Ku Ka
Parameter (reference) (dual-frequency) (dual-frequency)
Gain (dBi) 42,8 42,5 50,6
348 across (o) 1:25 112 0149
U3dB across (km) 1577 15-1 6!2
0348 along (o) 1,06 1,02 0,41
Q3dB along (km) 13,3 12,8 52
SLL (dB) <-19 <-21 <-21
Cross-Pol (dB) <-25 <-25 <-25
— O:Ds S50 ey e
N 4 r J— 55.00
50.00 t — o190
1 r s X145 50,00 A
45,00+ T
] 3 45.00
40.00 ¢ f \ t
| f ) L 40,00
35,00+ / \ - o /\
g 30‘00: @ . 0j 7
é 25 OO: | s ; ;
Ezo‘oo: f ? .

15.00
10,004

5.00+

0.00+

5.00 i 1 H A |
-10.00 -5.00 0.00 5.00 10.00

Theta (degres)
CRYOSAT 3
Uof 0.85dB) —- 13575 MHz

) 0.00

CRYOSAT 3 e
Gain—{L+ Cain-(L+U of 1.2 dB)—— 35750 M
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™ Performances and budgets

“~ Signal to Noise Ratio
“~ SIRAL-3 requirements (Ku-Band)

Cryosat-2 detected backscatterer coefficient in SARIn mode (ice).
http://cryosat.mssl.ucl.ac.uk/ga/mode.php

Mode Surface Sigma-0 SNR
SAR CB Open ocean, sea ice 0dB 18 dB
SARIn Interleaved Seaice 0dB 18 dB
SARIn CB Land ice -10 dB 18 dB

> Sea:SNR(LRM)=14dB @ 0,=6dB
=~ Extension to Ka-Band

2

Ice : same minimum sigma-0 values as Ku-Band

> Sea (AltiKa) : SNR(LRM) =10dB @ U, =6.5dB

“~ Results

2

2

Ku-band : SNRs compliant for Siral-3 / dual-band configuration
Ka-band : Satisfactory SNRs to detect echoes in the full sigma-0 range



