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WIVERN mission concept
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WIVERN radar and radiometer observations

Platform Doppler

Platform motion causes the signal to cyclically wander through a 6 MHz carrier-

ECT

centered band
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Wind motion adds an additional £25 KHz Doppler shift to the radar signal

Satellite track
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Signal separation

Band-stop/Band-pass (digital)
filtering separates the active radar

Radiometer Bandwidth

< > | |« > From UCM2023 presentation
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signal

_.\A.M‘LA PUVLLY . P T PN nA.aL JA_MAAA_MM

Frequency [MHz] + 95.0 GHz

3

= s e E= === - e I SR IZ D = = Y > THE EUROPEAN SPACE AGENCY




Radar mode of operations esa
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SWEEP: end-to-end simulations esa

* Phase-A: end-to-end performance assessments for both mission concepts using representative scenarios.

* Helps to achieve Scientific Readiness Level 5 (SRL-5), targeted at the end of Phase-A.

Synthetic scenes, model data, etc.

[ Input scenes ]
v Check whether L1/L2 requirements are met!
\ Input data
{ Scene generator module ) )[ Performance assessment module ]( D
L2
o L1
Stimuli
Lo L1
> %[ Instrument simulator module ]—)[ Level-1 module ]—)[ Level-2 module J
. A
Observation geometry
[ Antenna module ]
[ Geometry module ](—‘—[ Platform and instrument characteristics ] [ Auxiliary data ]
Orbit, attitude, pointing, instr. characteristics, etc. Model data, external corrections, etc.
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Input scene and stimuli generation esa

« Synthetic scenes for error analysis: . WRE model scenes:
« Profiles. « Medicane (29 October 2021).
 Constant properties. - Tropical cyclone Elsa (30 June — 9 July 2021).
* Ergodic processes. - Derecho (18 August 2022).

- Large-scale frontal system (16 January 2023).
« Storm Babet (15 — 22 October 2023).
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Instrument simulator

From: geometry module From: RTM model

[ Pointing errors

Observation geometry } [ Brightness temperature

From: scene generator module

)
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[ Stimuli }

LR radar signal
Upsampling

Instrument characteristics ]—

Phase noise ]

v

HR thermal noise

[ Quantization noise J l—-

Radar processing

'

Combined signal ﬂ

Radiometer processing

'

[ Complex radar samples

J ( Noise power ]
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Doppler spectra

esa

Battaglia et al. (2013).

Normalized Spectra - Left-side View

| | | :
| | | 1.09" g, =41.695462 Dif
* The integral is equal to the transmit power. Vere = 7688.481881 * EBxpected
' Data
6345 = 0.06990
0.8 1 3dB | \
 The ‘mean’ is a function of the net radial velocity. ve=-2.00 ;
o= 1.00
o | | 061 iyt aata = 1.495803 : n
« The width is a function of antenna beamwidth and — Uyt exp = 1.493382
radial velocity variability. = Ove anes £ 2.911D53
vt,data — &
049" G, exp = 2.913877 |
« A wider spectrum leads to faster decorrelation.
0.2 - !
« Asymmetries are the result of non-uniform
beamfilling/wind shear. 0.0
40 -30 -20 -10 O 10 20 30 40
Wind Velocity [ m /s ]
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Radar and radiometer filtering esa

On-board Filters for Radar and Radiometer channels.

0 -
_25 - \ nr
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—— Radar
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Frequency [ MHz ]
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Level-1 processing esa

[ Complex radar samples ] [ Radiometer noise power )
{ Cross-correlate ] ( Noise bias subtraction H Scaling J(
v v v
[ PDPP ] L Reflectivity computation H Instrument characteristics ]—>[ Brightness temperature ]
v \ 4
[ Add calibration noise H Calibration noise H Add calibration noise ]
v
[ Altimeter calibration
Fit Doppler
\ 4
[ Doppler signature calibration
\ 4 v 4
( LoS velocity ( Calibrated reflectivity } [ Antenna temperature }
10
O IE T I E =SS B N SEIEE = e am v > THE EUROPEAN SPACE AGENCY




Polarization Diversity Pulse Pair (PDPP)

w | >(><? sqrt —(?— @pp = Arg(")

Compensates for
satellite motion

Switched order HH-VV versus
VV-HH allows removal of path
length difference

A

Pios = ——
LOS = Jmty ®Ppp

A 4Tty A PPN
OnGg = 1 Vscosasiny

] «  Approximately eight pulse pairs
per kilometer

From RfA
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Level-1 data: line-of-sight velocity esa

Level-1b Ios velocity
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Level-1 data: reflectivity esa

Reflectivity without noise z,)" [dBZ]
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Time since simulation start [s]
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Level-1 data: performance esa
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Level-2 processing

[ LoS velocity ]

Reflectivity

|

[ Antenna temperature ]

J

HLoS velocity processing

a

-

Cloud product processing

,, l l

HLoS velocity ] [

Rain rate ]

Snow rate ] [ Ice water content J [ Liquid water path }
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L2A Processing of Reflectivity esa

. Reflectivity without clutter Zy [dBZZg
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L2A Processing of Reflectivity esa

. Target classification TargetID
ICIoud
6 | Rain
c 1 Melting
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—4 — 1Snow
.
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L2A Processing of LoS velocity

. LoS velocity after WS correction Vp [m{jg
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Level-1B Products

LoS Doppler
Velocity

Reflectivities

esa

Level-2A Products

L2A Processing

De-aliasing

NUBF Corrected

Correction LoS Velocity

Wind Shear
Correction

LoS velocity error after WS correction
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L2A Processing for HLoS velocity

Level-2b HLoS velocity

VhLos [M/s]
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Corrected
LoS Velocity
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L2B Processing

Sedimentation
velocity
correction

Detection of
Convection
and
Projection onto
the horizontal
plane

Level-2B products

HLoS Velocity

Level-2b HLoS velocity error
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Iy, =1-59+1.93 m/s
[ uype=1-61£2.01 m/s
[ Juus=1.48+1.87 m/s
-,uVZ=-0.06i1.63 m/s
:|,;ij=-0.06¢1.53 m/s
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