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INTRODUCTION

Post—EPS is the successor of the EUMETSAT PolaeByéEPS) and will provide continuity of operatifon a range of
polar orbiting Earth observation missions, amondctvithe determination of ocean winds with scattextvyn (SCA)

ranks high in priority. Scatterometry presentlyogsja strong heritage: the ASCAT instrument onbd&etOp continues
the series of European C-band fixed fan-beam soattsers that started with the ERS-1 and ERS-2lisedewhereas
the American SeaWinds instrument operates in Kutbaith a rotating pencil-beam antenna. A prelimynatudy

defining and analysing the novel rotating fan-béRRSCAT concept was put forward in 2000 [1] [2]. Rost-EPS a
trade-off between these scatterometer conceptddms carried out that includes technical, prograticalaand most
prominently end-to-end user considerations. Thipepdocuses on an objective performance comparistween

RFSCAT configurations with different rotational spis and the ASCAT baseline configuration.

ASCAT AND RFSCAT CONCEPTS

To address the demands for improved swath covespg#ial resolution and radiometric propertieshef mext generation
of European scatterometers, two concepts havedmected as candidates for the follow-on Post-EPS:

= The ASCAT concept: It maintains most of the feadurgherited from the ASCAT on MetOp, like 6 fixeth
degrees spaced fan-beams and a long pulse meastiineiple.

= The RFSCAT concept: Consists of a (or more) rogatim-beam(s), e.g. a rotating ASCAT mid-antennze
the larger footprint the rotation speed of the anéeemay be much lower than for SeaWinds.
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Fig. 1. ASCAT and RFSCAT acquisitions with 1, 2, and 3 ggan.  Fig. 2. The supposedly improved ground
The number of views is exactly 3 for ASCAT, meanefiiit varies  coverage of the RFSCAT (cyan) compared to
along and across the swath for RFSCAT. the dual-swath with nadir gap of ASCAT.

M easurement geometry

Crucial for optimal wind retrieval performance aecurate backscatter measurements collected fralivessity of
azimuth angles. While the ASCAT concept providdéised number of azimuth views per cell across thvath from the
fore, mid and aft beams, the acquisition geometith® RFSCAT concept varies strongly across thetsaad depends
on the antenna rotation rate, as illustrated in Fign order to ensure comparability, the samé&érce angle range is
chosen for RFSCAT and ASCAT. The RFSCAT antennabeanonsidered identical to the ASCAT mid-beanoraer
to improve coverage, it was chosen to select thétbmam incidence angle range from 20.0 (minimuravadd) to
53.5 degrees (ASCAT heritage value), the incidesogle range for the side-beams follow. A shaped gaittern
partially compensates the variations in SNR dueht® slant range variations. The spatial resolutiequirement
determines the length of the antennas.

Observational requirements summary

The requirements of the proposed configurationstsnégee Post-EPS requirements, mainly regardingapasolution
(25 km), dynamic range (from 4 to 25 m/s), radiaimetesolution (3% with relaxations up to 10% fom winds) and
coverage (about global coverage within 48 hoursha@d has been selected as operating frequencydedd its
robustness against rain and atmospheric attenyatiohits higher saturation level for extreme winds



Timing scheme and radar waveform
Two different timing schemes may be used for SCA:

= Short pulse: A scatterometer can be seen as apeddre radar, and it is feasible to assume aiclsapproach
with short pulses and a high pulse repetition (BfF), as the number of looks of a measurementshball be
maximised. The Doppler shift causes a location-dépet frequency offset of the echo signal, which bae
effectively pre-compensated only for pencil beaiiif®e major drawbacks of this timing scheme are titer4
pulse interferences and impaired noise measurerdaetto the presence of echoes.

= Long pulse: On MetOp a new approach was implementbith allows the use of a relatively low peak-gow
solid state amplifier. The chirped transmit pubsgt until echoes from the whole swath are receavedthen the
echoes from the whole swath are sampled and freguesnsformed. After reception of the echo frora far
end of the swath echoes from beyond may arriveethiee the noise power measurements take placethée
last echo from the horizon has arrived. Only tHenrext pulse is transmitted, leading to a low PRie beams
are operated sequentially.

The long-pulse principle has the advantages ofdawgiinter-pulse interference and of the clever whgneasuring noise
power in the absence of echoes, and shall therbopreferred over the short-pulse timing. Howetrez rotation of the
antenna and the associated azimuth scan loss ispeel@ise of long-pulse timing with the RFSCAT @ptcand it is
better operated by short-pulse timing. Both thegicand short-pulse timings use linear frequency utaidd chirps for
range resolution at moderate peak power. The dedcdk-ramping process performs range resolutiazivalpnt to a
matched filter reception.

Radiometric resolution
Scatterometers usually have strict requirementsadiometric resolutiorKp, which is determined by the number of

signal looks per vievNgga, the number of noise samples used for the noisepsubtraction procedsyqs and the
single-look signal to noise rat\R (see e.g. [4]).
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Signal looksNggne are achieved in azimuth and elevation domain. fithmeber of looks in elevation can be chosen by the
transmit chirp bandwidth and provides together i transmit peagower some degree of freedom in the design of the
scatterometer. In azimuth direction, the numbetooks depends on the beam repetition frequeBRly, the ground
velocity of the beamy,q and the integration width, which corresponds witime margin to the horizontal resolution. The
rotated beams of the RFSCAT concept sweep witlglaehivelocity over the ground than the fixed ASClddams. The
number of noise samples is also concept dependentlong-pulse timing, the scatterometer measumésenpower
without any interference from ground echoes. Fortspulse timing other ways of measuring noisergspnce of echoes
from ground need to be exploited. This may coméeaexpense of additional complexity and/or lossigfal looks.

Proposed configurations

For the RFSCAT concept a range of antenna rotajimeds are feasible. The RFSCAT study [2] suggestgation

speed of about 3 rpm. Lower rotation speeds aid,\a8 long as continuous coverage of the swadlchgved, although
an end-to-end performance metric is required irotd assess the impact of the scan rate on thalbperformance. A
number of configurations were designed accordirgast-EPS requirements, an overview can be founidlin 1.

Tab. 1. Proposed configurations comparison

Noise

Concept type ASCAT Orpm  RFSCAT 1rpm RFSCAT 2rpm  RFSCAT 3 rpm
Tx duty cycle/ PRF 29% /29 Hz 7% /230 Hz 7% /230 Hz 7% /230 Hz
HPA peak power 100% 271% 545% 830%

I nstrument aver age power consumption 100% 72% 127% 185%

All configurations are technically feasible. Advages of the RFSCAT concept include lower mass atehgal lower
power consumption. Between 1 and 2 rpm the RFSC#itept is comparable in terms average power corsmmio
the ASCAT concept. The ASCAT benefits from in-oftéritage, constant performance across and alengwhth, well
established and conservative measurement prinaipdlecompatibility to other instruments (no obsiirctof field of
views of other instruments on the Post-EPS platform

END-TO-END PERFORMANCE STUDY

An objective comparison between scatterometer guadés made difficult by their differing observatigeometries. This
section introduces a set of performance metricsehable the evaluation of different concepts imteof their output
wind quality. The performance evaluation rests e @autput wind statistics produced by an end-towimdi retrieval

simulator (see Fig. 3.).



Input to performance model

Input to the wind retrieval simulator is the scaiteeter configuration file, which describes thewigeometry and
radiometric noise properties of a backscatter vgmto resolution cell across the swath. The seatieter configuration
file is generated by combining a simple orbital mlodith detailed system parameters that specifyatinangement of
antennas, their radiation patterns, the radar diam@width, pulse repetition frequency and apprdacioise estimation.
The simulated backscatter measurements are cadulating the empirically derived Geophysical Mo#eiction
(GMF) for ocean backscatter at C-band (CMOD5) §4]d given wind input sampled at observation angtescribed in
the configuration file and corrupted by additiveuSsian noise with a variance equal to the instraaheadiometrick,
noise level defined in Eq.(1), and optionally geggbal noise.
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Fig. 3. End-to-end scatterometer performance model

Wind retrieval and output wind statistics
The wind retrieval procedure is based on a seanchminimum squared distances between backscatt@surements’
and backscatter model solutioof&u=(u,v) lying on the GMF surface. The squared distdadefined as:

MLE(U,v) = — 5 07 = e, (U) o

<MLE> =L N Var{aio}

WhereN is the dimension of the backscatter vector (orrthmber of views), va@®} is the backscatter measurement
variance for a particular view, artMLE> is an empirical normalization factor that accoulmisdeviations from the
GMF caused by geophysical noise. If wind retrievaie a linear problem, then the distribution ofdvoutputs about the
true wind inputPy{Vourlvin) could be modeled as a chi-square distributiorh vt degrees of freedom (e.g. the
dimensions of the GMF surface onto which noisy oles@n are projected):

I:Lbs(vout |Vin):)(l§0F:2[MLE(Vout |V|n)] (3)

But the GMF surface bends and folds quite non-tigeim the space of measurements, whereby radidmabise
excursions in observations may cause wind soluttongand on nearby GMF branches, resulting in wirggttor
ambiguities and biases. A numerical Montecarlo apgn with an end-to-end performance simulator eretfore
recommended to generate statistical distributidnscatterometer wind outputs, such as the onealisgl on the left
panel in Fig. 4.
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Fig. 4. Output wind (left), NWP background (mid) and baakgrd-constrained (right) wind statistics for anutp
wind of 9 m/s pointing along the y-axis.

The ambiguity removal approach currently used aMKNraws from a priori NWP model background infotina and

consists in minimizing a total cost function, whgrehe first term contains the observational likefd of a solution (i.e.
the output wind statistics) and the second terntaios a Gaussian probability distribution centeabdut a NWP wind
forecast with 1D variancewe’~ 5 nf/s, as illustrated on the middle panel in Fig. 4.

J= ‘]obs + 'JNWP =-2 In[R)bs(\l;:ut H;l)n)] -2 In[PNWP (vut |\I7|)n)] (4)

(o]



Wind performance metrics
To characterize the quality of a wind output, theeparate figures of merit are introduced:

1. Thesusceptibility to ambiguity quantifies the reliance of the scatterometer wetdevals on NWP background
information and should be as low as possible:

FM o (0) = [ P (B 19,) = P PP (B 10, )0 5)

2. Thewind vector RMS error quantifies the total wind retrieval error aftertaguity removal and should be as

low as possible:
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3. Thedirectional bias quantifies the output wind directional bias atienbiguity removal and should be as low

as possible:
d|rb|aS(em): Qn J.(Wn _%ut)l:Pobs |:PNWP(&TM |€n)d%ut (7)

Wind retrieval is a nonlinear problem and the outpind statistics remain dependent on wind inputisTissue is
overcome by averaging the calculated performandega@ver a climatology of wind inputs with unifaly distributed
directions and wind speeds following a Weibull digttion with a maximum around 9 m/s. The resultpegformance
metrics for the selected Post-EPS fixed beam AS@#Ad rotating fan beam RFSCAT concepts are showdgirb.
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Fig. 5. Scatterometer performance metrics: Calculated tilineal bias and observed accumulation of wind sohst
for SeaWinds at low wind speeds.

SUMMARY AND CONCLUSIONS

An homogeneous attempt to objective end-to-end watideval performance for different scatterometenfigurations

has been carried out for the first time. The rastdiveal and quantify the intrinsic propertiestaf tifferent proposed
concepts. In line with the observation geometrgagfuired views, the wind retrieval performancehaf ASCAT concept
is quite uniform across the swath, while the RFSGAind retrieval performance depends strongly orosgitrack

location and degrades significantly at nadir arelsivath edges. Little difference can be seen inusiable swath width
of the concepts: even though the RFSCAT concepahmach larger swath width (almost 2000 km), |gvgets of it do

not reach competitive performance. All three penf@ance metrics (wind ambiguity, RMS error and b&®)w that the
RFSCAT configurations are equal or superior toABEAT until about 650 km. Then the ASCAT concepetathe lead
(until about 950 km). The usable single sided swaitith of both fixed and rotating beam conceptsHer a fair

comparison of the concepts, configurations withuatemual power consumption shall be chosen. TheANSEbncept

shall therefore be compared with an RFSCAT withangate between 1 and 2 rpm.
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