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INTRODUCTION

Purpose

The objective of this document is to define and describe the algorithm implemented
in the S1 L2 IPF and the processing steps for the generation of the Ocean Wind
Field (OWI) component of the Sentinel-1 Level 2 Ocean (OCN) product.

Scope

The OCN product contains three sub-products: the OWI component, the Ocean
Swell Spectra (OSW) component and the Radial Surface Velocity (RVL)
component. This document contains only the OWI algorithm definition. The OSW
and RVL algorithm definitions are provided in separate documents (A-10 and A-11).

This document satisfies the PAL2-1 deliverable defined in the Sentinel-1 IPF
Statement of Work [A-1] for review at the Sentinel-1 IPF Preliminary Design
Review (PDR L2) and Critical Design Review (CDR L1 & L2).

Document Structure

This document is structured as follows:

Section 1 introduces the purpose, scope, structure and conventions of the document.
Section 2 lists the applicable and reference documents.

Section 3 gives a short L2 OCN product overview.

Section 4 gives the L2 OWI processing system overview.

Section 5 details the functional description of the various OWI processing units.
Section 6 gives a short input data files overview.

Section 7 lists the symbols used to detail the OWI algorithm.

Section 8 gives a short description of the output OWI component structure

Section 9 provides description of generic and special functions used by the OWI
algorithm

Notations and Definitions

The input SAR image is assumed to be in natural SAR coordinates i.e. first line in

the file is the first line recorded, and first pixel in the line is the nearest pixel to the
satellite. The index x means range direction and y means azimuth direction.

1-1
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Geographic locations are attached to a given geo-location grid. The following geo-
location grid is used in the document:

{lon;, lat;}ieg, , - The set of longitudes and latitudes such as given in the
Geo-location Grid ADS.

{lon;, lat;}ieg,pwing: THe set of longitudes and latitudes for the center of each
SAR wind cell

{lon;, lat;}icg, ».,,+ The set of longitudes and latitudes defined by the geo-
location grid of a priori wind source

The mathematical expressions are all written in SI units.

The following notations are used for truncations:

Div: denotes integer division i.e. the result is truncated to nearest lowest
integer.

Floor: denotes truncation to nearest lower integer.
Ceil: denotes truncation to nearest higher integer.

Round: denotes the truncation to nearest integer.

1-2
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OCN PRODUCT OVERVIEW

The level-2 (L2) ocean product (OCN) has been designed to deliver geophysical
parameters related to the wind, waves and surface velocity to a large panel of end-
users. The L2 OCN products are estimated from Sentinel-1 (S-1) Synthetic Aperture
Radar (SAR) level-1 (L1) products.

L2 OCN products are processed by the level 2 IPF processor and benefit from robust
and validated algorithms [A-3,A-4,A-5,A-6,A-7,A-8]. A diagram of the L2 Ocean
processing unit context is presented in Figure 3-1.

PDGS ML or
Stand-Alone
HMI

Internal S1

SLC / GRD Products L2 OCN Product

ASAR IM / WV
SLC / GRD Products

Start)Stop Exit Code

Product Report

AUX_PP2

AUX_DOP
AUX_ECE
AUX_ICE

AUX_SCS
AUX_WAV
AUX_WND

L2 Ocean
Processing

Product List

Loggin
AUX_CLM 99ing

AUX_GEB

Processor

Job Order Configuration File

PRM_LOPIn PRM_LOPOut

Figure 3-1 Sentinel-1 L2 Ocean Processing Context Diagram

The processor can be used in PDGS environment or in a stand-alone HMI mode. In
both cases, a job order is read by the processor to get all high level information
required for processing a particular product (e.g. names and directories of input L1
files, names and directories of auxiliary data files, directories of outputs files, etc...).
Processing then starts from L1 products using the auxiliary data files provided (e.g.
the L2 processor parameter file). During the processing, a log file is generated to
monitor the status of each processing step. The final step of the processing is the
creation of the product including writing of all the geophysical information into
netCDF files.

3-1
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OCN Product Organisation

Each L2 OCN product contains up to three geophysical components: the radial
velocity (RVL), the ocean surface wind field (OWI) and the ocean swell spectra
(OSW) components. These components are formatted into one output netCDF file.
For SM and WV modes, the L2 product contains all three components. For TOPS
mode, the product contains only the RVL and OWI components. The detailed
algorithm definition of each component is described in a dedicated document (this
document is for OWI and [A-10,A-11] are for OSW and RVL). The output variables
corresponding to each component are listed and defined in a dedicated document [A-
14].

For the SM and TOPS modes, the information related to each component is
estimated onto a specific grid cell (ground range) whose properties are chosen to
optimize the inversion schemes. As a consequence, the SM mode output netCDF file
has three components and the TOPS mode output netCDF file has two components,
each set having its own resolution. In addition, the most pertinent geophysical
parameters from RVL and OSW components are interpolated onto the OWI grid to
present a set of variables defined at the same resolution. The default value for the
resolution of this common grid is 1 km for SM and TOPS modes. The set of
variables from RVL and OSW interpolated onto the OWI grid is listed in section 8.
RVL and OSW are estimated from an internal L1 SLC product. OWI is estimated
from an internal L1 GRD product.

For WV mode, there is no grid. In this case, the resolution of the components is
simply the size of the imagette: 20 km. The three components are estimated from
internal L1 SLC products.

Processing Workflow

For SM and TOPS modes, the components are estimated independently. This means
that for a given acquired scene, the steps for each component are:

e the appropriate internal L1 product is read,
e the variables corresponding to the considered component are estimated
e atemporary file containing the results is saved locally.

For each component, these three latter steps are executed by different IDL scripts
based on the same library of IDL functions. These three scripts are coordinated by a
Python script which collects all information mandatory for L2 processing of each
component. Then, when it is completed for all components, the components outputs
are merged into a single netCDF file. The same way, for each type of file generated
by the three independent scripts, a merging is done.

For WV mode, the three components are estimated sequentially from the same
internal L1 SLC product with the same IDL script.

3-2
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The SM and TOPS modes have the dual-polarization option. However, the L2 OCN
components are always estimated only using the information from the co-polarized

signal. Thus, the algorithms for each component as well as the workflow for the L2

OCN product generation are not different from that of single polarization product.
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4 OW| COMPONENT OVERVIEW

The Sentinel-1 SAR can be operated in one of the four following nominal
acquisition modes:

e Stripmap Mode (SM)

e Interferometric Wide-swath Mode (IW)
e Extra-Wide swath Mode (EW)

e Wave Mode (WV)

The Sentinel-1 wind retrieval processing supports these four nominal acquisition
modes.

The Sentinel-1 Level 2 OWI component is an ocean surface wind vector (speed and
direction) estimated from a Sentinel-1 Level 1 SAR image by inversion of its
associated Normalized Radar Cross Section (NRCS).

In cases of dual-polarization products, cross-polarizations are not used for the wind
inversion. Indeed, the state of the art of the Geophysical Model Function (GMF)
used to relate sea surface winds to NRCS in VH (or HV) is not mature enough even
if a GMF has been recently proposed based on RADARSAT-2 acquisitions [R-7].
Depending on the radiometric quality of the cross-polarizations (SNR) and the
progress in the GMF developments, cross-polarization information could be added
in the Bayesian scheme to get one single wind field from dual-polarization
information. However, the NRCS estimated for each wind cell of the OWI in co-
and cross- polarization will be included in the L2 OCN product. In particular, it
would enable investigations for the use of the cross-polarization (e.g. better wind
characterization).

The OWI component is a set of wind vectors for each processed L1 input product.
The norm is wind speed in [m/s] and the argument is wind direction in [degN]
(degrees with respect to the North clockwise). The spatial resolution of the vector is
directly related to the area on which the NRCS is computed. A part from wind
vector, other variables estimated during ocean surface wind inversion such as
longitude, latitude, incidence angle, NRCS are included in the L2 product (see
section 8. for the full list). Some key sensor parameters of L1 product are also
annotated to the product.

The spatial coverage of each wind vector of the OWI component is equal to the
spatial coverage of the corresponding L1 WV-SLC or sub-images extracted from the
L1 SM or TOPS-GRD product. It is limited to ocean coverage. In the case of the SM
or TOPS modes, the L1 product is divided into cells. A wind vector is estimated for
each cell leading to a grid for each OWI component variable.

Sentinel-1 wind processing unit system consists of a calibration unit followed by an
inversion unit. The calibration unit performs the processing from Level L1 product
to a calibrated product containing the parameters required for the wind inversion
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unit. They are calculated at the resolution of the desired wind cell for each wind cell
of the OWI grid. The inversion unit generates the level 2 OWI component using
parameters obtained from calibration unit. Figure 4-1 presents a high-level view of
the OWI processing algorithm depicting the 2 main steps of the algorithm and the
input/output information which are specific to the OWI component of the L2 OCN.
Descriptions of the data flow and control/status interfaces can be found in A-12. The
list of internal and external auxiliary data used for OWI algorithm is given below in
the bullet list. Figure 5-1 and Figure 5-2 give the list of the auxiliary data files used
by each unit of the algorithm. Section 5.1.2 and 5.2.2 also detail the needed auxiliary
data file at each step of the algorithm.

L1 Products

JobOrder

Auxiliary Files \

OWI - calibration and Pre-processingunit

-Generation of nrcs grid

- Generation of incidence, track angle grid

- Generation of ancillary wind vector angle gridat
the resolution of the desired wind cell

L2 OWI Cq

mponent

OWI - inversion unit

- Generation of OWI component from calibrated
data

PRM_LOPIn -/\

Processing configuration file

OWI Product

Figure 4-1 High Level OWI Processing Algorithm

The L2 OWI processing system will access:
e Level 1 internal GRD product
e Auxiliary information (through the auxiliary files) such as
e coastline data (in case of SM, IW and EW),

e atmospheric model wind direction,

4-2
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e ice mask
e calibration auxiliary product
e L2 processor parameters

e Environment parameters like input/output file names and paths to read the
appropriate auxiliary files are indicated in the job order.

e The L2 processor set-up parameter file PRM_LOPin may contain extra
processing parameters specific to the OWI algorithm.

e The processor configuration file. It is used to extract the product
report/product list extension and the PRM_LOPIn path.

As part of the L2 OCN product, the L2 OWI processing system generates the OWI
component which is be merged with the RVL and OSW (except for TOPS)
components in a single netCDF file after calculations of all components.

Calibration & Pre-processing Unit Overview

This unit aims at providing all information mandatory for the wind inversion onto
the OWI grid.

Before starting the wind retrieval processing, the L2 processor parameters file is
read to get the parameters or instructions required to generate the OWI component.

The processing system accesses the external input data, which consists of an S-1
SAR level 1 product.

Given the size in meters of the SAR derived wind cells (indicated in the L2
processor parameters file) and the pixel size in meters (such as read in the data level-
1 header), the parameters for the bright target detection, the number of pixels to be
averaged in range (x) and azimuth (y) direction are computed. Based on this, the
parameters of the OWI are estimated. Arrays corresponding to the intensity image,
NRCS, longitude and latitude, incidence angle, track angle, 2-way slant range time
and the percentage of pixels in SAR image detected as bright targets are generated.

The a priori wind and ice mask information from ancillary data are interpolated on
the SAR OWI grid.

In addition, an internal calibration constant based on ancillary geophysical
parameters is calculated for each SAR Image product.

Inversion Unit Overview
The purpose of this unit is to estimate the wind vector using NRCS values, the

incidence angles, the track angles and the a priori wind and ice information. This
inversion is performed using statistical Bayesian inference.
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The inversion scheme is slightly different between VV and HH polarization. HH
polarization requires one additional step where the NRCS in HH is transformed to a
VV equivalent NRCS. In the case of dual polarization data, the cross-polarization
NRCS is not used in the wind inversion scheme.

Eventually, the SAR-derived wind field is merged with the RVL and OSW
components into a single NetCDF file to get the OCN product in S-1 format as
described in A-14.

The main information delivered by the OWI component is a wind vector (direction,
norm) for each wind cell of the OWI grid. However, the product also contains the
incidence angle, the latitude/longitude, track angle, corresponding to the center of
the grid cell and the NRCS. In addition some of the information of the RVL and
OSW (except for TOPS) components is re-sampled on the OWI grid. The merging
steps and the re-sampling steps constitute the final step of the L2 OCN processing.
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OWI FUNCTIONAL DESCRIPTION

This section describes the processing steps performed to derive the OWI component
of the OCN product

OWI Calibration & Pre-processing Unit

The calibration and pre-processing unit extracts a sub-image (except for WV where
one single wind vector is estimated for the product) from the L1 SLC image product,
performs the bright target detection and estimates the NRCS, incidence and track
angles. The estimation is repeated over the number sub-images related to the
resolution of the wind field expected.

Flowchart

Figure 5-1 shows the flowchart of the calibration and pre-processing unit. The three
types of input data are described in section 6.

5-1
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Job order
Step 1
L
282—%\2 —— > Read SLC data to get the 5-1 SAR
—_— data information
/
Step2
2
AUX_PP — Bright targetdetection
AUX_CLM
Step3
AAGJ:_EFRZ;I — Define S-1 SAR L2
e wind inversion inputs
/
AUX_WND Stepd
AU)? ICE —_—> Get a priori wind information
- fromancillary data
/
Step5
Interpolation of a priori wind
information on SAR windgrid

Step6
Estimation of the geophysical
calibration constant

)

OWI — Inversion unit

AUX_PP2 ——————>

Figure 5-1 Calibration and Pre-processing Unit Flowchart
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Function and Purpose

The different processing steps in the flowchart are described below.

Step 1: Get SAR data information

The aim of this step is to read the L1 product to get SAR data information and
parameters pertinent for wind inversion

Input parameters:

fname:  The absolute path and filename of the path-oriented S-1 SAR level-1 data
product to be processed. This is a string parameter read from the Job
order.

Output parameters:

L, L’y: Number of range and azimuth pixels in the level-1 image.
Pl P;: Image pixel size in meters in range and azimuth direction.

{6, ¥)idiegps  Arrays (M,N) of index tie points given by the geo-Location grid.

{lon;, lat;}icg, e Arrays (M,N) of longitude and latitudes at tie points
{(x,}’)i}iegLADs-

{ti}ieg aps: Array (M,N) of two-way slant range times at tie points
{(x;y)i}iegLADS

{0:}icgups: Array (M,N) of incidence angles at tie points {(x, ¥);}ieg, ups

Ke¢: The calibration vectors (accordingly to the updates along the
azimuth direction), LUT

Pel oy The Transmitter/Receiver polarization.

@: The satellite ground track direction (direction between the
platform heading and the North).

Fs7ar:; Flag set to 1 if slant-range-to-ground-range conversion is applied.

To: UTC time of first pixel of first line (early azimuth).

RA: The aspect ratio

P, Py Ground pixel size corrected for aspect ratio

M and N denote respectively the dimensions of the index ties point matrices
according to range and azimuth directions.

Procedure:

1. Thearray {6;}icq, IS re-sampled onto SAR pixels grid of the whole SAR
image (for all modes SM, IW, EW or WV) Gsar image t0 COMputed, the
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incidence angle at index location(x,, y.)* corresponding to the center of the
image:

x, = (L. -1)/2
(-3 o

e = 4oy
Pyl PI
2. The image ground pixel size in range direction is‘computed as follows:
P{ if FST9T =1

PXG = PJIC lf Fsrgr — 0 (2)
sin@;
3. The aspect ratio value is given by:
A _ P
R = el 3

4. The image ground pixel size in azimuth direction (after correction for aspect
ratio) is computed as follows:

PS = RA-P} 4)

Figure 5-2 shows the case of data products not converted from slant range to ground
range. The use of the aspect ratio parameter R4 aims at preserving a “realistic”
looking aspect in compressing R4 pixels in the azimuth directions. As a result the
compressed ground pixel is nearly square.

Figure 5-2 Data Products Not Converted from Slant Range to Ground Range

Step 2: Bright target detection

The aim of this step is to produce a mask of detected targets which must not be
taken into account in the NRCS calculation for wind inversion. This mask has the
same resolution as the SAR image (Lx, Ly).

" Indexes (x,, Y, )can have fractional values if L, (resp. L) are even.

5-4
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Metal structures like ships and oil rigs can cause strong echoes in SAR images,
which are not wind signatures and lead to overestimation of the wind speed. Thus, it
is necessary to detect these bright targets in the image and remove them before
calculating the NRCS over each wind cell. For each SAR image pixel where a
bright target has been detected, the mask of detected targets is set to 1 and equals 0
otherwise.

This detection is based on the Constant False Alarm Rate (CFAR) algorithm, which
is an adaptive filter R-6. It consists in comparing, for each pixel of the SAR image,
its amplitude with respect to the one of the pixels in its vicinity. The choice of an
adaptive filter is motivated by the fact that an absolute threshold cannot be chosen
since the sea surface clutter measured by the SAR is changing depending on several
parameters such as the wind field and incidence angle which vary within the SAR
image.

The main assumptions justifying the use of this algorithm are:

1. The targets to detect are brighter that the surrounding ocean clutter.

2. The statistical properties of sea surface can be estimated on the image to be
processed.

3. Image subsets values are a mixture of two different statistical phenomena:
homogeneous sea surface clutter alone on one side and homogeneous sea
surface clutter with bright targets on the other side.

The filter consists in a convolution of the SAR image pixels located over the sea
using a kernel separated in three regions, centered on the potential target, as shown
in Figure 5-3:

1. The target window, containing the image pixel under investigation,

2. The background area, containing image pixels of the sea surface and possibly
some bright targets,

3. The buffer area, which purpose is to leave enough space between the
background area and the target window so that any large target within the
target window is not taken into account in the background statistics.

Background area

Buffer area

Target window

&

!

Figure 5-3 Kernel Used for the Convolution in the CFAR Algorithm
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Input parameters:

PE, Py Image ground pixel size corrected for aspect ratio computed at
Step 1.

{(DN’)i}iEQSARImage: Digital number at each SAR image pixel {(x, y)i}iEgSAleage

{(M’)i}iEgSAleage: Mask array containing land flag at each SAR Image pixel
{(, 1) i}iegoun magededuced from AUX_CLM file.

Pra: The probability of false alarm read in the AUX_PP2 file. It

depends on several parameters and will be calibrated using a set of
test SAR images. Prior to this, default value is 107

Output parameters:

{(B’)i}iegSARImage: Mask array of bright targets at each SAR Image pixel
{(x, ) iticgoun image- O€t t0 1 if detected and 0 if not.

{(A )i}iegsAleage: The amplitude values at each SAR image pixel
{(x'y)i}iEgSAleage

Procedure:

1. The digital numbers are converted into amplitude for SLC product
(n _ {(lDNIDi}iEgSARImage’ for SLC products
Hi€Gsarimaze T (DN }iegonn image’ fOT GRD products

2. The mask of land is interpolated onto SAR grid using the same method than
used in step 5 to interpolated wind/ice information.

3. The sizes of the different windows in the convolution kernel,d},q,dpurand
d.,,, are defined according to the image ground pixel sizeP¢, PyG, with

dback>dbuf>dtar:
e d., equals one pixel

e d,,rdepends on the pixel spacing of the SAR image mode of acquisition.
It is adjusted so that the largest targets in the target window will not be
part of the background window. dy,is chosen so that it could cover the
largest super tankers, which can reach up to 350 meters.

e d,.« should be sufficiently large to allow good statistics over the
background area and should not ever be too large not to include any
other bright targets inside the background window. Empirical
optimization used in ENVISAT should be used.
dbacx:\/z<2+3 >0 )+1,

2 min(resy)

dbacy :\/E<2 +3i) +1,

2 min(resy)
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, where min(res,) and min(res, ) are respectively the minimum
resolution of the SAR product along the range and azimuth axis in
meters.

4. Edges of the SAR image amplitude are extended with median values in order
to avoid side effects during the convolution.

5. Let {(Hk)i}iEGKernel be the kernel with elements equal to 1 inside the
background area and 0 elsewhere and n*the number of strictly positive
elements in the kernel. Then, for each pixel of the SAR image considered
{M}) }iecs ARimager tNE MeaN and{(S3);}iecs arimage’ 1€ standard deviation of the

background area are computed. These operations can be summarized by a
single convolution of the SAR image amplitude by the kernel:

AlQuK

My =28 )
(AI)2®HK

5p= (2 (a2 ©)

6. Considering that the background distribution is modeled by a Gaussian with a
mean of 0 and a standard deviation of 1, the cut-off value c is computed for
each the SAR image pixel location (x,y) so that the probability that a random
variable is lesser than ¢ equals ps,. In other words, c is the solution of the

following equation:
Pra=J pme dx (7

Let Prbe the function defined by:

2 2
+o 1 X 1 u 1 X
Pf(u)_fu \/T_n:ede_E_ O\/T_nezcix
As Py if a strictly decreasing function, it is bijective. The unique antecedent of p,,

¢, can be found using discrete values of u:
c= argmin”pfa - Pf(u)|]
ueN
7. Then, the mask array {(B');}iegq,n mage is defined at each SAR Image pixel

location (x,y) as follows:

. Al(x'y)_MlI)(x'y)
Bley) = (Ve 7€ (8)
0 otherwise

Step 3: Define wind inversion inputs

This step aims at defining the set of variables directly used for the wind inversion.
Except for the WV mode, most of these variables are a set of variables calculated at
the resolution of OWI grid. This resolution is given by the wind cell size (typically
1x1 km for the image modes and 20x20 km for the WV mode).
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Input parameters:

Pv: The approximate size of SAR derived wind cells in meter. This
parameter is returned by the field cell_size in AUX_PP2. The
final size in range and azimuth direction of the SAR derived wind
cells may not match exactlyP". Indeed, the number of SAR
image pixels to be averaged in range and azimuth direction must
be integer values.

PxG,PyG : Image ground pixel size corrected for aspect ratio computed at
Step 1.
R4: The aspect ratio computed at Step 1

{(x,¥)i}ieg ps: Arrays (M,N) of index tie points given by the geo-Location grid
such as read at Step 1.

{lon;, lat;}icg, e Arrays (M,N) of longitude and latitudes at tie points
{(x,¥)i}ieg ups SUCh as read at Step 1.

{ti}ieg aps- Array (M,N) of two-way slant range times at tie points
{(x,¥)i}ieg s SUCh as read at Step 1.

{0:}icgups Array (M,N) of incidence angles at tie points {(x,¥);}ieg s SUCh
as read at Step 1.

K¢: The calibration constant such as read at Step 1.

{(A’)i}iegSARImage:The amplitude values at each SAR image pixel {(x, y)i}iegSARImage,
computed at step 2

{(BN igsar mage: Mask array at each SAR Image pixel {(x,);}iegsap mageOF
bright targets computed at step 2.

M and N denote respectively the dimensions of the index ties point matrices
according to range and azimuth directions.

Output parameters:

St The sampling factor which determines how many pixels will be
averaged in range (and azimuth) direction to approximately match
the expected wind cell sizeP" .

PY,BY: Wind cell size in meters in range and azimuth directions
LY, LY: Number of range and azimuth wind cells in the SAR derived wind
field

Each one of the following parameters is calculated at the centre of each SAR derived
wind cells of the OWI grid. They are matrices.

{6 M) diegommwng:  The index values

{lon;, lat}iege,pwing: Longitude and latitude
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{A") }ieGsar wing: Averaged amplitude values
{titicgoamwna: ~ TWO-way slant range times
{0i}icgomwng-  INCidence angles

The following parameters are calculated for each cell of the OWI grid considering
all the pertinent information of the considered cell. They are matrices.

{(ao)i}iEQSARWind: NRCS

{(MW)i}iegSAmed: Mask array containing flag at each SAR wind cell (i.e. at
points{(x, ¥)}iegearwina)- F1aQ Values are set to 1 for all non valid
wind vector estimates (presence of land, null values, etc).

{BM)i}icgsamwind: Array of the percentage of bright targets detected in the
SAR image pixels used for the computation of SAR wind pixel
{(x, y)i}iEQSARWind

Procedure:
1. The sampling factor is defined as follows:

ST = round <—PW ) (9)

min([P,‘f,P}?])

2. The wind cell size in meters in range and azimuth directions can now be

computed:
pY = S/.Ppf
{PxW — Sf PxG (10)
y = ly
3. The number of wind cells in range and azimuth direction is given by:
W o_ Lk _ Lk
Lx = S_f = g
wo_ b _ b (1)
Yo SR T

Where S/ = Sfand S}’,c =S5/ R*

4. The index values corresponding to the centre of SAR wind cells are given by:

( si-1) |
{xi}iEQSARWind = ( 2 ) T SD{

si-1)
l{yi}iegSARWind = {( yz ) T SJ{}

5. Longitudes and latitudes {lon;, lat;}iege,p winq@t €2Ch SAR wind cells can now
be computed from {(x, y);}ieg, ,pnc@Nd {lon;, lat;}ieg, ,,USING any 2D
interpolation method. In the delivered IDL-based SAR wind retrieval
prototype (which uses Delaunay R-5), the following IDL command are
applied:

o<is(L¥ -1)

(12)

osis(LY-1)

triangulate, x, y, triangles (13)
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{lon = trigrid(x, y, longrid, triangles, GS, limits,/QUINTIC) (14)

lat = trigrid(x, y, latgrid, triangles, GS, limits,/QUINTIC)
Where:
X = {xi}iEgLADS

Y = {Vi}iegLaps
longrid = {lon;}ieg, \ps

latgrid = {lat;}ieg, \ps
GS =[s/,s" - R4 = [s],s]]

f f f f

S, —1 S, —1 S. —1 S) —1

limits = X ' y X v _1). f y

imits [( 5 )( 5 ),( 3 >+(x ) - Sy, >
+(LVyV—1).5§]

i}iEQSAR Wind

i }iEQ SAR Wind

lon = {lon
lat = {lon

6. For each wind cell of the OWI grid, the averaged amplitude value A" (x, y)at
the SAR wind cell location(x, y)is computed from the SAR image pixels
amplitude values A’where no bright target were detected as follows:

x+1)-sf-1 +1)-s7-1
A% (x,y) = jlz(( = )<2((y > )(A'(k,DB'(k,l))z)

n k=x-S£ l=y-S,,

((x+1)-s,’:—1) /((y+1)»53}:—1)

where n = Z | z B'(k, l))

k=x-S}Cr \ l=y~S§

7. For each wind cell of the OWI grid, the percentage of pixels in SAR image
detected as bright targets among those used in the computation of SAR wind
cell at location {(x, ¥);}iegup wingiS COMPuted as follows:

(x+1)-s7-1 (y+1)-s-1
5}05} I<c=x-5£ )< l(zy-sf ’ )(Bl(k,l))> (15)

y

B" (x,y) =

8. For the OWI grid, two-way slant range times {t; };cg.,, w4 &t €ach SAR wind
cells can now be computed from {(x, ¥);}ieg, ,ns@Nd {ti}icg, ,p @S fOllOWsS:

t = trigrid(x, y, tgrid, triangles, GS, limits,/QUINTIC) (16)
Where:
tgrld = {ti}iEgLADS
t= {ti}iEQSARWind

9. For the OWI grid, incidence angles {6;};cg., wine &t €aCh SAR wind cells can
now be computed from {(x, y);}ieg, ,ps@Nd {6 }icgoup Laps@S FOllOWS:

theta = trigrid(x, y, thetagrid, triangles, GS, limits,/QUINTIC) a7
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Where:
thetagrid = {0;}icg, ,ps
theta = {ei}iEgSARWind

10. For the OWI grid, NRCS values {(6°);}ieger wing @t €8Ch SAR wind cells can
now be computed from{(A");};egs,q wig@Nd the calibration LUT contained in
the L1 product using formulation given in A-17.

For SLC product,

_ {(Aw)lz}iEQSAmed
{(lutsigma0);}icgoun wing

{(Go)i}iEgSARWind

For GRD product,

A

— {€GSAR Wind
{(lutsigma0)

0
{(0' )i}iEgSAR Wind i}iegsAR Wi d’
1n

where:

- {(lutsigma0);}icge,p winglS the NRCS calibration LUT simply derived

from the LUT of the radar brightness calculated at the center of the
wind cell:

{(lutBeta0) i}iEQSAR Wind
Sin{(g)i}iEgsARWind

{(lutSigma0) }iegspn wing =

- bis the scaling factor also given in the LUT.

For S-1, the thermal noise is given in the thermal noise power LUT and has to
be applied before the calibration step. This thermal noise is azimuth, range
and swath dependent.

For SLC product, by definition, the thermal noise cannot be taken into
account. In cases of L1 SLC products accepted as input of the L2 OWI
algorithm (i.e. WV mode), the noise effect is corrected before applying
calibration procedure using the thermal noise power correction given in the
L1 product.

In case of GRD products, the thermal noise should have already been
removed. If the thermal noise correction has not been performed, then it is
taken into account using the thermal noise power correction given in the L1
product.

In case of dual-polarization products, the NRCS is calculated for both
channels even only the co-polarization is used for inversion.
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11. For the OWI grid, a mask {(MW)i}iEgSAmed is derived each SAR wind cells
using longitudes and latitudes {lon;, lat;}icg,,, wing (12N flagging) and

{(0%) }iegum g (NI Values).

MY (x,y) = {(1) lefl gilon(x, y), lat(x,y)}is on land) OR (¢°(x, y) EQ 0) 18)

Step 4: Get a priori wind/ice information

This step aims at reading wind and ice ancillary data which are co-located (or the
closest) in time with the SAR acquisition. Auxiliary data file for wind and ice
information are only selected according to the acquisition time. Once it is done the
information inside the selected auxiliary files are chosen to be in agreement with the
geographical area covered by the SAR product. It means there is no need to have
geographical information about the product when selecting AUX_WND/AUX_ICE
files.

Wind and ice ancillary information are not given on the same geo-location grid than
the SAR image and not necessarily given on the same geo-location grid source. The
grid of ancillary data is notedG, p,i,ifOr both ice and wind even it can be different.

It does not matter whether geo-location grid of ancillary wind/ice source G priori are
similar or regular. This wind/ice information will be further interpolated onto SAR

wind grid Gsagr wing (Step 5).

Table 5-1 summarizes the information necessary to perform the wind field inversion.

Table 5-1 Required Ancillary Wind/lIce Information Used in the Wind Inversion Scheme

Field Description Unit
Ancillary Wind

vector An IDL structure containing fields u and v -

Vector (or equivalently 1D array) containing zonal wind
vector.u component (i.e. the wind component along the local parallel or |m/s
latitude towards East direction) of ancillary wind vector

Vector (or equivalently 1D array) containing meridional wind
vector.v component (i.e. the wind component along the local meridian  |m/s
or longitude towards North direction) of ancillary wind vector

Vector (or equivalently 1D array) containing corresponding

anclon longitude values degree
or equivalently 1D array) containing corresponding latitude

anclat \(/alugs y ) g P g degree

xstime Time of the predicted wind field. uTC

Ancillary Ice

. K Vector (or equivalently 1D array) containing corresponding

Ice mas indicator of ice, sea or land for the corresponding location

quality flag Vector (or equivalently 1D array) containing corresponding -
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Field Description Unit

indicator of the quality of the ice mask

Vector (or equivalently 1D array) containing corresponding

anclon longitude values degree
or equivalently 1D array) containing corresponding latitude

anclat (or eq y ) g P g degree
values

xstime Time of the given ice information. uTC

The zonal component of the wind vector is the component along the parallels (from
west to east). The meridional component of the wind vector is the component along
the meridians (from South to North). The reason of returning zonal and meridional
ancillary wind components instead of wind speed and direction is driven by the
interpolation onto SAR wind grid that will be performed at next step (the
interpolation of wind directions, which are 360°-cyclic, is not a trivial problem).

Input parameters:

{lon;, lat;}iego,pwimg:  Te set of longitudes and latitudes at each SAR wind cells
(i.e. at points{(x, ¥);}iegoap wing) SUCh @ computed in Step 3.

Ty: UTC time of first pixel of first line (early azimuth) such as read in
Step 1.

Output parameters:

{(lonyp)i, (latyp)itieg, pyq-  LONQItude and latitude values of points where
ancillary wind/ice information is available..

{(uap)is Wap)i» (tap)i}iegy puy - ZONAl and meridional components of ancillary wind
and ice information

Procedure:

The selection and reading procedure of ancillary wind/ice information is dependent
upon the choice (or the availability) of ancillary wind/ice information.

e The selection of the AUX files depends only upon the temporal sampling of
ancillary wind/ice fields as well as the naming convention of wind/ice data
files. For wind, the spatial and temporal coverage are expected to be
respectively not more than 0.5° x 0.5° and 6 hours. For ice the spatial
coverage are expected to be respectively not more than 10 km x 10 km and 1
day.

e The reading procedure will depend on data format (NetCDF, GRIB, HDF,
PDS format, etc). Several formats can coexist for ancillary data such as the
ice product. However, the prototype will support only one of them.

Only the following requirement must be satisfied:
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1. Ancillary wind/ice data must be selected such that it is the closest in time to
the SAR data acquisition, here defined by the parameterT,.

2. Location points where ancillary wind/ice information is available must
surround the geographical limits of the coverage area of the SAR level-1 data.
This will avoid errors resulting from extrapolation.

Step 5: Interpolation of a priori wind/ice information
This step aims at interpolating the a priori wind/ice information onto the OWI grid.
The interpolation of the ancillary a priori wind/ice information is performed in two

steps such as shown in Figure 5-4:

Step 5.1: Delaunay triangulation to transform irregularly sampled NWP wind
model/ice information outputs onto regular lon/lat grid.

Step 5.2: Bilinear interpolation of the regularly transformed NWP a priori
information/ ice information onto the SAR wind grid?.

|

Figure 5-4 Re-sampling Process of the Ancillary Information onto the SAR Wind Grid

Input parameters:

{lon;, lat}icge,nwing: The set of longitudes and latitudes at each SAR wind
cells (i.e. at points{(x,¥)}icgeup wing) SUCh as computed
in Step 3.

{(lonyp), (latap)itieg, po-  LONGItude and latitude values of points where

ancillary wind/ice information is available such as read
in Step 4.

{(uap)is (Wap)i» (tap)i}iegy puy - ZONAl and meridional components of ancillary wind

information as well as ice mask information such as
read in Step 4

2 Two-dimensional interpolation based on krigging approach using IDL KRIG2D function R-5 has
also been tested. However, it was found that this method is much more time consuming with no
evident benefit.
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Output parameters:

{(uap)is Wap) i (tar) i }ieGsar wing: zonal and meridional components of
ancillary wind information as well as ice mask re-
sampled on SAR Wind gridGsar wind-

{WUap)i}icgoun wing- The ancillary wind speed re-sampled on SAR wind
gridGsar wind-
{(®ar) i }icGr wing: The ancillary wind direction re-sampled on SAR wind

gridGsar wind-
Procedure:

1 {(uap)i» Wap)i (tap)idieg, prioy Will first be interpolated onto a regular lon/lat
grid using IDL triangulation/interpolation (Step 5.1):

triangulate, x, y, triangles, boundaryPts (19)
ugrid = trigrid(x, y, usp, triangles, GS, limits, EXTRAPOLATE=boundaryPts,XGRID = lc
vgrid = trigrid(x, y, v4p, triangles, GS, limits, EXTRAPOLATE=boundaryPts,XGRID = lo
tgrid = trigrid(x, y, yp, triangles, GS, limits, EXTRAPOLATE=boundaryPts, XGRID = lon
(20)
where:

x = {(longp)i}icg, prigri
y = {(atap)i}icg, priors
Uypp = {(%41>)i}iegApriori
Vpap = {(UAP)i}iEQApriori
lap = {(lAP)i}iegA Priori
Alon = abs({lon(l’o)}gSARWind - {lon(o’o)}gSARWind)
Ajon = abs({lat(o‘l)}QSAmed - {lat(o’o)}gSARWind)
GS = [Aions Aia:]
limits
= [min({loni}iEgSAR Wind) ’ min({lati}iegSAR Wind) ’ max({loni}iEQSAR Wind) ’ max({lati}iEQSAR Wind)]
lon and lat denotes the x and y grids a as returned by the trigrid IDL function
and corresponding to ugrid and vgrid variables.
2. ugrid and vgrid will then be interpolated onto SAR wind gridGsar wing-(Step
5.2) to provide {(usp)i, (Wap) i (tap) i ticgoan wing@S FOllOWS:
{xlon = interpol(x, long, lon)

21
Yiar = interpol(y, laty, lat) (21)

Where:
x = [0 (size(long) - 1)]N
lon = {loni}iegsAmed
Viat = [0 (size(latg) - 1)]N
lat = {lati}iegsARWind
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And:
u = BILINEAR(ugrid, X;on, Viat)
v = BILINEAR(vgrid, X;on, Viat) (22)
t = BILINEAR(igrid, X1on, Viat)
Where:

u = {(uap)i}iegsarwina
v = {(Vap)i}iegsar wina
L= {(LAP)i}iEgSARWind
3. The ancillary wind speed re-sampled on SAR wind grid {(Uap);}ieg wing 19
given by:

(W) diegsmms = (@) degamn)” + (@a)icgpn)” (29

4. The ancillary wind direction re-sampled on SAR wind grid {(¢4p) i }icgour wina
is obtained by:

{(wap)idieggg wmd) (24)

{(uAP) i}iEgSAR Wind

{(@ap)i}icgsamwing = 90 — arctan(

Step 6: Calibration factor monitoring

This step aims at estimating the calibration constant based on the geophysical
ancillary data. There are two objectives:

e First, to get a quality flag for the calibration constant of the image
considered. As the calibration constant estimate is based on the analysis of
one single product, it is a very rough indicator of the calibration constant.
Only images with a severe issue concerning the calibration procedure
should be detected by this flag.

e Second, to monitor the calibration constant of S-1 during on a long term
basis. In particular, evolution of the calibration constant with respect to
time could be monitored for each mode using the L2 OCN products
acquired during long period.

The calibration quality flag is based on comparisons between NRCS as estimated
from S-1 level 1 products and NRCS as predicted using a geophysical model
function combined with wind ancillary data. There is one value per level 2 OWI
component.

The calibration constant used for the long term monitoring is a vector with respect to
incidence angle. For each wind cell, a calibration constant is estimated. Then for
each line of the image in the radial direction, a single calibration constant is
estimated along the azimuth direction.
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{(0%)i}iegoanwing : The NRCS at each SAR wind cell as calculated in step
3

{0:}icgoan win . The incidence angle at each SAR wind cell as
calculated in step 3

{M™) 1} ie6snm wing: Mask array containing flag at each SAR wind cell (i.e.
at points{(x, ¥);}iegupwing)- F12g values are set to 1 for
all non valid wind vector estimates (presence of land,
null values, etc). This mask is estimated in step 4.

{Uap)i» (@ap)is (Tap) i}icGsar wing : The ancillary wind speed/direction w.r.t.

Threshold_Qflag Kc

gmf_index

Output parameters:

(=),

{€GSAR Wind

1
KGeoCal

monitoring
KGeoCal (x )

flag
KS ,
Geophysical

Procedure:

radar looking direction and ice information re-sampled
on SAR wind gridGsag wingin Step 5

: Value above which the estimated NRCS from the S-1
data information and parameters is considered as non-
acceptable read in AUX_PP2 file. The default value is
1.35 dB (3 times the RMS of the calibration factor as
found using ASAR WSM images) but could be updated
in the future.

. index from AUX_PP2 file to choose the GMF. By
default, the GMF used is CMOD-IFR2.

: The NRCS estimated at each SAR wind cell for the

given ancillary wind information.

: Geophysical calibration constant directly estimated
from the wind auxiliary data (1 value).

. Geophysical calibration constant directly estimated
from the wind auxiliary data for long term monitoring
(1 vector of Nx values).

. Calibration quality flag

1. The ancillary wind speed and direction re-sampled on SAR wind grid are used
to predict the expected NRCS for each wind cell of the OWI grid given the
satellite track angle, incidence angle and polarization using CMOD-IFR2
empirical scattering model (also called GMF) and polarization ratio (PR) (for

HH polarization) :

O_-‘(/)VliEgSARWind = GMF(HL’ (UAP)i’ ((pAP)i' gmf—index)liEgSARWindl if VV
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-0 GMF(0;,(Uap)i(@ap)igmf_index) .
Oy l; = , iIf HH
i | E€GsaR wind PR(8:,(Uap)i(@ap)i) 1€G AR Wind

5.2

5.2.1

2. From the predicted and estimated NRCS the geophysical calibration constant
are derived. The equation depends on the calibration procedure. Let
{KGeoca1 (%6, ¥) }iesar wing D€ the calibration constant derived for all cell grids at
location x, y inside the grid.

The geophysical calibration constant unique value for the product considered
is given by:

Ny, N ) ,

KI _ Exz(),yyzo KGeoCal(xry) |MSAR Wmd(xry)_lll‘[SAR Wmd(xry)_ll
GeoCal — z:Nx,Ny

X=0,y=0

where Nx and Ny are respectively the number of rows and columns.

|MSAR wind (1) — 1| |¢SAR wind () 1|

The geophysical calibration constant vector for the product considered is given
by:

N, . .
%70 Keeocal (0, ) [MSAR WM (o, ) — 1|[r54% ¥ (x, y) — 1
2§10|M5ARwind(x’ y) — 1||TSARwind () — 1|

monitoring _
KGeoCal (X) -

3. The geophysical calibration constant is used to qualify the calibration
constant.

If Kloocal > Threshold_Qflag_Kc,

then Q7149 =0 else Q719 =1

KGeophysical Geophysical

OWI - Inversion Unit (before IPF 2.91 included)

The inversion unit derives the wind speed and direction from the NRCS, incidence
and track angles obtained from L1 product and a priori information from ancillary
data.

Flowchart

Figure 5-5 shows the flowchart of the inversion unit (before IPF 2.91).
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acquisitionin HH only)

step 8
Estimate possible wind speed
valuesforeachwind cell, given
the NRCS value and all possible
wind direction

AUX PP2 ——— 5

Step9
At eachwind cell, the probability
density function of a priori wind
vectoris computedforall the
possible solution couplesU, ¢

Step 10
Most plausible (according to NRCS
andmodeloutput)windspeed
and directionvalues at each SAR
wind cell of the SARwind grid are
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Step 11
Estimation of SAR and Ancillary
modelinformation consistency

OWl output

Figure 5-5 Inversion Unit Flowchart (before IPF 2.91)
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5.2.2 Function and Purpose
At this level, the parameters of the wind vector are estimated using statistical
Bayesian inversion. The different processing steps in the flowchart are described
below.

Step 7: Convert the NRCS-HH (for acquisition in HH only)

This step aims at converting the NRCS acquired in HH polarization into equivalent
NRCS acquired in VV polarization for each grid cell of the OWI grid.

Input parameters:

{0:}icgoar wing . The incidence angle at each SAR wind cell from
step 3
{(@ap)i}icgoar wing : The ancillary wind speed and (corrected) wind

direction w.r.t. radar looking direction re-sampled on
SAR wind gridGsag wing from step 5

Output parameters:

{(a&v)i}iegSAme d . The VV- equivalent NRCS estimated at each SAR
wind cell

Procedure:

Since the empirical scattering model that is used for the wind retrieval inversion has
been derived only for VV-polarized data, the NRCS of SAR images that have been
acquired in HH-pol configuration must be transformed into equivalent VV-pol
NRCS values:

(a°), ,ifVV

(0°), - PR(B, (9ap))) , if HH (25)

(opy)i =
Details about the polarization ratio can be found in section 9.1.6.

Step 8: Estimate Space of Solutions

For each grid cell of the OWI grid, this step aims at estimating the space of solutions
for the wind speed and wind direction given the equivalent NRCS-VV, incident
angle and antenna look-angle.
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Input parameters:
{0:}icgoar wing : The incidence angle at each SAR wind cell from
step 3
{(@ap)i}icgoar wing : The ancillary wind speed and (corrected) wind

direction w.r.t. radar looking direction re-sampled on
SAR wind gridGsag wing from step 5

{(o9v) }icGsnn wing . The VV- equivalent NRCS estimated at each SAR
wind cell from step 7

Output parameters:

{{UL {0 i}icgoanwing . The space of solution for the wind speeds and
directions each SAR wind cell

Procedure:

For each wind cell of the OWI grid, given the normalized radar cross section(a%y);,
the incidence angle 6; and all possible wind direction (with respect to antenna look
angle) ¢, the ensemble of possible wind speed solution is simulated using neural
network implementation of the inverse GMF (see section 9.1.8):

{U}iEGSAR wind = GMF—l(e’ O-]SV' |{(p}iEGSAR Windl) (26)

Step 9: Probability density function of the ancillary wind

This step aims at estimating the probability density function of the ancillary wind
information for each wind cell of the OWI grid.

Input parameters:

{(Uap)i» (Dap)iticgoupwina - The ancillary wind speed and wind direction w.r.t.
radar looking direction re-sampled on SAR wind grid
Gsar winafrom step 5

OU 4p . The uncertainty associated to the wind speed of the
ancillary wind expressed in [m/s] read in AUX_PP2
file.

O up : The uncertainty associated to the wind direction of the
ancillary wind expressed in degrees read in AUX_PP2
file.

{{UL {oD}icgoar wing . The space of solution for the wind speeds and

directions found at each SAR wind cell in step 8.
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Output parameters:

Jfup (W) : Probability density function of a priori wind vectors at

each grid cell of the OWI grid given the space of
solution for the wind speeds and directions estimated at
each SAR wind cell from the measured NRCS.

{{U (oD }icgearwing : The space of solution for the wind speeds and
directions found at each SAR wind cell in step 8.

Procedure:

At each wind cell of the OWI grid, the probability density function of a priori wind
vector is computed for all the possible solution couples{(U, ¢);}icgexr wing-

Juup W) = fu 5 (U) - fo (@) (27)

Where:

(U-(U4p)D)? ]

e () = J—exp[ 2
271'O'UAP O-UAP

format_angle(¢—(@ 4p);)?

1
f<PAp(§0) = mexp[ 203, ]

and the values of o, and o, ,, given in the AUX_PP2 file.

To get these analytical formulae for the probability density function of the ancillary
wind component, we assume that the wind speed and direction are independent
variables and that the probability to get a correct a priori wind information is given
by Gaussian law with a standard deviation (respectively by oy, and o, ,,, for the
wind speed and direction).

Step 10: Wind vector estimation

This step aims at estimating the most plausible (according to the NRCS and model
output) wind speed and direction values at each SAR wind cell of OWI grid.

Input parameters:

Jfup (W) : Probability density function of a priori wind vectors at
each grid cell of the OWI grid given the space of
solution for the wind speeds and directions estimated at
each SAR wind cell from the measured NRCS. It is
estimated at step 9.

{{U {0} iegoarwing . The space of solution for the wind speeds and
directions found at each SAR wind cell in step 8.
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Output parameters:

Ui, 9iticgoun wina : The estimated wind speed and wind direction values at
each SAR wind cell of the SAR wind grid.

Procedure:

The estimated wind speed and wind direction (w.r.t. the line-of-sight direction of the
antenna) values{({U}, {¢}) i }icgour wing t €8Ch SAR wind cell of the SAR wind grid
are selected such that they satisfy the following equation:

(U, 9)ic6saring = argmin {In[fy,., () - fop 1o (@]} (28)
—(180/A¢)<@<(180/A¢)

The estimated wind direction (according to meteorological convention, i.e. the
direction from which the wind is blowing) is given by:

¢; = format_angle(90 + ¢ — ¢;) (29)

The format_angle function is described in section 9.

Step 11: Inversion quality flag

This step aims at evaluating the consistency between the NRCS as measured by the
SAR and the a priori wind information for each wind cell for the OWI grid.
Information on the consistency between NRCS and a priori wind is also combined to
the percentage of bright target inside each wind cell and to the calibration quality
indicator to get a indicator of the quality of the inversion for each wind cell of the
OWI grid.

Input parameters:

Jfup (W) : Probability density function of a priori wind vectors at
each grid cell of the OWI grid given the space of
solution for the wind speeds and directions estimated at
each SAR wind cell from the measured NRCS. It is
estimated at step 9.

{{U {0 }icgear wing : The space of solution for the wind speeds and
directions found at each SAR wind cell in step 8.

{(BW)i}iEgS AR Wind : Percentage of bright targets detected in the SAR image
at each grid cell as calculated in step 2

Threshold_Qflag_inversion : Value above which minimization in the inversion is
considered as low quality from AUX-PAR file

Threshold_Qflag _Kc : Value above which the calibration of the product is
considered as badly calibrated from AUX-PAR file
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Threshold_Pb : Value above which the NRCS estimated at the SAR wind

cell resolution is considered as low quality from AUX-PAR

file

Output parameters:

. Consistency between ancillary model output and
NRCS used in the wind inversion scheme.

{(Qinversion)i}iEQSAR Wind

{(Qﬁ%)i} : Quality flag at each SAR wind cell

LEGSAR Wind

Procedure:

The value of the estimated minimum of
{(Qinversion)i}iEQSARWind = 180min 180 {lln[fUAp (U) : f(pAp (¢)]|} (30)

~(ap)=i<(ap)

gives an indication about the consistency between the various information used in
the inversion scheme. The lower is the minimum the better is the consistency and
the higher must be the confident level of the inverted wind vector.

Then{(Qinversion)iYiegsupwing: aNd {(B")i}iegoupwing@re cOMbined to produce a
wind quality flag at each wind cell.

L .
{(Qv{/lf{(gi i} = 1’ if {(Qinversion)i}iegSARWind >

{EGSAR Wind

Threshold_Qflag_inversion
= 2,if {(B")i}icgeapwing > Threshold_Pb
=3, if Kloocaqr > Threshold_Qflag_inversion
=4, if {(Qunversion)iticgeag g > Threshold_Qflag_inversion and
{(BW)i}iegsapwing > Threshold_Pb
=5, if K}oocq > Threshold_Qflag_Kcand
{(Qinversion)i}icgsupwing > Threshold_Qflag_inversion
=6, ifK},pcq > Threshold_Qflag_Kcand
{(B")i}icgoanwing > Threshold_Pb
=7, if Kloocq > Threshold_Qflag_Kc and
{(Qinversion)i}iegsupwing > Threshold_Qflag_inversionand
{(BM)i}iegoanwina > Threshold_Pb
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5.3 OWI - Inversion Unit (after IPF 3.10 included)

5.3.1

5.3.2

The inversion unit derives the wind speed and direction from the NRCS, incidence
and track angles obtained from L1 product and a priori information from ancillary
data.

Flowchart
Figure 5-6 shows the flowchart of the inversion unit (after IPF 3.10).

OW| Calibration &
Fre-processing unit

N

Step 7
—_—— .
m Load GMF LUT in WY or HH

V

Step 8

AUX_PP2 ———> At eachwind cell, Calculation of
—_— Cost function {uw)

WV
Step 9
Most likely wind solution {uw)
(R, Az wind speed) minimizing
the cost function, convert to U, ©

A4

Step 10
Estimation of SAR and Ancillary
model information consistency

\L OV output

Figure 5-6 Inversion Unit Flowchart (after IPF 3.10)

Function and Purpose

At this level, the parameters of the wind vector are estimated using statistical
Bayesian inversion. The different processing steps in the flowchart are described
below.

Step 7: Load GMF LUT in VV or HH

This step aims to load the GMF LUT as respect to the GMF and polarization ratio
specified in the AUX_PP2.
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Input parameters:

OLur . The incidence angle for the GMF LUT (linspace
vector space rate 0.1deg)

OLuT : The wind direction relative to the sensor range axis for
GMF LUT (linspace vectors space rate 1 deg)

Viur : The wind speed (linspace vectors space rate 0.2m/s)

Output parameters:

ur Orurs Orur Viur) : Equivalent NRCS GMF LUT in VV or HH in dB

Procedure:

The GMF LUT gives:

60— {GMFVV(OLUT' ¢Lur Viur) ,ifVV (31)
LT GMFyy (OLut @Lurs Viur) - PR(OLur, @Lur) , ifHH
Where GMFyy and GMFyy and PR are specified by the AUX_PP2; in case of
GMFyy is not specified by the AUX_PP2 GMFyy = GMFyy. Details about the
polarization ratio can be found in section 9.1.6.
Step 8: Estimate the cost function at each wind cell
For each grid cell of the OWI grid, the cost function is calculated.
Input parameters:
{0} ic6oarwing :  The incidence angle at each SAR wind cell from
step 3
{(Uap, ©ap)i}icgoun wing : The ancillary wind speed and (corrected) wind

direction w.r.t. radar looking direction re-sampled on
SAR wind gridGsag wing from step 5

{(00).} : NRCS estimated at each SAR wind cell from step 7
Y i€GSAR Wind

in dB
2yt (0s, OLu Viur) . Equivalent NRCS GMF LUT in VV or HH at the

closest incidence angle in dB

Output parameters:

s, Viyr . As respectively relative wind speed on Range and
Azimuth direction
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{(uap, Vap)iticgopwng - AS respectively relative wind speed on Range and
Azimuth direction given by the model at the given wind
cell
{Feost Ly, Viur)i}i €Goan wing - Estimation of the cost function of the wind
cell element
Procedure:

As respective relative wind speed on Range and Azimuth direction the u and v are

given by:
{uLUT = Viyr cos(@Lyr) (32)
Viur = Vigr sin(@pyr)
And:
{(uAP’ vAP)i}iegSARWind = { (UAP COS(pAP ) UAP Sin(pAP)i}iEgSAmed (33)

For each wind cell of the OWI grid, the cost function is given by:

. _ (upyr—uap \2 viuT—vap \2 olurBuPLurVivr)—0) ? (34)
cost (ULyr) Viur)i = 5y + 8y + 8s

Where the variability &, 8, and 85;4m, is given by the PP2. Default values are 2m/s, 2m/s
and 0.1dB

Step 9: Find the most likely solution

By minimizing over the LUT the cost function, the most likely solution u,v is found
for each wind cell i and transform to {({U3}, {®}) }iegoarwina

Input parameters:

{Feost Ly, Viur)i}i €Goan wing - Estimation of the cost function of the wind
cell element

Output parameters:

{ (W V) i} €Goan wing : Couple u,v on the LUT minimizing the cost function
model at the given wind cell
{{U {0} iegoarwing : Corresponding wind speed and direction.
Procedure:

At each wind cell of the OWI grid, the couple u,v is found by minimizing the cost
function. The couple u,v is transformed to get U, ¢ the wind speed and direction as
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respect to the sensor geometry. The wind direction is then converted has the
direction from which the wind blows as respect to the North

(u’ v) = argmin(u,v)e(uLUT,vLUT) (Fcost(uLUT' VLUT) ) (35)

Step 10: Inversion quality flag

This step aims at evaluating the consistency between the NRCS as measured by the
SAR and the a priori wind information for each wind cell for the OWI grid, and
remains unchanged compare to previous OWI inversion Unit. Please refer to step 11
in section 5.2,
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6.1.2

6.1.2.1

Date: Nov. 8, 2010

INPUT FILES

This section presents an overview of the input files used by the OWI algorithm. The
complete format specification is provided:

e in document A-16 for the auxiliary files,
e in document A-14 for the Sentinel-1 SAR products,

e in document A-12 for the job order.

Auxiliary Data Files
Auxiliary data are divided into two categories:

e Internal files: They are part of the processor as they do not change with time.
They are stored locally.

o External files: They contain information which may vary from one processing
to another.

Internal Auxiliary Data Files

Coastline and Land Masking Data

Wind inversion processing is not performed if land coverage is greater that 10% in
the imagette considered. The land coverage is estimated as the ratio between the
surface area of imagette and the surface area of a local land mask that covers the
imagette. The coastline to be used should be quite accurate; an accurate shoreline
polyline from the GSHHS is required. This shoreline database is available at
http://www.ngdc.noaa.gov/mgg/shorelines/gshhs.html.

Details of the Coastline and Land Masking data are provided in A-16.
External Auxiliary Data Files

ECMWF Atmospheric Model

Meridional and zonal wind component at 10 m above the sea surface from the
ECMWEF atmospheric model is required with spatial and temporal resolution of at
least 0.25 degrees every 3 hours (currently available). Recently, ECMWF
announced that they will by the end of 2009 provide wind data on 0.125 degree
horizontal grid.
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Sea Ice Data
Wind inversion processing is not performed if sea ice coverage is greater than 10%
in the imagette considered. This percentage is directly given by the sea ice
concentration product delivered by the OSI SAF at a spatial resolution of 10 km
every day. The product is available on the OSI SAF sea ice FTP server
(ftp://saf.met.no/prod/ice) on HDF5 and GRIB format or on MERSEA server
(http://mersea.met.no).
Details of the Sea Ice Data are provided in A-16.
L2 Processor Parameters Auxiliary Data
Erreur ! Source du renvoi introuvable. lists the auxiliary processing parameters
used by the OWI processing algorithm described in this document. The names in
the “Parameter” column represent the parameter names used in this document. The
parameter names in the auxiliary processing parameter files are described in
Erreur ! Source du renvoi introuvable..
Table 6-1 Processor Parameters Auxiliary data list for OWI
Parameter Description Unit Default value
. Size of the SAR derived wind 1000
cell_size . m
- field
. Distance to shore where the 2
dist2shore_km processing is not performed Km
Standard deviation error of the 2
stdev_speed wind speed provided by ancillary |m/s
wind information
Standard deviation error of the 20
stdev_dir wind direction provided by Degree
ancillary wind information
Gmf ind Name of the GMF to be used for | CMOD-IFR2
mi_index wind inversion
Value above which minimization TBD
Threshold_Qflag_inversion|in the inversion is considered as |-
low quality
Value above which the calibration TBD
Threshold_Qflag_Kc of the product is considered as -
badly calibrated
Value above which the NRCS TBD

Threshold_Pb

estimated at the SAR wind cell
resolution is considered as low
quality
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Parameter Description Unit Default value
p Probability of false alarm for the | 107
fa detection of bright target.

6.2

6.2.1

SAR Product

SAR Image

Table 6-2 presents the L1 product characteristics accepted by the L2 OCN
processor. For SM and TOPS (IW, EW) modes, the input to the OWI algorithm is
an internal GRD product with the following characteristics:

e Ground range projected
e Range and Azimuth matched filter windows applied
e Azimuth antenna pattern corrections applied
e Range spreading loss correction applied
e Elevation antenna pattern correction applied
e Single look in range and azimuth
e 16-Dbit integer per pixel
The OWI algorithm does not need the phase information from the L1 SLC product.

Therefore, it is more effective to generate the GRD product in the L1 processor
including combining all the individual bursts in the TOPS modes.

For WV mode the input to the L2 processor is an internal SLC product with the
following characteristics:

e Slant range

¢ Range and Azimuth matched filter windows not applied

e Azimuth antenna pattern corrections not applied

e Range spreading loss correction applied

e Elevation antenna pattern correction applied

e Single look in range and azimuth

e 32-bit float real part and 32-bit float imaginary part per pixel

Table 6-2 also shows that the L2 processor can process L1 ASAR data. This ASAR
data processing is supported in the Test mode where the L2 processor is controlled
through command line.
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Table 6-2 L2 Processing Support vs Input L1 Product Characteristics

Input L1 Product Supported L2 Processing
Sensor Product Type Acq. Ocean Swell Ocean Radial Surface Doppler
Mode Spectra Wind Field  Velocity (RVL) Grid
For For (Osw) (owi)
owl osw
and
RVL
Sentinel-  GRD SLC SM v v v v
1
Sentinel-  GRD SLC W v v v
1
Sentinel-  GRD SLC EW v v v
1
Sentinel- SLC WV v v v
1
ASAR GRD SLC IM v v v
ASAR SLC WV v v v v

6.2.2 SAR Product Annotation

These are the variables read in the step of the calibration and process unit. They can
be changed in the final version of this document according to A-14.

L, L’y: Number of range and azimuth pixels in the level-1
image.

PPy Image pixel size in meters in range and azimuth
direction.

{6 Y)idieg s Arrays of index tie points given by the geo-Location
grid ADS

{lon;, lat;}ieg, s Arrays of longitude and latitudes at tie points
{(x’}’)i}iegLADS

{ti}ticg aps: Array of two-way slant range times at tie points
{(x;}’)i}iegLADs

{0:}icgups: Array of incidence angles at tie points {(x, ¥);}ieg, ,ps

K¢: The calibration vector, LUT

Pet oy The Transmitter/Receiver polarization.

b: The satellite ground track direction.

FsTar. Flag set to 1 if slant-range-to-ground-range conversion
is applied.

Ty: UTC time of first pixel of first line (early azimuth).
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0, The incidence angle at swath centre
RA: The aspect ratio
PS, PyG : Ground pixel size corrected for aspect ratio

6.3

6.3.1

6.3.2

6.3.3

I: The input image (Lx x Ly) to compute Amplitude for
NRCS calculation

Internal Input Parameters

Job Order

This file contains all the fields required to define a single S-1 data processing job
(e.q. list of files names and path to be used for processing). A detailed description of
the Job Order is provided in document A-12.

Processor Configuration File

This file contains the names of files that exist locally on the processor workstation
that are required as input to the L2 Processor. A detailed description of the Processor
Configuration File is provided in document A-12.

PRM_LOPin

Additional file to store internal processing parameters for the L2 Processor,
including the OWI component (parameters TBD).

6-5



Ref: MPC-S1

Q’H\@ D L S Se n t| n el - 1 Issue/Revision: 1/1

Date: Nov. 8, 2010

LIST OF SYMBOLS

The following symbols are used by the wind retrieval algorithm.

Table 7-1 Variables Used by the Wind Retrieval Algorithm

Variable Description Unit
1,1, !\Iumber of range and azimuth pixels in the level-1 samples
image
pI pl Image pixel size in meters in range and azimuth
X7y direction
Arrays (M,N) of index tie points given by the geo-
(0o Y)idicgans Location grid ADS samples
Arrays (M,N) of longitude and latitudes at tie points
. . degree
{lon;, lati}ieguns {6 ) idiegaps g
Array (M,N) of two-way slant range times at tie
{ti}iGQLADS pOintS {(x! J’)i}iegLADs
Array (M,N) of incidence angles at tie points
i degree
{gz}legLADS {(x, }’)i}iegLADS g
K¢ Calibration constant -
Kl oocar Geophysical Calibration constant -
,];lcag Calibration constant flag boolean
Geophysical
Threshold_Qflag Kc Threshold for the calibration constant -
PeLry Transmitter/Receiver Polarization
@ The satellite ground track direction degree
Fsrar The Slant range to Ground range conversion flag boolean
T, UTC time of first pixel of first line (early azimuth) |UTC
6, Incidence angle at swath centre degree
R4 Aspect ratio -
P&, Pf Image Ground pixel size corrected for aspect ratio  |m
PW The expected wind cell size
p The sampling factor (to determine the number of i
S SAR pixels to be averaged)
pw pw Wind cell size in meters in range and azimuth m
x Ty directions
Number of range and azimuth wind cells in the SAR
w o gw
Lz Ly derived wind field samples
(), The index values corresponding to the centre of SAR samoles
% Y)ii€Gsar wina derived wind cells P
The set of longitudes and latitudes at each SAR wind
{lon, lati}iego,n wing cell degree
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Variable Description Unit
{(DN’)i}iEgSAlege Digital number at each SAR image pixels -
{AD 3 iegoan Image Signal amplitude at each SAR image pixels -
{(AW)i}iegS AR Wind The averaged amplitude at each SAR wind cell -

Mask array of bright targets detected at each SAR

IANY
{(BD iegsan image image pixels boolean
Array of percentage of bright targets detected in the
{(B") }iegear wind SAR image pixels used for the computation of SAR |-
Wlnd plxel {(x, y)i}iEgSARWind
Threshold limit for the percentage of bright targets
detected in the SAR image pixels used for the
Threshold_Pb computation of SAR wind pixel above which the -
NRCS computed is considered as optimal but could
be significantly different from the nominal
Probability of false alarm for the detection of bright |
Pra target.
The two-way slant range times at each SAR wind
{ti}iEQSARWind cell
{0:}icgoan win The incidence angle at each SAR wind cell degree
{(lutsigma0) }iegeup wina Radar cross section calibration LUT value estimated |

art each center of SAR wind cell

Radar brightness calibration LUT value estimated art

{(tutBetal) Yiegsup wing each center of SAR wind cell )
b scaling factor given in the calibration LUT -
0 The normalised radar cross section (NRCS) at each
(0™ iiegsam wina SAR wind cell
Mask array containing land flag at each SAR wind
{(Mw)i}iEgSARWind cell Y J J boolean
Longitude and latitude values of ancillary wind
(onap)i, (atar)dicgarmos  |information points Y degree
Zonal and meridional components of ancillary wind
{Quap)i Wap)itiegy prion vectors P y m/s
{Cap) i}ieg priors Ice mask boolean
The ancillary wind speed re-sampled on SAR wind
{(Uap)i}icgoarwina grid y P P m/s
The ancillary wind direction re-sampled on SAR
{(@ap)iticGsnr wina wind grid y P degree
The ancillary wind direction with respect to the line-
{(@ar)idiegsan wina of sight direction of the SAR antenna degree
{Uidicgsan wina The estimated SAR wind speed values m/s
{Pi}iesonr wina The estimated SAR wind direction values degree
Flag for consistency between ancillary model output
{(Qinversion)iiegsam wina and NRCS used in the wind inversion scheme boolean

Threshold limit above which the consistency

Threshold_Qflag_i i . .
reshold_Qflag_inversion between ancillary model output and NRCS used in
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Variable Description Unit
the wind inversion scheme is considered as low.
flag Flag for SAR wind quality flag at each SAR wind
{(Qwind i}iEgSARWind cell boolean
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OWI OUTPUT COMPONENT ANNOTATIONS

The following is a brief overview OWI component annotations in the L2 OCN
product NetCDF file. The complete, detailed L2 product format is described in A-

14.

The L2 OCN annotations data set includes the following dimensions

Number of wind cells in the range direction
Number of wind cells in the azimuth direction

The L2 OCN data set also includes the following variables per wind cell:

Longitude/latitude at cell centre
Two way slant range time at cell centre
Zero Doppler time at cell centre

Incidence angle at cell centre (in range), reported for each azimuth line in the
cell

Satellite heading

Normalised radar cross section for each SAR wind cell and for each
polarization.

Percentage of bright targets detected in each SAR wind cell and removed for
the computation of the NRCS in co-polarization

Predicted NRCS in co-polarization from CMOD (and polarization ratio for
HH co-polarization) and ECMWF a priori 10m wind for each SAR wind cell.

Geophysical calibration constant vector for each L2 OCN product
Calibration quality flag for each L2 OCN product
SAR wind speed and direction for each SAR wind cell
Inversion quality indicator for each SAR wind cell
SAR wind quality flag for each SAR wind cell
Auxiliary Data Derived Statistics
e ECMWEF a priori 10m height wind speed for each SAR wind cell
e ECMWEF a priori 10m height wind direction for each SAR wind cell
e Land flag for each SAR wind cell

e Percentage of land coverage (for SM in coastal zones) for each SAR
wind cell

e |Ice flag for each SAR wind cell
Variables from RVL and OSW components

8-1



Ref: MPC-S1

Q"H\@ D L S Se n tl n el - 1 Issue/Revision: 1/1

Date: Nov. 8, 2010

Radial velocities (interpolated) for each SAR wind cell

Dominant wavelength of two most energetic wave partitions (interpolated)
for each SAR wind cell (except for TOPS)

Dominant wave direction of two most energetic wave partitions
(interpolated) for each SAR wind cell (except for TOPS)

SAR significant waveheight of two most energetic wave partitions
(interpolated) for each SAR wind cell (except for TOPS)

Significant waveheight for the wind sea part of the total wave height
spectrum (interpolated) for each SAR wind cell (except for TOPS)

The L2 OCN data set includes the global attributes:

Title/description of L2 OCN product

Level 1 source product name

Mission name

Mission phase

Polarisation

Acquisition station

OSW algorithm version

OWI algorithm version

RVL algorithm version

IDL version

Geophysical model function used for OWI processing
Polarisation ratio model used for OWI processing
Contact information

Processing start time

Processing centre

First measurement time

Last measurement time

Coastline and land masking auxiliary data source
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9 ANNEX: GENERIC AND SPECIAL FUNCTIONS

9.11 FORMAT_ANGLE

This routine performs modulo operation on input angle given the value of cycle. The
output value is then either formatted between 0 and cycle (when
COMPASS_FORMAT keyword is set) or between —cycle/2 and +cycle/2

Syntax:

IDL>Result=FORMAT_ANGLE(Angle, COMPASS_FORMAT=compass_format,
CYCLE=cycle) (36)

Arguments:

Angle:  The angle to be formatted (expressed in degrees)

Keywords:

COMPASS_FORMAT: If set to 1, then the output value will be formatted
between 0 and cycle, else it will be between —cycle/2
and cycle/?2

CYCLE: The modulo value (set to 360° if not defined)

Procedure:

1. The Angle value is transformed as follows:

Angle = Angle mod c ycle (37)
_ (Angle + cycleif angle < —cycle/2
Angle = {Angle — cycle if angle > +cycle/2 (38)
2. Finally, The returned value of Angle is given by:
Angle = {Angle + cycle if COMPASS_FORMAT=1 (39)
Angle — cycle else

9.1.2 TRIANGULATE - Delaunay Triangulation
This IDL procedure constructs a Delaunay triangulation of a planar set of points.

After the irregularly gridded data points have been triangulated, the function
TRIGRID is invoked to interpolate surface values to a regular grid.
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Syntax:

IDL > TRIANGULATE, X, Y, triangles, boudaryPts

Arguments:

X:

triangles:

boundaryPts:
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An array that contains the X coordinates of the points to
be triangulated.

An array that contains the Y coordinates of the points to
be triangulated.

A named variable that, on exit, contains the list of
triangles in the Delaunay triangulation of the points
specified by the X and Y arguments.

An optional, named variable that, upon return, contains
a list of the indices of the boundary points in counter-
clockwise order

TRIGRID - Interpolation from Triangulation

This IDL function returns a regular grid of interpolated Z values given data points
defined by the parameters X, Y, and Z and a triangulation of the planar set of points
determined by X and Y. Extrapolation for grid points outside of the triangulation
area is also an option. An input triangulation can be constructed using the procedure

TRIANGULATE.

Syntax:

IDL> result =TRIGRID(X, Y, Z, triangles, GS, limits,/QUINTIC,EXTRAPOLATE =

b,XGRID = xg,YGRID = yg)

Arguments:

XY, Z:

triangles:

GS:

limits:

(41)

Input arrays of X, Y, and Z coordinates of data points.
All three arrays must have the same number of
elements.

A longword array of the form output by the IDL
TRIANGULATE function. That is, Triangles has the
dimensions (3, number of triangles) and, for each i,
triangles|0,i], triangles[1,i] and triangles[2,i] are
the indices of the vertices of the i-th triangle

If present, GS should be a two-element vector [XS, YS],
where XS is the horizontal spacing between grid points
and YS is the vertical spacing.

If present, Limits should be a four-element vector [x0,
y0, x1, y1] that specifies the data range to be gridded
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(x0 and y0 are the lower X and Y data limits, and x1
and y1 are the upper limits).

Keywords:

EXTRAPOLATE: Set this keyword equal to an array of boundary node
indices (as returned by the optional parameter b of the
TRIANGULATE procedure) to extrapolate to grid
points outside the triangulation. Setting this keyword
sets the quintic interpolation mode, as if the QUINTIC
keyword has been specified

QUINTIC: If QUINTIC is set, smooth interpolation is performed
using Akima's quintic polynomials from "A Method of
Bivariate Interpolation and Smooth Surface Fitting for
Irregularly Distributed Data Points” in  ACM
Transactions on Mathematical Software, 4, 148-159.
For non-spherical data, the default method is linear
interpolation. Derivatives are estimated by Renka's
global method in "A Triangle-Based C1 Interpolation
Method" in Rocky Mountain Journal of Mathematics,
vol. 14, no. 1, 1984. Setting the EXTRAPOLATE
keyword implies the use of quintic interpolation; it is
not necessary to specify both

XGRID: Set this keyword to a named variable that will contain a
vector of X values for the output grid

YGRID: Set this keyword to a named variable that will contain a
vector of Y values for the output grid

9.1.4 INTERPOL - Linear 1D Interpolation

The IDL function performs linear, quadratic, or spline, interpolation on vectors with
a regular or irregular grid.

Syntax:
IDL> Result =INTERPOL(V, X, U) (42)

Arguments

V: An input vector of any type except string

X: The abscissa values for V. X must have the same
number of elements as V, and the values must be
strictly ascending or descending

U: The abscissa values for the result. The result will have

the same number of elements as U.
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9.1.5 BILINEAR - Bilinear Interpolation

This IDL function uses a bilinear interpolation algorithm to compute the value of a
data array at each of a set of subscript values. This function returns a two-
dimensional interpolated array of the same type as the input array.

Syntax:
IDL> Result =BILINEAR(P,JX,]Y) (43)
Arguments:
P: A two-dimensional data array.
I1X,]Y: Arrays containing the X and Y "virtual subscripts" of P

for which to interpolate values

9.1.6 POLARIZATION_RATIO

This function returns the polarization ratio as a function of the local incidence angle
and the direction from which the wind is blowing with respect to the looking
direction of the antenna.

Syntax:
IDL> Result =POLARIZATION_RATIO(6, 9, MODEL=model) (44)

Arguments:

0: The local incidence angle.

¢: The direction from which the wind is blowing with
respect to the looking direction of the antenna

Keywords:

MODEL: The selection of different polarization ratio models R-
2R-4 can be done through this keyword

Procedure:

1. The polarisation ratio is given by:
((1+2 tan? 9)2
(1+0.7 tan? 6)2’

(1+2tan? 6)2 . _
(1+2sin%26)2"’ if MODEL = 1 (45)

PRMouche(g ), if MODEL = 2
P R}ouche gy, if MODEL = 3

if MODEL = 0

PR =«
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2. The wind dependent polarization ratio model proposed by Mouche et al R-2 is
given by:
PRMouche(g @) = ¢ + Cf cos(¢) + Cf cos(2¢) (46)
Where:

) =(R/ +P’+2P,)/4
c/=(r/-P’)/2
C =(R/+P/-2P,)/4
With:
P8 = 0.00650704 - exp(0.128983 - §) + 0.992839

Pg = 0.00782194 - exp(0.121405 - ) + 0.992839
2

P9 = 0.00598416 - exp(0.140952 - §) + 0.992885

3. The second polarization ratio model proposed by Mouche et al R-2 is given
by:
pMouche — (0 00799793 - exp(0.125465 - 6) + 0.997379 (47)

9.1.7 LOGSIG - Log-Sigmoid Transfer Function

This function takes the input, which may have any value between plus and minus
infinity and squashes the output between 0 and 1. This function is part of the
cmod_ifremer_inverse_vect.pro IDL function presented in 9.1.8.

Figure 9-1 Log-Sigmoid Transfer Function

Syntax:
IDL>Result = LOGSIG(X) (48)
Arguments:
X: Scalar or array of values
Procedure:

1. The output of the log-Sigmoid function is given by:
1

Result = m (49)
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9.1.8 CMOD_IFREMER_INVERSE_VECT

This function returns the neutral equivalent wind speed at 10 meters as a function of
incidence angle, linear NRCS in VVV-polarisation, and the direction from which the
wind is blowing with respect to the radar line-of-sight direction.

This corresponds to the neural network implementation of the CMOD-IFR2 R-3.
The prototype software will use CMOD-IFR2 model.

The proposed architecture is presented in Figure 9-2.

-

Figure 9-2 Neural Network Architecture for the Implementation of the Inverse CMOD
Scattering Models

Syntax:
IDL>Result =
CMOD_IFREMER_INVERSE_VECT(6, 6°, 9,CMOD_MODEL=cmod_model)
(50)
Arguments:
0. The local incidence angle (can be a scalar or an array)
a: The NRCS value expressed in linear scale. The NRCS
value is assumed to correspond to signal backscattered
from the sea surface after transmission and reception in
vertical polarization (Must have the same size than®).
¢: The direction from which the wind is blowing with

respect to the looking direction of the antenna (Must
have the same size than®).
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Keywords:

CMOD_MODEL: The selection of two different scattering models
developed by IFREMER can be done through this
keyword:

o ‘CMOD-IFR2 NN’ R-3 (default)

Procedure

1. The linear NRCS value will first be expressed in dB:

ogg = 10 - logy0(c®) (51)
2. The wind speed is given by:
U = LW3?#logsig(LW > #[logsig(IW#P + B')] + B?) + B3, (52)
Where:
P = [9,00,<p]

# denotes the matrix multiplication operator.

3. The values of arrays B, B2, B3, LW*?2 and matrices IW,LW?! for the CMOD-
IFR2 inverse model R-3 are given hereafter ($ means that the line is not
finished).

Bl = [ 2.082886, $
-0.841942, $

-0.656464]

B2

-70.326805,
-19.754431,
67.888680,
10.133004,
-128.439680,
-89.573363,
69.218988,
65.189747,
73.432775,
-94.562285,
-67.835318,
26.419743,
-52.157728,
81.903807,
-37.509473,
-73.216408,
64.222839,
24.666035,

“w W n W W . W W v v » v » v v » W»r W»

-80.372419,
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-89.
-78.
27.

57

-75.

-50

59.
-93.

-24

65.
28.
40.

-135.

-15.

13.

39.

Sentinel-1

579006, $

090509, $

960399, $

.385043, $

883218, $

.199558, S

060482, $

676147, S

.395929, $

428578, $

466197, $

064443, $

.722488, $

604384, $

183091, $

412278]

969936]

-0.010157, -0.038371,
0.003006, 0.054323,
0.154295, 0.071817,

2.300742, 49.041606,
-4.807824, -0.882009,
2.474316, -40.430879,
-5.145791, -9.5582064,
3.104158, 38.846043,
-0.179018, 3.900986,
1.989728, -37.182961,
16.412028, -52.423042,
5.607228, -53.500970,

-17.480667, 67.298780,
-3.804436, 45.836751,
-0.107370, -26.368820,

-15.385189, 66.336720,
11.013927, -64.134395,
-2.227543, 38.387985,

1.847110, 52.927378,
-5.872740, -44.349600,
-1.5817060, -26.577835,

-18.123057, 80.806115,

4.398687, 76.879126,

4.178159, 63.939943,

1.593884, -24.605682,
11.370787, -65.499163,

Ref:
Issue/Revision:
Date:

-0.0349557],
-0.003453],
0.00014071 1

65.6113771,
21.6271571,
-64.9338507,
14.360309],
121.278273]1,
85.5079001],
-66.6261017,
-55.026843],
-70.431265],
90.3317221,
64.6841271],
-21.0661121,
60.627566],
-69.7479727,
28.9902071,
68.1906847,
-57.595335],
-18.0632907,
70.988909],
79.3151911,
69.4154597,
-24.2120401,
-48.275269],

$
$

MPC-S1
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4.839488,
-7.781707,
9.883707,
-17.044545,
-119.555883,
-5.072296,
8.518015,
6.261165,
-5.047135,
-9.489117,
-32.208368,
16.925168,

-74.671245,
-4.886914,
-141.271646,
39.275758,
-0.799615,
86.927814,
75.283134,
140.200911,
-23.311010,
41.046728,
-91.464701,
103.025508,
0.402924,
-142.039681,
-17.795908,
61.086801,
60.372377,
-33.978165,
5.748143,
32.880609,
-104.682748,
-113.455746,
22.218793,
66.169141,
46.710607,
-34.785100,
-42.544244,
162.762315,
-78.819174,
-3.078224,
84.885748,

-0.250489,

“w v v v » v v v »v »n »v v »vn »vw »n »n »vr v »vr »n »n »n W »n » W W W v v » »

2.269681,

Ref:

Issue/Revision:

Date:
.663573, 67.
.649118, 47.
.424425, -50.
.785425, 89.
.829578, 19.
.552059, -59.
.877613, -30.
.988114, -36
.180838, -12.
.482996, 131.
.418533, 13.
.145650, -11

4092641,
3674791,
4062157,
74084217,
5679501,
3924457,
8712871,

.8630657,

71027771,
65858317,
0601337,

.276770]

]
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14.145298, $
4.508966]

CMOD_IFREMER

This function returns the linear NRCS in VVV-pol as a function of incidence angle,
neutral equivalent wind speed at 10 meters height, and the direction from which the
wind is blowing with respect to the radar line-of-sight direction.

There are several CMOD-type functions available in the literature. The prototype
software will use CMOD-IFR2 model R-3 by default.

Syntax
IDL> Result =CMOD_IFREMER(8, U, o, ¢, CMOD_MODEL =
cmod_model) (53)
Arguments
0. The local incidence angle (can be a scalar or an array)
Uio: The neutral equivalent wind speed at 10 meters height
in [m/s] (must have the same size thang).
¢: The direction from which the wind is blowing with
respect to the looking direction of the antenna (must
have the same size than8).
Keywords
CMOD_MODEL: The selection of two different scattering models
developed by IFREMER can be done through this
keyword:
o ‘CMOD-IFR2’ R-3 (default)
Procedure

1. The linear NRCS for VV-pol is given by:

IDL> Result =CMOD_IFREMER(®, U, ,, ¢, CMOD_MODEL =
cmod_model), (54)

2. Coefficient BO is given by
BO = 10.MALPH+BETA*sqrt(U10)),
Where:
ALPH =CJ[1] + C[2] * P1 + C[3] * P2 + C[4] * P3
BETA = C[5] + C[6] * P1 + C[7] * P2
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P1 = 0i
P2 = (3.*xSQ-1.)/2.
P3 = (5.*xSQ-3.)* 0i/2.
0i = (0 - 36.)/19.
xSQ = 0i * 0i
3. CMOD-IFR2

Coefficient B1 is given by:

Bl = C[8 + C[9*pvl + (C[10]+C[11]*pvl)*ptl +
(C[12]+C[13]*pv1)*pt2,

Where:

pvO = 1.

pvl = vitnor

pv2 = 2*vitnor*pvl - pv0
pv3 = 2*vitnor*pv2 - pvl
pt0 = 1.
ptl = tetanor
pt2 = 2*tetanor*ptl - pt0
pt3 = 2*tetanor*pt2 - ptl
Where:
tetanor = (2.*x - (tetamin+tetamax))/(tetamax-tetamin)
vitnor = (2.*V - (vmax+vmin))/(vmax-vmin)
tetamin = 18.
tetamax = 58.
vmin = 3.
vmax = 25.

Coefficient B2 is given by:

B2 = C[14 + C[15]*ptl  +  C[l6]*p2  +
(C[L7]+C[18]*ptL+C[19]*pt2)*pvl + (C[20]+C[21]*pt1+C[22]*pt2)*pv2
+ (C[23]+C[24]*pt1+C[25]*pt2)*pv3

Where:
pvO = 1.
pv1 = vitnor
pto = 1.
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ptl = tetanor
pv2 = 2*vitnor*pvl - pv0
pv3 = 2*vitnor*pv2 - pvl
pt2 = 2*tetanor*ptl - pt0
pt3 = 2*tetanor*pt2 - ptl
Where:
tetanor = (2.*x - (tetamin+tetamax))/(tetamax-tetamin)
vitnor = (2.*V - (vmax+vmin))/(vmax-vmin)
tetamin = 18.
tetamax = 58.
vmin = 3.
vmax = 25.
Coefficients C are given by
C[0] = 0.0
C[1] =-2.437597
C[2] =-1.5670307
C[3] = 0.3708242
C[4] =-0.040590
C[5] = 0.404678
C[6] = 0.188397
C[7] =-0.027262
C[8] = 0.064650
C[9] = 0.054500
C[10] = 0.086350
C[11] = 0.055100
C[12] = -0.058450
C[13] =-0.096100
C[14] = 0.412754
C[15] = 0.121785
C[16] = -0.024333
C[17] =0.072163
C[18] = -0.062954
C[19] = 0.015958
C[20] = -0.069514
C[21] = -0.062945
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C[22] = 0.035538
C[23] = 0.023049

C[24] = 0.074654
C[25] = -0.014713
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