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1 INTRODUCTION

1.1 Purpose of this document

This document describes an accurate method to orthorectify MERIS 1B scenes or segments. This project
has been performed on behalf the European Space Agency under the ESTEC contract 17944/ 03/ NL/CO
with GA EL Consultant, which has subcontracted the works to VisioTerra

The overall contract foresees two work packages:

e WPl - Envisat MERIS Geometry handbook describing the orthorectification algorithm
providing examples of code.

e WP2-SRTM / DEM Digital Elevation Model Quality A ssessment.

Algorithms laid down in this document apply to both Full Resolution (FR) and Reduced Resolution (RR)
MERIS level 1B products.

fig. 1 - Artist view of Envisat satellite.

1.2 Document overview

- Chapter1 is the present section applicable to the overall document.
- Chapter 2 describes the MERIS level 1B geometry.

- Chapter 3 describes the orthorectification process.

- Chapter4 gives results of the orthorectification process.

- Chapter5 tests the quality of the GETASSE30 DEM.

- AppendixA includes the header information of the M ERIS scene being tested.
- Appendix B includes the logs of the orthorectification execution.
- AppendixC provides the C-language code of MERSYN application.
- Appendix C provides the C-language code of MERSYN application.
" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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- AppendixD details the benchmark used to orthorectify a scene over Italy.
- Appendix E logs the orthorectification correction performed on first and last pixels of some lines.

- AppendixF details the differences between GT A SSE30 30 and geodesic point elevations.

1.3 Applicable documents

A-1 PO-SW-ESA-GS-1393 ESTEC Contract 17944/03/NL/CO
Statement Of Work
Issue 1, 19/11/2003
ESA - ESTEC

A-2 e-mail Steven DELWART Use of GETASSE30 DEM
22/10/2004
Steven DELWART - ESA - ESTEC
.\management\mail_ 20041022 Delwart GETA SSE30 data
available.txt

1.4 Reference documents

This section describes the related documents and applied conventions to be considered within the present
document.

R-1 PO-RS-MDA-GS-2009 (1) Envisat-1 Products Specifications
Volume 1 - Introduction
Issue 3, Revision L — 30/01/2001
ESA —ALCATEL SPACE

R-2 PO-RSMDA-GS-2009 (11) Envisat-1 Products Specifications
Volume 11 — MERIS Products Specification
Issue 3, Revision J— 12/05/2003
ESA —ALCATEL SPACE
http://earth.esa.int/pub/ESA _DOC/ENVISAT/MERIS Vol11

Meris_3j.pdf
R-3 PO-TN-M EL-GS-0002 MERIS Level 1 Detailed Processing Model,

Parameters Data List

Issue 6, Revision 1— 28/03/2003

ACRI

.\.\A001 REFERENCE DOCUM ENTS\ENVISAT\PO-TN-
MEL-GS 0002 DPM 1b_i6rl.pdf

R-4 PO-TN-MEL-GS-003 MERIS Input / Output Data Definitions
Issue 6 revision 1— 23/03/2003
ACRI
R-5 SRTMvsACE draft v3.doc Intercomparison of ACE and SRTM30 global digital elevation

model at global and regional scale

Issue — Revision 3 — 08/10/2004

Marc BOUVET — ESA/ESTEC

.\reference _documents\SRTMvsACE draft_v3.doc
\\Leo\leo_disks\leo 2\P194 ESTEC MERIS GEOMETRY H
ANDBOOK\DEM _GETA SSE30\doc\SRTMvsACE draft_v3.
doc

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
or disclose in whole or in part, information disclosed here on except for or on behalf of VisioTerra to fulfil the purpose for which the
document was delivered to him. ”
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GETASSE30 - Global Earth Topography and Sea Surface
Elevation at 30 arc second resolution

Issue -, Revision -, 20/10/2004

Marc BOUVET — ESA/ESTEC
.\reference_documents\Readme with_images.doc
\\Leo\leo_disks\leo 2A\P194 ESTEC MERIS GEOMETRY_H
ANDBOOK\DEM _GETA SSE30\doc\Readme_with_images.d
oc

Comments on equations 6a and 6b

17/12/2004

Norman FOM FERRA — Brockman Consult
\management\mail 20041217 Fomferra M ERIS Geometry
Handbook.txt

Most of the fields of the MERI'S 1B products required in for the orthorectification are given in the product
specification document R-2 but may also be found at the following Web addresses:

e MERISFR1B -
http://envisat.esa.int/dataproducts/meris/ CNT R6-2- 1.ht méteph. meris.merisdf.1p.M ER FR 1P,

e MERISRRI1B -
http://envisat.esa.int/dataproducts/meris/ CNT R6- 2-2.ht méteph. meris. merisdf.1Jp.M ER RR _1P.

Abbreviations and Acronyms

This section controls the definition of all abbreviations and acronyms used within this document. Special
attention has been paid to adopt abbreviations, acronyms and their definitions from international
standards as 1SO, ANSI or ECSS.

Abbreviations

and acronyms specific to Envisat/MERIS may be found a address

http://envisat.esa.int/daaproducts/meris/CNTR5-1.htm.

ACE
ADSR
ANSI
DEM
ECSS
EGM96
EO
ETRS89
FR
GETASSE30
ISO
ITRS
ITRF
MDS
MDSR
MSS

Altimetry Corrected Elevations

Annoctation Data Set Record

American National Standards Institute

Digital Elevation Model

European Cooperation for Space Standardi zation
Earth Gravity Model 1996

Earth Observation

European Terrestrial Reference System 1939
Full Resolution

Global Earth Topography and Sea Surface Elevation at 30 arc second resolution
International Organization for Standardization
International Terrestrial Reference System
International Terrestrial Reference Frame

M easurement Data Set

M easurement Data Set Record

M ean Sea Surface
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NDVI Normalised Difference Vegetation Index
RR Reduced Resolution
SRTM Shuttle Radar Topography Mission
TBC To Be Confirmed
™ Thematic Mapper (instrument of Landsat)
WGS84 World Geodetic System 1984

1.6 Definitions

This section provides the definition of all common terms used within this document. Special attention has
been paid to adopt definitions from international standards as ISO, A NSl or ECSS.

ESA also provides the following glossaries (only those interesting for this document have been selected):

o  Geometry http://envisat.esa.int/dataproducts/meris/ CNT R5-2-1.htm,
e Optics http://envisat.esa.int/dataproducts/meris/ CNT R5-2-9.htm,
e Product http://envisat.esa.int/daaproducts/meris/ CNT R5-2-10.ht m,
geocoded An image (or more generally any EO data) is geocoded if asimple relation exists

giving the geodetic coordinates (A, @) or (X,Y) of the attached geodetic system,
fromthe coordinates of any point (i,j) of theimage.
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MERIS LEVEL 1B GEOMETRY

Scope of this section is to quickly describe the geometry of the Envisat MERI S level 1B products. A more
detailed description is to be searched in document R-3. Content of this document is also presented at
http://www.envisat.esa.int/dataproducts/meris/CNT R2-6- 1.ht m address.

MERIS Instrument

MERI S instrument is flown onboard the Envisat satellite (see fig. 2).

fig.2 - MERISinstrument (red) on Envisat
(http://envisat.esa.int/dataproducts/meris' CNTR3-1-1.htm)

This push-broom instrument acquires top of atmosphere radiances in 15 visible and NIR bands and is an
assenbly of five (5) cameras, sometimes called modules because each camera is included within a
module sub-system (seefig. 3).

Cameras

Folding Miror, } MERIS
Pol. Scrambling

Window Assy
4

Diffuser Wheel

Instrument FOV

East Observation Scene

with indication of
Across Track

> Module & Spatial
Sample Numbenng
\
\ \ Along Track

fig. 3 - MERISFQV, camera tracks, pixel enumeration and swath dimension
http://envisat.esa.int/dataproducts/meris/CNTR1-1-3.htm
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2.2 Processing levels
Processing from Level 0to Level 1B includes the following tasks:
e  source data packet extraction,
e saturated pixels replacement and flagging,
e radiometric processing,
e stray light correction,
e geo-location,
e pixel classification,
e external data assimilation,
o formatting.
Figure fig. 4 here below illustrates the workflow.
Frame time,
Senree Data Product Confidence Data
Paclet -
extraction ] 151
T Product
raw samples, Litnits
qualitiflags
Frama Crbit Envirenment
12 tfime l FParameters FParameters
Saturated
pixels 52
rocessin : [T
kst Tie Poins i poins
Earth location ‘ '
Tie points
raw samples, lon Jat g v
quality flags L A
154 17
Altitude Externa Data
retrieva Agsimilation
13 Tie points
Fadiometric altitude,
Processing oughness,
location
Tie points correction
lon lat; Environment
B, ips, B, v aramelers
radiance samples, L Tie points X pi tie points
guality flags Tie i:!oims W B2, 5,8, v Pixel 16
Ime —Radiances s Fizel
Quality flags Classification Classification
flags
156 Y v
14 i Sun glint flag \_,
Stray Light Corrg ted 1.55 Sun glint Pixel 1.8 . |
Radiance Re-sampling o Formatting
Correction M Samales ] Radiances;
MPes, Quality flags
quality flags uality tlag

1.5 Gealocation

fig. 4 - Functional Breakdown for Level 1B processing algorithm(R-3).
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MERIS Level 1B product grid and tie-point grid

The level 1B product grid is a geolocated system defined by the vertical projection of the satellite
trajectory over the Earth. (fig. 5) defined by the velocity vector and by its perpendicular plane crossing
the Earth.

satellite fixed frame

Earth surface

ellipsoid centre

fig.5 - Satellitefixed coordinate system (R-3).

The document “MERIS Level 1 Detailed Processing Mode’ (R-3) says:

“In order to simplify product handling, the MERIS radiance sanples are re-located by nearest
neighbour interpolation to the MERIS product grid, which has the following characteristics (FR

grid) :
e central colum : sub-satellite point track on Earth;
e lineorientation : perpendicular to spacecraft velocity, projected on Earth;

e columnsspacing : fixed for one product, 260 m(with very small variations);

e number of columns: 4481;

e line spacing : variable with time and orbit altitude, fixed by the MERIS frame time of
0.044s(mean~ 292 m).

The RR-grid isa 4x4 sub-sampled version of that grid.” (R-3)

To provide geodetic information (latitude, longitude, DEM elevation and roughness), but also information
relative to the acquisition conditions (sun incidence angles, viewing angles, wind directions, pressure,
ozone, humidity) a tie-point grid is superimposed over the MERIS level 1B product grid (see fig. 6).
These tie-point grid values are stored in the MERIS 1B product within the Annotation Data Set (ADS) /
Tie Points Location & Corresponding Auxiliary Data (LA DS).

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
or disclose in whole or in part, information disclosed here on except for or on behalf of VisioTerra to fuffil the purpose for which the
document was delivered to him. ”
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\4

FR — 2241 pixels / line - 36 tie-points / lin

»

FR — 2241 lines — 36 tie-points lines

RR tie-point facet
16 lines x 16 pixels

MERIS data

FR tie-point facet
64 lines x 64 pixels

RR — up to 14785 lines — up to 925 tie-points lines

fig.6 - MERISlevel 1B grid and tie-point grid.
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Thetie-point grid “contains”:
e 64 lines x 64 pixels MERI Sdatafor the FR product, and
e 16lines x 16 pixels MERI Sdata for the RR product.

The size of products and the number of tie-points to be found in the Annotation Data Set are given in the
table 1 below.

Product MERISgrid Tie-point grid
Line number pixel number / line | annotation dataset | samples number /
(ADSR) number ADSR
MERISRR 1B <14785Y 1121 <925 71
MERISFR 1B 2241 241 36 36
MERIS FS 18® 4481 4481 71 71

() A full segnent may match upto 43.5 minues (a sunlight orbit) representing up to 17400 km on ground.

(2) Thefull reodlution Full Svath will be available for thenext release of the processor and all the values provided hereareto be
confirmed.

table 1 - Size and number of tie-pointsin products.

Along-track tie-points

The constant along-track sampling of 0.044 seconds produces periodic MERIS frames that contain
measurements resampled on the MERIS grid. Each DF M ERIS frames (DF=64 for FR and DF=16 for
RR), a“tie frame” is computed giving the position of the grid along the MERIS swath (see fig. 7).

DF (AF in fig. 7): tie-frame spacing.

tAAL _ velocity

Earth surlace

tie fram

o

first MERIS frame

fig. 7 - MERIS frames and tie frames (R-3).
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Across-track tie-points

Tie-points along the MERIS swath are sampled in order to be evenly spaced (in distance) along the swath
(seefig. 8).

DJ: tie-points colunn spacing.

MERIS

altitude Z

osculating circle

fig. 8 —tie-points pointing direction (R-3).

Bi-linear interpolation within « tie-point facets »

Let (F,J), (F+DF,J), (FJ+DJ) and (F+DF,J+DJ) the coordinates in the MERIS Level 1B product grid of
four adjacent tie-points (see fig.9), any ancillary value X(F,J) given at the tie-point location may be
interpolated within the facet at the location (f,j) using the following formula:

X(F+fd+j) = [Déa_ jj XKDg;fjxx(F,J) ; (Df—F)xX(F+DF,J)}

. (DLJ) XKD[F);ijX(F’JJFDJ) + (Df_F)xX(F+DF,J+DJ)}

Eq. 1

Where:

X() is the measurement stored on each tie-point (latitude, longitude, DEM altitude, DRM
roughness, DEM latitude correction, DRM roughness, sun zenith, sun azimuth, viewing
zenith, viewing azimuth, zonal winds, meridional winds, mean sea level pressure, total
ozone, relative humidity).

(FJ)  are the coordinates of the frame (along-track) and column (across-track) expressed in
the product grid reference system (i.e. the line index and column index of the level 1B

image).
DF is the number of product lines (frames) between two consecutive tie-points along-track.
DJ is the number of product pixels between two consecutive tie-points across-track.

(\#)) are the coordinates within the tie-point facet (f € [O,DF and j € [0,DJ[). These coor-
dinates may be float and not necessarily integer.

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
or disclose in whole or in part, information disclosed here on except for or on behalf of VisioTerra to fulfil the purpose for which the
document was delivered to him. ”
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?

fig. 9 - Interpolation within a “ tie-point facet” (R-3).
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Parallax estimate at tie-points

Asshown in fig. 10, the parallax may be estimated knowing the altitude and viewing angle at any point of
the product grid. In particular, the geodetic correction terms (dlat,dlon) are said being computed by the
formula below and stored in the Tie Points ADSR (see R-3, section 8.3.3, page 8-28):

dx = Zraxtan( 0w ,3)
diat £ _ dxxcosé QW ,J) Bq. 2
e

—dx xsn( ¢ w,3)

dlon F,0 =
Rex cos( ¢ F,J)
Where:
dx is the modulus of the parallax error.

dlatg; isthelatitude correction of tie-point (F,J).

dlong; isthelongitude correction of tie-point (F,J).

Zg, is the DEM elevation of tie-point (F,J).

OvFg is the zenith of the viewing angle of tie-point (F,J).
oy  istheazimuth of the viewing angle of tie-point (F,J).
dF is the geodetic latitude of tie-point (F,J).

Re is the mean Earth radius (R.=6 370 997.0 metres)

Examples of tie-point values and explanation relative to the way data are computed are provided in
APPENDI X E. Observation of correction values for latitude and longitude shows that equ. 2is not strictly
exact (seeeq. 2’ in APPENDIX E).

Sightly different formulae (see eq. 6a and 6b) are proposed in sub-section “Compute and apply the
geodetic correction” of section 3.3.

sarellite

longilude 4 correction

actual Farth larimude o correction

surface
Morth
.
tie point .
altitucle
h
T East

fig. 10 - Parallax estimation principle (R-3).
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Projection of MERIS pixels to the level 1B product grid

After radiometric correction, each M ERIS pixel P of the frame f is copied into the MERIS Level 1B
product grid at the location of coordinates (f',j) that are the nearest integer of the projection coordinates
within the tie-point facet [ F,F+DF]x[J,J+DJ].

These projection coordinates are computed fromthe (0,yk) viewing vector of point Py.

The viewing vector it-self is computed from propagated ephemeris and attitude values and from the
nominal values of the CCD viewing vectors.

Y W

MEETS mxcl k
frame I

//;' 1 /J .Ih'_l.-. | / e

fig. 11 - MERISpixel location (R-3).
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2.3 MERIS FR and RR level 1B products

The overall characteristics of MERIS level 1B products are shown in the table here below, enabling the

comparison between Full Resolution (FR) and Reduced Resolution (RR) products.

PRODUCT ID

NAME

DESCRIPTION

COVERAGE

THROUGHPUT

GEOMETRICAL
SAMPLING

SEGMENT SIZE

RADIOMETRIC
RESOLUTION

RADIOMETRIC
ACCURACY

DATA SET

ANNOTATION DATA

NOTES

MER_FR__1P
Level 1b Full Resolution

MERIS product calibrated and
geolocated.

Produced on request only

Floating scene concept for distribution

575 km x 575km

300 x 300 meters resampled in a
"pseudo satellite" projection along
track

157 bytes per scene

1.14 x 10 w/m?/sr/um@442.5nm
SSP with Qs=60°

from 400 to 900 nm < 2%
from 900 to 1050 nm < 5%

MPH
SPH

ADS
MDS

Orbit state vector,

Time correlation parameters,
Latitude, Longitude, altitude and
topographic corrections

Sun azimuth, Sun elevation, view
azimuth, view elevation
Resampled ECMWF data:

Mean Sea Level pressure,

Total column ozone,

Total column water vapour,
Wind speed,

On demand dissemination of multiple
of scenes (575km x 575km) or
(296km x 296km)

MER_RR_1P
Level 1b Reduced Resolution

MERIS product calibrated (radiance)
and geolocated. Produced
Systematically

1150 km x 17500 km

1 per orbit

1.2 km x 1.2 km resampled in a
"pseudo satellite "
projection along track

532 Mbytes

2.85 x 102 w/m?/sr/um@442.5nm
SSP with Qs =60°

from 400 to 900 nm < 2%
from 900 to 1050 nm < 5%

MPH
SPH
ADS
MDS

Orbit state vector,

Time correlation parameters,
Latitude, Longitude, altitude and
topographic corrections

Sun azimuth, Sun elevation,
view azimuth, view elevation
Resampled ECMWF data:
Mean Sea Level pressure,
Total column ozone,

Total column water vapour,
Wind speed,

Produced systematically.
On demand dissemination of multiple
of scenes (1150 km x 1150 km)

table2 - MERISFR and RR Level 1B product descriptions
(http://envisat.esa.int/instruments/meri s/data-app/prodspread.html)
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ORTHORECTIFICATION APPLICATION

Orthorectified images are corrected of the acquisition conditions (viewing geometry, platform attitude,
Earth rotation and of the relief effects (parallax). Such a corrected images are perfectly superimposable
whatever being their acquisition dates.

One of the principal applications of such a superimposability is the paossibility to process mosaicking and
more simply synthesis. For example, a synthesis of all the M ERIS RR 1B segments acquired on March
and April 2003 has been created by GA EL Consultant in June 2003.

]
( GAEL Consultant

fig. 12 - MERIS synthesis March-April 2003

This project has been the opportunity to develop a first version of a synthesis process, called MERSYN.
The present contract has given the possibility to refine MERSYN application extending the
orthorectification process to MERIS FR.

This is the reason reader will sometimes encounter references to the synthesis process, up to the name of
the provided code (MERSYN for M ERIS synthesis). But the synthesis it-self is marginal; most of the
code is dedicated to orthorectification that is the challenging activity.

Overall architecture

MERSYN is able to orthorectify a MERIS Level 1B scene or segment and to add it over an existing
synthesis. Merging of a new MERIS pixel over an existing synthesis may be performed according to two
different “selection algorithms”: “Minimum radiance” or “NDVI maximum’. The number of parameters
for these two behaviour is not the same providing two use cases.

When no synthesis is provided in input, MERSYN only orthorectifies the segment or scene. This is the
third use case.

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use

or disclose in whole or in part, information disclosed here on except for or on behalf of VisioTerra to fuffil the purpose for which the
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Use case 1 — Minimum radiance synthesis

In this use case the selection
algorithm (« -sal » parame-
ter) has the value “Minimum
radiance” meaning that for
each band b the MERIS
pixel R(b,i,j) will replace the

synthesis  pixel  S,.1(b,i,j)
only if MERIS pixel is
inferior.

Si(biij) <

Min[R(b,i.j), Sr-a(b.i.)]

Use case 2 — Maximum NDVI synthesis

Envisat MERIS

Geometry Handbook

-mer
MERIS
segment

-isy
input
synthesis

-0sy
output
synthesis

reference
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-dem
list of
DEMs

fig. 13 - Minimum radiance synthesis parameters.

In this use case the selection
algorithm (« -sal » parame-
ter) has the value
“Maximum NDVI” (Normea-
lised Difference Vegetation
Index).

In this algorithm, all the
bands b of a MERIS pixel
R(b,i,j) will replace the
previous synthesis value
Sh1(bii,j) only if the new
NDVI is greater than the
previous one NDVI4(i,j).

o R(134,))-R(7i,j)
NDVIx(i, J)—W

Use case 3 — Orthorectified mapping

-mer
MERIS
segment

-isy
input
synthesis

-ivi
input NDV I
maximum

-dem
list of
DEMs

In this use case, only the
mapping is performed. The
output imege may be
orthorectified using MERIS
tie-points elevation values or
one (or more) DEM(s)
provided as input para-
meters.

fig. 15 - Orthorectified
mapping parameters.

-mer
MERIS
segment

-osy
output
synthesis

-oVvi
output
NDV I max.

MERSYN -

-

-0sy
output
synthesis

fig. 14 - Maximum NDVI synthesis parameters.

-dem
list of
DEMs
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Digital elevation data

MERSYN may:

e  no process any orthorectification (“-ort” parameter set to “NO"),

e uses elevation data found in tie-points auxiliary data of the product (no values given to “-dem’
parameter),

e uses elevation found within the provided DEM(s) (“ -dent’ parameter).

More than one DEM may be provided. In such a case, for each pixel of the output geocoded image
MERSYN will search for the corresponding elevation daa within the first DEM in the list. If the point is
outside the DEM, or if a background value (meaning no elevation) is found within this DEM, M ERSYN
will attempt to get elevation data from the second DEM in thelist, and so on...

When more than one DEM are provided, it is recommended that all the DEM belongs to the same series;
for exanple tiles of ACE, SRT 30 or GT OPO30. When such is not the case, it is recommended to set the
DEM having the greater accuracy as first DEM inthe “-dent’ list.

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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fig. 16 - MERSYN overall workflow
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Check parameters and initialise application

MERSYN checks that all the parameters have consistent values according to the three use cases. For
example if a synthesis is provided in input (use cases 1 or 2), the number of channels, the projection,
origin and pixel size are automatically found in the TELIMA GO header of the input synthesis and

therefore these parameters shall not be provided.

MERSYN also initialise the files, reading input headers or decoding the MPH and SPH of the MERIS
product in input, allocate the buffers, initialise the variables...

To minimise file access, height of input MERIS buffers shall be large enough to avoid multiple readings
when processing all the pixels of one output line. Buffer height shall be greater than the tangent of the
maximum NADIR inclination multiplied by the segment width.

Build up the segment boundary

The segment boundary is a closed polygon
built from the geodetic information (latitude
and longitude) of the tie-points located along
the border of the tie-point grid. Figure
fig. 17 here attached illustrates an example
of MERIS RR segment boundary.

The segment boundary is used in two ways:

e Optimisation — to conmpute a
projected product, each pixel of the
output image shall be processed
IooIEi?]g fg??ts antecedent \F/)vithin the fig. 17 - Segment boundary of a MERIS RR segment.
input image (see the “reverse
location model” hereafter). This
process is very time-consuming.

Identifying if a pixel is inside or not
the segment boundary enables
processing the strict minimum of
output pixels. In fig. 18, only the
pixels (represented in orange)
located inside the segment
boundary (red) among all the pixels
of the full line (yellow) shall be fig. 18 - Processing only pixelsindde boundary.

processed.

e OQutput image size — in use case 3,
when no synthesis is provided in
input and MERSYN is used as a
mapping process, the size of the
output image shall be determined.

The retained size is the smallest
rectangle that includes all the l
segment boundary (seefig. 19).

fig. 19 - Computing the output image si ze.

When the segment is crossing the —180° or +180° meridians (see fig. 20) and if the output projection is
bounded to these meridians (case of Mercator, Plate Carrée...), the polygon shall be split in two polygons.
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A generalised approach should beto enable splitting in more than two polygons in order to comply with
discontinuous coordinates reference systens like the Goode-Honmolosine. This approach is not supported
in the current version 2.03 of M ERSYN.

linei

- 4

fig. 20 - Segment crossing the —180°/+180° meridian.

Compute intersections of current line vs. boundary

This operation produces a series of column coordinates delimiting the segment(s) to be processed
(represented in orangein fig. 18, fig. 19 or fig. 20) along the current line.

The case of only one point matching one boundary extremity shall be avoid.

Read or initialise to background synthesis line

When asynthesis is provided in input (use cases 1 or 2), the current line i is read and is copied into the
output buffer. Otherwise (use case 3), the buffer of the output lineis initialised with the background value
meaning what no antecedent has been yet found for the output pixels.

Retrieve the antecedent (I.p) within the 1B product

The prediction/correction algorithm used to retrieve the antecedent (1,p) in level 1B image of output pixel
(i,j) is fully described in section 3.2 below.

In the current version of MERSYN, only the “nearest neighbour” sampling method has been
implemented, and therefore only one pixel (I,p) radiance will be copied into the output buffer. More
sophisticated sampling methods could be implemented like the bi-linear interpolation requiring 2x2 pixels
anchored on (I,p) or bi-cubic interpolation requiring 4x4 pixels around (1,p).

Read MDS(16) flags and check pixel validity

The flag values matching input pixel (I,p) are read. Except for use case 3, where all the pixels shall be
reported in output image, a pixel is considered as being valid if the “glint risk” (TBC), “bright” (TBC)
and “invalid” flags are not set.

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
or disclose in whole or in part, information disclosed here on except for or on behalf of VisioTerra to fulfil the purpose for which the
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3.2 prediction/correction algorithm

To produce a geocoded image (see fig. 21), one must handle:

e adirect location model f(I,p,h) able to compute the (A,¢) coordinates in the Earth reference
systemassociated to the geocoded image (i.e. the projection of the image),

e an inverse location model f'l(k,(p,h) able to compute the coordinates (I,p) in the input product
reference system (here a M ERIS 1B product of m frames and n colurms).

Both functions are useful. The direct location model enables computing the coordinates of the image
boundary and therefore the size of the output image. The inverse location model forms the kernel of the
geocoding processing, because its engbles retrieving the antecedent of any point of the output image.

MERIS 1B _
product geocoded image
0 p Nl 0 i N-1
0 >y Y
direct location
model f
e Geodetic

coordinates
reference

system

inverse Iocaltion
model f A

m-1

fig. 21 - Direct and inverse location models.

The basic geocoding program is given here below:

for i«<-0to M-1 do
for j«0to N-1 do
(M 0) < Fproi(i,))
(Lp) « F*(Loh)
if (1,p) is inside the input image
(i) « R(l,p)
fsi
done
done

Where:

Foro is the function giving the Earth coordinates according to the location (i,j) in the output
image.
For Cartesian projections system, this function is asinple linear formula:
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A = originy + pixel_width x ]
@ = originx — pixel_height x i

Prediction/correction principle

The prediction/correction algorithm is to be used when the direct and inverse location models have not
the same accuracy. In this case, go and return to/from the output image does not enable retrieving the
origin pixel.

f(f') = Id (theidentical function)

In most of the cases the direct location model is issued from a viewing model given by analytical
functions and providing accurate results, while the inverse location model is only a predictor, for example
estimated by a polynomial function.

In our case, the direct location model makes use of the tie-point geodetic coordinates that are supposed to
have been computed with high accuracy.

Scope of the prediction/correction algorithm is to retrieve the pixel (1,p) that match the (A,¢) by the direct
location model: f(l,p) = (A, o).

Principle is to sum a series of always-smeller corrections vectors, each one being estimated by a go and
return from/to the MERIS segment to/from the geocoded image. The refinement loop is stopped when the
(li,pi) is close enough the first point (lp,po) according to a predefined tolerance.

Figure fig. 22 illustrates the prediction/correction principle on two iterations.

MERIS segment

pixel (p) latitude (@)
> A

(hpﬁ A

x S R —C

| A
(I2,p2) = \\\lz,, , .9)
v (l0,00) = .
line (1) (A, 1)
(I1,p1)

»
»

longitude (1)

Earth Reference System
(altitude h)

fig. 22 - Example of prediction/correction refinements.
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The prediction/correction algorithmis given in fig. 23 here below.

Initialization
(opo) <  Fi(hoh)
i “«— 1

Direct location
(N, @) «—  f(l,pia,h)

Reverse location
Wp) o« Fuph)

— Refinement in level 1A image
il ! “  ha +0o=1)
i pi < piat (Po—pi)

((llo-] < &) and (|po-pi’| < €))
or
(i > max_iterations)

Exit

fig. 23 - prediction/correction algorithm.

3.3 Direct location model

The direct location f compute the geodetic coordinates (A,¢) fromthe M ERIS segment coordinates (I,p)
and the altitude h. The provided geodetic coordinates are corrected of the parallax bias taking into account

the viewing angle (6y,¢,) and the altitude h.

Retrieving tie-point facet

Coordinates (F,J) of the upper-left tie-point of the facet containing the point (I,p) may simply be obtained
dividing | and p by the number DF of frames between two consecutive tie-points and the number DJ of
columns between tie-points respectively.

) .
J o= im(D—%j '
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f = |-FxDF
j = p-JIxDJ

Geodetic coordinates interpolation

The standard bi-linear interpolation (eg. 1) is applied to the longitude and latitude of the tie-points.

A(.p) = (Dégj] x_(DE;f]xLon(F )+ (D—f':)xLon(F+DF,J)} e 4
; [DLJ) ( ]xLon(F J+DJ) + [é)xLon(F+DF,J+DJ)}

o(,p) = (Df)ﬂ X(DEFfJxLat(F J) + (I;—FJXLat(F+DF,J)} Eq. 4
i (ﬁj X(DEFfj Lat(F,J+DJ) + (J—ijLat(F+DF,J+DJ)}

Viewing angle interpolation

The standard bi-linear interpolation (eq. 1) is applied to the viewing zenith and viewing azimuth of the
tie-points.

odlp) = (DJ—J) X(DF_f)xﬁv(F,J) + (DL}GV(F+DF,J)}

DJ DF Eg. 5a
j DF —f f

+ (ﬁj ( OF ) v(F,J+DJ) + ﬁ) v(F+DF J+DJ)}

_ (DJ-j N DF-f

il
DF

xpy(F,J) + ( Fj v(F+DF,J)}
xpv(F,J+DJ) + (

+
U|._
o

N—
X

7 N/ N
W)

W) 'r|

S
L

\_/

xpv(F+ DF,J+DJ)}

Compute and apply the geodetic correction

The geodetic correction formula applied to the tie-points (see eq. 2 and fig. 10 in section “Parallax
estimate at tie-points” of section 2.2) are applied to the (I,p) point.

o hx tan(6y(, p))
datl, p) = Sxcodev(l.p)

d '?e(l ) e
_dxxsinley(, p
don(. p) = R codo (. p)
A, p) <« A(l, p)+don (I, p)
Eq. 6b

p(,p) « o(, p)+dat(l p)
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3.4 Inverse location model

The inverse location f* retrieves the facet (F,J) that includes the point which geodetic coordinates are
(A, ) and computes the offset (f,j) within the facet.

Retrieving the tie-point facet

Facet retrieving is one of the most time-consumer, and therefore an optimisation is proposed assuming
that processing of geocoded image is performed on contiguous points: ... (i,j) (i,j+1)... (i,N-1) (i+1,1)...

Coordinates (Fat,J ) Of the latest facet are kept and searching is performed in this facet first (seefig. 24).
In case of failure, searching is performed within the four nearest (4-connex) facets, and then within the 4
other neighbour (8-connex) facets. In case of failure, all the facets of the tie-point grid shall be inspected.

This last case is significantly time-consuming (in particular for RR products containing a large number of
tie-points) and all shall be doneto avoid it.

Jlast

Flast

fig. 24 - Retrieving tie-pointsfacet order.

Retrieving offsets within the facet

Facets are obviously not parallel to the geodetic reference system and placed in this referential (see
fig. 25), they may have whatever pattern.

S>

v

S>

S
S3

Sy

Sy S3

A\ 4
>

\ 4
fig. 25 - Facetinthelevel 1B grid referential (Ieft) and in the geodetic referential (right).
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To state if a point is within a facet or not, we cannot only test that the geodetic coordinates (A,¢) of the
point are within the longitude and latitude ranges of the tie-point corners. Figure fig. 26 here below for
exanmple illustrates an example where the latitude and longitude of a point are inside the ranges defined by
thetie-points but the point is outside the facet.

Max[Lat(S;)]

Min[Lat(S)]

Min[Lon(S)] Max[Lon(S)]

fig. 26 - Point inside the | atitude and longitude ranges but outside the facet.

Algorithms exists to determine if apoint is inside a polygon or not but they are time-consuming.
It is proposed to use amethod illustrated in fig. 27 that:

e computes the two intersection points I, and |, of the facet opposite borders (when not parallel),

e computes theintersection I’y and I''; of (I.P) with the two other borders,

e computes theintersection I'; and I’ of (I,P) with the two other borders,

e checks that points I'y, I'"1, I’ and I’ are inside the segments [S$.S4], [$S3], [S1S] and [S3S4]
respectively.

fig. 27 - Intersections method.
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ORTHORECTIFICATION RESULTS

Images given in this section have been generated by the MERSYN process, setting different parameters
likethe DEM ininput.

Geometry checking is performed comparing the orthorectified MERIS image mapped in “Plate Carrée”
projection with ground spacing of 260 metres (FR) with reference to datalike:

e Vector layers and in particular those showing the coastlines.

e Landsat TM mosaic that has been resampled to 260 metres in the same projection as for the
MERIS images.

In section 4.7, a non-orthorectified scene produced by BEAM / VISAT will be compared with the same
MERSYN result.

MERIS scene in input

Thefull resolution (FR) M ERIS scene being controlled has the standard name
MER_FR__1PNUPA20030921_092341_000000982020_00079 08149 0534.N1
The geometry of the level 1B product is shown in fig. 28.

EEEEEE

= |

el

fig. 28 - Level 1B MERIS scene.

This scene has been chosen because its footprint (see fig. 29) includes terrains with very varying
elevations (Alps, plain of P, Abbruzes...).
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-

MER/FR-_lPNUPA20030921_0'§:%&41_000000982020_00079_08149_b5 4. ]

/ = TR
; ot ~E

fig. 29 - MERIS footprint overlaid on SRTM elevations
In particular, Alps located at the upper-left corner of the scene are acquired with a high zenith angle.

Some of the values found within the “Tie-point ADS’ are given in section A.1 (Decoding log) of
APPENDIX A.

DATA SET #3 - "Tie points ADS':

No. Dat e
FIRST (Lat., Lon.) At. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) M ew (Zen., Azi.)
LAST (Lat., Lon.) At. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.)

1 117451421.714409

( 45.909863, 18.014693 ) 98 3 0 le-6 01le-6 ( 48.2, 153.6 ) ( 0.0, 182.0)

( 47.028196, 10.603496 ) 1476 382 -1907 le-6 -16512 le-6 ( 51.8, 145.0 ) ( 40.7, 99.6 )
9 117451444.240873

( 44.594348, 17.519381 ) 591 159 0 le-6 0le-6 ( 47.2, 152.5) ( 0.0, 181.9)

( 45.703992, 10.278711 ) 850 227 -1101 le-6 -9284 le-6 ( 50.8, 144.1 ) ( 40.7, 99.6 )

17 117451466. 767337
( 43.277165, 17.041762 ) 417 32 0 le-6 0 le-6 ( 46.1, 151.4) ( 0.0, 181.9 )
( 44.379209, 9.960598 ) 744 75 -967 le-6 -7942 le-6 ( 49.8, 143.2 ) ( 40.7, 99.7 )

Zenith of the viewing angle of the first CCD (matching the East of the scene) is almost 0.0 meaning that
pixels are located a the NADIR of the satellite, while the viewing angle of the last CCD (West of the
scene) has almost the maximumvalue (40.7°).

The MERIS FR scene is located on the East of the track leading to the left border region, for example
North of the Alps, is seen with the maximum incidence angle and therefore showing the largest parallax
defect.
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4.2 Digital elevation models

Two digital elevation models have been used to orthorectify the MERIS scene. These two DEM's have not
the same resolution to enable comparing the influence of this feature.

DEM lItaly

This 250 metres DEM has been generated by photogrammetry techniques. This DEM (see fig. 30) covers
the administrative boundaries of Italy and the North of Alps.

fig. 30 - DEM ltaly (250 metres)

SRTM

SRTM 30 is a near-global digital elevation model (DEM) comprising a combination of data from the
Shuttle Radar Topography Mission, flown on February 2000 and the U.S. Geological Survey's GT OPO30
datase. It can be considered to be either an SRTM data set enhanced with GT OPO30, or as an upgrade to
GTOPO30.

SRTM is provided by tiles and its ground sampling is 30" arc (approximately 1 km resolution at
Equator). Thetile covering the MERIS scene (see fig. 31) is identified W020N90 (geodetic coordinates of
the upper left corner) and as an extent of 40° (West - East) by 50° (North - South).

fig. 31 - SRTM WO20N90 tile
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Reference image — The Landsat TM mosaicsna

The reference image used to
perform controls is a mosaic of
Landsat TM scenes with a
resolution of 30 metres.

This reference scene has been
computed by GAEL Consultant in
September 1997 from 38 Landsat
scenes and orthorectified using a 75
metres DEM of Italy.

Ground control points have been
taken from 1:20.000 and 1:25.000
IGM maps.

The location accuracy has been
controlled with a RMS error less
than 50 metres.

Figure fig. 32 shows the full image
(top) and a 1:100.000 display
(bottom) overlaid by vector layers
of the Italian provinces.

Note: Stes are now available to
download orthorectified Landsa
ETM + scenes (see
http://image2000.jrc.it/ or
http://glcf.umiacs.umd.edu/index.s
htm ).

fig. 32 - Landsat TM mosaic
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A visual verification of the superimposability quality may be performed using the “Flicker” tool of
REGI ST application (seefig. 33). In this exanple, the MERIS projected image (left) is compared with the
Landsat mosaic (right).

fypdsin L Gy Dafomten wasd_ Qptune,

fig. 33 - REGIST application (snap01l_REGIST.gif)

For the selected zone, full resolution or zoomed windows found in MERIS and Landsat are alternatively

displayed within a same frame (seefig. 34 and fig. 35).

Window

Help

Display

“* Feference

v Wark

fig. 34 - MERIS (snap02_REGIST_Flicker_no-

ortho_meris.gif)

Windowr

Help

Display
~ Reference

“* ark

fig. 35 - Landsat (snap02_REGIST_Flicker_no-

ortho_tm.gif)
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This alternative displaying (flicking) enables identifying sub-pixel displacements. Such movements
cannot be observed in this document, but GIF images have been captured and stored in GIF animations
that are available on demand:

e sngp02_REGIST_Flicker_no-ortho_animgif

e sngp03 REGIST_Flicker_alti-grid_anim.gif

e sngp04 REGIST Flicker_dem-italy _anim.gif

e sngp05 REGIST_Flicker_dem-italy+translation_animgif
e sngp06 _REGIST_Flicker_dem-srtm+translation_anim.gif

Comment of animation 02 — No orthorectification

When no orthorectification is performed the deformations appear with the largest amplitude.

Comment of animation 03 — Altitude s from tie-points grid

When orthorectification is computed interpolating the elevation values from those found within the tie-
point grid, we may observe that the bottom of the valleys are almost correctly superimposed (no
movement) but the mountains are moving eastward.

Such an internal geometry defect is due to a poor accuracy of the tie-point elevations that have been
computed from a 5’ arc (almost 9 km along equator) DEM smoothing the picks and ridges of the
mountains.

For example a point (coordinates (117,872) in the geocoded scene) has the following elevation value
depending on thesource, given here in increasing order of spatial accuracy:

Source resolution altitude

Tie-point grid 5 arc 1406.003360 m
DEM SRTM 30" 2106.815331 m
DEM lItaly 250 m 2230.704269 m

The deficit of 700 metres (2106 — 1406) on pixels seen with the largest viewing zenith (40°) leads to an
error of approximately 587 metres (= tan(40°) x 700 m, see eg. 2), i.e. more than two (2) pixels.

While the difference between the SRTM DEM and the accurate one (250 m) over Italy shows a deficit of
124 metres leading to a parallax error of only 104 metres, i.e. athird of the M ERIS RR resolution.

Figure fig. 36 here below illustrates the parallaxes error that can be due to the accuracy of the Digital
Elevation Model.
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coarse DEM

fig. 36 - Parallaxeserror dueto the precision of the DEM(S)

Comment of animation 04 and 05 — Altitudes from DEM ltaly

When orthorectification is performed from elevation values found in DEM Italy (250 m planimetric
resolution), the two images (see animation 04) are shifted in auniformway.

Such translation has an amplitude of +1.2 pixels vertically and —4.4 pixels horizontally, leading to an
error modulus of 1185 metres.

“Moving” the orthorectified MERIS scene (i.e. just changing the origin coordinates of the upper left
corner), the M ERISand Landsat scenes are perfectly superimposable (see animation 05).

Comment of animation 06 — Altitudes from DEM SRTM

Exactly the same translation defect has been observed in the MERIS scene orthorectified from elevations
found within the SRTM DEM (30 *’ arc planimetric resolution).

“Moving” the orthorectified MERIS scene with the same vector (+1.2,-4.4) leads to the same good result,
superimposable on the Landsat mosaic.
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or disclose in whole or in part, information disclosed here on except for or on behalf of VisioTerra to fulfil the purpose for which the
document was delivered to him. ”



reference VT-P194-DOC-001-E

A ) Envisat MERIS issue 1revision 5
date 06/07/2005
page 40 of 115

VisioTerra Geometry Handbook
Conclusions
Fromthe observations detailed here above we may conclude the following three assessments.

e Quality of the tie-point elevations — The quality of the elevations found within the tie-point grid
is not sufficient to correct parallax defect below 2 pixels error.

e Uniform translation — For this scene, a large translation of 1185 metres is observed leading to an
absolute location accuracy of 4.5 pixels (see fig. 37). This uniform translation has been measured
on only one scene and cannot be generalised for any other MERIS RR acquisition. A systematic
control of asignificant set of MERI S scenes is out of thescope of this handbook.

e Quality of the DEM — SRTM elevation data seems to be enough to efficiently orthorectify

MERIS FR scenes. Results obtained are similar to those obtained with a more accurate DEM of
250 metres resolution.

fig. 37 - West offset along the coastline
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Run-time performances

Orthorectification is time consuming. Most of the time is spent to access elevation data from an external
DEM, retrieve the tie-point facet including the processed point, go and return according to the
prediction/correction algorithm, projection changes...

Table here below resumes the run-time and convergence performances observed for the generation of the

four synthesis.
No orthorectification | Altitudes from tie- Altitudes from Altitudes from
points grid DEM ltaly DEM SRTM

Run-time 27.700s 68.760s 325.960 s 304.440 s
Iteration O 7818186 (100.0%) 2036 (0.0%) 2936 (0.0%) 2936 (0.0%)
Iteration 1 - 2852732 (36.5 %) 3008252 (38.5 %) 3034335 (38.8 %)
Iteration 2 - 4833499 (61.8 %) 4798944 (61.4 %) 4777361 (61.1 %)
Iteration 3 - 129019 (1.7 %) 8054 (0.1%) 3554 (0.0%)

table 3 - Run-time perfor mances.

Performance of the prediction/correction algorithm

Performance of the prediction/correction algorithmal most doubles the execution time (68.760 seconds vs.
27.700 seconds).

We may note that only three iterations are required to converge on a precision that was set to 0.1 pixels
(i.e. 26 metres maximum error between the direct and inverse location models).

Access time to DEMs

Accessing to external data almost multiply by five (x5) the execution time (325.960 seconds or 304.440
seconds vs. 68.760 seconds).

Note that a bi-linear interpolation of the DEM value being computed, a 2x2 window of elevation values
shall be read for each pixel to be processed. Access to the elevation data is performed inside the
prediction/correction loop.

Even if sizes of the DEMs are very close (5800 lines x 4400 pixels for the DEM Italy and 6000 lines x
4800 pixels for the DEM SRTM), the time to access DEM ltaly is a little larger that the one to access
DEM SRTM. This extratime is only due to the precision of the DEM (250 metres for Italy vs. 30" arc for
SRTM), inducing more frequent accesses to the DEM lItaly file.

Disparity Analysis

Misregistration of MERIS scene with regard to the Landsat TM mosaic may also be computed performing
adisparity analysis (DI SPAR process).
Research of homologous points is accomplished within an exploration window of 9 lines x 19 colurms.

Pattern matching is performed using the classical ZNCC (Zero mean Normalized Cross Correlation)
algorithm, computing the normalised covariance within statistical window which size is 5x5.

DISPAR has been applied to the synthesis for which no orthorectification has been applied (file
“synthesis_no-ortho.sta3” and to the synthesis Orthorectified from the SRTM DEM (file
“synthesis_dem-srtmsta.3").

Obtained results are given in the logs here below. Figures fig. 38 and fig. 39 show the points or regions
with the highest confidence value, the minimum threshold having been set to 95%. The vectors illustrate
" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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the tie-point automatically generated with a pixel sampling of 0.1 pixels and greater than the 95%
confidence threshold.

Better correlation of SRTM DEM synthesis

The regions showing the much variation of landscepe like the coastlines, the lake borders and the
mountains are those in which the correlation is higher.

As expected, the better internal geometry of the orthorectified synthesis leads to more points (58
“CANDIDATEPIXELS’ (*)) having a confidence index over 95% than for the non-orthorectified image
(only 37 points).

Nevertheless, both scores are surprisingly low, meaning that the radiometric correlation between the band
3 of MERIS and band 1 of Landsat is poor even if both bands are cantered on the blue of the visible
spectrum. The same defect has been observed in the green bands (5 for MERIS and 2 for Landsat) or the
red bands (7 for M ERISand 3for Landsat).

The reasons of such a decorrelation (that could be due to the precision of the radiometric bands, their
bandwidth, the different acquisition periods...) should be investigated but such an analysis is out of the
scope of this document.

Global displacement

Individual displacements (dX,dY) are more scattered for the non-orthorectified scene. This defect is
particularly visible within the region of North Alps (see fig. 38). Nevertheless, a global displacement
noted in the previous section can be estimated by the algebraic mean of the (dX,dY) displacements:

e (-1.029730, 2. 813514) for the non-orthorectified scene, and
e (-0.724138, 2.591379) for the scene Orthorectified fromthe SRTM DEM.

This last displacement has a modulus of 699.569 metr es.
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FI LE synt hesis_no-ortho.sta. 3

STATISTICAL WNDOW SIZE = 5

EXPLORATI ON W NDOW HEI GHT = 9

EXPLORATI ON W NDOW W DTH = 19

CONFI DENCE THRESHOLD = 95.0 %

TOTAL NUMBER OF Pl XELS = 110544

| MAGE Pl XELS = 74771

CANDI DATE PI XELS (*) = 37 (0.0 %
Tl E- POl NTS = 37

CONFI DENCE VALUES:

M NI MUM = 0.000000 vs.  95.009510 (*)
MAXI MUM = 99.411765 vs.  99.411765 (*)
MEAN = 26.599705 vs.  96.399719 (*)
VARI ANCE = 10.974342 vs. 0.013694 (*)
STANDARD DEVI ATI ON = 33.127544 vs. 1.170194 (*)

X DI SPLACEMENT:

ONLIMT = 6268 /| 74771 (8.38%

RVS = 1. 800067 vs. 1.510951 (*)
M NI MUM = -4.000000 vs.  -3.000000 (*)
MAXI MUM = 4.000000 vs. 2.000000 (*)
MEAN = 0.401206 vs.  -1.029730 (*)
STANDARD DEVI ATI ON = 1. 755 vs 1.106 (*)

ORI G NAL VALUES:

RVB = 468.017367 vs. 392.847264 (*)
M NI MUM =-1040. 000000 vs. -780.000000 (*)
MAXI MUM = 1040. 000000 vs. 520.000000 (*)
MEAN = 104.313651 vs. -267.729730 (*)
STANDARD DEVI ATI ON = 456. 244 Vs 287.489 (*)

Y DI SPLACEMENT:

ONLIMT = 3490 / 74771 (4.67%

RVS = 3.620483 vs. 4.084744 (*)
M NI MUM = -0.000000 vs. -4.100000 (*)
MAXI MUM = 9. 000000 Vvs. 8. 000000 (*)
MEAN = 0.941761 vs. 2.813514 (*)
STANDARD DEVI ATl ON = 3.496 vs 2.961 (*)

ORI G NAL VALUES:

RVB = 941.325648 vs. 1062.033491 (*)
M NI MUM =-2340. 000000 vs. - 1066. 000000 (*)
MAXI MUM = 2340. 000000 vs. 2080.000000 (*)
MEAN = 244.857819 vs. 731.513514 (*)
STANDARD DEVI ATI ON = 908. 922 vs 769.937 (*)
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FI LE synt hesis_demsrtmsta. 3

STATISTICAL WNDOW SIZE = 5

EXPLORATI ON W NDOW HEI GHT = 9

EXPLORATI ON W NDOW W DTH = 19

CONFI DENCE THRESHOLD = 95.0 %

TOTAL NUMBER OF Pl XELS = 110544

| MAGE Pl XELS = 74723

CANDI DATE PI XELS (*) = 58 (0.1 %
Tl E- POl NTS = 58

CONFI DENCE VALUES:

M NI MUM = 0. 000000 vs. 95. 003623 (*)
MAXI MUM = 100. 000000 vs. 100.000000 (*)
MEAN = 26. 689998 vs. 96. 212369 (*)
VARI ANCE = 11. 050492 vs. 0. 016515 (*)
STANDARD DEVI ATI ON = 33. 242281 vs. 1.285098 (*)

X DI SPLACEMENT:

ONLIMT = 6113 / 74723 (8.18%
RVS = 1. 776098 vs. 1.288276 (*)
M NI MUM = -4.000000 vs.  -3.000000 (*)
MAXI MUM = 4.000000 vs. 2.000000 (*)
MEAN = 0.424984 vs.  -0.724138 (*)
STANDARD DEVI ATI ON = 1.725 vs 1. 065 (*)

ORI G NAL VALUES:

RVB = 461.785466 vs. 334.951772 (*)
M NI MUM =-1040. 000000 vs. -780.000000 (*)
MAXI MUM = 1040. 000000 vs. 520.000000 (*)
MEAN = 110.495912 vs. -188.275862 (*)
STANDARD DEVI ATI ON = 448.371 vs 277.029 (*)

Y DI SPLACEMENT:

ONLIMT = 3246 | 74723 (4.34%
RVS = 3.484071 vs. 3.703842 (*)
M NI MUM = -9.000000 vs. -7.000000 (*)
MAXI MUM = 9.000000 vs. 8. 000000 (*)
MEAN = 0.800090 vs. 2.591379 (*)
STANDARD DEVI ATI ON = 3.391 vs 2.646 (*)

ORI G NAL VALUES:

RMVS = 905.858579 vs. 962.999015 (*)
M NI MUM =-2340. 000000 vs. -1820. 000000 (*)
MAXI MUM = 2340. 000000 vs. 2080. 000000 (*)
VEAN = 208.023313 vs. 673.758621 (*)
STANDARD DEVI ATI ON = 881. 650 vs 688. 053 (*)
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fig. 38 - No-orthorectification — Highest confidence (red) and 95% tie-points
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fig. 39 — Orthorectification from SRTM DEM — Highest confidence (red) and 95% tie-points
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Comparison with BEAM / VISAT

Scope of this section is to compare the geometry of the images produced by the BEAM software
(downloaded from http://scipc3.scicon. gkss. de/ servi ces/bean?/software on

20/08/2004) with the image produced by MERSYN.

In its version 2.3, BEAM / VISAT does not process orthorectification and therefore the image produced
by MERSY N is also not orthorectified (parameter “-ort” set to NO).

Both images have been geocoded in the “UTM 31, ellipsoid WGS-84 and Datum W GS-84". Figure here
below shows the BEAM image (left) and the MERSYN image (right) with a resolution of 260 metres
each one.

An accurate superimposability has been verified setting the Flicker tool with a x4 zoom within the four
zones illustrated on the MERSYN image. Behaviour of the REGIST application is described in section
Erreur ! Source du renvoi intr ouvable.).

Four animations are available on demand that clearly show a perfect superimposability of BEAM and
MERSYN images. The few points tha are not exactly superimposed are probably due to the different
(nearest neighbour) interpolation methods.

Al new point Zoom
Hodify puint it
Ramonapaneny] [ 1

1T

U .
Camel Best it

fig. 40 - REGIST application (snapll REGIST.gif)
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Window Help

Display [swan] Start | sop |

Window Help

“#* Fieference Interval : s
~ Work [}
fig. 41 - BEAM

(snapl2_REGIST_Flicker_x4 beams.gif)

Display [swan] Start | sop |

~ Feference Interval : 5o

- Waork —

fig. 42 - MERSYN
(snapl2_REGIST_Flicker_x4 mersyns.gif)

Window Help

Window B ; s ! Help

(snapl3_REGIST_Flicker_x4 beams.gif)

i s, 5
Display Swap Start Stup |
~ Fieference Interval : s
- Wark I—u—

Display Swap Start Hap I
“#* Fieference Interval : 5o
~ WWork I__u

fig. 43 - BEAM

fig. 44 - MERSYN
(snapl3_REGIST_Flicker_x4 mersyns.gif)
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Windows Help

Display |Swapl Start | swp |
“* Fieference Interval : ]
Wk l_—f—l

fig. 45 - BEAM

(snap04_REGIST_Flicker_14 beams.gif)

Window Help

Display |Swapl Start | swp |
~ Feference Interval : s
A Work = f

fig. 46 - MERSYN
(snap04_REGIST_Flicker_14 mersyns.gif)

Window Help

Display [swan] Start | sup |

“# Fieference Interval : 5o
~ Work ]
fig. 47 - BEAM

(snap05_REGIST Flicker 14 beamsdgif)

Window Help

Display [swan] Start | sp |

~ Feference Interval : fso

- Work C—

fig. 48 - MERSYN
(snap05_REGIST Flicker_14_mersynsgif)

Benchmark

A benchmark of 25 points is provided in APPENDIX D. Points are dispached within the MERIS
synthesis image orthorectified fromthe GETASSE30 DEM.
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GETASSES30 QUALITY CONTROL

GETA SSE30 has been produced by Marc BOUVET (ESA/EST EC) after an analysis of the ACE data (see
R-5).
“GETASSES3O0 is a composite dataset. It isusing the SRTM30 dataset, ACE dataset, Mean Sea Surface
(MSS data and the EGM96 el lipsoid as sources. Theresulting GETASSE30 dataset represents the Earth
Topography And Sea Surface Elevation with respect to the WGS34 ellipsoid at 30 arc second resolution.”
(R-6).

Figure here below (fig. 49 extracted from R-6) shows the flags associated to the origin of GETA SSE30
data

Data source in the Global Earth Topography And Sea Surface Elevation at 30 arc second dataset

fig. 49 - Origin of GETASSE30 data.

From an e-mail of Steven DELWART dated on 21/10/2004, GETA SSE30 data have been extracted from
the EST EC FT P site ftp.estec.esa.int/pub/wipsftp/steven/getasse30/ .

GETA SS30 data are organised in the following way:
=  Tiles of 15°x15° with a resolution of 30" arc leading to images of 1800x1800 pixels.

= TilenamennVeeeH is based on the coordinates (nn,eee) of the lower-left corner where:

0 nn is the latitude expressed in degrees within [-90°,+90°]
oV is the hemisphere: N for North or Sfor South
0 nn is the longitude expressed in degrees within [-180°,+180°]
o H is the West demi-shere (W) or East demi-sphere (E).
=  Elevation values are given in metres above the WGS84 ellipsoid and are stored in 4-bytes ANS|-
| EEE floating values.
=  Elevations are arranged lines per lines from South to North, and along each line from West to
Esat.
=  Foreachtile two files are given:
0 nnVeeeH containing the elevation data (1800x1800x4 bytes=12960000),

0 nnVeeeH_flag giving the origin of the data (1800x1800x2 unsigned bytes=6480000).
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To cover Europe, the following six tiles have been downloaded:

-TW-r--r-- 1 telinmago
SFW-T--r-- 1 telinmago
-TW-r--r-- 1 telinmago
SFW-T--r-- 1 telinmago
-TW-r--r-- 1 telinmago
SFW-T--r-- 1 telinmago
-TW-r--r-- 1 telinmago
SFW-T--r-- 1 telinmago
-TW-r--r-- 1 telinmago
SFW-T--r-- 1 telinmago
-TW-r--r-- 1 telinmago
SFW-T--r-- 1 telinmago

tel
tel
tel
tel
tel
tel
tel
tel
tel
tel
tel
tel

mago
mago
mago
mago
mago
mago
mago
mago
mago
mago
mago
mago

12960000
6480000
12960000
6480000
12960000
6480000
12960000
6480000
12960000
6480000
12960000
6480000
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30NDOOE. GETASSE30
30NDOOE. GETASSE30_f | ag
30ND15E. GETASSE30
30N015E. GETASSE30_f | ag
30ND15W GETASSE30
30N015W GETASSE30_f | ag
45N00OE. GETASSE30
45NDOOE. GETASSE3O0_f | ag
45N015E. GETASSE30
45ND15E. GETASSE3O0_f | ag
45N015W GETASSE30
45ND15W GETASSE30 _f | ag

fig. 50 - GETASSE30 over Europe.

In the next sections, GETA SSE30 data are compared with:
= EUROPEQ9, a DEM with a resolution of 9'" arc, and

= acollection of 216 GPS points.

Comparison with EUROPEQ9

The 9-seconds Digital Hevation Model of Europe has been one of the most precise and the most used by
various organizations of Europe. It is also known as the 250 metres DEM of Europe.

Using the mean Earth radius, thespatial resolution linking the angular resolution and the vertical geodetic
distances (or the horizontal ones at equator) is given by the following formula:

9'arc X 6370997 m~ 278 m

Eq. 6
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EUROPEOQ9 has been resampled to achieve the 30" arc resolution of GETASSE30 and using the WGS84
planimetric reference system (ellipsoid and datum).

Unfortunately, few annotation data are given with EUROPEQ9 and, in particular, the vertical reference
system (W G84, EGM 96 or an other one) is unknown. One of the objectives of this section is to determine
the closest vertical reference systemof EUROPEQ9 fromthe one of GETA SSE30.

Visual inspection

Shading effect (see fig. 51 and fig. 52) is computed from the first derivative (gain 70 and offset 32768)
simulating two illuminations:

= illumination North—West to South-East with a factor 2, and

] illumination North to South with afactor 1.

fig. 51 - Shading of GETASSE30 — Full image.

fig. 52 - Shading of EUROPEQ9 — Full image.
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Sea areas of EUROPEO9 are set to 0 and are considered as background (represented in black in fig. 52).

At small scale, the morphological structures look exactly the same in both DEMs. On the other hand afull
resolution inspection enables identifying small differences when images are alternately displayed (see the
animation process as explained in section 4.4).

The two animations “sngp32_anim0l_switzerland.gif” and “snap33_anim02_spain.gif” are available on
demand.

Some of the collected differences are given here below:

1. Two small structures are present only in EUROPEQ9 (see yellow area of fig. 53).

2.  EUROPEO9 is moved southward of about 1 pixel (see orange arrow of fig. 53).
3. Roughness of EUROPEOQ9 is higher than GETA SSE30 (seein particular in green area of fig. 53).

fig. 53 - Switzerland animation 01. GETASSE30 (left) and EUROPEOQ9 (right).

On an other region of South of Spain (see fig. 54) processing an animation underlines the following
defects:

4. Stitches between probable tiles within EUROPEOQ9 (see blue area of fig. 54).
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5. EUROPEQ9 is moved southward of about 1 pixel (see orange arrow of fig. 54).
6. Roughness of EUROPEQ9 is higher than GETA SSE30.

v = T

fig. 54 - Spain animation 02. GETASSE30 (left) and EUROPEQ9 (right).

Statistics of image difference
GETASSE30 elevations are given above the WGS84 ellipsoid (R-6).

In order to determine the most probéble vertical reference system in which EUROPEQ9 elevations are
given, GETASSE30 has been aso computed above EGM 96 geoide, subtracting the EGM96 image
downloaded from:

http://cddi sa. gsfc. nasa. gov/ 926/ egnB6/ egnB6. ht m
-> http://earth-info.nga. ml|/Gand@E wgsegn!
-> http://earth-info.nim. ml/GandG wgsegm egnd6. ht m

This section shows result images and statistics when computing the differences:

1. GETOPO30_EGM 96 - EUROPEQ9, and
2. GETOPO30 W GS84— EUROPEO9.
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GETOPO30_EGM 96 — EUROPEO09

-127 m +0 m +128 m

fig. 55 - EUROPEOQ9 subtracted to GETASSE30 above EGM96 — Image of differences.

¥ CR G NAL VALUES:
W <
GAl N TO BE APPLIED = 1. 000000
CFFSET TO BE APPLI ED = -32768. 000000
BACKGROUND VALUE = -32768. 00000
M NI MUM = -1152.000
MAXI MUM = 1267.000
LEFT BOUND 2% = -129.000
R GHT BOUND 2% = 128. 000
MEAN = 0.429
VARI ANCE = 2773.290
STANDARD DEVI ATI ON = 52. 662
P RS = 52. 664
127
| J =

fig. 56 - EUROPEQ9 subtracted to GETASSE30 above EGM96 — Statistics.
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GETOPO30_WGS84 — EUROPE09

-127 m +0 m +128 m

fig. 57 - EUROPEOQ9 subtracted to GETASSE30 above WGS84 — | mage of differences.

OR G NAL VALUES

GAI N TO BE APPLIED
CFFSET TO BE APPLI ED

1. 000000
-32768. 000000

BACKGROUND VALUE -32768. 00000

M NI MUM = -1102.000
MAXI MUM = 1317. 000
LEFT BOUND 2% = - 82.000
R GHT BOUND 2% = 177.000
MEAN = 48.723
VARI ANCE = 2813.261
STANDARD DEMVI ATI ON = 53.040
RVB = 72.022

171
r =1 X

fig. 58 - EUROPEOQ9 subtracted to GETASSE30 above WGS84 — Statistics.

EUROPEO9 vertical reference system

EUROPEQ9 is much closer to GETASSE30 above EGM96 (difference mean of 0.429 metres) than to
GETASSE30 above WGS84 (difference mean of 48.723 metres). This means tha BEUROPEQ9 shall have
been expressed above a geoide (for example EGM 96) or above national geoids for each country.
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Distribution of differences

Distribution of differences seems to obey a normal distribution leading to a Gaussian histogram with a
standard deviation of +/-53 metres.

Defect identification

Stretching the difference between the two DEM s magnifies the defect identification. For example, fig. 59
clearly underlines the tile defect observed in the DEM of Spain. More subtle defects may also be
accounted like the punctual anomalies illustrated in fig. 60.

fig. 59 - GETOPO30_EGM96—-EUROPEQ9 — Tile defect.
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fig. 60 - GETOPO30_EGM96-EUROPEQ9 — Punctual defects.
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Comparison with EUVN geodesic points

Description of reference data

Geodesic points

Geodesic points are available at the address http://crs.bkg.bund.de/evrs/Results.html of the European
Vertical Reference System (EVRS) page shown in figure here below.

This site is maintained by the EUREF (see http://www.euref-iag.net/ ).

European Vertical Reference System &
(EVRS) 0

Bt
Ny
EUVN Results
EUVN - GPS Solution
Results of GPS ts for the determination of the ellipsoidal heights of all defined

EUVN points

The following final products were generated: coordinate files containing geocentric coardinates and
ellipsoidal coordiantes in system ITRFSE epoch 1997 .4 and ETRS8Y (ETRF96 epach 19497 .4) and a file in
the Salution INdependent EXchange (SIMEX) farmat, containg in addition to the coaordinates the variance-
covarance information of the EUVNYT GPS netwark.

For detailed information see paper ELVIGT Combined GPS Salution

EUVHN ETEF.CRD - EUVN ETRIS9 geocentric coordinates
EUVHN ETEF.ELH - EUVN ETR3IS9 ellipsoidal coordinates
EUVN ITRF.CRD - EUWN ITREFS96 epoch 1997.4 geocentric coordinates
EUVHN ITEF.ELH - EUVN ITRF96 epoch 1997.4 ellipsoidal coordinates
EMWN ITRF.3NX.Z - EUVN ITRF96 epoch 1997.4 Solution in SINEX format

[Unix-Compressed)

EUVN - Height Solution

For detailed infarmation see paper The ELWM Height Solution - Report of the ELVR Warking Group

EUVN Tide Gauge Data

For detailled information see paper Status Report on sea-level data collection and analysis within the ELWR
Froject

Compilation of the Numerical Results
Find a tahle with the

= Ellipsoidal coordinates in ITRFY96 Epoch 19597 .4

= PMormal heights Hin UELMN 9598

m Difference ellipzoidal height h- normal height H

m EGGYT Geoid

Difference EGGET - (h-H)

Ellipsoidal height of the mean see level 1997 ghove the EUVN tide gauge stations
m Pormal height ofthe mean see level 1997 above the ELIVR tide gauge stations

Resolutions | GRES0 | Bibliography | Papers | Links
E-Mail: eves(@blg bund de Last Update 10.05.2004

@ by BKGAL 2000-2004

fig. 61 - Site providing a collections of geodesic points.
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File EUVN_ETRF.BLH contains 217 points that are distributed over Europe as shown by fig. 62.

£ _!_1- R ~—

fig. 62 - Distribution of GPS pointsover Europe.

ITRSand WGS34

ITRS (International Terrestrial Reference System) and W GS84 (World Geodetic System 1984) are almost
equivalent (see http://www.ensq.ign.fr/IT RE/trans_para.php here below).

In general the ITRS (and its realizations | TRFyy) are identical to WS84
at one neter |evel.

Meanwhi | e there are two types of W3S84 realization:

- old realization based on U S. Navy Navi gation Satellite System
comonly known as DOPPLER Transit, and provi ded station coordi nates
with accuracies of about one neter. Wth respect to this realization
we published, some years ago, transformation paraneters between
| TRFO0 and this Doppler realized system

Paranet ers from| TRFO0O to WGS84-Doppl er realized system

T1 T2 T3 D Rl R2 R3
UNITS ----- > (m (m (m (ppm) (")

0.060 -0.517 -0.223 -0.011 0.0183 -0.0003 0. 0070

- New realizations of WS84 based on GPS data, such as WGS84( G730 or
@B73).
These new WES84 real i zati ons are coincident with | TRF at about
10-centinmeter |l evel. For these realizations there are no of ficial
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transformation parameters. This means that one can consider that
| TRF coordinates are al so expressed in WS84 at 10 cm | evel .

A French explanation of ITRS is provided in a document of IGN a URL address
http://www.ign.fr/telechargement/ education/fiches/geodesie/systémes.pdf.

L'I TRS, systénme de référence terrestre de |'Internati onal Earth Rotation Service
(IERS), est matérialisé par un réseau nondial de prés de 300 points. Avec une
exactitude au niveau centinétrique, il s'agit du plus précis des systenes
géodési ques nondi aux. Depuis 1988, |'IERS fournit chaque année une réalisation
appel ée | TRFyy, avec yy conme derniers chiffre du mllésinme. La derniere en date
est |'ITRFI7.

Du fait de la présicion de ce systene, |'époque de référence des coordonnées qui

sont publi ées doit étre préci sée (par exenple : 1997.0 pour |'ITRF97). De plus,
| es réalisati ons | TRFnn donnent pour chaque point une vitesse de déplacenent, qui
est une nesure du nouvenment de ce point résultant de phénonénes géophysi ques
comre |es mouvenents tectoniques et |e rebond post-glaciaire. D autre part, on
applique lors du calcul de ces coordonnées des corrections diverses : mareées
terrestres, pression at nosphérique, etc. ..

Les réalisations |ITRFnn sont obtenues par conbinai son de jeux de coordonnées
i ssues de différentes techni ques de géodési e spati ale tres précises :

VLBl : Very Long Base Interferonetry (interférométrie a tres longue base) LLR :
Lunar Laser Ranging (télémétrie laser sur la lune) SLR: Satellite Laser Rangi ng
(télémétrie laser sur satellite) GPS : Gobal positioning System DOR'S : Doppl er
Orbitography Radiopositionni ng Integrated by Satellite

Le systene ETRS89 (European Terrestrial Reference System 1989)

Le systeme ETRS89 est défini a partir de |'I TRS et coincide avec | TRS a | ' époque
1989. 0.

Il est attaché a la partie stable de la plague eurasienne. A une époque
quel conque on applique une vitesse théorique de la plaque Eurasie sur |es
coordonnées.

L' ETRFyy, réalisation de ETRS utilise des points | TRFyy européens et des points
de densificati on par GPS. Successeur de EDB7, initialement |ocalisé sur |'Europe
occidentale, ETRS89 s'étend a présent sur |'Europe de |'Est.

More information can be found on the following sites:

- ITRF http://www.ensg.ign.fr/ITRF/

- Geodesy tutorial http://www.ggsl.com/geodesy_tutorial/intro.php

GTASSE30 Vertical Reference System

Asindicated in the “Readme_with_images.doc” file of the GETA SSE30 distribution, this DEM contains
elevation expressed above the WGS84 el lispsoid.

GETASSE30

Global Earth Topography and Sea Surface Elevation at 30 arc second resolution

Data set:
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GETASSE30 is a composite dataset. It is using the SRTM30 dataset, ACE dataset, Mean Sea
Surface (M SS) data and the EGM 96 ellipsoid as sources.

The resulting GETA SSE30 dataset represents the Earth Topography And Sea Surface Elevation
with respect to the WGS84 el lipsoid at 30 arc second resolution.

EUVN ground control points are GPS measurements expressed in reference to the ETRS89 or I TRF96
reference systems that are, as shown in the previous section, very close the WGS84 reference system.

As a consequence, elevations of EUVN geodesic points and those found in GETA SSE30 are expressed
with respect to very close vertical reference systems, and may be immediately compared without
performing a reference system conversion (see for exanmple the HEIGHT process to add/substract geoid
elevations above the WGS84 ellipsoid).

Quality control results

The full logs of quality controls are stored in APPENDI X F.

For each one of the 217 geodesic point (X;,Y;,H;), DEM CHK process checks if the point (X;,Y;) is inside
the DEM or not. In the positive case, the corresponding elevation h is interpolated from the DEM to be
controlled.

Statistics are computed according to the following formulae:

N
xZ(Hi—h)

23 (h—Hi)

1 N A\ 2 1 N .
WX;(h—HI) - Wxigl(h_Hl)
MINIMUM = Mmin._.,,Hi- )

MAXIMUM = max.,,Hi-h)

ARITHMETIC MEAN =

Z||—\

QUADRATIC MEAN

Il
_

STANDARD DEVIATION

Interpolated value h; depends on the interpolation method being used. The three classical methods
(Nearest neighbour, Bi-linear and Bi-cubic) have been tested.

Checking has been applied to the GTASSE30 DEM over Europe (see fig. 50). On this area 169 EUVN
contr ol points among the 217 available ones fail inside the DEM (77.9% of the points).
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fig. 63 - Distribution of the geodesic control pointsrelativey to GETASSE30 DEM over Europe.

Table here below gives results of the controls performed on GTASSE30 Europe DEM for the three
interpolation methods (“Nearest neighbour”, “Bi-linear”, and “Bi-cubic”) and a control performed on
ACE DEM using the “Nearest neighbour” interpolation method.

GTASSE30 GTASSE30 GTASSE30 ACE
Nearest neighbour Bi-linear Bi-cubic Nearest neighbour
Q'EESM ETIC +10.828 +11.304 +12.008 -2201.149
agﬁ'ﬁRAT' © 32.368 34.017 32915 12109.911
STE'?/'I\'E'TAI gﬁ 30.503 32.083 30.646 11908.186
MINIM UM -127 560 -181.091 172570 -65001.139
MAXIMUM +100.931 +125.763 127.387 +325.560

table 4 - Statistics of elevation differences (expressed in metres).

Surprinsingly, the “ Nearest neughbour” interpolation leads to the lowest error estimation. Such an
observation may be due to the error introduced by whatever interpolation when considering the
surrounding pixels. These classical interpolation methods are not relevant to topographic surfaces tha
may be complex.
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Controls performed on ACE lead to signifi errors. These statistical results for ACE are not significant
because of specific values found within the ACE DEM file and that are not elevations (see appendix F.1).
A full analysis of ACE would require to check the A CE image of flags indicating if the elevation is
relevant or not and the origin of this elevation.

Figures below show the distribution of elevation errors for the various interpolation methods. We may
note that the distribution is almost symmetrical towards a vertical axis located at abscise almost given by
the arithmetic mean. (=+11).
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Elevation differences - GTASSE30 - Nearest neighbour
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fig. 64 - Elevation errorsdistribution for variousinterpolation methods.
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APPENDIX A MERIS SCENE FR ITALY

A.1 Decoding log

MAI N PRODUCT HEADER

Product File Name
MER_FR__1PNUPA20030921 092341 000
Processi ng St age Flag

Ref erence Docunent Describing Product
Acquisition Station I D

Processi ng Center 1D

UTC Ti me of Processing

Sof tware Version Nunber of Processing SW:

UTC Start Tinme of Data Sensing
UTC Stop Time of Data Sensing
Phase
Cycle
Start Relative Orbit Nunber
Start Absol ute Orbit Nunber
State vector at ascendi ng node:
Date Time
Position
Vel ocity
DUT1=UT1-UTC
Source of Orbit Vectors
UTC ti me corresponding to SBT bel ow
Satellite Binary Tinme (SBT)
Clock Step S ze (in picoseconds)
UTC ti me of occurrence of Leap Second
Leap second sign
Leap second error
Product error
Total S ze of Product
Length of SPH
Nurber of DSDs
Length of each DSD
Nurber of DSs attached

SPEQ FI C PRCDUCT HEADER:

SPH Descri ptor

Stripline Continuity Indicator

Slice Position

Nunmber of Slices inthis Stripline
Azimuth tinme first line of product
Azimuth tinme last line of product

Geo. Lat. of first sanple of first line

Geo. Long. of first sanple of first line :
Geo. Lat. of mddl e sanple of first line :
Geo. Long. of mddle sanple of first line:

Geo. Lat. of last sample of first line
Geo. Long. of last sanple of first line
Geo. Lat. of first sanple of last line
Geo. Long. of first sanple of last line
Geo. Lat. of niddl e sample of last line

Geo. Long. of mddle sanple of last |ine :

Geo. Lat. of last sanple of last Iine
Geo. Long. of last sanple of last |ine
Transm ssion error flag

Format error flag

Dat abase error flag

Coarse error flag

Forecast (0) / Analysis (1) ECOWW data
Nunber of transmission errors i n product
Number of format errors in the product
Thr eshol d for setting TRANS ERR FLAG
Thr eshol d for setting FCRVAT_ERR FLAG

000982020_00079_08149_0534. N1

N
PO- RS- MDA- G52009_11_3J
PDHS- E

K- PAC

26/01/2004 13: 24:19. 434677
MER S/ 4. 07

21/09/2003 09: 22: 17. 265770
21/09/2003 09: 26: 36. 187634
2

21/09/2003 09: 23: 00. 000000

4513681. 740000 1552817.947000 5333228. 142000
5786. 205174 -136.373816 - 4845. 448794
-0.352582

FR (FGCB restituted)

21/09/2003 09: 10: 16. 414244

4008373760

0. 003906249810

17/10/2001 00: 00: 00. 000000

1

0

0

166271715

9942

30

280

19

MER FR__1P SPECI FI C HEADER
0
1
1
21/09/2003 09: 23: 41. 714409
21/09/2003 09: 25: 20. 267689
45. 90986300
18. 01469200
46. 52906400
14. 34706300
47.02819600
10. 60349600
40. 14283200
15. 96981400
40. 73596700
12. 62631800
41. 23065400
9. 22799100

ool NolNoNoNe)

0. 000000 %
0. 000000 %
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Nurmber of bands in the product
Central wavel ength of the bands:

Band
Band
Band
Band
Band
Band
Band
Band
Band
Band 10
Band 11
Band 12
Band 13
Band 14
Band 15

OCoO~NOUA~WNE

Bandwi dt h of the bands:

Band 1
Band 2
Band 3
Band 4
Band 5
Band 6
Band 7
Band 8
Band 9
Band 10
Band 11
Band 12
Band 13
Band 14
Band 15

I nstantaneous Fi el d of View

Processor node of oper.

(1: Raw, O: Full)

Of f set conpensation flag (1: Yes, 0: No)

Line spacing in tine

Number of sanples per output |ine

Nb. of |ines between along track tie pts
Nb. sanples between across track tie pts :

On ground spacing bet ween col utms

DATA SET DESCR PTOR #1:

Dat a Set Name
Dat a Set Type

Ext ernal Product Reference

DS Ofset in bytes

Total Size of DS in bytes
Nunber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #2:

Dat a Set Name
Dat a Set Type

Ext ernal Product Reference

DS Ofset in bytes

Total Size of DS in bytes
Nunmber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #3:

Dat a Set Name
Dat a Set Type

Ext ernal Product Reference

DS Ofset in bytes

Total Size of DS in bytes
Nunmber of DSRs within the DS
Length of the DSRs in bytes

Envisat MERIS

Geometry Handbook

9.989 nm

0. 019159 deg.
1

1

0. 043997 s.
2241

64

64

260.000 m

Quality ADS
A

11189
165

5

33

Scali ng Fact or GADS

G
11354
292

1

292

Ti e poi nts ADS
A

11646
65268
36
1813
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DATA SET DESCR PTOR #4

Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes
Nunmber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #5

Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes
Nurber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #6:

Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS OGfset in bytes

Total Size of DS in bytes
Nurmmber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #7:

Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes
Nurber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #8:

Dat a Set Nane

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes
Nurber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #9:

Dat a Set Nane

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes
Nurmber of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #10:

Dat a Set Nane

Dat a Set Type

Ext ernal Product Reference
DS OGfset in bytes

Total Size of DS in bytes
Number of DSRs within the DS
Length of the DSRs in bytes

DATA SET DESCR PTOR #11:
Dat a Set Nane
Dat a Set Type

Envisat MERIS

Geometry Handbook

Radi ance MDS(1)
M

76914
10073295
2241
4495

Radi ance MDS(2)
M

10150209
10073295
2241
4495

Radi ance MDS(3)
M

20223504
10073295
2241
4495

Radi ance MDS(4)
M

30296799
10073295
2241
4495

Radi ance MDS(5)
M

40370094
10073295
2241
4495

Radi ance MDS(6)
M

50443389
10073295
2241
4495

Radi ance MDS(7)
M

60516684
10073295
2241
4495

Radi ance MDS(8)
M
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Ext ernal Product Reference
DS Ofset in bytes
Total Size of DS in bytes

Nurmmber of DSRs within the DS

Length of the DSRs in bytes

DATA SET DESCR PTOR #12:
Dat a Set Nane

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes

Nurmmber of DSRs within the DS

Length of the DSRs in bytes

DATA SET DESCR PTOR #13:
Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS OGfset in bytes

Total Size of DS in bytes

Nurmmber of DSRs within the DS

Length of the DSRs in bytes

DATA SET DESCR PTOR #14:
Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS OGfset in bytes

Total Size of DS in bytes

Nurmmber of DSRs within the DS

Length of the DSRs in bytes

DATA SET DESCR PTOR #15:
Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS OGfset in bytes

Total Size of DS in bytes

Nummber of DSRs within the DS

Length of the DSRs in bytes

DATA SET DESCR PTOR #16:
Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes

Number of DSRs within the DS

Length of the DSRs in bytes

DATA SET DESCR PTOR #17:
Dat a Set Name

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes

Nurmmber of DSRs within the DS

Length of the DSRs in bytes

DATA SET DESCR PTOR #18:
Dat a Set Nanme

Dat a Set Type

Ext ernal Product Reference
DS Ofset in bytes

Total Size of DS in bytes

Envisat MERIS

Geometry Handbook

70589979
10073295
2241
4495

Radi ance MDS(9)
M

80663274
10073295
2241
4495

Radi ance MDS(10)
M

90736569
10073295
2241
4495

Radi ance MDS(11)
M

100809864
10073295
2241

4495

Radi ance MDS(12)
M

110883159
10073295
2241

4495

Radi ance MDS(13)
M

120956454
10073295
2241

4495

Radi ance MDS(14)
M

131029749
10073295
2241

4495

Radi ance MDS(15)
M

141103044
10073295
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Nunber of DSRs within the DS : 2241
Length of the DSRs in bytes : 4495

DATA SET DESCR PTOR #19:

Dat a Set Nane : Fl ags MDS( 16)
Dat a Set Type : M

Ext ernal Product Reference :

DS Cifset in bytes : 151176339

Total Size of DS in bytes : 15095376
Nunmber of DSRs within the DS . 2241
Length of the DSRs in bytes : 6736

DATA SET DESCR PTOR #20:

Dat a Set Nane . MER S_SOURCE_PACKETS
Dat a Set Type © R
Ext er nal Pr oduct Ref er ence

MER_FR__OPNPDE20030921_092217_| 000002582020 00079 _08149_1418. NL
DS Cifset in bytes

Total Size of DS in bytes
Nunmber of DSRs within the DS
Length of the DSRs in bytes

oo oo

DATA SET DESCR PTOR #21:
Dat a Set Nane ;I NSTRUVENT_DATA_FI LE
Dat a Set Type © R

Ext ernal Pr oduct Refer ence

MER_| NS_AXVI EC20030620_120000_20020321 193100 ~20121008_190821
DS Cifset in bytes

Total Size of DS in bytes
Nurber of DSRs within the DS
Length of the DSRs in bytes

oo oo

DATA SET DESCR PTOR #22:

Dat a Set Nane : PROCESSI NG_PARAMB_L1B FILE
Dat a Set Type R

Ext ernal Pr oduct Ref er ence

MER_CP1_AXVI EC20030620_120000_20020429 040000 _20120920_173421

DS Cifset in bytes 0

Total Size of DS in bytes 0

Nunber of DSRs within the DS 0

Length of the DSRs in bytes 0

DATA SET DESCR PTOR #23:

Dat a Set Nane . RAD OMETR C_CALI BRATION FILE
Dat a Set Type R

Ext ernal Pr oduct Ref er ence

MER_RAC_AXVI EC20030620_120000_20021224 121445 20121224 121445

DS Ofset in bytes 0

Total Size of DS in bytes 0

Nunmber of DSRs within the DS 0

Length of the DSRs in bytes 0

DATA SET DESCR PTOR #24:

Dat a Set Nane : DA TAL_ELEVATI ON_MODEL_FILE
Dat a Set Type R

Ext ernal Pr oduct Ref er ence

AUX_DEM AXVI EC20020123_121901_20020101 OOOOOO _20200101_000000

DS OGfset in bytes 0

Total Size of DS in bytes 0

Nunmber of DSRs within the DS 0

Length of the DSRs in bytes 0

DATA SET DESCR PTOR #25:

Dat a Set Nane : D A TAL_ROUGHNESS_MDDEL_FI LE
Dat a Set Type © R
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Ext ernal Pr oduct Refer ence

MER_DRM AXVI EC20020122_083343_20020101 OOOOOO ~20200101_000000
DS Cifset in bytes

Total Size of DS in bytes 0
Nunmber of DSRs within the DS 0
Length of the DSRs in bytes 0

o

DATA SET DESCR PTOR #26:

Dat a Set Nane . LAND_SEA MASK DATA FILE
Dat a Set Type © R
Ext ernal Pr oduct Ref er ence

AUX_LSM AXVI EC20020123_141228_20020101 000000 _20200101_000000

DS Ofset in bytes 0

Total Size of DS in bytes 0

Nunmber of DSRs within the DS 0

Length of the DSRs in bytes 0

DATA SET DESCR PTOR #27:

Dat a Set Nane . ECMANF_DATA_FI LE
Dat a Set Type : R

Ext ernal Pr oduct Ref er ence

AUX_ECA AXNECM20030921_233653 20030921 090000 20030921 210000
DS Cifset in bytes

Total Size of DS in bytes 0
Nurmmber of DSRs within the DS 0
Length of the DSRs in bytes 0

o

DATA SET DESCR PTOR #28:

Dat a Set Nane : ORBI T_STATE _VECTOR FILE
Dat a Set Type R

Ext ernal Pr oduct Ref er ence
AUX_FRO_AXVPDS20030924_101146_20030920 221000 _20030923_005000

DS Gif set in bytes 0

Total Size of DS in bytes : 0

Nunmber of DSRs within the DS 0

Length of the DSRs in bytes 0

DATA SET DESCR PTOR #29:

Dat a Set Nane : ATTI TUDE DATA FILE
Dat a Set Type R
Ext ernal Pr oduct Refer ence
AUX_ATT_AXVI EC20020924_131534_ 20020703 120000 _20781231_235959
DS Cifset in bytes 0
Total Size of DS in bytes 0
Number of DSRs within the DS 0
Length of the DSRs in bytes 0
DATA SEI' #1 - "Quality ADS":
1 117451421 714AOQE ’E\nk Qut o Rarge 1 Qut oi Range 2 (JIJI of Range 3 Qut o Rarge 4 Qut of Range 5 Quit R blank 1 Qut R Hank 2 @t R blark 3 Qut R blank 4 Qt R blank 5
DATA SET #2 - "Scaling Factor GADS':
Scaling factor - altitude 1. 000000
Scaling factor - roughness 1. 000000
Scaling factor - zonal wind 0. 100000
Scaling factor - neridi onal w nd 0. 100000
Scaling factor - atnospheric pressure 0. 100000
Scaling factor - ozone 0. 010000
Scaling factor - relative humdity 0. 100000
Radi ances:
Band 1 0. 009333
Band 2 0. 010466
Band 3 0. 011501
Band 4 : 0.010642
Band 5 :0.009280
Band 6 : 0.008147
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Mdul e #4 - Band 1
Modul e #5 - Band 1
Modul e #5 - Band 2
Modul e #5 - Band 3
Modul e #5 - Band 4 :
Modul e #5 - Band 5 ;11
Modul e #5 - Band 6
Modul e #5 - Band 7
Modul e #5 - Band 8
9

Modul e #5 - Band ;11

Modul e #5 - Band 10 11

Modul e #5 - Band 11 11

Modul e #5 - Band 12 . 10

Modul e #5 - Band 13 9

Modul e #5 - Band 14 11

Modul e #5 - Band 15 . 10

Mdul e #5 - Band 16 0

Sanmpling rate : 43997 (1.e-6 s)
Sun spectral flux:

Band 1 1703. 201782
Band 2 1859. 746582
Band 3 1911. 582886
Band 4 : 1914. 315063
Band 5 . 1789. 023315
Band 6 . 1637.997314
Band 7 1519. 083252
Band 8 1459. 818726
Band 9 : 1395. 926514
Band 10 . 1255. 756104
Band 11 . 1243. 889160
Band 12 : 1167. 314209
Band 13 : 950. 546509
Band 14 : 922.478821
Band 15 . 888.092041

DATA SET #3 - T|e p0|nts ADS

Corr. Lat. Lon sun (zen., Azi.) View (Zn., Azl ) LAST (lat., Lon.) At Ro\.gh Corr. Lat. Lon. sun (Zen., Azl ) Vew (Zn., Azi.)
117451421 714A09 ( 45 909353‘ 18 014593) 0 1e-6 0 le-6 ( 48.2, 153.6) 0.0 182 ( 47.028196, 10.603496) 1476 -1907 le-6 -16512 1e-6 ( 51.8 0) (407, 9.6)

9 117451444, 240873 ( 44 594348, 17.519381 ) 531 159 0 1e-6 0 1le-6 ( 47.2, 152.5) ( 0.0 151.9 ) ( 4.70292, 10.278711) 850 227 -1101 1e-6  -284 le-6 ( 50.8 1441 ) (407, ®.6)
17 117451466, 767337 ( 43 277165, 17.041762) 417 32 0 le-6 0 le6 ( 4.1, 151.4) ( 0.0 1819 ) ( 44.37209, 9.9%0598) 744 75 -967 le-6 -742 le-6 ( 49.8 1432 ) ( 40.7, ®.7)
25 117451489.298801 ( 41958432, 16.580328) -110 0 0 1e-6 01e6 ( 4.1, 150.3) ( 0.0 1819 ) ( 43.05369, 9.648478) -366 O 01le-6 0 1e-6 (48.9 1423 ) ( 407, 9.7)
33 117451511 820265 ( 4063852, 16.13B722) %0 177 0 1e-6 01le6 ( 4.1, 149.2) ( 0.0 1818 ) ( 41.7292, 9. 341743) 116 23 -1521e-6 -1186 le-6 ( 47.9 1413 ) ( 40.7, 9.7)
36 117451%20. 267689 ( 40 142832, 15.960815) 1063 209 0 le-6 0 le-6 ( 4.7, 148.8) ( 0.0 1818 ) ( 41.230654, 9.227991) 79 54 -103 le-6 -801 le-6 ( 47.6 1409 ) ( 40.7, 9.8)

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
or disclose in whole or in part, information disclosed here on except for or on behalf of VisioTerra to fulfil the purpose for which the
document was delivered to him. ”
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APPENDIX B - ORTHORECTIFICATION LOGS

B.1

B.2

This section contains the log of MERSYN execution when applied to MERIS FR scene
MER_FR__1PNUPA 20030921 092341 000000982020 00079 08149 0534.N1 of Italy.

These logs contain in particular information regarding:

e Automatic settings — Size, origin and ground sampling autometically computed by MERSYN.

e Prediction/correction loop perfoances — Loop convergence tracing for point (117,872) and
convergence statistics,

¢  Runtime performances,

e  Statistics on the number of processed points.

No orthorectification

SETTING Pl XEL Sl ZE DEFAULT VALUES
Pl XEL HEI GHT = 260. 000000
Pl XEL W DTH 260. 000000

CAVPUTI NG | MAGE SI ZE AND OR G N

U: X = 1025533.187500 Y = 5226455. 019000

LR X = 2002024.500000 Y = 4461188. 500000

I MAGE HEI GHT = 765267.519000 netres

I MACE WDTH = 976491. 312500 net res

LINE NUMBER = 2943

Pl XEL NUMBER = 3755
LINE= 106 el apsed/Iline= 0 facet search: -same= 98.8% -neighbour= 1.0% -all=
0.2%
I N Tl ALI SATI ON | N\VERSE: lonlat_ori gi n=(0. 196665, 0. 816031) -->
mer _xy_origin(72.692636,2028.052061) facet=(1,31) delta=(0.135822, 0. 688313)
LINE= 2942 el apsed/|li ne= 0 facet search: -same= 98.7% -nei ghbour= 1.3% -all=
0.0%

Tot al el apsed ti me=27.700 seconds elapsed tine/facet=15.630 seconds ( 56.4%

PRED CTI QV CORRECTI CN LOCP STATISTICS (total processed points = 7818186)

ITERATION [ 0] = 7818186 (100.0 %
| TERATION [ 1] = 0 (0.0%
| TERATION [ 2] = 0 (00%
| TERATION [ 3] = 0 (00%
| TERATION [ 4] = 0 (00%
| TERATION [ 5] = 0 (00%
| TERATION [ 6] = 0 (00%
| TERATION [ 7] = 0 (00%
| TERATION [ 8] = 0 (00%
| TERATION [ 9] = 0 (00%
| TERATI ON [ 10] = 0 (00%

ORTHCRECTI FI CATI ON PRQCESSI NG

NUVBER OF PROCESSED PQ NTS | N SEGMENT
NUVBER OF VALIDATED PANTS | N SEGME
synt hesi s)

NO
7815250 (70. 7% of synt hesis)
NI = 7815250 (100.0% of segnent) (70.7% of

Altitudes from tie-point grid

SETTING PI XEL Sl ZE DEFAULT VALUES
Pl XEL HEI GHT = 260. 000000
PI XEL W DTH 260. 000000

CAWPUTI NG | MNAGE SI ZE AND OR G N
W: X = 1025533.187500 Y = 5226455. 019000

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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LR X = 2002024.500000 Y = 4461188. 500000

I MAGE HEI GHT = 765267.519000 netres

IMACE WDITH = 976491. 312500 net res

LINE NUMBER = 2943

Pl XEL NUMBER = 3755
LINE= 106 elapsed/|ine= 20000 facet search: -same= 88.8% -nei ghbour= 10.0% -all=
1.2%
I N Tl ALI SATI ON | N\VERSE: lonlat_ori gi n=(0. 196665, 0. 816031) -->

mer _xy_origin(72. 692636, 2028.052061) facet =(1,31) del ta=(0.135822, 0. 688313)

PRED CTl ON_CORRECTI ON_NUMBER=0
dem al ti tude=1406. 003360
Interpolated | onl at=(0.196665, 0. 816031)
Vi ewi ng zeni th=0. 657754 View ng azi muth=1. 747770
dl on=-0.000245 dlat=-0. 000030 neter s=(-1560.593089, - 191. 218894)
DI RECT: mer_xy0=(72. 692636, 2028. 052061) --> | onl at 1=(0. 196910, 0. 816061) dl onl at =(-
0.000245, -0.000030) = (-1560.591599, -191. 216959)

| NVERSE: | onl at 1=( 0. 196910, 0. 816061) --> mer _xy1=( 71. 400363, 2024. 121496)
facet=(1,31) delta=(0.115631, 0.626898)
NEW FACET for corrected point (73.984910,2031.982627): ilinelipixel_facet=(1,31)

del ta facet xy=(0. 156014, 0. 749729)

PRED CTl ON_CORRECTI ON_NUMBER=1
dem al ti tude=1347. 322220
Interpolated | onl at=(0.196420, 0. 816001)
Vi ewi ng zeni th=0. 658753 Vi ew ng azi nut h=1. 747602
dl on=-0.000235 dlat=-0. 000029 neters=(-1498.548552, - 183. 444896)

Dl RECT: mer _xy0=( 73. 984910, 2031. 982627) --> lonlat 1=(0. 196655, 0. 816030)
dl onl at=(0. 000010, 0. 000001) = (61.864355, 7. 774689)

| NVERSE | onl at 1=( 0. 196655, 0. 816030) --> mer _xyl1=(72.744521, 2028. 207753)
facet=(1,31) delta=(0. 136633, 0.690746)

NEW FACET for corrected point (73.933025,2031.826935): ilinelipixel_facet=(1,31)

del ta facet xy=(0. 155204, 0. 747296)

PRED CTl ON_CORRECTI ON_NUVBER=2
dem al ti tude=1349. 637452
Interpolated |onl at=(0.196430, 0. 816003)
Vi ewi ng zeni th=0. 658713 View ng azi mut h=1. 747609
dl on=-0.000236 dl at=-0. 000029 neter s=(-1501.001059, - 183. 751925)
DI RECT: mer_xy0=( 73. 933025, 2031. 826935) --> | onl at 1=(0. 196665, 0. 816031) dlonl at=(-
0.000000, - 0.000000) = (-2.445607, -0.307057)

| NVERSE: | onl at 1=( 0. 196665, 0. 816031) --> mer _xy1=( 72. 690586, 2028. 045906)
facet=(1,31) delta=(0.135790,0.688217)

NEW FACET for corrected point (73.935075,2031.833090): ilinelipixel facet=(1,31)
del ta facet xy=(0. 1565236, 0. 747392)
LINE= 2942 el apsed/li ne= 0 facet search: -same= 97.9% -nei ghbour= 2.1% -all=
0.0%

Total el apsed ti me=68. 760 seconds elapsed tine/facet=41.250 seconds ( 60.0%

PREDI CTl OV QORRECTI CN LOCP STATISTICS (total processed points = 7818186)

| TERATION [ 0] = 2936 ( 0.0 %
| TERATION [ 1] = 2852732 (36.5 %
| TERATION [ 2] = 4833499 (61.8 %
| TERATION [ 3] = 129019 ( 1.7 %
| TERATION [ 4] = 0 (0.0%
| TERATICN [ 5] = 0 (0.0%
| TERATION [ 6] = 0 (0.0%
| TERATION [ 7] = 0 (0.0%
| TERATION [ 8] = 0 (0.0%
| TERATICN [ 9] = 0 (0.0%
| TERATION [ 10] = 0 (0.0%

ORTHCRECTI FI CATI ON PROCESSI NG YES

NUVBER OF PROCESSED PA NTS | N SEGMENT = 7806229 ( 70. 6% of synt hesis)
NUVBER OF VALIDATED PANTS | N SEGMENT = 7806229 (100.0% of segment) (70.6% of
synt hesi s)

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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B.3 DEM ltaly
SETTING PI XEL Sl ZE DEFAULT VALUES
Pl XEL HEI GHT = 260. 000000
PIXEL WDITH = 260.000000

COVPUTI NG | MAGE SI ZE AND OR @ N

U: X = 1025533.187500 Y = 5226455. 019000

LR X = 2002024.500000 Y = 4461188. 500000

I MAGE HEI GHT = 765267.519000 net res

| MAGE W DTH 976491. 312500 net res

LINE NUMBER = 2943

Pl XEL NUMBER = 3755
LINE= 106 elapsed/|ine= 50000 facet search: -same= 88.7% -nei ghbour= 10.0% -all=
1.3%
I N Tl ALI SATI ON | N\VERSE: lonlat_ori gi n=(0. 196665, 0. 816031) -->
mer _xy_origin(72.692636,2028.052061) facet=(1,31) delta=(0.135822, 0. 688313)

PRED CTl ON_CORRECTI ON_NUMBER=0
dem al ti tude=2230. 704269
Interpolated | onl at=(0. 196665, 0. 816031)
Vi ewi ng zeni th=0. 657754 View ng azi muth=1. 747770
dl on=-0.000389 dl at=-0. 000048 net er s=(-2475. 969664, - 303. 379646)
DI RECT: mer_xy0=( 72. 692636, 2028. 052061) --> | onl at 1=(0. 197054, 0. 816079) dl onl at =(-
0.000389, -0.000048) = (-2475.968174,-303.377712)

| NVERSE | onl at 1=( 0. 197054, 0. 816079) --> mer _xy1=(70. 642402, 2021. 816213)
facet=(1,31) delta=(0.103788,0.590878)
NEW FACET for corrected point (74.742871,2034.287910): ilinelipixel facet=(1,31)

del ta facet _xy=(0. 167857, 0. 785749)

PRED CTl ON_CORRECTI ON_NUMBER=1
dem al ti tude=2230. 704269
Interpolated |onl at=(0.196276, 0. 815984)
Vi ewi ng zeni th=0. 659339 View ng azi mut h=1. 747504
dl on=-0.000390 dl at=-0. 000048 net er s=(-2484.086078, - 303. 922619)
DI RECT: mer_xyO0=(74.742871, 2034. 287910) --> | onl at 1=(0. 196666, 0. 816032) dl onl at =(-
0.000001, - 0.000000) = (-8.570086, -0.541638)

| NVERSE: | onl at 1=( 0. 196666, 0. 816032) --> mer _xy1=( 72. 687253, 2028. 030131)
facet=(1,31) delta=(0.135738,0.687971)

NEW FACET for corrected point (74.748255,2034.309840): ilinelipixel _facet=(1,31)
del ta facet xy=(0. 167941, 0. 786091)
LINE= 2942 el apsed/li ne= 0 facet search: -same= 97.9% -nei ghbour= 2.0% -all=
0.0%

Tot al el apsed ti me=325. 960 seconds el apsed tine/facet=44. 140 seconds ( 13. 5%

PREDI CTl OV QORRECTI ON LOCP STATISTICS (total processed points = 7818186)

| TERATION [ 0] = 2936 ( 0.0 %
ITERATION [ 1] = 3008252 (38.5 %
ITERATION [ 2] = 4798944 (61.4 %
| TERATION [ 3] = 8054 ( 0.1 %
| TERATION [ 4] = 0 (0.0%
| TERATION [ 5] = 0 (00%
| TERATION [ 6] = 0 (0.0%
| TERATION [ 7] = 0 (0.0%
| TERATION [ 8] = 0 (0.0%
| TERATION [ 9] = 0 (0.0%
| TERATION [ 10] = 0 (0.0%

ORTHCRECTI FI CATI ON PROCESSI NG YES

NUVBER OF PROCESSED PO NTS | N SEGMENT = 7806166 ( 70. 6% of synt hesis)

NUVBER OF VALIDATED PANTS | N SEGMENT = 7806166 (100.0% of segment) (70.6% of
synt hesi s)

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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B.4 DEM SRTM

SETTING Pl XEL Sl ZE DEFAULT VALUES
Pl XEL HEI GHT = 260. 000000
PIXEL WDTH = 260. 000000

CAVPUTI NG | MAGE SI ZE AND OR G N
U: X = 1025533.187500 Y = 5226455. 019000
LR X = 2002024.500000 Y = 4461188. 500000

| MAGE HEI GHT = 765267.519000 net res
IMAGE WDTH = 976491. 312500 et res
LINE NUMBER = 2943

Pl XEL NUMBER = 3755
LINE= 106 elapsed/|ine= 40000 facet search: -sane= 88.8% -neighbour= 9.8% -all=
1.4%
I N Tl ALI SATI ON | N\VERSE: lonlat_ori gi n=(0. 196665, 0. 816031) -->
mer _xy_origin(72.692636,2028.052061) facet=(1,31) delta=(0.135822, 0. 688313)

PRED CTl ON_CORRECTI ON_NUMBER=0
dem al ti t ude=2106. 815331
Interpolated | onl at=(0.196665, 0. 816031)
Vi ewi ng zeni th=0. 657754 View ng azi muth=1. 747770
dl on=-0.000367 dlat=-0. 000045 neter s=(-2338.459168, - 286. 530536)
DI RECT: mer_xy0=( 72. 692636, 2028. 052061) --> | onl at 1=(0. 197032, 0. 816076) dl onl at =(-
0.000367,-0.000045) = (-2338.457677,-286.528601)

| NVERSE | onl at 1=( 0. 197032, 0. 816076) --> mer _xy1=(70. 756263, 2022. 162509)
facet=(1,31) delta=(0.105567,0.596289)
NEW FACET for corrected point (74.629009,2033.941614): ilinelipixel_facet=(1,31)

del ta facet xy=(0. 166078, 0. 780338)

PRED CTl ON_CORRECTI ON_NUMBER=1
dem al ti tude=2106. 815331
Interpolated | onl at=(0.196298, 0. 815986)
Vi ewi ng zeni th=0. 659251 View ng azi mut h=1. 747519
dl on=-0.000368 dl at=-0. 000045 net er s=(-2345. 698628, - 287.014884)
DI RECT: mer_xy0=( 74.629009, 2033. 941614) --> | onl at 1=(0. 196666, 0. 816032) dl onl at =(-
0.000001, -0.000000) = (-7.644129, -0.483121)

| NVERSE: | onl at 1=( 0. 196666, 0. 816032) --> mer _xy1=(72. 687834, 2028. 032501)
facet=(1,31) delta=(0.135747,0.688008)

NEW FACET for corrected point (74.633811,2033.961175): ilinelipixel facet=(1,31)
del ta_facet _xy=(0. 166153, 0. 780643)
LINE= 2942 el apsed/li ne= 0 facet search: -same= 97.9% -nei ghbour= 2.0% -all=
0.0%

Tot al el apsed ti me=304. 440 seconds el apsed tine/facet=43. 130 seconds ( 14. 2%

PREDI CTl OV QORRECTI ON LOCP STATISTICS (total processed points = 7818186)

| TERATION [ 0] = 2936 ( 0.0 %
ITERATION [ 1] = 3034335 (38.8 %
ITERATION [ 2] = 4777361 (61.1 %
| TERATION [ 3] = 3554 ( 0.0 %
| TERATION [ 4] = 0 (0.0%
| TERATION [ 5] = 0 (00%
| TERATION [ 6] = 0 (0.0%
| TERATION [ 7] = 0 (0.0%
| TERATION [ 8] = 0 (0.0%
| TERATION [ 9] = 0 (0.0%
| TERATION [ 10] = 0 (0.0%

ORTHCRECTI FI CATI ON PROCESSI NG YES

NUVBER OF PROCESSED PA NTS | N SEGMENT = 7806080 ( 70. 6% of synt hesis)

NUVBER OF VALIDATED PANTS | N SEGMENT = 7806080 (100.0% of segment) (70.6% of
synt hesi s)
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DEM GETASSE30

MERSYN - ner ../scene01- 04/ MER FR _1PNUPA20030921_092341_000000982020_00079_08149_0534. N1
-0osy synthesi s_demgetasse.{3,5,7} -dem ../ DEM GETASSE30/ EURCPA_WGS84 -sam "Near est
nei ghbour" -prj "proj ection=P ate_carree el li psoi d=W5S 1984 dat umFWGS 84" -cha 3 5 7

SETTING Pl XEL Sl ZE DEFAULT VALUES
Pl XEL HEI GHT = 260. 000000
PI XEL W DTH 260. 000000

COWUTING | MAGE SI ZE AND ORFG N

U: X = 1025533.187500 Y = 5226455. 019000

LR X = 2002024.500000 Y = 4461188. 500000

I MAGE HEI GHT = 765267.519000 net res

IMAGE WDTH = 976491. 312500 met res

LINE NUMBER = 2943

Pl XEL NUMBER = 3755
LINE= 2942 el apsed/line= 0 facet search: -same= 98.4% -neighbour= 1.5% -all=
0.0%

Total el apsed ti me=317. 750 seconds el apsed time/facet=42. 450 seconds ( 13. 4%

PRED CTI QV CORRECTI ON LOCP STATISTICS (total processed points = 7818186)

| TERATION [ 0] = 2936 ( 0.0 %
I TERATION [ 1] = 2811159 (36.0 %
ITERATION [ 2] = 5004091 (64.0 %
| TERATION [ 3] = 0 (0.0%
| TERATION [ 4] = 0 (0.0%
| TERATION [ 5] = 0 (0.0%
| TERATION [ 6] = 0 (0.0%
| TERATION [ 7] = 0 (0.0%
| TERATION [ 8] = 0 (0.0%
| TERATION [ 9] = 0 (0.0%
| TERATION [ 10] = 0 (0.0%

ORTHCRECTI FI CATI ON PRCGCESSI NG

NUVBER OF PROCESSED PA NTS | N SEGMENT
NUVBER OF VALI DATED PQ NTS | N SEGMENT
synt hesi s)

YES
7810559 (70. 7% of synt hesis)
7810559 (100.0% of segment) (70. 7% of

BENCHVAK POI NTS

## LINE Pl XEL CGCP LON CCP LAT. CCP ALT. EASTI NG NORTHI NG LONGI TUDE
LATI TUDE ALTI TUDE M EWZEN TH M EW AZI MUTH  LON CCRR LAT. CCRR CRGAN LINE P XEL
MERIS. LINE PI XEL

0 38 788 11. 071550 46.939982 2864 1230413. 2 5216575. 0 11. 071550
46. 939981 2841 38. 825 99. 946 0.029666  -0.003551 12. 362 2098. 622
12. 375 2107. 442

1 149 968 11. 492668 46.680293 2054 1277213. 2 5187715.0 11. 492668
46. 680292 2036 36. 737 100. 298 0.019604 -0.002443 90. 297 1957.374
90. 302 1963. 237

2 204 1431 12. 575876 46.551618 1229 1397593. 2 5173415.0 12.575875
46. 551617 1424 31.672 101. 089 0.011273 -0.001519 85. 682 1633. 586
85. 684 1636.974

3 231 1792 13. 420450 46.488450 1265 1491453. 2  5166395. 0 13. 420450
46. 488449 1436 27.462 101. 695 0.009548 -0.001361 65. 485 1383.903
65. 488 1386. 782

4 728 1972 13. 841567 45. 325698 112 1538253. 2 5037175.0 13. 841568
45. 325697 164 23.385 102. 166 0.000884 -0.000134 473. 198 1158. 107
473.198 1158. 380

5 397 2487 15. 046431 46.100086 944 1672153. 2 5123235.0 15. 046432
46. 100085 985 18.091 102.895 0.004068 -0.000646 118. 239 877.737
118.240 878. 979

6 784 2745 15. 650033 45.194683 230 1739233. 2  5022615. 0 15. 650033
45. 194683 252 12.812 103. 431 0.000710 -0.000119 414. 628 613. 340
414.628 613. 561

7 507 3234 16. 794069 45. 842737 158 1866373. 2 5094635. 0 16. 794069
45. 842736 158 7.285 104. 152 0.000252 -0.000044 105. 166 345.520
105.166 345. 598

8 1308 2745 15. 650033 43.968764 210 1739233. 2  4886375. 0 15. 650033
43. 968763 215 10. 309 103.573 0.000474 -0.000082 864. 013 490. 957

864.013 491. 107
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9 916 3260
44. 885863 196

450.513 227. 278
10 1303 3312

43. 980461 1516
772.409  95. 189
11 419 942

46. 048616 522
329.536 1928. 026
12 806 994

45. 143213 47
661.958 1820. 200
13 1247 525

44. 111475 459
1101.176 2071.773
14 1827 473

42. 754541 48
1614.970 2005. 751
15 1275 1014

44. 045968 559
1068.900 1720.097
16 1827 937

42. 754541 588
1559.338 1671.048
17 1523 1529

43. 465761 473
1219.772 1305. 069
18 1993 1478

42. 366177 583
1633. 714 1246.038
19 2407 1761

41. 397607 637
1952.377 952.501
20 2158 2096
41.980152 919
1689.646 761.933
21 2241 2869

41. 785970 662
1642.937 180.271
22 2517 2328

41. 140257 304
1963.413 510.617
23 2683 2843

40. 751893 780
2024.333 92.164
24 944 654

44. 820356 66
821.305 2032. 753

10.

11.

11.

12.

12.

13.

14.

15.

14.

15.

10.

. 854897

4.804

. 976553

2.016

. 431840

36.219

. 553496

34.585

. 456251

38.335

334595
37.390

600287
33.026

420142
32.249

805151
26.044

685834
24.994

347924
19.533

131670
15. 805

940136
3.816

674444
10.719

879308
1.953

758052
37.769

44. 885864
104. 297

43. 980461
104. 478

46. 048616
100. 377

45.143214
100. 619

44.111476
100. 049

42.754542
100. 208

44.045968
100. 830

42.754541
100.918

43. 465762
101. 727

42.366178
101. 805

41.397607
102. 362

41.980153
102. 796

41.785971
103. 997

41. 140258
103. 244

40. 751894
104. 063

44.820357
100. 131
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194 1873133. 2
. 000203 -0

1551 1886653. 2
. 000646 -0

460 1270453. 2
. 004872 -0

46 1283973. 2
. 000402 -0

359 1162033. 2
.004474 -0

48 1148513. 2
. 000442 -0

502 1289173. 2
. 004465 -0

582 1269153. 2
. 004465 -0

510 1423073. 2
. 002805 -0

544 1409813. 2
. 003241 -0

646 1483393. 2
. 002647 -0

919 1570493. 2
. 003069 -0

617 1771473. 2
. 000517 -0

243 1630813. 2
. 000669 -0

756 1764713. 2
. 000306 -0

64 1195573. 2
. 000634 -0.

reference
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date
page
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. 000037
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. 000619

5016895
. 000053
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. 000058
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. 000614
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.000423

4708275.
. 000500

4600635.
.000435

4665375.
.000518

4643795.
. 000096

4572035.
.000119
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. 000058

4981015.
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0 12.
1633. 713

685834
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1689. 644
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APPENDIX C

D R L L R e ]

1* NAME */

/* MERSYN (abbreviation "syn") adds the MER S segrrent to the synt hesis. */
[ KRR R Rk KRR KRR R KR KKK X K KRR % KK KR KRR XK KK K KRR KRR KKK KR X R R K KR KKK AR R K
/* SYNOPSI S */
/* MERSYN [<sequence_name>] [-ner <MER S_segnent_i n_input >] “iff
e -isy <input _synt hesi s_channel _list>] £
-ivi <input NDVI _mexi numi nage> */

-osy <output_synthesis_channel _li st>] *

-ovi <output_NDVI_naximum_ i mage>] */

-sal <selection_al gorit hn>] */

- dem <input _DEM_li st >] *

- sam <sanpl i ng_net hod>] */

-prj <Projection>] */

-cha <Channel identification>] */

-ul <upper-left corner coordi nates>] */

-lr <lover-right corner coordi nates>] =

- pxh <pi xel _hei ght >] &

- pxw <pi xel _widt h>] “iff

-ort <process_orthorectificati on>] £

R KR KK XX KR KKK AR K KA XR KRR K R KK XX KR KKK TR K KL XK KR RE K AR KL XA KR KX AR R R AR K
DESCR PTI ON )

MERSYN nerges radiances found wi thin the MERIS segment into the various */
bands of the synthesis provided in input. Mrging i s performed accordi ng !0*/
an algorithmto avoid cl ouds and invalid val ues.

*/
MER S products in input of MERSYN nay be any scene or segnents 1B with the */
full or reduced resol ution. *
*/

Products in output of MERSYN are orthorectified. I.e., the paral | ax defect */
due to the relief and the view angle are corrected. A each point of the *
output synt hesis, the el evati on value may be i nterpolated fromthe i
elevation data found within the "tie-point grid” or retrieved fromone or */
nore DEMs gi ven as "-dent' par ameter. )
At each poi nt of the output synthesis, the viewing angle is interpolated *

*

fromthe values found in the "tie point grid". /
*/

*/

MERSYN nay be used in three different contexts. In each one of these cases */
the set of files in input and output differ according to different Y
paranet er values. *
*l

USE CASE 1 - Mninumradiance synt hesis *;
*l

Ix - ner Nx -isy Dx -dem o
MERIS i nput DEM Y
segment synt hesi s list *

\ | o */

\ | */

\ | x|

MERSYN Requi red par anet er s o

| -sal = "Radi ance mini nunf *

I *l

| *l

Nx - osy */

out put &7

synt hesi s *

*I

Inthis use case 1, the sel ection al gorithm (paraneter "-sal") has the A

value "Radi ance minimunf. The N bands of the output synthesis are computed */
fromthe N bands of the input synthesis in which the correspondi ng pi xels */

of the MER S segment replaces the "synthesis pixel" if its radiance is */
inferior and if the "MERIS pi xel " is not flagged as corrupted. i
*/

*I

USE CASE 2 - Maxi num NDVI synthesis R
Ix - ner Nx -isy X -ivi x -dem */
MERI S i nput i nput CEM *
segment synt hesi s NDVI li st o

\ | / . */

\ | / . */

\ | / */

MERSYN Requi red paraneters */

| \ -sal = "NDM naximunt' =

| \ x|

| \ x|

Nx - osy Ix - ovi i

out put out put *

synt hesi s NDVI *

*/

In this use case 2, the sel ection al gorithm (paraneter "-sal") has the *
value "NDM naxi nuni'. The N bands of the out put synthesis are conputed o

fromthe N bands of the input synthesis in which the correspondi ng pi xel s */
of all the N bands of the MERIS segment repl aces the "synthesi s pixel s" of */
the N bands if the NDVI conputed fromthe red and NI R bands is greater *
than the one found in the "input NDVI inage". */

USE CASE 3 - Nbpplng B

Ix -ner Dx -dem *l
MERI S DBEM */
segrrsnl list 7

\ 5 *I
\ a */
MERSYN Requi red paraneters *

| -cha selected bands *

| -prj output projection *l

| -ul upper-| ef t coordi nat es */

Nx - osy -lr | over-right coordinates */

out put -pxh pixel hei ght *

synt hesi s -pxw pixel width ki

I'nthis use case 3, MERSYN acts as a sinple orthorectification process */
(like MAPPER) pfoduci ng N bands (paraneter "-cha') of geocoded i mages which*/
projection ("-prj"), boundi ng box ("-ul","-Ir") and pi xel sizel ("-pxh", Bl
"-pxw) are defl ned by the user and not inplicitely deduced from the i nput */
synt hesis like in the other cases. Y
*/
The sel ection al gorithmis assumed to have the "Radi ance nininunt' val ue. *
This use case 3, nmay be used as the first step to produce a first synthesi s*/
which wil | be |leranvely upgraded like in the use cases 1 and 2.
Parameters "-ul" and "-lr" enables clipping a particul ar area of interest. ’/

*/

Aok R E F R R % E R A E E % E R A A E X A E E A F A X X E A A F % X R R A F F A % E X 4 R R % E E AL E % E R R E A A E E A F A A X E % A E E A E R R X E A A E E A E A X E R A A E X X E XA E A A A E X X E A A E E A %A
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— MERSYN SOURCE CODE

/* \When no val ues are given by user for these paraneters, the boundi ng box */
/* will be autonatical ly conputed by MERSYN as the snal lest rectangl e that */

;* includes the entire MER S segnent in input. *;
* *
/* \When no val ues are given by user for pixel size parameters ("-pxh" and o

/* "-pxw), MERSYNwill set these parameters to the nominal value of the FR or*/
/* RR products. £

1* *l
/* Unli ke the other use cases, when no synthesis is provided i n input, MERSYN */
/* will no chek if the pixel is corrupted looking for the values found in */
/* MDS(16). Al the pixels of the inmage w !l be mapped. *
I* */
1* */
1* */
/* PARAMETERS */
9 cosocoocnn */
/* Input segnent (<MERIS_segment in_input>) is a Foreign file formatted in */
fj= Earth Explorer (ENVISAT) format. Its name should nornally start with =ff
/* "MER_RR__1P. .. " prefix and should have ". N1" as suffix. Decoding of its £

/* Main Product Header (M) and Specific Pfoducl Header (SPH w Il lead to £
/* a long listing printed on the standard out put. */
/* */
/* Synthesis in |nput includes a |ist of 16-bits 2D Raster fil es natching the */
/* vari ous bands of the MERIS data to be processed. MERIS i nstrument has 15

/* bands in visible and near infrared spectra. The "channel " ressource of the ‘/
/* provided channel s shal | be distinct and within the range [1, 15]. £
/* Synthesis i mages incl udes a background to indicate that no valid value has *I
;: been yet found for this pixel |ocation. ”
/* \When the "NDM maxi nunt' al gorithmis selected, the max. NDVI matching the */
/* initialised values shall be kept and provided as <i nput_NDVI _mexi num i nage>*/
/* paraneter. For the first tine (i.e. if the synthesis does not yet include */
/* any segnent), this "-ivi" parameter may not be given. B
/* NDM values are in the range [-1,+1] and are represented wthin a 16-bits */
/* image within the range [1, 65535] (value O being to represent the *

/* backgr ound) . */
/* */
/* Synthesis in output (<output_synthesis_channel _list>) contains a file list */

/* matchi ng the synthesi s provided in i nput (same nunber of bands and channel */
/* list). For each pixel, if the pixel is declared as valid, pixels of all the*/
/* bands will be updated according to the al gorithm */
/* */
/* The NDVI naximum image (<output NDV _naxi numimage>) is an updated version */
/* of the <input_NDVI_naximum_image> in vhich the pixel s having a NDM greater */

/* than the one found in input (if any) wll be set to the val ue of this “ff
/* maxi num */
/* \When no NDVI nexi numinage is provided in input, all the pixels of the ’/
/* output NDM inmege wil | be |n|t|a||sed W|th a background val ue.

gl S P s I ) * ek H*”H“H“H*““*/
l* DOQUMENT */
/* " PO RS- MDA GS 2009 - ENVISAT PAYLOAD DATA SEGVENT - ENM SAT- 1 PRODUCTS */
/* SPEQ FICATI ONS - VAQ.UME 11: MERIS PRODUCTS SPEQ FI CATIONS - |ssue 3 *!
;* Revision F - 20/ 11/2000 - ESA ALCATEL SPACE' *;
/* COPYR GHTS */
/* Copyrights 2003 by GAEL Gnsultant - Al rights Reserved. */
/* GAEL Consul tant Proprietary - Delivered under License Agreement. Bl

/* Copying and O scl osure Prohibited Wthout Express Witten Permssion From */
/* GAEL Consul t ant. *l

J R RE KRR KRR KKK Kk KX R R KRR KR KRR R K KK KA KRR KKK KR K R KR K KK KR KR KRR KR KR KRR AR Rk

/* ADM N STRATI ON */
/* Serge RIAZANG-F 11.05.03 | v00.01 | Qeation of the SWconponent */
/* Serge RIAZANG-F 15. 05.03 v00. 02 Maxi mum NDM  opti on */
/* Serge RIAZANGFF 29.05.03 | v00. 03 Hag is_repl aced - > added_point _nu..*/
/* St ephane MBAYE 09.08.03 | v00. 04 Checked/ Addapted for FR node o

Gase of MAPPER behavi our *l

/* Serge RIAZANGFF 25.12.03 | vO1 02 Management of large files ( > 2@ ) */
/* Serge RIAZANCFF 12.07.08 */
/* Serge RIAZANG-F 09.08.04 | v02 02 F xing of prediction/correction bugs*l
1 * Serge RIAZANGFF 15.08.04 | v02. 03 “-ort" option added

| |
| |
| |
| | |
/* Serge RIAZANGFF | 04.11.03 | v01.01 |
| | |
| | v02.01 | Full new rel ease
| | |
| | |
| |

/* Serge RIAZANGFF 07.11.04 | v02. 04 # fdef TIMBENCH (Generat.bench pt)*/
/* Serge RIAZANGFF | 03.01.05 | v02. 05 | Change in dl at dl on correcti ons “ff

J R RE KRR KRR KKK K R X R KK KKK KR KRR KK KK KR KR KR K KR KR KR KRR KK KKK KR KRR KKK KK R KRR Rk

[ * R KRR KRR KRk Rk KRR R K KR KR K KR R K KK KR KR R K KK KR K R R K KK KK KR K R KKK K R R R Rk K K

/* ANSI C inclusion files *
[ KRR KR AR K KRR K KR KKK AR KRR KK KR KKK AR KRR KR KR KRR KRR KK KR K KR AR KRR KK AR KR AR K AR RE KR
#incl ude <stdio. h>

#i ncl ude <stdlib.h>

#incl ude <string.h>

#incl ude <mat h. h>

#i ncl ude <menor y. h>

#i ncl ude <errno. h>

#i fdef T M_PERF

#incl ude <time. h>

#endi f

/* X inclusion files are required while uslng TinFm (progress bar) */
#incl ude <X11/I ntrinsic.h>

#i ncl ude <Xnd Xm h>

[ R R KRR KR XK R KK X AR KRR KK R K RE AR KRR KR KL XX RE KK AR KL AR KRR RE AR KRR K AR A X R
/* TELI MAGO inclusion files *l
[ KRR KRR K KRR K KR KKK AR KA R KK KR KKK AR KRR KR KR KRR KKK R K KR AR KRR KK AR KR AR K AR A KR
#def i ne _Tim\eedProcess

#define _Tim\eedFil e

#def i ne _Tim\eedFor mat

#def i ne _Tim\eedPrj

<Timh>
<TimX h>

#incl ude
#i ncl ude
T T T T T T

/* Gl obal constants (mexi num 31 characters) £

R T E L L T R TR S Ry

#defl ne MODULE_NAME "STATION' /* module including this process*/

l* TI M.MERSYN BREAK_DETECTI ON is a large mexi num of the possibl e X difference */
/* between adj acent vertices of the segment boundary. When two successive Bl
/* points have a difference greater than this val ue, a -180/+180 break i s */
/* assuned. *
#define TI M I\ERWN BEAK EETECTI N (90 / 180. * T MPI)

#def i ne TI M MERSYN_PREDI CTI ON_CORRECTI ON_MAX_I TERATI QN 10

#def i ne TI M. MERSYN SH.ECTI ON_ALG(RI THM RADIANCE_.M N MUM 0
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#def i ne TI MMERSYN_SELECTI ON_ALGCRI THM NDVI _MAXI MUM 1
#def i ne TI MMERSYN_MERI S_TYPE_FR 0
#def i ne TI M.MERSYN_VERIS_TYPE_RR 1

#def i ne TI MMERSYN_PARALLELI SM THRESHQ.D ((double)1. e 12)

#def i ne TI M.MERSYN_HOT_AREA (TIMPI-.01)

6370997. 0

#def i ne TI M MERSYN_MEAN_EARTH_RAD US

e - -
/* Precisi on expressed i n part of ompm pixel size

#deflne TIMI\ERSVNMAXERR)R 0.1

/* Nunber of |ines per channels (selected channels + NDM (i f any) + MDS(16)) */
/* To optinize access, many |ines are kept within the buffer that is o
/* permut ated modul o the nunber of the line to access. Y
#deflne TI MMERIS, BUFFER MAX_L I NE_NUVBER 1000

KRR R R R AR AR KRR KK K K K R R R AR AR KKK KKK KK R K R R KRR K KK KK K R R AR AR K KKK R Rk R k]

/* Type defini tions *
[ % RE X R AR R KR AR KR XK KR KKK XK KL KRR KKK AR KX R K AR KK XX R E AR KL X R KR KK AR KL AK KA
/* I nput parameters structure *

t ypedef struct {

Ti nRFor ei gn ner; /* MER S segnent in input */

Ti nR2DRaster Li st isy; /* Input synthesis channel list */
Ti nR2DRaster ivi; /* 1nput NDVI meximuminage */
Ti nRZDRaslerLl st osy; /* Output synthesis channel list */
Ti nR2DRas ovi; /* Output NDM naxi mum image */
Ti nRSrlng sal; /* Selection al gorithm */
Ti nRDEMLI st dem /* input demlist */
Ti RS ring sam /* Sanpling net hod */
Ti RS ring prj; /* Projection */
Ti nRInt eger List cha; /* Channel identification */
Ti nRvector ul; /* Qutput image upper left corner */
Ti nRVector Ir; /* OQutput image | ower right corner */
Ti nRA oat pxh; /* Output image pixel hei ght */
Ti nRA oat PXW /* Output e pixel width */
Ti nRBool ean ort; I* Process orthorectificati on */
} T mMersynl p; /* PROCESS PARAMETERS */
/* Buffer used to access and keep MERIS data *

typedef struct {
unsi gned short linel ndex [TIM_MER S_BUFFER_MAX_ LI NE_NUMBER];
/* line index of data stored in array */
[TIM_MER S_BUFFER_MAX_LI NE_NJMEER] ;
/* image line */
/* PRQCESS PARAV\ETERS *1

unsi gned short *line

} Ti m\eri sBuffer;

KKK R kR R AR AR KR KR K KK KKK R KR R AR R KKK KKK KK KK K KK AR KR KK KK KKK KK K R AR R AR KKK AR K |

/* Forward decl arati ons *!
B D T T T e
int Tim\ersynConput eBoundary TIM PROTQ (

Ti nRFor ei gn neris_file, /* MER 'S segnent in input */

Ti nPr jProj ecti on
Ti nPrjProj ecti on
Ti nRPol yVect or List

*geographi c_projection, /* projection of tie points */
*synt hesi s_proj ecti on, /* output inage projection */
*boundary_p /* enveloppe to be computed */

))s

int TlmrsynConpuleLl nel rvtersectl on TI M PFOTC{(

doubl e point 0_x, I* X-coordinate of point 1 of DL */
doubl e point 0_y, /* Y-coordinate of point 1 of DL */
doubl e point 1_x, I* X-coordinate of point 2 of DL */
doubl e point 1y, I* Y-coordinate of point 2 of DL */
doubl e point 2_x, /* X-coordinate of point 1 of D2 */
doubl e point2_y, /* Y-coordinate of point 1 of D2 */
doubl e point 3_x, /* X-coordinate of point 2 of D2 */
doubl e point 3y, I* Y-coordinate of point 2 of D2 */
doubl e *poi nt_x_p, /* X-coordinate of concurrence point */
doubl e *poi nt_y_p I* Y-coordinate of concurrence point */
)

int Tim\ersynConput elntersecti onsW thBoundary TIM_PROTO((

doubl e current, /* curr.point Y-coord in oulput proje. */
Ti nRPol yVect or List *houndary P, /* enveloppe of MERI S segnent

Ti nRFloat List *intersection_p, I/* list of intersect. segnent %Ilne =

int *is_inside_p, /* "point is inside segnent” flag */

int *current_intersection_p /* intersection to be reached */
)i .
int TimversynGetAltitudeFronDem Tl M PROTQ (

doubl e longi tude, /* X-coord of point to be processed */
doubl e latit ude, I* Y-coord of point to be processed */
Ti nPr j Proj ecll on geographl c_projection, /* projection structure */

Ti nRDEMLI s /* DEMs in order they have to be read */
doubl e *altltude _p /* al titude to be initialized */

int Tim\ersynl sinFacet Tl M PROTO((

int iline_facet, /* line index of the UL tie-pt corner */
int ipixel_facet, I* pixel index of the UL tie-pt corner*/
doubl e syn_lon, /* Xcoord. point in synthesis */

doubl e syn_lat, /* Xcoord. point in synthesis */

doubl e *del t a_facet _x, /* 1'ine-position to conpute */

doubl e *del ta_facet _y /* pixel-position to conpute */

))

int TimM\ersynLocati onDirect TI M PROTO((

doubl e ner_x, /* X-coordinates in MERIS segment */
doubl e ner_y, /* Y-coordinates in MERIS segment */
doubl e al titude, /* Z-coordinates in MERIS segment */
int iline_facet, /* nunber of the tie-point frane */

int ipixel_facet, /* nunber of the tie-point col um */
doubl e delta_facet_x, I* X-coordinates wthin facet [0,1] */
doubl e delta_facet_y, /* Y-coordinates wthin facet [0,1] */
doubl e *l ongitude_p, /* longitude to be computed */

doubl e *l atitude_p /* | ati tude to be conputed */

int Tim\MersynLocati onl nverse TIM PR(]'C((

doubl e longi tude, I* X-coord of point to be processed */
doubl e latit ude, /* Y-coord of point to be processed */
int *iline_facet p, /* nunber of the tie-point frane */

int *i pi xel _facet_p, /* nunber of the tie-point col um */
doubl e *del ta_facet _Xx_p, /* X-coordinates wthin facet [0,1] */
doubl e *del t a_facet _y_p, I* Y-coordinates wthin facet [0,1 */
doubl e *mer _x_p, /* X-coordinates in MERIS segment */
doubl e *mer _y_p I* Y-coordinates in MERIS segment */
))

R |

int TimversynReadli ne Tl M PROTQ (
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Ti nRFor ei gn ner, /* MER S segnent in input */
int iband, /* spectral band to be processed */
int iline, /* line to be read */

Ti mMeri sBuff er

*meris_buf fer_p /* MER S buf fer to initialize */

/|

[ * R KRR KRR KRk Rk KR K R K KR KR K KR R K KK KR KR R K KK KR K R R K R KK KR K R KKK K R R R Rk K K

/* Gl obal vari abl es *

J KR KKK KA K KR KRR AR KKK KRR KK KR KRR KR KR KA K KR KK K KR KR KRR KR K KR KKK KK K KR KR KRR AR KA KKK

int process_MER S flag IM_TRUE;
int channel _i ndex_r ed ; /* BAND 7 in MERIS buffer list */
int channel _i ndex_NIR /* BAND 13 in MERI S buf fer list */

l* Used to nonitor perfornance

#u fdef T MPERF
clock_t

| ong

| ong

| ong

| ong

int

int

int

#endi f

1*
l* Used to pr\nl

#I fdef T M BENCH
struct {

Ti nR2DCoordi nates gcp;
e

double asting;

double nort hi ng;

double | ongit ude;

double latitude;

double altitude;

double viewingZeni th;
double viewingAzimut h;
double longitudeGrrection; /*
double | 'ati tudeCorrecti on;
double mer i sX0;

double mer i sYO;

double mer i sX;

double ner i sY;

. 98,
1431,
1792,

»
NNNNNNNNNNNNNONNN®N®N©©©0

944,

current _cl ock;
ti ne_line0;
tine_line;
ti ne_facet ;

el apsed_tine_facet;

facet _sear ch_sane

facet _sear ch_neighbour

facet _search_al |

out bench poi nls

T M MERSYN BENCH ] = {
19257241855421148e-01,
14724808475713269e-01,
12479007695734001e-01,
11376523852257003e-01,

91082662090661137e-01,
04598292212129973e-01,
88796031052489188e-01,
00106694851500877e-01,

67399691433426345€-01,
83406114503204076€-01,
67603856633425452e-01,
03699972987327871e-01,
87897711395466605€-01,
69890487863912787e-01,
46207520406638847€-01,
68747170708711125e-01,
4620751900947 2464e-01,
58620659256733609e-01,
39429289943063561e-01,
22524552646203966€-01,
32691894508517461e-01,
29302781755709395e-01,
18032956127631733e-01,
11254729211615366€-01,
82262798066772791e-01,

/* current clock val ue */
I* clock val ue of the 1st

ine */

/* current clock value of the line */

/* clock val ue of facet

research start*/

/* el apsed time of facet search / line*/

/* found wi thin current */
/* found around current */
I* search within all

facets */

I* GCP col lected in GEOREF appli cation*/

/* synthesis hori zontal
/* synthesis vertical

/* geodetic latitude */

/* interpolated altitude */

I* | atest
/* 1 atest

viewi ng zenith */
vi ewi ng azimuth */
latest longi thde correction */

coordi nate */
coordi nate */
/* geodetic longi tude */

/* latest latithde correction */
/* X-coord in MERIS segnent, 1st iter.
/* Y-coord in MERIS segnent, 1st iter.
I* X-coord in MERIS segnent, last iter.
I* Y-coord in MERIS segnent, last iter.
. 93235007893579031e-01, 2. 8640e+03 }

i

2.00584894386977269e-01,
2.19490434571149889e-01,
2.34231039082843873e-01,
2.41580924142774267e-01,
2. 62609766892887175e-01,
2.73144604332492325e-01,
2.93111802997920723e-01,
2.73144603481369597e-01,
2.94173452210109931e-01,
2.96296753023537141e-01,
1.99523244202737482e-01,
2.01646544668149574e-01,
1. 82496007596055609e-01,
1. 80372706900750301e-01,
2.02463198669260630e-01,
1. 99319080792183273e-01,
2.23492038218818967e-01,
2.21409570773334397e-01,
2.32965224840718077e-01,
2.46644178905278511e-01,
2.78207860731241208e-01,
2.56117366684067871e-01,
2.77146211985425106e-01,
1. 87763426261147615e-01,

2.
2
ik
i
1
&
2.
1
2
ik
1
4,
4,
3.
4,
5
5!
5.
5.
6.
£2)
6.
2l
I
6.

. 5900e+02 }
. 8000e+01 }
. 0200e+02 }
. 82002 +02
. 10002 +02
. 44002 +02
. 46006 +02
. 1900e +02
. 1700e+02 }
. 4300e+02 }
. 5600e+02 }
. 4000e+01 }

. 0540e+03 }
. 2290e+03 }
. 2650e+03
. 1200e+02
. 4400 +02
. 30008 +02
. 5800e+02 }
. 1000e+02 }
. 94002 +02
. 5510e+03
. 60002 +02

6000e +01

}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}
}

}
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
{
b

®
8

int bench_i ndex; /* index of current bench point */

int ibench; /* index anong bench points */

double null _el evati on_longi tude; /* used to conpute correction */

go;Jble null _el evati on_lati tude; /* used to conpute correction */
#endi

[ * R KRR KRR KRk Rk KRR R K KR KR K KR R K KK KR KR R K KK KR K R R K KK KK KR K R KKK K R R R Rk K K
/* n */
J KR KR KK K KR KRR AR RR KR KR KKK KK KRR KRR AR R K KR KKK KR KRR AR HR KR KR K KKK KRR R AR AR KR AR K|

int main

#i fdef TI M ANSI _PROTOTYPE

(

int arge, /* argunent count */
char **argv /* argunent val ues */
#else

(argc, ar gv)

int arge; /* argunent count */
char **argv, /* argunent val ues */
#endi f

J R R kR R K Rk Rk Rk K KR Rk K kKR K R R K K KR R K R R K R KR K R R KR R R K KR K Rk R Kk

/* Local variables (maxl mum 31 char acter s) */

R R L T L T e R R R R R R eyl

Ti nMer synlp ip; I* input parameters structure */

Ti nProcess process; I* standard process structure */

Ti nRInt eger sanpl ing_met hod; /* integer val ue of sanpling method */
int selection_al gorithm /* nunerica value of ip. sal */

int process_or tho; /* process orthorectificati on */

int neris_type; /* nuneri cal product type (FRor RR) */
Ti nRSensor header; /* MER S segnent header */

Ti nMer i sBuf f er *i _buf_neris[16]; /* MER S buf fers (radi ances+ndvi +fl ag) */
Ti nBuf f er Int **i_buf _synt hesis=NULL;/* input buffer list for synthesis */
Ti nBuf f er Int **o_buf “synt hesis=NULL;/* out put buffer list for synthesis*/
Ti nBuf f er A oat *i _buf_ndvi /* input buffer for NDVI naximum */

Ti nBuf f er A oat *o_buf_ndv /* output buffer for NDM maxi mum */
Ti nFm Buf fer Li st frt_buf fer; I* list of buffers to access TimFm */
Ti nRF | eList input file; I* struct used to pass ip.mer */

Ti nPrj Projecti on *geographi c_projection=NULL; /* projection of tie-points */

TinPrj Projecti on *synt hesi s_proj ecti on=NULL; /* output inage projection */

Ti nPrj Coordi nate prj_coordi nate; /* convertion prj coordinate struct */

Ti nRPol yVect or Li st boundary; /* coord. of the segnent envel oppe(s) */
#i fdef T M_PERF

int predi ction_correcti on_hi sto[
TI M MERSYN_PREDI CTI ON_GORRECTI ON_MAX_| TERATI ON+1] ;

I* prediction/ correcti on hi stogram */
int ihisto; /* index among items in histogram*/
int point _number ; /* total number of samples in histo. */

#endi f
double syn_|l on_origi /* 1ongitude of current point in synth*/
double syn_l at _origi /* 1 atitude of current point in synth*/
double syn_|l onl; I* 1ongitude of (ner_xO,mer_y0) inage */
double syn_lat1; /* latitude of (ner_xO0,mer_y0) inmage */
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double nmer_x_ori gin; /* 1st antecedent X-coord */
double ner_y_origin; /* 1st antecedent Y-coord */
double nmer_xo0; /* previous antecedent X coord */
double nmer_yo; /* previous antecedent Y-coord */
double mer_x1; /* current antecedent X-coord */
double mer_yl; /* current antecedent Y-coord */
int band_nunber; /* nunber of bands in the synthesis */
int iband; /* index anong bands in list */
int iline; /* index anong |ines in inage */
int ipixel; /* index anong colums in i mage */
int iline_facet; /* line index of current tie-pt facet */
int ipixel_facet; /* pixel index of current tie pt facet*/
int iboundary; /* index anong boundaries in list */
int ipoint; /* index anong points in list */
int iline_facet_first; /* nenmory of last full search: line */
int ipixel_facet first; /* menory of |ast full search: pixel */
int iline_in_buffer; /* nb of the Iine within MERIS buffer */
int fis I* conveni ent index */
int iline_segment; /* NNint. of origin pixel in segnent */
int ipixel_segnent ; /* NNint. of origin pixel in segment */

Ti nRH oat Li st intersection; /* list of intersect. segnent %Iline */
int current i ntersection; /* intersection to be reached */
double delta_facet_x; /* line-position wthin facet */

double delta_facet_y; I* pixel-position within facet */

int prediction_correcti on_number; /* nunber of iterations */
double dem altitude; /* local altitude of DEMfromfacet */
int processed_point _number; /* stat. checked pts in segment */
int added_poi nt_number; /* stat. valid pts in segnent */

Ti nRDoubl e image_hei ght ; /* height of output image */

Ti nRDoubl e image_widt h; /* height of output image */

double x_nin; /* used to compute boundi ng box */
double X_max; /* used to compute boundi ng box */
double y_nin; /* used to compute boundi ng box */
double y_nmax; /* used to conput e boundi ng box */
double x_current ; /* curr.point X-coord in output proje.*/
double y_current; /* curr.point Y-coord in output proje.*/
unsi gned short flag_ value /* value of current pixel flags */

int channel _i ndex; /* absolute channel index: 0->15 */

int radi ance_old; /* previous val ue of synthes.radi ance */
int radi ance_new; /* new val ue of synthesis radi ance */
int radi ance_new_r ed; /* new val ue of synthes. red radiance */
int radi ance_new_NI R /* new val ue of synthes. N R radi ance */
double ndvi _ol d; /* previous val ue of NDM */

double ndvi _new /* new val ue of NDvI */

int ndvi _ni n_pixel ; /* min value in NDVI file represent. */
int ndvi _nax_pixel ; /* max. value in NDVI file represent. */
double ndvi _nin_val ue; /* min value in external NDV repres.*/
double ndvi _nmax_val ue; /* max. value in external NDM repres.*/
int pi xel _val ue; /* auxiliary variable for int. value */
int st at us; /* status returned by 1/0O functions */
int is_inside; /* "point is inside segnent” flag */

int is_found; /* "facet has been found' flag */

int done; /* "l oop is conpleted flag */

int al ti tude_found; /* "altitude has been found" flag */

int process_pi xel; /* "pixel nmay be processed' flag */

int is_backgr ound; /* "current pixel is background' flag */
int is_repl aced; /* "at least one band replaced” flag */
int is_first_of_line I* "Is the 1st pixel processed" flag */

[ % RE KR KRR KR AR KRR R KKK AR KRR R KRR KK AR K KRR KR KKK RR KRR AR K KR KR KRR RE AR R AR K X[
/* Initialize appllcatlon */
B e R L L L R L T L s/
if (Timnit(&rgc,argv, MDULE_NAME, &process, & p) !'= T M OK)
TimExi t (&rocess, TIMPRS PARAM);
[ KRR X R AR R KR AR XX K R KKK XKL KRR R RE R KX R K AR KK XX KR E AR KL X R KR KKK R KL RK KA
/* Initialize fil es *
[ % RE KRR KRR KK R K KRR K KR RE K AR KRR R KRR KK AR KR RK KR KKK AR KRR AR K KRR R KRR KK AR R AR K K]
if (TimnitProcessing(&rocess, TIMFILE ALL) != TIM X)
TimExi t (&rocess, TIMPRS ERR(R);
if (ip.isy.num> 0)
band_number = ip.isy. nuny
el se
band_number = ip.cha num

] H R R kK TR R R KK KR K K KR R K KR R R R KK KRR R R R R K R R K R KKK K X R R K R KKk Rk K ]

/* Check par ameters &7
[ KRR R Rk AR R K KRR XK R KR Kk KR KR KRR R KR K R R KK R K R KRR R K K KK K Kk
/* Check algorithmoptions B

if (stremp(ip. sal ,"Radiance mini nuni) 0)

sel ection_algori thm= TI M. MERSYN_SH.ECTI ON_ALGCRI THM RADI ANCE_M N MUV
else if (strenp(ip.sal,”"NDVI maximunt') = 0)

sel ection_algori thm= TI M MERSYN_SH_ECTI ON_ALGCRI THM_NDVI
el se

_MAXI MUM

fprintf(Tim&derr, " MERSYN Invalid\"-sal\"
TimExi t (&rocess, TIMPRS PARAM);

paramet er.\n");

I * Check syn!hes\sfiles *
if (ip.isy.num> 0)

1%

I

iband<band_number ; i band++)

. isy.list[iband]->I ineNunber
. isy.list[iband] ->pixel Number !

(ip |sy.|ist[0]->|i neNunber )
(ip

(ipisy.list[iband]->dat aDept h

(ip.

(ip.

p- I
p.isy.list[0]->pi xel Number) ||
6) I

Il

i
i
1
|

na o

1
1
!
. isy.list[i band] ->backgr oundFl a:
. isy.list[i band] ->background !

= Tl M_TRUE)

fprintf (Ti nSt derr,
"MERSYN: Ressources of input synthesis i nages are not valid \n");
Ti mExit (&process, Tl M PRS_PARAN ;

}
for (i band=0; iband<band_number; iband++)
{

if ((ip osy.list[iband]->lineNunber !=ip.osy.list[0]->lineNumber) ||
(ip osy.list[iband]->pixel Number !'=ip. osy.list[0]->pi xel Number) ||
(ip osy.list[iband ->dataDepth != 16) I
(ip osy.list[iband] ->backgroundFlag != Tl M_TRUE) I
(ip. osy.list[iband] ->background != 0))

fprintf (Ti nSt derr,
" MERSYN Ressour ces of output synthesis i nages are not valid \n");

Ti mExit (&process, T M PRS_PARAM ;
}
}
e Check that al| the channel s are geocoded w th the same proj ection o
1* ressources *l

for (i band=0; iband<band_number; iband++)

if ((ipisy.list[iband]->projection == NULL) I
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(strcn‘p(l p.isy.list[iband]->projecti on,
p.isy.list[0]->projection) != 0)

Il
(ip.isy.list[iband]->origin.x ! p.isy.list[0]->origin.x) Il
(ip.isy.list[iband]->origin.y ! plsyllst[]->originy) [
(ip.isy.list[iband]->pixel Hei ght 0) Il
(ipisy.list[iband]->pixel Hei ght '-lplsy list[0] ->pi xel Hei ght) ||
(ipisy.list[iband]->pixel Wdth <= Il
(ipisy.list[iband]->pixel Wdth != |p.|sy,||st[0] >pixel Wdt h) )

fprintf (TinStderr, "MERSYN: | nval id projection ressources.\n");
Ti mExit (&process, Tl M PRS_PARAN) ;

}

o

Check the presence of NDM file *

Tl M_MERSYN_SELECTI ON_ALGOR THM.NDVI _MAXI MUM)

if (selection_algorithm
if (ip.ovi = NJLL)
{
fprint f(Tim& derr, "MERSYN: Algorithmbased on NDM analysis => "

"Output NDM file is required. \n");
TimExi t (&process, T M_PRS_PARAM);

el se
if (ip.ovi !'= NJLL)
fprintf(Tim&derr,
"MERSYN: Warning: A gorithm not based on NDVM anal ysis => "
"Output NDM file is not required.\n");
}
}
/* !
/* Anal yze the sanpling net hod &7
/* /
if (strcmp(ip.sam TIM SAMPLING NEAREST NEI GHBOUR == 0)
sanpli ng_rrelhod = TIM SAMPLI NG METHOD_NEAREST_NEI GHBOUR
else if (strcmp(ip. samTIM SAMPLING BI_LI NEAR = 0)
sanpli ng_nethod = TIM SAMPLI NG METHOD BI_LI NEAR
else if (strenmp(ip. samTIM_SAMPLING BI_QUBIC) == 0)
sanpli ng_nethod = TIM SAMPLI NG METHOD BI _QuBIC;
else if (strenp(ip. samTIM SAMPLING SING = 0)
sanpling_nethod = TIM SAMPLI NG METHOD SING
el se if (stremp(ip. samTIM _SAMPLING MEAN = 0)
sanmpli ng_nethod = TIM SAMPLI NG METHOD MEAN
el se
{
fprintf (TinStderr,
" MERSYN Warning: Uhrecognized sanpling met hod \ "%s\".
"Setting default one: \"Nearest nei ghbour\"\n",ip. sam;
sanpling_method = TIM SAMPLI NG METHOD NEAREST_NEI GHBOUR
I *
/* \hen i nput synthesis is provided, the "-prj", "-cha", "-ul", "-Ir", "-pxh" */
/* nor "-pxw' parameters shal | not be provided by user =ff
I* !
if (ip.isy.num!= 0)
if ((ipprj !=NULL) il
(i p. cha.num!= 0) |
((ip-ul.x !'=0.0) || (ip.u.y !=0.0)) |
((ip-Ir.x 1=0.0) || (ip.lr.y !=0.0)) I
(i p.pxh 1=0.0) Il
(ip.pxw ! =0.0))
fprintf(Ti msderr,
"NERS(N Wen the input synthesis is provided \"-prj\", \" -cha\",
"eul\", \"-1r\", \"-pxh\" nor \"-pxwA" paraneters shall be
provlded \n");
TimExi t (&process, T M_PRS_PARAM);
}
/* !
/* \hen i nput synthesis is not provided, the "-prj", "-cha', "-ul", "-pxh" and*/
/* "-pxw paraneters shall a | be provided by user *|
I* !
el se
/
I *
I *

I+

I+

J*ee

if ((ip.prj
ip.cha.num= 0))

Autonatic selllng of default val ues. See here after
=0.0)

((ip.ul.x = 0.0 && (ip.ul. |l
((ip.Ir.x = 0.0) &&(Iplry—D.D)) Il
(i p. pxh I
(i p. pxw

fprlntf(Tnﬂderr
"MERSYN: When the input synthesis is not provided "
Wopri\t, \"-chal " "
mAT-ul A", A= lr\ ", \"-pxh\ " and \ - pxw”
"paraneters shall all be provided.\n");
TinExit (&process, Tl M PRS_PARAM);

Channel

nurrber rrusl rratch the nurrber of channels in output synthesis *|

if (ip.cha num!=ip. osy.num

fprlntf(Tnﬂderr
'YN: When t he channel identification list is provided, "
\ts nunter of itens (%) shal | exactly natch the number of bands "
"(%d) of the output synthesis \"-osy\".\n",ip.cha numip.osy. nun);
TimExi t (&process, T M_PRS_PARAM);

Check the UL / LR coordi nates *l
|f((|p.u\.x>|p.|r.x) I
(ipul.y <iplr.y))
fprintf(Tim&derr, "MERSYN: I nconsistant UL / LR values.\n");
TinExit (&process, Tl M PRS_PARAM);
Checkthe plxel size *

|f((|;)pxh<00) I
(i p.pxw < 0.0))

fprintf(Ti m3tderr, "MERSYN: | nvalid pixel height or
TimExi t (&process, T M_PRS_PARAM);

w dth.\n");
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}
}
| *

/
/* When i nput synthesis is not provided, the "-ivi" parameter shall not be 3
I* provided o

if (ip.ivi != NULL)

fprintf(Ti mXderr,
"MERSYN: When the input synthesis is not provided \"-ivi\" "
"paranet er shal | not be provided.\n");

TimExi t (&process, T M_PRS_PARAM);

}
I* !
/* When i nput synthesis is not provided, the MDY 16) flags will not be */
5" processed o
& 1

if (ip.isy.num==0)
process_MERIS_flag = Tl M FALSE

> !
/* When no orthorectification is required, no DBEM shal | be provided in input */
* !

if (1(ip.ort))
{

if (ip.demnum!= 0)

fprintf(Ti mXderr, "MERSYN: When no ort horectification is required, "
"no DBEM shal | be provi ded i n input.\n");
TimExi t (&process, T M_PRS_PARAM);

process_ortho = ip.ort;
B

/* Read MER S segnenl header o
B I T T T T rrrrrere——
header = NLLL

fm_buffer. num

fm_buffer.list

input_fil e num

input_file list T nRFil e*) Ti mAl loc( NWL, 1,sizeof (Ti nRFil e));

input_file list[0] = (TinRFil e)(ip.mer);

if ((status=Ti nFnmtEnvi satMeri sHeader Read( & nput fil e, TIM_FVT_LEVEL_STANDARD,
& m _buffer, T MFALSE, (TinRF | e*)( &header))) == TIM FVT_ERROR

NU.L

fprintf(Timderr,
i p. ner->name) ;
TimExi t (&rocess, TIMPRS ERR(R);

"MERSYN Error while decoding \"%s\".\n

if (status != T MFM_VALI D)

fprintf(Tinderr,
"MERSYN MER S fornat has not been recognized in\"9%\".\n",
i p. ner->name) ;

Ti mExi t (A’arocess TIM PRS_ERRR);

1%
/* Determine the type of MER S segment to be processed *

if (strncnp( & T M_FM_ENV SAT_MER S _SPEQ AL. ajhmscrlp!or[A]) FR',2) = 0)
meris_type = TIM MERSYN_MER S_TYPE_FR

el se

if (strncnp(& T M FM_ENV SAT_MER S_SPEQ AL. SphDescriptor[4]), "
meris_type = TIM MERSYN_MER S_TYPE_RR

el se

RR', 2 = 0)

fpri nt f( Tim& derr,
" MERSYN Unknown MERI S type. SPH descriptor="9%\".\n
TIM FMT_ENVI SAT_MER S_SPECIAL. Sphescriptor);
TimExi t (&rocess, TIMPRS_PARAW);

%R KRR KRR KR AR K KRR K KR KKK AR KRR KK KRR KK AR K KRR KR KKK AR KR KRR K KRR R KRR KK AR R AR K K]
/* Set output file ressources &7
[ KRR R Rk KR KR R KKK KRR XK R K Kk KR R KR KK KR KRR R Kk KRR KR K kKR KR K R KK Rk
/* When the input synthesis is not provided, all the resources shal | be set B
/* here (no heritage from"-i o

if (ip.isy. nu
for (i band=0; iband<i p. osy.num i band++)
{
i p.osy.list[iband] ->dat aDept h
i p.osy.list[iband] ->backgroundFlag
i p.osy.list[iband] ->background
ip.osy.list[iband] ->projecti on = Ti nStr Dup(i p. prJ)‘
e Pixel height *
if (ip.pxh !
ip.osy. list[iband] ->pi xel Hei ght = i p. pxh;
}
else
if (strstr(ip.osy.!list[iband]->projection, "proj ecti on=Geographi c")
1= NUWL)
{
if (meris_type = TI M MERSYN MERIS_TYPE_RR)

i p.osy.list[iband]->pi xel Height =
TIM_FMT_ENVI SAT_MERI S_RR_PI XEL_SI ZE /
TIM_MERSYN_MEAN_EARTH_RAD LS;

}
else if (meris_type = TI M. MERSYN MERIS_TYPE_FR)
{

i p.osy.list[iband]- >pi xel Height =
TIM_FMT_ENVI SAT_MERIS_FR_PI XEL_SI ZE /
TIM_MERSYN_MEAN_EARTH_RAD LS;

}
}
el se
if (meris_type = TI M.MERSYN MERIS_TYPE_RR)

i p.osy.list[iband]->pi xelHeight =

TIM_FMT_ENVI SAT_MERI S_RR _PIXEL_Sl ZE,
}
else if (meris_type = TI M MERSYN MERIS_TYPE_FR)
i p.osy.list[iband]->pi xel Height =
TIM_FMT_ENVI SAT_MERIS_FR_PIXEL_Sl ZE
}
}
}
1* Pixel wdth */
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if (ip.pxw !=0.0)
\ ip.osy. list[iband]->pi xel Wdth = ip.pxw

else

if (s\rstr(lp osy. list[iband]->projection, "proj ecti on=Geographi c")
= NW

if (meris_type = TI M MERSYN MERIS_TYPE_RR)
ip.osy.list[iband]->pixelWdth =
TIM_FMT_ENVI SAT_MERIS_RR_PIXEL_S ZE /
TIM_MERSYN_MEAN_FARTH_RAD LB;
}
else if (meris_type = TI M MERSYN MERIS_TYPE_FR)
{
ip. osy li st [iband]- >pi xel W dt h
TIM_FMT_ENVI SAT_MERIS_FR _F PIXEL S ZE |

TIM_MERSYN_MEAN_EARTH_RAD! US;
}

}

{e\ se
if (meris_type = TI M MERSYN MERIS_TYPE_RR)
{

ip.osy.list[iband]->pixelWdth =
TIM_FMT_ENVI SAT_MERIS_RR_PIXEL_S ZE

}
else if (meris_type = TI M MERSYN MERIS_TYPE_FR)
{

ip.osy.list[iband]->pixelWdth =
TIM_FMT_ENVI SAT_MERIS_FR_PIXEL_S ZE

)
i p.osy.list[i band] ->r adioShi ft

ip. osy.list[iband]->radioFactor

ip. osy.list[iband]->thenaticlut.num

ip osy.list[iband]->thematiclut.list NULL
Ip.

ip

Ip.

. osy.list[i band] ->channel ip.cha.list[iband];
. 0sy.list[iband] ->histo. num =0;
osy.list[iband] ->histo. Iist = NULL;
} /* Loop on bands */
#i fdef T M DEBUG
fprintf (TinStdout, \nSETI'ING PIXEL S ZE IIFPULT VALUES\ n") ;
fprintf (TinStdout, PIXEL HEIGHT = %\ n",
ip osy.list[0]- >p| xel Feight) ;
fprintf (TinStdout, PIXEL WDTH = 9%\n",
ip. osy.list[0]->pi xel Wdt h);

<<

#endi f
) /* \\hen the input synt hesls is not provlded

/* NDM output image

R,

if (selection_algorithm

TI M MERSYN_¢ SELECI'IC]\I ALGOR THM NDVI _MAX MUM)

i p. ovi ->dat aDept h

i p. ovi ->backgr oundFlag
i p. ovi ->backgr ound
ndvi _min_pi xel

ndvi _max_pi xel

ndvi _min_value

ndvi _max_value

i p.ovi ->radioShi ft

I_TRLE;

E)w((duuble)z (double)i p.ovi - >databepth) - 1;
i O

1
=it
0;
i
p
1.
(

ndvl _mn_val ue * ndvi_max_pi xel -

ndvi_nax_val ue * ndvi_mnin_pixel ) /
(ndvi_nmax_pixel - ndvi_min_pixel);

i p.ovi ->radioFactor = (ndvi_nmax_val ue - ndvi_mn_value) /
(ndvi_nmax_pixel - ndvi_mn_pixel);

B T T T rrrrrrrre———
/* Allocate the geographi c and out put projections to process conversion *
[ KRR R KRR K KRR K KR AKX AR KA X KK KR K RE AR K KX AE KR KA KRR KKK R K KA A KRR RE AR K KX A K AR A X R
geographi c_projecti on = NJLL;
synt hesis_projection = NJLL;
if (T mPr j Al [ ocPr oj ection( " proj ection=Geographic ell |pso\ d=WG5_1984 "
"datun¥WGS_84 uni t =r adi an central _meri di an=G eenw ch"
NULL, &geographi c_projecti on) ! = TIMOK)

fprintf(Timderr,"MERSYN Cannot al locate geographic projection.\n");
TimExi t (&rocess, TIMPRS ERR®R);

if (TimPrjAllocProjection(ip. osy.list[0]->projection,NUL,
&ynt hesis_proj ection) != TI MX)

fprlnH(T\nﬂderr.
"MERSYN Cannot al locate output synthesi s projection\n");
TimExi t (&rocess, TIMPRS ERR(R);

J R R KRR KRR R R KR X AR R K KRR K KRR K K KK KR KK K KK R K KRR K K KR X R KR KK KR KR K R K K
/* Build the segment boundary (footprint frontiers) wthin the projection of */
/* the synthesis image. This envel oppe will enable to conpute the intersection*/
/* of each line of the synthesis with the segnent speeding up the processing. */
[ KRR KRR K KRR K KR KKK AR KRR KK KRR KX AR K KRR KR KE KR KRR KK R K KA XK K KR KKK AR KR AK K AR KK R]
boundary. num = 0;
boundary. li st =
if (T m\ersynCOrvpul eBoundary(
ip. ner,
geogr aphic_proj ection,
synthesis_projection,
&oundary) != TIM_X)

fprintf(Timxderr,
" MERSYN Cannot conpute the segnent boundary.\n");
TimExi t (&rocess, TIMPRS ERR(R);

J R R KRR K KR Rk R R KR R KR KR K R Rk R K KR R K KK R K R R K R K X R K R R K R R R R K K

/* \When the input synthesis is not provided, the output synthesis size and =l
/* origin shal| be retrieved fromthe segment boundary Ii st *|

J KKK KRR K KR KR KRR KR KKK KA KKK KK KRR KR KRR K KR KR K KR KR KRR KR KR KRR KR K KR RR R AR AR KRR |

if (ip.isy.num== 0)

1* Get the minimumand maxi num coorcll nates from all lhe boundary segments */

TIMFLT_MAX;
yor T M FLT_MAX
for (iboundary=0; iboundary<boundary.num i boundary++)

for (ipoint=0; ipoint<boundary.list[iboundary].num i point++)

i (boundary list[iboundary].list[ipoint].x < x nin)
x_mn = boundary. |i st[iboundary].list[ipoint].
(boundary list[iboundary].list[ipoint].x > x nax
x_nmax = boundary. li st[iboundary] .| |st[| poi ntT.

if (boundary.list[iboundary].list[ipoint].y < yini n)
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= boundary. li st[iboundary] .list[ipoint].y;

if (boundary.list[iboundary].list[ipoint].y >y_nax)
y_max = boundary. li st[iboundary].list[ipoint].y;
}
}
-- Sox
e Add a small quantity to y nax in order not to cross single upper corner */
=y max + (y_nax - y_mn) / 10000.;
#I'def TIMDEBUG
fprintf (TinStdout, "\ nCOMPUTI NG | MAGE SIZE AND ORIGIN\ n") ;
fprintf (T nStdout, UL X = %f Y = %f\n", x_min,y max);
fprintf (T nStdout," LR X = %f Y = %f\n", x_max, y_min);
fendif ;

1= Conput e the i mage hel ght
I -

i nage_hei ght
#i fdef T M DEBUG
fprintf (T nStdout, " I MAGE HEIGHT = %f %s\n", i nage_hei ght,
((strstr(ip.osy.list[0]->projection, "proj ectr on=Gogr aphic")==NULL)?
"metres": "degrees"));

y_max - y_mn + 1;

#endi f
e Conpurelhelmge vvldlh o
i nage_w dth
#i fdef T M DEBUG
fprintf (TinStdout," |NAGE WDTH = %4f %\n", inage_wi dth,
((strstr(i p.osy.lrst[o]->projecnon "proj ecti on=Gsogr aphi ¢")==NULL)?

"metres": "

degrees"));

e Set output synthesys resources i

VR T

D

for (iban iband<i p. osy.num i band++)
ip. osy.list[iband ->l ineNunber = i nage_height /
ip.osy.l |sl[| band] - >pixel Hei ght ;
i p.osy.list[iband] ->pixel Number = inage_w dth
ip osy.l |sl[r band] - >pixel Wdt h;
i p.osy.list[iband ->origin.x = x_mn;
ip.osy.list[iband]->origin.y = y_max;

ip. osy list[i band] ->r ecor dLengt h
mnputeRecor dLength( (TimRF le) (i p. osy.li st[iband]));

}
#i fdef T MDEBUG

fprintf (T nStdout, LINE NUMBER = %\ n", ip.osy. list[0]->ineNumber) ;
4 fprintf (T nStdout," PIXEL NUMBER = %\ n", ip.osy. li st[0]->pi xel Nunber) ;
#endi f
/* When the input synthesis i s not provided . */
[ KR Ak Ak Ak kAR R Ak kR KR KA R kR KR %R KK KR KKK R R KR Rk Rk R K R A Kk Kk
/* Allocates buffers *l
[ % RE R R AR R KK AR KR XK R KKK XK KL KRR K RE R XA K AR HE XX KEE AR K AL X KR KKK AR KL RK KA
/* Li st of input and output synthesis buffers *
IR L%y
if ((((ip.isy.num> 0) &&
(i_buf synthesi s=(Ti rrBJf'erInl**)TmN loc(NUWL,band_nunber ,
si zeof (Ti mBuff erl nt *)) NULL) ) I

((o_buf _synt hesis= (TlrrBufferInt’*)Tl mAll oc( NULL, band_number,
sizeof (TimBuf fer Int*))) == NUL))

fprl ntf(Tlrr&derr,
RSYN Cannot al locate input and output synthesis buffers lists.\n");
Ti nExl t (&rocess, TIMPRS ERRR);

% o e e e e e e e e e e e e e e e e e e %]

/* Al Ioca\e input and output buffers for each band of the synthesis *

for (l band:
{

P

|band<band7nunher, i band++)

if (ip.isy.num> 0)

if ((i_buf_synthesis[iband]=(Ti nBuf ferint*) T mA locBuf ferSequential(
(TinRFile) (ip.isy. list[iband]), T M DATA TYPE I NT, 1,
TIMEDGE_| NIT_METHD_NONE) ) == NJLL)

fprintf (Ti nSt derr, "MERSYN: Cannot all ocate buffers of bands.\n");
Ti mExit (&process, I M PRS_ERFOR ;

}

}

if ((o_buf_synthesis[iband]=(Ti nBufferlnt*)TimA | ocBuf fer Sequential (
(TinRFile)(ip.osy. \lst[lband]) TIMDATA TYPE_INT, 1,
TIM_EDGE_INIT_METHOD NONE)) = LL)

fprintf(TimXderr,
"MERSYN: Cannot al locate output buf fer of synthesis.\n");
TimExi t (&process, T M PRS_ERROR);

}

P,
/* Allocate buffers for each one of the 16 possibl e channel s o
/‘ Buffer lines will be dynami cally all ocated whi | e reading the |ine B

for (i band=0; iband<16; iband++)

if ((i _buf_neris[iband] (TlmrlsBmler*)anloc(NuL 1,
sizeof (Ti nMeri sBuf fer))) =

fprinH(T ms derr,
"MERSYN: Cannot al locate input buffers for MER S.\n");
TimExit (&process, T M PRS_ERROR);

}
for (i =0; i <TI MMERIS_BUFFER_MAX_LINE_NUVEER; i++)
i _buf _neri s[i band] ->I inel ndex[i]
i “buf _neri s[i band] ->l ine[i]
}
}

/* Input and output NDM buffers i
!

(‘ 1= NWL) &&
((i_buf ndvr =(Ti mBuff erFloat*)Ti nmAll ocBuf f er Sequent i al (

(TimRF le) (i p.ivi), TIMDATA_TYPE_FLQAT, 1,

Tl MEDGE_| N T_METHOD_NONE)) == NU.L)) Il

(

(ipovi !'= NWL) &&
((o_buf _ndvi =( Ti mBuff erFloat*)Ti nAll ocBuf f er Sequent i al (

(TinRF le) (i p. ovi ), TIMDATA_TYPE_FLOAT, 1,

T M EDGE | N T_METHOD_NONE)) == NULL)))

fprl ntf(Tlrr&derr,
RSYN Cannot al locate input and/ or output NDVI buffers.\n");
Ti ITEXII ( &rocess, TIM PRS ERR(R);

1* !
/* Initialise the prediction/ correcti on hi stogram *
*

#i fdef T M_PERF
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for (ihisto=0; i histo<=TIM MERSYN PRED CTI ON_CORRECTION MAX_| TERATI CN;
i histo++)

predicti on_correction_histo[ihisto] = 0;

#endi f

J KRR KRR KRR KKK KK R KR R KRR KR KR R K KK KA KRR KKK KE K R KRR KK KR KR KRR KR KK KRR R R K
R R R L T 2 11

/* LO®P | */

R L R R R R R R Rt a ]

processed_point_number = 0;
added_poi nt _nunber = 0;
l* Usually the first facet tu be processed is lhe upper rlghr one i

iline_facet _first
i pixel _facet first
#i fdef T M_PERF

oT M FMT_ENVI SAT_MERIS_SPECI AL.t i ePointNunber - 2

tine_|ine = current _clock;
tine_|ine0 = current clock;
el apsed_time_f acet =0;
#endi f
for (iline=0; iline< p.osy.list[0]->lineNunber; iline++)
{

iline_facet
i pi xel _facet

iline_facet _first;
i pi xel _facet_first;

y_current ip.osy.list[0]->originy -
iline * ip. osy.list[0]->pi xel Height;

is first_of line = TIMTRUE
[ KRR KR TR KR AR TR TH K AR KRR KK KT KE AR KR AK K AR KR KRR R RK KR KKK AR K KRR KK AR KR AR K AR HE X H]
1* Conput e the i ntersection of the segment boundary with the current line */
J R R AR KRR KKK R KR X R K K KK KR K KRR K K KR X R KK K KK KR KRR K K KK KR KRR KKK K KK R R KK
1* Loop on poi nts of the segment boundary *l
* /

intersection num = 0;
intersection list = NWL;
if (TinMersynConput el nt ersectionsWt hBoundar y(
y_current,
&oundary,
& ntersection,
& s_inside,
&urrent_intersecti on != TIM X)
fprrntf(T mt der r, "MERSYN: Cannot Conpute the intersection of lhe "
"segment boundary w th the current line #%d (Y-coord=%f).\

iline,y_current);
TimExit (&process, Tl M PRS_ERROR);

[ * R KRR K KR Rk kKRR R R K KK KR K R R K KK K KR R K KK KR KRR KR K KK KKK KR KRR KK K R K R Rk K K]

fj= Read current line frominput files &7

R T L Ty

f= Read i nput synthesis file(s) and copy val ues into output buffer(s) “ff

I* !
for (iband=0; iband<band_number; iband++)

if (ip.isy.num> 0)
{

if (TimReadl mageSequential ((Ti nRFil e)ip.isy.list[iband],
(Ti mBuff er*)i _buf_synthesi s[i band]) !'= TI M OK)

fprintf (Ti nStderr,
"MERSYN: Qannot read Iine % of band % from\"9%\". \n",
iline iband,ip.isy.list[iband]->nane);

Ti nExit (&process TI M PRS_ERROR ;

for (ipixel= ipixel<ip.isy.list[iband]->pixel Number; ipixel ++)
Ti nvalueSequential (o_buf_synt hesi s[i band],iline,ipixel) =
Ti nval ueSequenti al (i _buf_synthesi s[i band] ,i I ine, i pi xel );

}
else
{
for (ipixel= ipixel<ip. osy.list[iband]->pixel Number; ipixel ++)

Ti rrVaIueSequemlaI (o_buf _synt hesi s[i band] ,iline,i pi xel ) =
i p.osy. list[iband]->background;

}
}
/* /
fj= Read i nput ndvi (if any) and report val ues into output buffer */
I* !
if (selection_al gorithm = TI M MERSYN_SELECTION_ALGRI THM NDVI _MAXI MUN)
{
if (ip.ivi !'=NULL)
if (TimReadl mageSequential ((Ti nRFile)ip.ivi,
(Ti mBuff er*)i _buf_ndvi) != TI M)
fprlmf(Tl nStderr ,
"MERSYN: CGannot read |ine %d of input NDVI \"9%\".\n",
iline ip. ivi->nane);
Ti nExit (&process, TI M PRS_ERROR ;
[ Qnvert pl xel val ues to scientific val ues £
for (ipixel=0; ipixel<ip.ivi- >p|><e| Number; ipixel++)
{
if (Timval ueSequenti al (i _buf_ndvi,iline,ipixel) !=
i p.ivi->background)
Ti nval ueSequenti al (i_buf _ndvi ,iline, ipixel) =
i p.ivi->radioShift +
ip.ivi->radioFactor *
) Timval ueSequenti al (i_buf _ndvi,iline, ipixel);
}
f+ Qpy input NDM values into the out put NDVI buf fer i
ipixel<i p ivi- >p|xe| Number rplxe|++)
Ti nvalueSequential (o_buf _ndvi,iline ipixel) =
Ti nval ueSequenti al (i _buf_ndvi,iline,ipixel);
}
else
for (ipixel=0; ipixel<ip.ovi->pixel Number; ipixel++)
Ti n'valueSequential (o_buf _ndvi,iline ipixel) =
i p.ovi - >backgr ound;
}
B T T e ree——
/*  LOOP ON PIXELS */

[ %R kR KR KRR KRk KA KR K K KR KR K KR R K KK KR KR R K KK KR K R R K R KK KR R R KKK K R R R Rk K K

for (ipixel =0; ipixel<ip.osy.list[O]->pixel Nurber; ipixel ++)
#i fdef T M BENCH
f+ Look if the current point matches one of the bench points £

bench_index = -
for (ibench=0; (bench_i ndex==1) &&
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(ibench<Ti m\unber( Tl M_MERSYN_BENCH ) ; i bench++)
{
if ((T MMERSYN_BENCH i bench]. gcp.x iline) &
(T M_MERSYN_BENCH i bench]. gcp.y ipi xel))
bench_i ndex = i bench;
#endi f
x_current = ip. osy.list[0]->originx +
p ipixel * ip.osy.list[0]->pixelWdth; 0
e Case of point inside the segnent *
> !
if (is_inside)
{
* 1
1* Qnmpute the geographical coordinates of the current point and *
= Check that geographi ¢ coordi nates are valid &7
* !

prj _coordi nate. x = x_current;

prj _coordinate.y =y _current;

prj _coordinate. z = 0.0;

if (TimPrj Gnvert Coordi nate( &rj _coordinate,synthesis_proj ection,
&prj _coor di nat e, geogr aphic_proj ection) != TI M OK

fpri ntf (Ti nStderr,
"MERSYN: Cannot convert coordinates of current synthesis "
"point (%Uf 9%f).\n" x_current,y current);

Ti nExit (&process,TI M PRS_ERROR ;

éynfl on_origin

syn_lat_origin
#i fdef T M BENCH

if (bench_index != -1)

prj _coordi nat e. x;
prj _coordi nate.y;

T M_MERSYN_BENCH bench_i ndex] . east i ng

T M_MERSYN_BENCH bench_i ndex] . nort hing
Tl M_MERSYN_BENCH bench_i ndex] . | ongi tude
Tl M_MERSYN_BENCH bench_i ndex] . | ati t ude

x_current;
y_current;
syn_l on_origin;
syn_l at_origin

}
if (prj_coordinate.x != TIM_ A QAT_UNKNOAN

#endi f

KRR R kKR KR R R KR KRR KR K R K KR R R R KK KRR R R R R K R R K R KKK K X R R R R KKk Rk K ]

I* PREDI CTION / CORRECTION ALGQRI THM - | N TIALI SATI ON */
[ X RE R R kKR KR KRR R KRR XK R KK K K KRR KRR KKK A AR R R K K KX R KR K K KRR KR K KK K AR R K
i For the first pixel to be processed per line, start the search */
e around the facet natching the first pixel of the previous line */

i{f (is_first_of line)

iline_facet
i pixel _facet

iline_facet _first;
i pixel _facet_first;

1* !
I* Process the inverse location model *
1* Retrieve the antecedent of the poi nt being processed */
I* !

if ((is_found=TimMersynLocati onl nverse(
syn_l on_origin,
syn_|l at _origin,
& line_facet,
& pi xel _facet,
&lel t a_facet _x,
&el ta_facet _y,
&mer _x_ori gin,
_y_origin)) == TIMERROR
fprl nt f (TimStderr,
MERSYN Gannot retrieve antecedent of (% f,%f).\n",
syn_lon_ori gi n,syn_lat_ori gi n);
Ti nExi t (&rocess, TIM_PRS ERR(R) ;
}
ner_x0 = mer_x_origin;
ner_y0 = mer_y_origin;
#i fdef T M BENCH
if (bench_index != -1)
{

Tl M MERSYN_BENCH bench_i ndex] . neri s X0
TI M_MERSYN_BENCH bench_i ndex] . neri s YO

ner_x_origin;
ner_y_origin;

}
#endi f
1* For the first pixel to be processed per line, keep the facet */
e that has been found to prepare the processing of the first *
e pi xel of the next |ine o
if ((is_first_of_line) && (is_found))
{
iline_facet _first =iline_facet;
i pixel _facet first ipixel _facet;
is_first_of _line = TIM FALSE
[ %R KRR R KR AR XX K AR KKK AR KL KKK AR KKK R KX R K AR HE XX KEEHE AR KL X R KR KKK R L HK K X[
I* PREDI CTION / CORRECTI ON ALGCRI THM - LQDP */
1* Scope is here to refine the i nverse | ocalisation in order to *
1* correct parall ax ef fects *
% RE KRR KRR KR KR K KRR K KR KKK AR KRR KK KRR KK AR K KR AR K KR KR KRR KR KRR K KRR R KRR KK AR K KRR K K]
prediction_correcti on_number = 0;
ner_x0 = mer _x_origin;
ner_yo0 = _y orign
done = TIM_FALSE;
whil e ((process_ort ho) &
(i s_found) &
(! (done)))
{
I'ncrement the number of iterations *l
A b --- B R TR T |
prediction_t cofrectlon numler =
predicti on_correcti on_nunber + 1;
* !
e Get altitude at (ner_xO, ner_y0) point o
1> !
1* Get aJtltudefromDEMs(lf any) *

al ti tude_found = T M FALSE;
demal titude = 0.0;
if (ip.demnum> 0)

if ((altitude_found=Timver synGetAl ti tudeFr omDem(
syn_lon_ori gin,
syn_lat_origin,
geographi c_projection,
&(i p.dem) ,
&demaltitude)) = T M ERR®R)

1prinlf(T 3 derr,
"MERSYN: Cannot get altitude fromDEM.\n");
TimExit (&process, I M_PRS_ERROR);
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}
1* I'f not found |nterpo|atealllludefromt\&puntsgrld */
if ('(allltude found))
dem al ti tude =
(1 - delta_facet x) * (1 - delta facet_y) *
TIM FMT_ENVI SAT_MER S_SPECIAL. t i ePoi nt Llne list[
iline_facet].DemA titude[ i pi xel _facet]
(1 - delta_facet _x) * del ta_facet _y &
TIM FMT_ENVI SAT_MER S_SPECIAL. tiePoi nt Line. | ist[
iline_facet]. DemA titude[ i pi xel _facet+1] +
del ta_facet x * (1 - delta facet_y) *
TIM FMT_ENVI SAT_MER S_SPECIAL. tiePoi nt Line. | ist[
iline_facet +1]. DemA titude[i pi xel _facet] +
del ta_facet _x * del ta facet _y *
TIM FMT_ENVI SAT_MER S_SPECIAL. tiePoi nt Line. | ist[
iline_facet+1]. DemAl titude[i pi xel _facet +1];
dem al ti tude = dem_al ti tude *
TIM_FMT_BENVI SAT_MER S_SPECIAL. scali ngFact or Altit ude;
altitude_found = TI M TRUE
#i fdef T MBENCH
if (bench_index !'= -1)
TIM_MERSYN_BENCH[bench_i ndex] .altitude = dem.al ti tude;
#endi f
1 *
fj= Process the direct location applying the parallax correction*/
I* !
if (Ti mirsynLocati onDirect (
ner _xO0,
ner _yo,
demaltitude,
iline_facet,
ipixel _facet,
del ta_f acet_x,
del ta_f acet_y,
&yn_lonl,
&yn_lat1) |= TIM (X)
|pr| ntf(Tim derr,
MERSYN Cannot get direct inage of (% f, %f, %f).\n",
mer _x0,mer _y0,demal titude);
TimExi t (&orocess, TIMPRS ERR(R);
1* U
I* Process the inverse | ocati on nodel */
fj= Retrieve the ant ecedent of the point being processed *|
I* !
if ((is_found=Ti mrsynLocati onl nver se(
syn_lonl,
syn_lat1,
&i li ne_facet,
&i pi xel _f acet,
&del ta_facet _x,
&del ta_facet _y,
&mer _x1,
&mer _y1)) == TIM_ERROR)
fprinf(Tinxderr,
"MERSYN: Cannot retrieve antecedent for correction of (%f,%f).\n",
syn_|l onl,syn_lat1);
TimExi t (&rocess, TIMPRS ERR(R);
1* /
1* Process refinenent of the MERIS point */
/* !
it (1(is_found))
done = TI M TRUE
el se
{
I *
[*---

mr_xO + (rrer_x_ori gin -
nmer_y0 + (ner_y_origin -

)
> header- >l i neNumber -
(mer _y0 < 0)

> header- >pi xel Nunber - 1))

(mer _yo
{
done = TIM_TRUE;
L T R T )
[ Conput e t he facet coordi nates mat chi ng the new polnl £
else
{
iline_facet =
(i nt) (mer_x0 /
TI MFMT_ENVI SAT_MERIS_SPECI AL. |i nesPerTi ePt) ;
del ta_facet _x = (mer _x0 -
iline_facet *
TI M FM_ENM SAT_MER S SPEQ AL. i nesPer Ti eRt ) /
(double) T M FM_ENM SAT_MERI S SPEQ AL. |i nesPer Ti ePt ;
ipixel _facet =
(i nt) (mer_yo /
TI M_AMT_ENVI SAT_MERI'S_SPECI AL. sanpl esPer Ti ePt );
del ta_facet y = (mar_yo -
ipixel_facet
TI M FMT_ENVl SAT_MER S SPEQ AL. sanpl esPer TiePt) /
Tl MFM_ENVl SAT_MER S_SPEQ AL. sanpl esPer TiePt ;
}
}
1* !
I* Check prediction / correction | oop termination *
/* !
fj= Case of precision reached &7
if ((fabs(ner X, orlgl n - mer xl) TIM_NEFSYN_M—\X_EFROFQ &
(fabs(mer_y_origin - mer_yl) <= TIM MERSYN_ MAX_ERROR )
done = TI M TRUE
1* Case of meximumiteration *l

if (prediction_correction_number
TI M_MERSYN_PREDI CTI ON_CCRRECTI ON_NAX_| TERATI ON)

done = TI M TRUE
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}
} /* PREDI CTION / CORRECTION ALG(RI THM - LQOP */
#i fdef T M_PERF
prediction_correcti on_hi sto[prediction_correcti on_number] =
prediction correcti on_hi st o[predicti on_correcti on_nunber] + 1;
#endi f
iline_segment
ipixel _segnent

= Ti mRound(( fl oat )mer_x0) ;
= Ti mRound(( fl oat )mer_y0) ;
#i fdef T M BENCH
if (bench_index !=-1)
{

TI M MERSYN_BENCH[ bench_i ndex] . meri sX
TI M MERSYN_BENCH[ bench_i ndex] . meri sY

I+
1* Conput e t he (Ion Iat) correctlon at the new NERIS Iocatlon *
I *
I*

(mer _x0, mer _y0) assuming a null el evati on */
- %/

if (TimversynLocati onDirect (
nmer _x0,
ner _yo0,
(double) 0. 0,
iline_facet,
ipixel_facet,
del ta_f acet_x,
del ta_f acet_y,
&null _el evati on_| ongit ude,
&null _el evation_| atitude) != TIM_X)

fprlntf(Tlrrﬂderr.
"MERSYN Cannot get null elevation direct i mage of "
"(%f,%f,0.0).\n",
mer _x0, mer _y0);

TimExi t (&rocess, TIMPRS ERRR);

2I'I M MERSYN BENCH[ bench_i ndex] .| ongit udeGrrecti on =
TIM_MERSYN_BENCH[bench_i ndex] .| ongit ude -
nul | _elevation_| ongitude;

TI M MERSYN BENCH[ bench_i ndex] .| ati tudeCorrection =
TIM_MERSYN_BENCH[bench_i ndex] .l at i tude -
nul T_elevation_| atitude;

}
#endi f
KRR KR KRR KR AR K KRR K KR KKK AR KRR KK KRR KK AR K KRR KR KKK AR KRR AR K KRR R KRR KK AR R AR K K]
I* (heck that facet has been found and that the coordinates found */
1* are within the segment */
[ %R R AR R KR AR KX XK AR KK A ALK KK AR KKK R KX R K AR HE XX KEHFE AR KA X R KR KKK LR KX RK K X[
if ((is_found) 8&&
(iline_segnent >= 0) &
(iline_segment < header->li neNumber) &
(ipixel_segment >= 0) &
(ipixel_segnent < header - >pixel Nurber))

process_pixel = TI M.TRUE
processed _point_nunber = processed_poi m _number + 1;
iline_i n_buffer = iline_segnent

TI M.MERI S_ BUFFEF\‘ MAX_L I NE_NUVBER;

I
e Process MERI S fl ags getting the neasurenent fromthe MDY 16) */
1> !

if (process_MER S_flag)

I*
;* Read val ue 01 this pixel
*

if (i_buf_meris[15]->linel ndex[iline_in_buffer]
il ine_segment)

if (TinMersynReadLine(ip. mer,15,ili ne_segnent,
i _buf_meris[15]) != TI M)

fprintf (TimStderr,
"MERSYN: Unabl e to get pixel flag.\n");
Ti mExit (&process, Tl M PRS_ERFOR ;

3
flag_val ue =
i _buf _neri s[15] - > ine[iline_in_buffer][ipixel_segnent];
flag_val ue = flag_val ue > 8;
Check that pixel is flagged as valid Y
if (flag_value
(TIM_FMT_ENVI SAT_QUALI TY_FLAG_Q.INT_RI & |

TIM_FMT_ENVI SAT_QUALI TY_FLAG_ERI GHT |

*

/* stderr

*/
TIM_FMT_ENVI SAT_QUALI TY_FLAG_I NVALI D))
process_pi xel = T MFALSE;
} /* Process MERIS flags */

] KKK KR KK R AR AR KRR K KK KKK R AR R AR R KKK KKK KK KK K AR AR KR KR K KK KKK R R AR AR KR KK KK KK K K]

e Case of "Mximum NDM " algori thm *
[ X RE R R Rk KR KR KRR KKK KR XR R R Kk K KRR KRR KKK K R R KR K K KX R KR KKK K KR KR K KK K KRR
if ((process_pixel) 8&&

(selection_al gori t hm==
TI M MERSYN_SH.ECTI ON_ALGCRI THM NDVI _MAXI MJN) )

{
1* Get the Red value */
if (i_buf_meris[channel _index_red]->linel ndex|
iline_in_buffer] != iline_segment)
{
if (TinMer synReadLine(i p. mer,channel i ndex_red,
iline_segnent,i_buf _meri s[channel i ndex_ red]) 1=
TI M XK)
fprintf (TimStderr,
"MERSYN: Lhable to get red pixel (%, %) from\"%\"
iline_segment, i pi xel _segment, i p. mer ->nane) ;
Ti mExit (&process, T M PRS_ERFOR ;
}
}
radi ance_new red = i_buf _meri s[ channel _index_red] ->I ine[
n_buffer][Tpi xel _segment];
I* Get lhe NIRvaIue *

uf _mer i s[ channel _index_NIR] ->li nel ndex[
iTinelin_buffer] !'="iline segment)

if (TinMer synReadLine(i p. mer,channel _i ndex_NIR,
iline_segnent,i_buf _meris[channel _index NR) !=
TIMX)

fprintf (TimStderr,
"MERSYN: Lhabl e to get NIR pixel (9%, %) from\"%s\".\n
iline_segment, i pi xel _segment, i p. mer ->nane) ;
Ti mExit (&process, Tl M PRS_ERROR ;

}
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radi ance_new NIR = i_buf _meri s[ channel _index_NI R ->I ine[

iline_in_buffer][ipixel segment];

e 0

I *
;* Oorrpul @ !he new I\DVI val ue

if (radi ance_| newred + radlance _new N R == 0)
ndvi_new = 0.

else
ndvi_new = float)(radl ance_new_NIR - radiance_new red)/
float) (radi ance_new_ NIR + radiance_new | red)
f= Conput e t he previous NDVI val ue checki ng for backgr ound */
if (ip.ivi = NJLL)
is_background = TI M. TRUE
else i f (TinvalueSequential (i _buf _ndvi,iline,ipixel) ==
i p.ivi->backgr ound)
i s_background = Tl M TRUE
}
else
i s_background = Tl M FALSE;
ndvi_old = Ti nvalueSequential (i _buf _ndvi,iline,ipixel);
}
I* Case of new NDM greater lhan t he prew ous one (|f any) *5
f((is_ background) l
(ndvi _new > ndvi_ol d))
{
I* Report the new val ues for al |l the bands *
for (iband=0; iband<band _number; iband++)
{
channel _index = i p.osy. list[iband]->channel -
I Wenthel\nelsnollnbufwr. read it *
if (i _buf_neris[channel _i ndex]->linelndex[
iline_in_buffer] !'=iline_segnent)
if (TimMer synReadLi ne(ip. ner, channel _i ndex,
iline_segment,i _buf_meris[channel _index]) !=
TIM OK)
fprintf (Ti mXderr,
"MERSYN: Unable to get pixel (%, %) from\"%s\".\n
iline_segnent,ipixel _segnent,ip. ner- >nane) ;
Ti nExi t (&rocess, TIM PRS_ERROR) ;
}
fj= Report val ue =
Ti mvalueSequent ial (o_buf_synthesi s[i band] ,ili ne,
ipixel) = i_buf _meris[channel _index]->line[
iline_in_buffer][ipixel_segnent] ;
0 } /* Report the newval ues for a | the bands */ 0
f= Keep this new value of the NDVI 7
Timval ueSequenllal(o buf ndvl |I|ne ipixel) =
ndvi_new;

added_point _nunber = added_poi nt_number + 1;
} /* Case of new NDM greater than the previous one */
[* Case of "Mximum NDM " algori thm */

J KRR AR KA K KR KRR AR KR KR A K KR KK KRR KR KR KA K KR KK K KK KK KRR KR KA AR KK K KR KR KRR R KA A KK ]

Case of "M ninum radi ance” al gorithm £
] R R KRR KRR KR KK XX KX X KK R KKK AR KRR KR RE X XEER X KK R K KL AR KRR RE AR KRR K AR AR
else if ((process_pixel) &
(selection_al gorithm==
TI M_MERSYN_SELECTI ON_ALGCRI THM RADI ANCE_M N MUM)

{
f+ Loop on radiance of each band A
is_replaced = Tl M FALSE;
for (i band=0; iband<band_number; i band++)
channel _index = ip.osy. li st[iband]- >channel -
Y e e e e e e e eeaeo
1* When the line is not in buffer, read it
if (i_buf mer\s[channel |ndex] >||ne|ndex[
iline_in_buffer] !=iline_segnent)
if (TimMer synReadLine(i p. ner,channel _i ndex,
iline_segnent,i_buf_meris[channel_index]) !=
TIM.
fprintf (Tim&derr,
"MERSYN: Unable to get pixel (%, %) from\"%s\".
iline_segnent,ipixel _segnent, i p. ner->name) ;
Ti nExit (&process TI M FRS. ER?OR)
}
}
;* Chek that the new value is Iss than the previ ous one *l
if (ip.isy.num> 0)
{
radiance_old = Ti mvalueSequential (
i_buf _synt hesi s[i band] ,iline, i pi xel);
}
else
radiance_old = ip. osy. | ist[i band] ->backgr ound;
radiance_new = i _buf _neri s[channel _i ndex] ->I ine[
iline_in_buffer][ipixel _segnent];
if ((radiance_old = ip.osy.list[iband]->background) ||
(radiance_new < radiance_ol d))
{
f+ Report val ue £
Ti mvalueSequent ial (o_buf_synthesi s[ i band] ,i li ne,
ipixel) = radi ance_new;
is_repl aced = TIM TRLE;
} /* Chek that the newvalue is less ... */
} /* Loop on radiance of each band */
I* When at | east one band has been repl aced, increnent count*l

if (is_replaced)
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added_point _number = added_poi nt_number + 1;
} /* Case of "M nimum radi ance" al gorithm */

} /* Check that facet has been found */
} I* (heck that geographi c coordi nates are valid */

} /* Case of point inside the segnent */

1* U
= When the next point is crossing the segment boundary -> invert the *
e "is_i nsi de" flag Bl
1 *

whi le ((current_intersection < intersection.nun &
(intersection.list[current_intersection] <= x_current))
is_insi de
current _intersection

! is_inside;
current intersection + 1;

}
} /* LODP ON PIXELS */

] *RE R RE kKRR KRR KR K KRR KKK KKK KR R KRR KKK KR R KRR KKK KX R KRR KKK KR KR KR R KK R KR R R ]

1* Wite current line into output files *
R I N T T T T Oy rrr e
1* Synt hesi s i nage bands */
I* !
for (i band=0; iband<band_number; i band++)
if (TinWitel nageSequenti al ((Ti nRF | €)ip. osy.|ist[iband],
(TimBuf fer*) o_buf _synt hesi s[i band] ) ! = M_Om

fprlntl(T nst derr ,
"MERSYN: Cannot write line % of band % into \"9%\".\n"
iline,i band, ip. osy.list[i band]->name);

Ti mExit (&process, Tl M PRS_ERROR ;

}

}

1* !
1* NDVI  mexi num */
I *

if (selection_al gorithm = TI M MERSYN SELECTION ALGCRI THM NDVI _MAXI MUN)

{
L LT TR )
1* Transformscientific values into pi xel values *
[[Po000000000 00000000 50 00 065 60 965 05 H 6O BT 9 56 56 B 6T 6 © 6O BT © O HS @ B6 5 9T OB 6 56 6 0 90 6o ©

for (ipixel=0; ipixel<p.isy.list[0]->pixel Number; ipixel++)
{
if (Timval ueSequenti al (o_buf _ndvi,iline, ipixel) !=
i p. ovi ->backgr ound)
{
pi xel val ue = TIITR)LII’\d%
(Timval ueSequent i al (o_buf_ndvi,iline,ipixel) -
i p.ovi->radioshift) / ip.ovi->radioFactor);
if (pixel _value < ndvi _m n_pixel )
pi xel _val ue = ndvi_m n_pixel;
if (pixel _value > ndvi _max_pi xel )
pi xel _val ue = ndvi_nax_pixel;
Ti nvalueSequential (o_buf _ndvi ,iline,ipi xel) = pixel_val ue;
}
}
1* Wite line */
I*-- - - -

if (TinWitel nageSequenti al ( (Ti 3
(TimBuf fer*) o_buf _ndvi) != T MOK

fprintf (Ti nSt derr,
"MERSYN: Cannot write line % into \"%\".\n",
iline,ip. ovi->nane);

Ti mExit (&process, Tl M PRS_ERROR ;

[ KRR R Rk KR R K R KR KRR R Rk KR R KR KK KR KK K KK Kk KRR K R R R X R R K KR KRR R K
1* Rel ease menor y *l
[ % RE KRR R R AR KX XK AR KK A AR LK KK AR KKK R KX R K AR HE A X R EHE AR KA X R AR KKK LR KX HK K X[
if (intersection.list)
TimFr ee(int ersection. list);
intersection list = NWL;
intersection. num = 0;
[ R R R Rk KR R KRR KRR KRR R Rk KR R KR KK KR KRR KK Kk KRR KR K KR KR K R KK Rk
i Print out line progress B
B N T T T T T e e—
#i fdef T MPERF
current_clock = clock():
fprl nt f( Tim dout, " LI NE=%d el apsed/l i ne=98ld "
"facet search: -sane=%.1f %6 -neighbour=%.1f %6 -al|=%. 1f%% \r"
iline, current cl ock-time_line,
((facet_search_same+f acet _sear ch_nei ghbour+facet _search al | =0) ? 0.0 :
facet _search_sanme * 100.0 /
(facet_search_same + facet_search_nei ghbour+f acet _search all)),
((facet_search_same+f acet _sear ch_nei ghbour+facet _search al=0) ? 0.0 :
facet _sear ch_neighbour * 100.0 /
(facet_search_same + facet_search_nei ghbour+f acet _search_all)),
((facet_search_same+f acet _sear ch_nei ghbour+facet _search al | =0) ? 0.0 :
facet search _all * 100.0 /
(facet_search_same + facet_search_nei ghbour+f acet _search_all))

)i

time_line
#else

fprintf (T nStdout,
#endi f

/* LOCP ON LINES */
[ %R X R KRR KK AR KR XK R KKK X KE R KK R KRR AR KR KKK X KE X AR R KL AR KRR RE AR KRR K AR A X R
/* Print out statistics *l
[ R RE KR KRR KR AR K KRR K KR KKK AR KRR R KRR KK AR K KRR KR KR KRR KRR AR K KRR R KRR KK AR R AR K K]

fprintf (Trrﬂdoul \n
JE T

= current_clock;

"LINE=96d \r", i line);

/‘ Retrieving of the facet fromgeographic coordi nates B

#Mdef T M PERF

fprintf (T m&dout, "\ n");

current _clock = clock();

fpri nt f (TimStderr,
"Total el apsed time=% 3f seconds
"el apsed tine/facet=%43f seconds (9%.1f%9 \n
(float)(current_cl ock - tine_line0) / CLOO<S PER SEC
(float)el apsed_time_facet / CLOO(S?PER,SEC
100.0 * elapsed_ti me_facet / (current_clock - ti me_line0)

)
fprintf (T m&dout,"\n");
#endi f
/* Convergence of the prediction/correction | cop
#Hdef T M PERF
fprintf (T mXdout,
point_number 0;

for (ihisto=0; i histo<=TIM MERSYN PRED CTI QN_CORRECTION MAX_| TERATI QN;
i histo++)
poi nt_number = poi nt_number + predicti on_correction_histo[i histo];
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fprintf (T mXdout,"PREDICTION CQRRECTI ON LOCP STATI STICS
"(total processed points = %d)\n",
poi nt_numnber) ;
for (i Elsto 0) i histo<=TIM_MERSYN_PRED CT| ON_CORRECTI ON_MAX_| TERATI QN;
i histo++)

fprintf (TinStdout,". | TERATION [%2d] = %0d (%.1f 9@\ n",
i hi sto,predicti on_correction_histo[ihisto],
100.0 * prediction_correction_histo[ihisto] / (float)point_nunber) ;

}
#endi f
l* Nunber of processed and val idat ed points £
fprintf (T nﬂdout "\n")
if (process_ortho)
fprintf (TinStdout,"ORTHORECTIFICATI ON PRCCESSING = YES \n");
el se
fprintf (TinStdout,"ORTHQRECTIFICATI ON PRCCESSING = NO\n");
fprintf (Ti mXdout, "NUMBER OF PRQCESSED POINTS IN SEGVENT = "
" (% 1f %86 of synt hesis)\n",
processed_poi nt_number,
100. *processed_poi nt_number/
(ip.osy. | \st[o] >l i neNimber*ip. osy. | ist[0]->pi xel ther))
fprlntf (Ti mX dout, "NUMBER (F VALI DATED POINTS |N SEGVENT =
" (% 1f 98% of segrvem) (% 1f %% of synt hesis)\n",
added_poi nt _nunber ,
((processed_point_number =0) ?0: 100. * added_point_number /
processed_poi nt_nurmber) ,
100. *added_poi nt _nunber /
(ip.osy. list[0]->ineNumber*ip. osy.list[0]->pi xel Nunber));
l* Benchmak points £
#l fdef T M BENCH
fprintf (T m3dout, "\ nBENCHMAK PQ NTS\n") ;
fprl ntf (Ti m&dout, "## LI NE P XE GCP LON GP LAT. GP AT "
" EASTI NG NORTH NG LQONGI TWDE LATITUCE ALTI TUDE
"M EWZENITH VIEWAZI \UTH  LON. CORR. LAT. CORR. "
"RIGN LN PXEL MER S LI NE P XEL\n");
for (i bench=0; ibench<Ti nNunber (Tl M MERSYN_BENCH ; i bench++)
{
fprintf (TinStdout,"%2d 9. Of 9%.0f 9d2.6lf %2 6|f %4.0lf
"o4l 11f %1 1f 9a2.6lf %2 61f %1 Oif
"98.3l f 8.3l f
"98.31f 98.3f 9B.3If W SIf\n
i bench,
TIM MERSYN EEI\CH[i bench]. gep. x,
TIM MERSYN_BENCH[i bench]. gcp.y,
TIM_MERSYN_BENCH[i bench]. gcp. | ongit ude*180/ Tl M PI,
TIM MERSYN_BENCH[i bench]. gcp. | ati tude* 180/ TIM Pt ,
TIM MERSYN_BENCH[i bench]. gcp.al ti tude,
TIM MERSYN_BENCH[i bench]. easti ng,
TIM MERSYN_BENCH[i bench]. nor thi ng
TIM_MERSYN_BENCH[i bench]. | ongi t ude*lEO/Tl MPA,
TIM_MERSYN_BENCH[i bench]. | atitude*180/ Tl M PI,
TIM MERSYN_BENCH[i bench]. altit ude,
TIM MERSYN_BENCH[i bench]. view ngZeni th*180/ TI M PI,
TIM_MERSYN_BENCH[i bench]. view ngAzi mut h* 180/ Tl M| F'I
TIM_MERSYN_BENCH[i bench]. | ongi t udeCorr ect i on* lSO/TI MPI,
TIM MERSYN_BENCH[i bench]. | atitudeQrrection*180/ T M PI ,
TIM MERSYN_BENCH[i bench]. mer is X0,
TIM_MERSYN_BENCH[i bench]. merisYO,
TIM_MERSYN_BENCH[i bench]. merisX,
TIM MERSYN_BENCH[i bench]. merisY);
}
#endi f
[ KRR R KRR KRR KR KKK AR KRR KK R K RE AR KRR KR KL XX R X KK AR KL AR KRR RE AR KRR K AR A X R
/* Release proj ecti on structures *

[ KRR KRR K KR KKK KR KKK AR KRR KK KRR KK AR K KRR KR KR KRR KRR R KRR KR AR K KRR KK KR KR RK K AR KA X R
if (geographic_projection)
TinmPrj Fr eeProj ecti on (geographl c_projection);
geographi c_projecti on = NUL
if (synthesis_projection)
TinmPrj Fr eeProj ecti on (synt hesis_proj ection);

synt hesis_projection = NUL;
B
/ /

/* Close fil es */
R T T rr———
buf[0] ="\0';
sprintf (buf,"CRTHORECTI Fl CATION: % SEGMENT PQ NI'S: PROCESSED-%d ADDED=%d",

((process_ort ho) 2" YES": "NO") , processed_point _number ,added_poi nt_nunber) ;
if (TimExitProcessi ng(&rocess, TIMFILE_ALL, buf) !'= TI M.OK)
TimExi t (&rocess, TIMPRS ERR(R);

R T T L T R T

/* Return */

J KRR KRR KRR K AR KK X XK KL KKK AR K KA AR KX R K AR HE XX ER KKK AR K KL AR K RE AR XA K AR HE A 5]
Tinkxi t (&rocess, TIM PRS OK) ;

} /* end of MERSYN process */

[ R Rk Rk Rk R R Ak R AR R KR R R R KRR R KR KRR KK KRR KK KK Rk KR KR X K Rk Kk ]
/* TinMersynlsl nFacet retrieves the coordinates of the synthesis point inside */
/* the facet specified in input. These coordi nates are relative to the facet */
/* and are in the range [0, 1] each one. These val ues will be used as wei ght */
/* for further interpolation within the facet (parameters p and q in MERI S &7

;* docunentati on vol ume 11). *;
f+ (iline_facet,ipixel _facet) £
1* ~ o */
/* */
1* del ta_facet_x */
/* */
I* *l
1* */
1* */
1* */
/* */
/* */
fj= del ta_f acet y i
I* */

/* TinMersynlslnFacet returns TIMTRJE i f the point falls inside the facet, */
/* TIMFALSE i f not and TIMERROR when an error occurres. *
[ KRR KR AR K KRR KR AKX AR KRR KK KRR RE AR KRR KR KKK R KRR XK R KX AR KRR RE AR KR AK K AR A X R]
int TimMersynl sinFacet

#i fdef T M ANSI _PROTOTYPE

i(nl iline_facet, /* line index of the UL tie-pt corner */
int ipixel _facet, I* pixel index of the UL tie-pt corner*/
doubl e syn_l on, I* X-coord. point in synthesis */

doubl e syn_| at, I* Y-coord. point in synthesis */

doubl e *del ta_facet x, /* 1ine-position to conmpute */

doubl e *del ta_facet _y /* pixel-position to conpute */

#else

(iline_facet,ipixel _facet,syn_lon, syn_| at,
del ta facet x,delta facet_y)

int iline facet;

int ipixel _facet;
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doubl e syn_| on;
doubl e syn_| at;
doubl e *del ta_facet _x;
doubl e *del ta_facet _y;
#endi f
[ % RE X R AR R KR AR KRR KR KKK XKL KRR K RE R KX R K AR KK X AR KEE AR K LXK KR KKK AR KL AK KA
/* Local variables *
R RE KR KRR KR AR K KR XK R KKK AR KA R KK KRR RE AR KRR KR KKK R KEE AR K KRR R KRR RE AR R AK K X[
Ti nRDoubl eVect or facet [5]; /* 1ist of facet vertices */
int intersection_nunber;/* nunber of intersections found */
double intersection_|ist[2];/*list of intersection X-coordi nates */
double x_int ersecti on; /* current X-coord. of intersection */
int ivertex; /* index anong facet vertices */
double inter _pointl_x; /* intersection poi nt X-coordi nate */
double inter _pointl_y; /* intersection poi nt X-coordi nate */
double inter _poi nt2_x; /* al ong edge intersect.poi nt % coord. */
double inter _point2_y; /* al ong edge intersect.poi nt Y-coord. */
I
/* Check that facet is included wthin the tie- point matrix K
I

if ((iline_facet < 0) |
(iline facet >= TI M PMT_ENVI SAT_MERIS_SPECI AL.ti ePoi ntLi ne.num- 1) |
(i pixel _facet < 0) |
(i pixel _facet >= TIMFMI_ENVISAT_MER S_SPECIAL. t i ePoi nt Number - 1))
return ( TIMFALSE ;

1
/
/
|
|
|

I+
5* Report coordinates found in the tie point matrix */
*

facet[0].x = TIM PMI_ENVI SAT_MERIS_SPECIAL.

tiePoi ntLine. list[iline_facet].longitude[ipixel _facet];
facet[0].y = TIM PMI_ENVI SAT_MERIS_SPECIAL.

tiePointLine. list[iline_facet].latitude[ipi xel _facet];
facet[1]. x = TIM_FMT_ENVI SAT_MERI S_SPECIAL.

tiePoi ntLine. list[iline_facet].longi tude[ipixel _facet+1];
facet[1].y = TIM PMI_ENVI SAT_MERIS_SPECIAL.

tiePointLine list[iline_facet].latitude[ipi xel _facet+];

facet[2].x = TIM_PMI_ENVI SAT_MERIS_SPECIAL.
tiePoi ntLine. list[iline_facet+1].1ongitude[i pi xel _facet+1];
facet[2].y = TIM_PMI_ENVI SAT_MERIS_SPECIAL.

tiePointLine. list[iline_facet+1].latitude[ipixel_facet+1];
facet[3]. x = TIM_PVMT_ENVI SAT_MERI S_SPECI AL.

tiePoi ntLine. list[iline facet +1]. 1 ongi t ude[ i pi xel _facet];
facet[3].y = TIM FMI_ENVI SAT_MERI S_SPECI Al

tiePoi ntLine. list[ili ne_face\ +1]. |l atitude[ipixel_facet];

1* 1
/* Correct the possible overlap of the facet on the -180 / +180 fronti er *I
1* /
/* Case of at |east one point located on the +180 degrees East frontier &7

f( (facet[0].x > TIM_MERSYN HOT_AREA) I
(facet[1]. x > TIM_MERSYN HOT_AREA) Il
(facet[ 2]. x > TIM_MERSYN HOT_AREA) I
(facet[3].x > TIM_MERSYN_HOT_AREA) )

if( (facet[0].x<0) Il
(facet[1] .x<0) I
(facet [2] .x<0) I
(facet [3].x<0) )

if (syn_l on<0)
{

if (facet[0].x>0)
facet[ 0] . x-=2*TI M PI;
(facet [1] .x>0)
facet[1].x-=2*TI M PI;
(facet [2].x>0)
facet[2] . x-=2*TIMPI;
(facet [3] .x>0)
facet[3].x-=2*TIMPI;

(facet [0] .x<0)
facet[ 0] . x+=2*TI M PI;
(facet [1] .x<0)
facet[1]. x+=2*TI M PI;
(facet [2] .x<0)
facet[2] . x+=2*TI M PI;
(facet [3].x<0)
facet[ 3] . x+=2*TI M PI;

}
}
}

% e e e e e e e e e e e e e e e e e e e e e e e %]

/* Case of at |east one point located on the -180 degrees West frontier o
!

S ]

f( (facet[0].
(facet[1].
(facet[ 2].
(f acet[ 3].

< - Tl M.MERSYN_HOT_AREA 1
< - Tl M.MERSYN_HOT_AREA Il
< - Tl M.MERSYN_HOT_AREA) 1
< - Tl M.MERSYN_HOT_AREA) )

X X X X

if ( (facet[0].x>0) I
(facet[1] .x>0) I
(facet[2] .x>0) I
(facet[3].x>0) )

if (syn_l on<0)
{

if (facet[0].x>0)
facet[ 0] . x-=2*TI M PI;
(facet [1] .x>0)
facet[1] . x-=2*TI M PI;
(facet [2] .x>0)
facet[2].x-=2*TI M PI;
(facet[a] >0)
facet[3].x-=2*TI M PI;

el se

(facet [0] .x<0)
facet[ 0] . x+=2*TI M PI;
(facet [1] .x<0)
facet[ 1] . x+=2*TI M PI;
(facet [2] .x<0)
facet[ 2] . x+=2*TI M PI;
(facet [3].x<0)
facet[3]. x+=2*TI MPI;

}

/* Close the polygon dupllcallng the first point append i
facet[4].x = facet[ 0] . x;
facet[4].y = facet[0].y;

*

/
/* Conpute the intersection of the hori zontal passing through the synthesis Bl
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/* point with each one of the four segnents */
/* !
intersection_number = 0;
for (ivertex=0; (intersection_nunber < 2) && (ivertex<4); ivertex+)
if (!(Ti mDEqual(facet[ivertex].y facet[ivertex+l].y,(double)le-8)))
{
x_intersection = facet[ivertex].x +
éfacel[\ver(exi»l - face([lvertex] X) *
n_lat - facet[ivertex].y)
(facet[i vertex+l].y - facel[lver!ex].y),
fi Check that intersection point is wthinthe vertex segnent i
if (face([lvertex] X < facel[lvertex+l] x)
{
if ((facet[ivertex].x <= x_intersection) &8
(x_intersection < facet[ivertex+].x))
intersection_|ist[intersection_nurber] = x_i ntersection;
intersection_nunber = intersection_nunber + 1;
}
}
else
{
if ((facet[ivertex].x >= x_intersection) &
(x_intersection > facet[ivertex+l].x))
{
intersection_|ist[intersection_nurber] = x_i ntersection;
intersection_nunber = intersecti on_nunber + 1;
}
}
}
}
/* !
/* Check that the synthesis point is between the tw intersections *
/* !

if (intersecti on_nunber != 2)
return ( TIMFALSE) ;
if (intersection_list[0] <= intersection_list[1])

i
{

if ((syn_lon < intersection_|ist[0]) [l
(syn_lon > intersection_list[1]))
) return (Tl MFALSE ;
el se

if ((syn_lon > intersection_|ist[O0])
(syn_lon < intersection |ist[1]))
return (Tl MFALSE ;

J K HR KRR K KR KR KRR KR KR KR KR KK KRR KR KRR KKK KR K KR KR KRR KR KR KR KKK K KRR R AR KKK A |

/* Conpute the delta_facet_x del ta_facet _y weights *l
* */
/* The sol ution sol ves t he system */
/* */
/* syn_lon = (1 - delta facet_x).(1 - delta_facet_y).facet[0].x */
/> + del ta_facet_x .(1 - delta_facet_ y).facet[3].x */
I+ + (1 - del tafacet_x). del tafacet y . facet[1].x */
f+ + del ta_facet_x . del ta_facet y .facet[2].x */
1* */
l* syn lat = (1 - delta_ facet _X).(1 - delta facet_y).facet[0].
del ta_facet_x . (1 - delta facel)) facet[3].y */
/* g (1 - del tafacet_x). del ta_facet y .facet[1].y */
f= + del ta_facet_x . del ta_facet y .facet[2].y */
J KRR KR AR KRR KKK AR KK A AR LK RE AR K KA AR KX T K AR KT X R XK KK AR K LT K AR X TE AR XA K AR HE A K]
/* Conpute del ta facet y *
I T T T T rrrrn——
l* Check if (SDS!) and (S1S2) are not parrallel */
|f (fahs((facel[o] X - 'acet[3] x) * (facet[1].y - facem[z] y) -
(facet[0].y - facet[3].y) * (facet[1].x - facet[2].X)) >
T M MERSYN_PARALLELI SV THRESHOLD)
1* Conput e i ntersecti on 11 between (SOS3) and (S1) */
TimVer synCnputeli nel nt ersection (facet[0]. x,facet[0].y, facet[3].x,
facet[3] .y, facet[1]. x,facet[ 1] .y, facet[2].x,facet[2].y,
&inter _pointl x, & nter_point1_y
I Conput e i nt er secti on 12 between (S0S1) and (119 *
- - _x/
nel ntersecnon( acet [0]. x, acet [ 1] .x,
facet[1] .y, syn_| on,syn_lat,
inter _pointl x, inter_pointl_y,
&inter _poi nt2_x, & nter_point2_y);
l* Case of parall el e edges &7
el se
{

I* Conput e i nt er secti on I1 between (SOSl) and the parall el to (SDSS) *
1* passing through S */
TimVer synQnputeli nel nt ersection (facet[0]. x,facet[0].y, facet[1].x,

facet[1] .y, syn_| on,syn_lat,
syn_lon + facet[0] .x - facet[3].x,
syn_lat + facet[0].y - facet[3].y,
&inter _point2_x, & nter_point2y);
l' Conput e del t a_facet _y *l

*del ta_facet _y
TimEucli dianDi st ance(inter _point2_x, inter _point2

y, facet [ 0] . x face\[o] y)/

TimEucli dianDi st ance( facet [0] .x,facet[0].y, facet[ ] x, facet [1] .y);
,MHH*MMHHH*.*MMHH“*MMH*MMHH*MMHH*M.*MMHH“*MMH*/
/* Conpute del ta_facet _x *|
J R R KRR KRR KKK R KR X K T K KK KR KRR R K o KK KR K K KK KR K XK R K K K KR KRR R K K R R KR R KK
l* Check |f (5051) and (5253) are not parrallel *

2 30 3% 5 ol 50 5 33 0 5 03 303 £ 3 £ 5 (505 30 3 (5 305 65 309 €5 6103 55 ) (53 03 O 5 3 3 |
|f (fabs((face([o],x - fanet[l]‘x) * (facet[2].y - facet[3].y) -
((facet[0].y - facet[1].y) * (facet[2].x - facet[3].x))) >
T M_MERSYN_PARALLELI SV THRESHOLD)
{
f+ Conput e i nt er secti on I1 between (SOSl) and (SZSi) £
TimMer synQnputeli nel nt ersection (facet[0]. x,facet[0].y, facet[1].x,
facet[1] .y, facet[2]. x,facet[ 2] .y, facet[3].x,facet[3].y,
&inter _poi ntl_x, &inter _pointly
fi Comput e i nt ersecti on 12 between (SOSS) and (11 £

TimMver synCnputeli nel ntersection(facet[0].x, facet[0].y,facet[3].x,
facet[3].y,syn_| on,syn_lat,
inter_pointl x inter_pointl y, & nter_poi nt2_x, & nter_point2_y);
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}
/* Case oY parall e| e edges */
el se
{

1* Conput e intersection |1 between (S0S3) and the parallel to (SO0Sl) *
1* passlng through S */
TimMver synQnputelLi nel nt ersection(facet[0].x, facet[0].y,facet[3].x,

facet[3].y

syn_|l on, syn_| at,

syn_| on+facet [0] .x-f acet[ 1]. x,

syn_| at+facet [0] .y-facet[1].y,

&inter _poi nt2 _x, & nter_point2 y);
/y,?____._.,_____.,.,_____.__,_____.,.__.___.__,_._._.,_._____.__,___._..,_,__f/
/* Conpute del ta facet x o
I*-- - -]

*del ta_facet x
TimEucli dianDi st ance(inter _point2_x, inter_point2_y, facet[0].x, facet[0].y)/
TimEucli dianDi st ance(facet [0] .x,facet[0].y, facet[3].x, facet[3].y);
[ KRR R Rk R R R K KK XK K KR Kok KK KR R R K KR K R K KR K XK kKK KR K R XK R K
/* Return "Found" st atus */
B T T T
return (TIM_TRLE);
} /* TinMersynl sl nFacet */

[ R RE R R Rk KR R K R KKK KR XK R R Kk KR KR KR KKK K KRR R K KRR KR KK K KR KR K R K KR
/* Ti nMer syn@nputeLinel ntersection corput es the | ocation of the concurrence */
/* point of two |ines defined each one by a coupl e of points given as i
I * paraneters. )
R RE KRR KRR KK R K KRR K KR KKK AR KRR KK KRR KK AR K KR RK KR KR KRR KR KRR K KRR KK R K KR AR KR KKK R
int TimMversynConput eli nel nt er secti on

#i fdef TI M ANSI _PROTOTYPE

doubl e point 0_x, I* X-coordinate of point 1 of DL */
doubl e point 0_y, /* Y-coordinate of point 1 of DL */
doubl e point 1_x, /* X-coordinate of point 2 of DL */
doubl e point1_y, /* Y-coordinate of point 2 of DL */
doubl e point 2_x, /* X-coordinate of point 1 of D */
doubl e point 2_y, I* Y-coordinate of point 1 of D2 */
doubl e point 3_x, I* X-coordinate of point 2 of 2 */
doubl e point 3_y, I* Y-coordinate of point 2 of 2 */
doubl e *poi nt_x_p, /* X-coordinate of concurrence point */
;Ioubl e *poi nt_y_p /* Y-coordinate of concurrence point */
#else

(poi nt0_x, point O_y, poi nt 1_x,pointl_y, poi nt 2_x,poi nt2_y, point 3_x,poi nt3_y,
poi nt_x_p, poi nt_y_p)

doubl e point 0_x; /* X-coordinate of point 1 of DL */
doubl e point 0_y; /* Y-coordinate of point 1 of DL */
doubl e point 1_x; /* X-coordinate of point 2 of DL */
doubl e point 1_y; /* Y-coordinate of point 2 of DL */
doubl e point 2_x; /* X-coordinate of point 1 of 2 */
doubl e point 2_y; /* Y-coordinate of point 1 of 2 */
doubl e point 3 x; /* X-coordinate of point 2 of 2 */
doubl e point 3_ /* Y-coordinate of point 2 of 2 */
doubl e *poi nt_x_| /* X-coordinate of concurrence point */
doubl e *poi nt_y_| /* Y-coordinate of concurrence point */
#endi f
B T L
/* Local variables */
[ % RE XA KRR KR AR KR XK R KKK XK KE X KK R R RE R KX R KR HE XX KEE AR K ALK R KRR KK AR AR KA
double scal ar_product ; /* (point0,poi ntl) (poi nt2,poi nt3) */
* !
/* Conpute and check scal ar product o
1> !

scal ar _product = (pointO_x - pointl x) * (point3_y - point2_y)
(poi nt2_x - point3 x) * (pointl.y - point0_y);

if (TinmDEqual(scalar_product, (double)0.0, (double) 1l e-12))

{

fprintf (TinStderr,"TimVersynQnputelLi nel nt ersection: "

“Lines [(%f,%f) (%f,%f)] and [(% f,%f) (% f,%f)] are parallel .\n",
poi nt 0_x, poi nt0_y, point 1_x, poi nt 1_y,point2_x, poi nt 2_y,point3_x, poi nt 3_y);
return (TIMERROR ;

}
1* /
/* Conput e coor di nat es *
> !
*point _y p = ((pointO_x * (pointly - pointO_y) +
pointO_y * (pointO_x - pointl x)) * (point3 y - point2_y) -
((point2_x * (point3.y - point2y) +
point2_y * (point2_x - point3 x)) * (pointl_y - pointO_y))) /

scal ar _product ;
*point _x_p = ((point0O_x * (pointly - pointO_y) +
pointO_y * (point0Q_x - pointl_x)) -
*point y_p * (pointO_x - pointl x)) / (pointly - point0_y);

Return "OKk" status *l

P

return (TIM_);
} /* Ti nMersynConput eLinelnter section */

R RE KR KRR KR KR K KRR K KR KKK AR KRR KK KRR KK AR K KR AR KR KKK A KRR KK AR K KRR KK R KRR AR K AR RE KR
/* Ti nMer synReadLine reads the specified |ine and store the result into the *
/* provided buf fer. o
B T I T T e
int TimMersynReadli ne

#i fdef TI MANSI _PROTOTYPE

(

Ti nRFor ei gn ner, /* MER S segnent in input */

int iband, /* band to be processed (0:first) */

int iline, /* line to be read */

Ti nMeri sBuff er *meri s_buf fer_p /* MER S buffer to initialize */

#else

(mer,iband,iline neris_buffer_p)

Ti nRFor ei gn ner;

int iband;

int iline;

Ti nMeri sBuff er *meri s_buf fer_p;

#endi f

[ % RE KRR KRR KRR K KRR K KR KKK AR KRR KK KRR KK AR K KRR K KR KKK AR KRR AR K KRR R KRR KK AR KR AR K K]

/* Local variables */

[ X R R R Rk KR R KRR KKK KR XK R R K KR KR KR KKK K KRR KR K KRR KR KKK K KR KR K R K KRR
int record_lengt h; /* input record | ength=2*pi xel Number */
of f64_t of fset; /* start of data in target file */
int iline_in_buffer; /* nb of the l'ine within MERIS buffer */
int ipixel; /* 1 oop anong pixels in line buf fer */
int st at us; /* status of 1/0 functions */
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I* /
/* Check parameters */
* /

/
#i fdef T M DEBUG
if ((meris_buffer_p == NUL) I
(meri s_buf fer _p->l inel ndex[iline % T MMERI S BUFFER MAX_LI NE_NUMBER ==
iline))

fprintf (TinStderr,"TimVersynReadLine: Wong paraneters.\n");
return (TIMERROR ;

}
#endi f

iline_in_buffer =iline %TIMMER S BUFFER_MAX_LI NE_NUMBER
/* !
/* Seek on target file */
/* !

record_lengt h
of fset

TIM FMT_ENVI SAT_MER S_SPECI AL. DSD[3+i band]. Dsr S ze;
TIM FMT_ENVI SAT_MER S_SPECIAL. DSD[3+i band]. DsOff set +
iline *record l'ength + 13;

i f (Ti mFSeek(mer - >t inFp, (of f64_t)off set, TI M SEEK SET) != 0)

fprintf (TinBtderr,"TimVersynReadLine: Cannot seek on file \"%s\", "
"of fset=%0If.\n", ner->name, (double) of fset) ;
return (TIMERROR ;

}
1* !
/* When the buffer is not all ocated, a locate it *l
/* !
if (neris_buffer_p->ine[iline_in_ buffer] = NULL)
if ((meris_buffer_p->line[iline_in_buffer]=(unsigned short*)Ti mll oc(
NUWL,record_| ength, si zeof(unsigned short))) = NULL)
fprintf (TinStderr,
“Ti nMer synReadLine: Cannot all ocate %d unsi gned shorts.\n"
record_| engt h);
return (Tl MERROR ;
}
1* !
/* Read record *
/* !

if ((status=Ti nFRead( meris_buffer_p->line[iline_in_buffer], 1,
record_lengt h- 13, ner- >ti nFp)) != record_lengt h- 13)
{

fprintf (TinStderr,
"Ti nMersynReadLi ne: Cannot read %d characters from file \"%s\".\n",
record_| ength, mer- >nane)
perror ("Ti nMersynReadLi ne
return ( TIMERROR ;

}
meri s_buf fer _p->linel ndex[iline_in_buffer] =iling

[ %
/* Case of LSBF (Least Significant Byte Frst) */
I *

if (!(TimShort|sMSBF) )
for (ipixel =0; ipixel <TI M AMT_ENVI SAT_MERIS_SPECI AL.| i neLengt h; ipi xel ++)
Tinghort Byt eSwap(neri s_buf fer_p->line[iline_in_buffer][ipixell]);
}

/* /
/* Return "OK" status *
I

return (TIM X);
} /* Ti nMersynReadLi ne */

J R R KRR KRR R Rk KR X R K K KK KR K XK R K o KK X R R K KK KR K XK R K K K KR KRR R K R R KR R KK
/* Ti nMer synGnputeBoundary buil ts the segment boundary (footprint frontiers) */
/* wi thin the projection of the synthesis image. *
/* This enveloppe will enable to conpute the intersection of each |ine of the */
/* synthesis with the segnent speeding up the processi ng. */
/* *
/* Tie-point i nformation is to be found w thin the global variabl e *|
/* TinFm EnvisatMeri sSpecial Tl M FM_ENV SAT_MERI S SPEQ AL vhich is defined */
/* in TinFn Envisat Meris. h inclusion file. *l
J KRR R KK AR K KRR KR KK X XK KX X RE R K REXR KRR K AR HE XA RE KR KL AR KRR RE AR KRR K AR A X R
int Tim\versynConput eBoundary

?I fdef T M_ANSI _PROTOTYPE

Ti nRFor ei gn neris_file, /* MER S segnent in input */

Ti nPr jProj ecti on *geographi c_projection, /* projection of tie-points */
Ti nPrjProj ecti on *synt hesi s_proj ecti on, /* output inage projection */
Ti nRPol yVect or List *boundary_p I* enveloppe to be conputed */

)

#else
(meris_file geographic_projection, synthesi s_projecti on, boundary_p)
Ti nRFor ei gn neris_file;

Ti nPr jProj ecti on *geographi c_pr ojecti on;
Ti nPrjProj ecti on *synt hesi s_proj ecti on;
Ti nRPol yVect or List *boundary_p;

#endi f

R D L

/* Local variables */

B T T T e ree——
Ti nPrj Coordi nate prj_coordi nate; /* convertion prj coordinate struct */
nt iboundary; /* index among boundaries in list */

i i
int ipoi nt; /* index anong points in list */

int iline; /* index among lines in inmge */

int ipixel; /* index among colums in i mage */

int if or ward; /* index withinalist in forward wise*/
int ibackward; /* index within alist in backward w s*/
int i /* conveni ent index */

R R R R L T 2 11
/* Allocate a first segment enveloppe. A-priori only one is required */
J R R KRR KRR KK R KR X R R K KK KR K KRR K Kok KKK R K K KK KR K KRR K K K KR KRR R K K KRR R R KK
boundary_p- >num = 1;
if ((boundary_p->list=(TimRVect orLlst *)Ti mAl loc(NUWL, boundary_p- >num
si zeof (Ti nRVector List))) == NUL)

fprintf(Timderr,"Ti nMersynConput eBoundary: "
"Cannot al locate the list of boundary envel oppes.\n");
return (TIMERROR ;

1* !
/* Allocate a |ist of points to represent the segnent envel oppe *
;* This polygone is closed (first point is copied at the end) *;
*

boundary_p->list[0] .num =
2 * (TIM_PMT_ENVI SAT_MERIS_SPECIAL.t iePoi nt Line. num- 1 +
TIM_FMT_ENVI SAT_MERIS_SPECIAL. t i ePoi nt Number - 1) + 1;
boundary_p->list[0].l1ist = NJLL;
if ((boundary_p->list[0].list=TimRVector*)TimAll oc(NJLL,
boundary_p->li st [ 0] .num si zeof ( TimRVect or))) == NUWL)
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fprintf(Tim&derr,"T nMersynComput eBoundary: "
“"Cannot al locate the boundary list of % vertices.\n",
boundary _p- >l ist[0]. num);

return ( TIMERROR ;

}
1* !
/* Initialise the list of vertices of the segnent boundary fromthe points *
5* around the tie-point matrix *5
*
for (i poi nt=0; ipoint<boundary_p->li st[0].num ipoi nt++
1> !
e Det ermine the edge being processed i
* 1
1* Case of left vertica border (top to bottom) */
I % _ - -
if (ipoint < TIMFMI_ENVISAT_MER S_SPECIAL. tiePoi nt Li ne. num- 1)
iline =ipoint;
i pi xel
}
= Case of | ast Ilne(left to right) 7
else if (ipoint < TIM_FMT_ENVISAT_MEFI S_SPECIAL. tiePoi ntLine. num- 1 +
TIM FMT_ENVI SAT_MER S_SPECIAL. t i eFoi nt Nunber - 1)
{
iline = TIMPVT_ENVI SAT_MERIS_SPECI AL.ti ePoi ntLine.num- 1;
ipixel =ipoint = TIMFM_BE\M SAT_MER S SPEQ AL. ti eFoi nt Li ne. num + 1;
i Case of |ast vertica border (bottomto top) B

else if (ipoint < TIMFMI_ENVISAT_MER S_SPECIAL tiePoint Line num- 1 +
TIMFMI_ENVI SAT_MER S_SPECI AL t i ePoi nt Number - 1 +
TIM_FMT_ENVI SAT_MER S_SPECIAL. t i eRoi nt Line. num - 1)

iline = TIMRFVI_ENI SAT_MERIS_SPECI AL.ti ePoi ntLine.num- 1 =
(i point -
TIM FMT_ENVI SAT_MER S_SPECIAL. tieFoi nt Li ne. num + 1 -
TIM_FMT_ENVI SAT_MER S_SPECIAL. tiePoi nt Number + 1)
ipixel = TIMPVMI_ENVI SAT_MERIS_SPECI AL.ti ePoi ntNurber - 1;

=0;
i pixel = TI M PMT_ENVI SAT_MERIS_SPECI AL.t i ePoi ntNumber - 1-
(i point
TIM_FMT_ENVI SAT_MER S_SPECIAL. tieFoi nt Li ne. num + 1 -
TIM FMT_ENVI SAT_MER S_SPECIAL. t i ePoi nt Number + 1-
TIM_FMI_ENVI SAT_MER S_SPECIAL. tiePoi nt Li ne. num+ 1 );
/" Report tie-point values */

boundary_p->ist[0].list[ipoint].x =
TI M FMT_ENM SAT_MER S_SPEQ AL. ti eR)i ntline.list[iline].longi tude[ipixel];
boundary_p->ist[0].list[ipoint].y
M _BENM SAT_MER S_SPEQ AL. t\erlntLlne list[iline].latitude[ipixel];
} /* Initialise the'list of vertices of the segnent boundary */

I *
/* Detect the breaks -180 / +180 degrees */
* !
i boundary 0;
i forward 0;
i backward = boundary_p->list[iboundary] .num- 1;
while (iforward < i backwar d)
(
/* Case of -180 / +180 break *
if (fabs((double](boundaryj >l ist[i boundary].list[iforward+l] .x -
boundary_p- > ist[i boundary].list[iforward ].x)) >
T M MERSYN_BREAK_CETECTI ON
{

I* Look for the other break fromthe end of the current list *l
[ *eoeeeanenaaa seeecencaeeas OO e T E R TR ,,,,,,,,,,,,,,,,,,*/
whi Ie (fabs((doubl e)(boundary7 ->li st[iboundary].list[ibackward

ary_p->list[iboundary] .list[ibackward- 1] x))
<= TIM_NEFSYN_B?B\K_DEI’ECI’ION)
ibackward = i backward - 1;
if (ibackward <= iforward)
{
fprintf (Ti nStderr," Ti m\er synConput eBoundary: "
"Error in break detection algorithm\n");
return (TI M. ERR(R);
}
} /* Look for the other break fromthe end of the current list */
1= Split the current boundary reporting the [iforward, ibackward] */
1* verti ces withlnanexlralisl */
boundaryj >num boundaryj >num + 1;
if ((boundary_p->ist=(Ti mRVectorLi st*)Ti nAll oc( boundary_p->ist,
boundary_p->num si zeof (Ti mRVect or Li st))) = NULL)
fprlntf(T i nBt derr, "Timver synQnputeBoundar y
"Cannot al locat e one more boundary envel oppe \n");
return (Tl MERRQR);
boundary_p- >l ist[boundary_p->num 1] .num= ibackward - iforward + 1 + 1;
boundary _p- >l ist[boundary_p->num 1] . list = NULL;
if ((boundary_p->ist[boundary_p->num1].list=(TimRVector*) Ti nAl loc(
NUW.L, boundary_p- > ist[boundary_p- >num 1] . num sizeof (Ti nRVector)))
NULL)
fprlmf(TnSlderr "Ti mMVer synQnputeBoundar y
"Cannot al locate the extra Iist of venlces \n");
return (TI MER®R) ;
menmcpy (& boundary_p- > ist[boundary_p->num1].list[0]),
& boundary_p- >l ist[i boundary]. list[iforward]),
(boundary_p- >li st [ boundary_p->num-1]. num1) *
si zeof (Ti nRVector)) ;
1* Point iforward and i backward are present in both lists *
;* within the newlist add (or substrat) 180 degrees *5

if (boundary_p->list[iboundary].list[iforvard].x <
boundary_p- >li st [iboundary] .l ist[iforward+1].x)
{

boundary_p->list[boundary p->num-1].list[0].
boundary_p->li st[ boundary_p->num1] . ||sl[0] X + 2* TIMPI;
boundary_p->list[ boundary _p->num-1] .l i st[
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boundary_p->li st[ boundary_p->num1] .num 2] .x =
boundary_p->Ii st[ boundary_p->num-1] .list[
boundary_p->li st [ boundary_p->num-1]. num2].x + 2 * TIM P ;

else

boundary_p-> ist[ boundary_p->num 1] .1i st[0] .x =

boundary_p->li st[ boundary_p- >num1] list[0].x - 2 * TIMPI;
boundaryj >| |st[boundaryJJ >num- 1] .1 ist [

boundary_p->Ii st[ boundary_p- >num1] num 2] .x =

boundar y_p->li st[ boundar y_p->num1] .1 ist[

boundary_p->li st [ boundary_p->num-1]. num2].x - 2 * TIM P ;
}
I* Close the newlls( dupllcallng the fII‘S( point at the end *
mencpy (&boundary)-ﬂ |st[boundary7p >num 1] . list[
boundary_p- >l ist [boundary_p->num 1] . num 1]) ,
& boundary _p- >l ist[boundary_p->num1].list[0]),
si zeof (TimRvector) );
I* Renove the points wthinthe current list *
for (i=ibackward; i<boundary_p->ist[iboundary]. nunt i++)
nemcpy (
& boundary_p->list[iboundary].list[i-(i backward-iforward)+1]),
& boundary _p->list[iboundary].list[i]),
si zeof (Ti mRvect or)) ;
boundary_p- > ist[i boundary]. num = boundary_p->list[i boundary]. num -
(ibackward - iforward - 1);
boundary_p- > ist[i boundary].list = (Ti nRVector*) Ti mAl | oc(
boundary_p->l ist[i boundary] . list, boundary_p->li st[i boundary] . num
s\zeof(TlrrRVeclur))
1* Current boundary becones the new one */
i boundary |boundary + 1;
iforward =
i backwar d = boundary p->list[i boundary]. num- 1;
} /* Case of -180 / +180 break */
iforward = iforward + 1;
} /* Detect the breaks -180 / +180 degrees */
*
/* Print out coordinates wthina ".geo" file “ff
1* !

#i fdef T M DEBUG

Ti nFILE *tim fp; /* "MER....NL.geo" file pointer */

sprintf(buf, "%s. geo", meris_file->name
if ((timfp= TrrFq;en(buf TIMVRITEDNLY)) = NULL)
{

fpri n&1§T\ m& der r, " Ti nMersynConput eBoundary: Cannot open \"9%\" file \n",
return 2TIM7ERR)F§ H

?crr (i boundary=0; i boundar y<boundary_p- >num i boundary-+)
for (ipoint=0; ipoint<boundary_p->list[iboundary].nunm i point++)

TinFPrintf (timfp,"%dl2.8f %l2.8f\n",
boundary_p->list[i boundary].list[ipoint].x * 180.0 / TIMPI,
i M

boundar y p->l ist[i boundary] . i st [ipoi nt] .y * 180.0 / T MPI);
}
TinFPrintf (timfp, "END\n");
Ti nFd ose (t\mfp)
timfp = NULL;
}
#endi f
I* 1
/* Loop on boundary points conversion: Geographic -> Destination projection */
1* !

for (i boundary=0; i boundary<boundary_p->num i boundary++)
for (ipoint=0; ipoint<boundary_p->list[iboundary].nunt ipoint++)
{

prj _coordi nate. x = boundary_p->list[iboundary].list[ipoint].x;

prj coordinate. y = boundary p->li st[iboundary].list[ipoint].y;

prj _coordinate.z = 0.0;

if (TinPrj ConvertCoordl nat e( &r j _coordinate,geographi c_proj ecti on,
&prj _coor di nat e, synthesi s_projecti on) ! = TIMOK)

fprintf (Ti nSt derr, "Ti mVer synQnputeBoundar y:
"Cannot convert coordi nates of boundary point #%d (% f, %f).\n",
ipoint,
boundary_p->li st[iboundary].list[ipoint].x,
boundary_p->li st[iboundary] .list[ipoint].y);

return (T MERR) ;

boundary_p- > ist[i boundary]. list[ipoint].x
boundary_p- > ist[i boundary].list[ipoint].
} /* Loop of points of the current boundary */
} /* Loop on boundary points conversion */

prj _coordinate.x;
prj _coordinate.

/* 1
/* Return "OK" status *
/* /

return (TIM X);
} /* Ti mMersynConput eBoundary */

J KR KRR K KR KRR AR KK KR KK KK KK KRR KR KRR K KR KKK KR KR KRR KR K KR KA KKK KRR KRR AR R KR KKK

/* Ti nMer synG@nputel nt er secti onsWt hBoundary conputes the intersecti on belween*/
/* the current horizontal line and the boundary of the segment.

1* "I
/* I ntersection points will be stored in the "intersection" list passed in */
/* paranet er *
/* Ti nMer synChrrpuleI ntersecti onsWt hBoundary w Il al so determne if the first */
/* point to be processed on the line (0.0,y_current) is inside a polygon or *|
/* not. *
B T T Ty
int Tim\versynConput elnter secti onsW thBoundar y

#i fdef T M_ANSI _PROTOTYPE

doubl e y_current, /* curr.point Y-coord in output proje.*/
Ti nRPol yVect or List *boundary_p, /* enveloppe of MERI S segnent */

Ti nRFloat List *intersection_p, I* list of intersect. segnent %l ine */
int *is_inside_p, /* "point is inside segnent" flag */
int *current_intersection_p /* intersection to be reached */
#else

(y_current ,boundary_p, int er secti on_p, is_insi de_p, current_int er secti on_p)

doubl e current;

*Boundary_p:
*int erseclion _p;

Ti nRPol yVect or List
Ti nRFloat List

int *is_inside
int *current_int ersecllon P
#endi f
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[ H R Rk kKR K R KK KR K KR KR K R KKK KR KR % KK KK K KR KR K KK KKK KR KR % KK KKK KR KRR KKK K R R R Rk Kk

/* Local variables *l
[ KR o Rk Kk R K R KRR K Rk R R KR K KK R Rk R K R Kk R K R KK R
int iboundary; /* index among boundaries in list */
int ipoint; /* index anong points in list */

int fi /* conveni ent index */
int ik /* conveni ent index */
double tmp_doubl e; /* tenporary vari abl e: doubl e */

[ R R R kKR R K R KRR XK R KR Rk KR R KR KK KR KRR KK Kk KRR KR K kKR KR K R KK Rk
/* Loop on poi nts of the segment boundary o
B O T T e
intersection_p->num
intersection_p->list NULL;
for (i boundary=0; i boundary<boundary_p->num i boundary++)

for (ipoint=l; ipoint<boundary_p->list[iboundary].num ipoint+4)

1* Check that arc is crossing the line
*

2

if (((boundary_p->list[iboundary].list[ipoint-1].y > y current) &&
(boundary_p->li st[iboundary] .list[ipoint].y < y_current)) I
((boundary_p->list[iboundary] .list[ipoint-1.y <= y current) &&
(boundary_p->li st[iboundary].list[ipoint].y > y current)))

tmp_double = boundary_p->li st[iboundary].li st [i poi nt-1] . x +
(boundary_p->li st [i boundary] list[ipoint].x
y

boundary_p- >l i st [i boundar list[ipoint-1].x) E
(y_current -
boundary_p- > i st [i boundary]. | ist[i point-1].y) !

(boundary_p->l i st [i boundary]. list[ipoint].y -
boundary_p- > i st [i boundary]. | ist[i point - 1] y):
intersecti on_p->num = i ntersecti on_p->num +
if ((intersection_p->ist=TinmRFl ocat*)Ti mAl |0C(I ntersection_p->list,
intersecti on_p->num si zeof (TimRFl cat))) = NJLL)

1pr| ntf (Ti nStderr," Ti mver synConput elnter sect i onsWIhBOundary "
“Cannot all ocate % i ntersection poi nts.\n",
intersection_p->num);
return (TI MERR®R);
}
intersection_p->ist[intersection p- >num1]
} /* Check that arc is crossing the Tine
} /* Loop on points of the segment boundary */
} /* Loop on boundaries */

= tnp_doubl e;

5* Sort the list of intersection points */
*

for (i=0; i<intersection_p->num1; i++)
for (j= +1 j<intersection_p->num j+)

if (intersection_p->list[j] < intersection_p->list[i])
{

tmp_doubl e = intersection_p->list[i];
intersection_p->ist[i] intersection_p->list[j];
intersection_p->ist[j] = tnp_doubl e
}
}
}

1* U

/* Determine i f the first point of the line is inside the segment *

> !

*is_inside_p

*current_int ersecti on_p
whil e ((*current _intersection p < intersection_p->nun) &
(intersection_p->list[*current intersection_p] <= 0.0))

TIM FALSE

{
*is_insi de_p =1 (*is_inside_p);
*current _intersection_p = *current_intersection_p + 1;
}
* 1
/* Return "OK" status *l
1* !

return (TIM_X);
} /* TinMersynComput el nt ersectionsWt hBoundary */

[ HRE R Rk kKR KR R KK KR KRR KR K R KKK KR R K R KKK KR R R R KK K KRR K R KK K KK KR K R KK KK kR K K ]

/* TinMersynlocat ionlnverse conput es the coordi nates (mer x, ner_y) of the *
/* pixel in MERIS segment in input from the passed (Iongltude latitude) *
/* geographi ¢ coordi nates. o
1> */
/* TinMersynlocationlinverse tries to retrieve the tie point facet that o
;: includes the passed (| ongitude, |atitude). *;
/* Ti nMersynlLocationlnverse returns: */
e Tl M.TRUE when t he point has been retrieve in the MERTI S segment, *
e TI MFALSE vhen no one facet includes this point, and i
5‘ TI M ERRQR vhen an error has occurred. *l
/* When the point has been retrieved, TinMersynlocationlinverse initialises the*/
/* coordinates (mer_x, ner_y) of the point wthin the segment, the indices of */
/* the facet (iline_facet,ipixel facet) and also the coordi nates of the point */
;" inthe facet (delta_facet_x,delta facet_y). *;
/* For optimisation reasons, the facet indices (iline_facet,ipixel_facet) are */
/* given by the caller in order to enable a research around the previous *
/* facet and according to this heuristic: *
/* 1. check for the sane facet, *
/* 2. check the 4-connex neighbours, */
/* 3. check the 8-connex neighbours, */
/* 4. check al | the facets. *l

] HEE R R A KRR KRR KR KRR KRR KK KKK KR R KR KKK KR TR KRR KKK KX R KRR KKK KKK R KR K KK E KR R R ]

int TimMersynLocati onl nverse
#i fdef T M ANSI _PROTOTYPE
(

doubl e longi tude, /* X-coord of point to be processed */
doubl e latit ude, I* Y-coord of point to be processed */
int *iline_facet p, /* nunber of the tie-point frame */
int *i pi xel _facet_p, /* nunber of the tie-point col um */
doubl e *del ta_facet _x_p, /* X-coordinates wthin facet [0,1] */
doubl e *del t a_facet _y_p, /* Y-coordinates wthin facet [0,1] */
doubl e *mer _x_p, /* X-coordinates in MERIS segment */
?ouhl e *mer _y_p /* Y-coordinates in MERIS segment */
#else

(longitude,l atitude,iline_facet_p,ipixel facet_p, del ta_facet _x_p,
del ta facet y_p, ner_x_p, ner_y_p)

doubl e longi tude;

doubl e latitude;

int *i line_facet p;
int *i pi xel _facet_p;
doubl e *del ta_facet x_|
doubl e *del ta_facet y_p;
doubl e *mer _x_p;

doubl e *mer _y_p;
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#endi f

[ * R kR R KRR Rk R R K R Rk K KR KR KRR Rk K R KR R KR R K R R K R K X R R R R K R R R Rk K K

/* Local variables i

R R R R R L R R T L 211

int ifacet; /* index anong tie-point lines */
int jfacet; /* index anong tie-poi nt pi xels */
int is_found; /* "facet has been found' flag */

[ R R kR R K Rk Rk R K KR Rk K KRR K R R K K KR R K R R K R KR K R KR R R K KR K Rk R Kk

/* Test the current facet */

R R R R L R TR T T 2]

#i fdef T MPERF

current _clock = clock();

tine_facet = current_cl ock;
#endi f

is_found = TIMFALSE

if ((is_found=Ti mersynl sl nFacet (*iline_facet_p,*ipixel_facet_p,
I ongitude,| ati tude, del ta_f acet_x_p,delta_facet _y_p)) != TIM_FALSE)

if (is_found

Tl MERROR

fprintf(Ti mderr,
"Ti nMer synlocat ionlnverse: Cannot check for the current facet.\n");
return (Tl MERROR ;

}
#i fdef T MPERF
facet_search_same = facet_search_same + 1;

#endi f
l' Test the 4-connex nei ghbour facets ff
elseif ((\ s_f ound=Ti m\ersynl sl nFacet (*il i ne_f acet_p,*ipi xel face& _p-1,
| ongitude, | ati tude, del ta_facet_x_p,delta facet_y p)) == TIM TRUE)
{
*ipixel_facet_p = *ipixel_facet p - 1;
#i fdef Tl M_PERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
}
else if ((is_found=Ti mersynl sl nFacet (*iline_facet_p-1,*ipixel facet_p,
l'ongitude,| ati tude, del ta_facet_x_p,delta_facet _y_p)) == TIM_TRUE)
*iline_facet_p = *iline_facet _p - 1;
#i fdef T MPERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
else if ((is_found=Ti mersynl sl nFacet (*iline_facet_p+l,*ipi xel _facet_p,
I ongitude,| ati tude, del ta_f acet_x_p,delta_facet _y_p)) == TIM_TRUE)
{
*iline_facet_p = *iline_facet _p + 1;
#ifdef T MPERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
}
else if ((is_found=Ti mersynl sl nFacet (*iline_facet_p,*ipixel face! _p+l
I ongitude,| ati tude, del ta_f acet_x_p,delta facet _y_p)) == TIM TRLE)
{
*ipixel _facet _p = *ipixel _facet p + 1;
#i fdef T M_PERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
}
l* Test the 8 connex nei ghbour facets */
else if ((is_found= Tl mMersynl sl nFacet (*iline_facet_p-1,*ipi xel _facet_p-1,
I ongitude,| ati tude, del ta_f acet_x_p,delta_facet _y_p)) == TIM_TRUE)
{
*iline_facet_p = *iline_facet_p - 1;
*ipixel _facet _p = *ipixel _facet _p - 1;
#i fdef T M PERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
else if ((is_found=Ti mersynlslnFacet (*iline_facet_p-1,*ipixel facet_p+l,
I ongitude,| ati tude, del ta_f acet_x_p,delta_facet _y_p)) == TIM_TRUE)
*iline_facet_p *iline_facet_p - 1
*ipixel _facet _p = *ipixel_facet p + 1;
#ifdef T M PERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
}
else if ((is_found=Ti mersynlslnFacet (*iline_facet_p+1,*ipixel facet_p-1,
longitude,| ati tude, del ta_facet_x_p,delta_facet _y_p)) == TIM_TRUE)
{
*iline_facet_p = *iline_facet_p + 1;
*ipixel_facet_p = *ipixel_facet p - 1;
#i fdef T M _PERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
else if ((is_found=Ti mMersynlslnFacet (*iline_facet_p+l,*ipixel _facet_p+1,
I ongit ude,| ati tude, del ta_facet_x_p,delta facet _y p)) == TIM_TRLE)
*iline_facet_p *iline_facet_p + 1;
*ipixel _facet _p = *ipixel _facet _p + 1;
#i fdef T MPERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
l* Case of failure -> Test al | the facets */
el se
{

is_found = Tl M FALSE

for (|1acet=0 (lis_found) && (ifacet <
TIM_FMT_ENVI SAT_MERIS_SPECIAL.tiePoi nt Line. num1) ;
ifacet +)

for (jfacet=0; (!is_found) && (jfacet <
TIM_FMT_ENVI SAT_MER S_SPECIAL. tiePoi nt Nummber- 1);
j facet +)

if ((is_found=TimMersynisinFacet (ifacet,jfacet,
longi tude, latitude,del ta facet _x_p, del ta_f acet _y_p))==TI M TRUE)

*iline_facet _p ifacet;
*i pi xel _facet_p = jfacet;
else if (is_found = TI M ERR(R)

fpri ntf (Ti nStderr,
"Tim\er synLocati onl nverse: CGannot check for facet (%l %) .\n",
ifacet,jfacet);

return (TI M ERRR);
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}
}
}
#i fdef T M PERF
facet_search_all = facet_search_all + 1;

#endi f
} /* Case of failure -> Test all the facets */
#i fdef T MPERF
current _clock = clock():
el apsed_time_facet = elapsed_ti ne_facet +
(current _clock - time_facet);

#endi f

1> !
/* Conpute coordi nates of the source point within the segnent i
* 1

if (is_found)
{

*mer_x_p = (*iline_facet_p + *delta_facet_x_p) *
T MFM_ENMV SAT_MER S_SPEQ AL. ||neSFErTi ePt ;

*mer_y p = (*ipixel _facet_p + *del ta_facet_y_p) *
TI M FM_BNM SAT_MER S_SPEQ AL. sanpl esPer Ti ePt ;
}
1* !
;* Return "I S FQUND" status *;
*

return (i s_found);
} /* TinMersynLocationlnverse */

KKK R kR R KR AR KR KR K KK KKK R KR R AR KK KR KR K KK KK KRR KR KRR K KR KKK KK KRR KR KRR KK KR KKK

/* TinMersyn@t Al ti tudeFr omDemread the al titude val ue from the list of DEVs. */

1> *!
/* Altitude is al ways read fromthe first DEMfirst. If the location of the “iff
/* point of interest is out of this DEM or if the value found i s background, */
/* altitude is read from the second in the list, and so on.,. *
I* */
/* TinMersyn@t Al ti t udeFr omDem perforns a bi-linear interpolation fromthe 4 */
/* nearest nei ghbours of the point of interest. o
1* *l
/* TinMersynGt Al ti t udeFr omDem r et urn: *
/* 1. TIMTRE if an altitude has been found in one DEM *l
/* 2. TIMFALSE i f no a titude i n whatever DEM has been found and *
/* 3. TIM_ERROR i f an error occurred. *

e
KRR Rk R F AR AR KRR KK KK KK KRR R R AR KK KK KKK KK R KR AR KRR K KK KK K R R AR AR KK KK R Rk K k]

int TimMersynGetAltitudeFronDem
#i fdef TI M ANSI _PROTOTYPE

(

doubl e longi tude, /* X-coord of point to be processed */
doubl e latitude, /* Y-coord of point to be processed */
Ti nPr j Proj ecti on *geographi c_projection, /* projection structure */

Ti nRDEMLI st *dem_p, /* DEMs in order they have to be read */
doubl e *altitude_p /* al titude to be initialized */
?&else

(longitude,l atitude, geographi c_proj ecti on, demp,al ti tude_p)

doubl e longi tude;

doubl e latitude;

Ti nPrjProj ecti on *geographi c_projection;

Ti nRDEMLI st *dem _p;

doubl e *altitude_p;

#endi f

%K Rk kR R AR AR KRR K KK KKK R KK R AR R KKK KKK R KK K AR AR KR KR K KK KKK R % AR AR KKK KKK KK KK K k]

/* Local variables *l

[ KRR R R kKR R R KK KKK KR KRR KK KKK KR KR KRR KKK KR R KRR KK K KX R KR KKK KK KR KR K R R K R R K ]

static Ti nPrjProjecti on **demproj ection=NUWL; /* DEMproj. struct. list */
static Ti nBufferint **dem buf=NULL; /* DEMdirect buffer Iist */
Ti nPrj Coordi nate prj_coordi nate; /* convertion prj coordinate struct */
int idem /* index anong CEMs in list */

double x_dem /* X-coord of interest point in DEM*/
double y_dent /* Y-coord of interest point in DEM*/
int i0; /* truncated value of x_dem */

int jo; /* truncated value of y_dem */

Ti nRDoubl e dx; /* deci mal part of x_demcoordinate */
Ti nRDoubl e dy; /* deci nal part of y_demcoordinate */
Ti nRDoubl e z1; /* 1st nearest pixel value in input */
Ti nRDoubl e z2; /* 2nd nearest pixel value in input */
Ti nRDoubl e z3; /* 3rd nearest pixel value in input */
Ti nRDoubl e z4; /* 4th nearest pixel value in input */

[ HRE R Rk kKR KR R KK KR KRR KR K R KKK KR R K R KKK KR R R R KK K KRR K R KK K KK KR K R KK KK kR K K ]

/* For the erst call |n|t|a||se the projection slruc(ures of each CEM
Pty KRR KR KRR KR KRR AR R P e

if (demprojecti on = NJLL)

if ((dem_projection=(Ti mPrjProjection**)TimAll oc(NJULL,
dem _p- >num si zeof (TimPrj Proj ection*))) = NULL)

fprintf (TinStderr," Tim\er synGetAltitudeFronDem "
"Cannot al locate DEM projection list.\n");
return (T MERROR ;

}
for (i demF0; idenxdemp->num i dem++)
{

demproj ection[iden) = NJLL;
if (TinPrjAll ocProjecti on(dem p->list[idenj->projecti on, NULL,
&(dem projecti on[iden)) ! = TIM K)

fprintf (TimStderr,"Ti mMersynGet Alt it udeF onDemt
"Cannot al locate projection structure for DEM\"9%\".\n",
dem p->li st[iden)->name) ;

return (TIMERM) ;

}
1* !
/* For the first call, initialise the direct buffer of each DEM */
I *

if (dembuf = NULL)

if ((dem_buf=(Ti nBufferlnt**)Ti nAl loc( NULL,
dem _p- >num si zeof (TimBuf ferl nt*))) == NUWL)

fprintf (TinStderr," Tim\ersynGetAltitudeFronDem "
"Cannot al locate DBMbuffer list.\n");
return (T MERROR ;

}
for (i demm0; idenxdemp->num i dem+)
{

dembuf[iden) = NULL;
if ((demk bu1[|den]-(T|rTBJHerl nt*)Tl Al ocBuf fer O rect (
TIMDATA_TYPE_I NT)) = LL)

fprintf (TimStderr,"Ti mMersynGet Alt it udeFr onDemt
"Cannot al locate buffer structure for DEM\"%s\".\ N
dem p->li st[iden}->name) ;

return (T MERR®);
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}
/* !
/* Loop on DBVs */
/* !
for (i dem=0; idem<dem p->num i demi+)
I* Conver t (\ongltude lati tude) coordinates to CEM pro;ectlon *
pr| 7coord\na!e X = Iongl tude,
prj _coordinate.y = latitude;
prj _coordinate.z = 0.0;
if (TinPrjConvertCoordi nat e( &prj_coordi nate, geogr aphi c_proj ection,
&rj _coor dinat e,dem _proj ection[i denj) != TIM X)
fprlntf (TinStderr," TimMer synGetAltitudeFronDem "
"Cannot convert geographi ¢ coordi nates to projecti on "
"\"96\" of DEM\"%s\ ".\n" demp->list[iden->projection,
dem p->l ist[i denj- >name);
return (Tl MERROR ;
x_dem = (demp->list[iden)->origin.y - prj_coordi nate.y) /
dem p- >l ist[i dem- >pi xel Height ;
y_dem = (prj_coordi nate. x - demp->list[idenm->origin.x) /
dem p- >l ist[i dem- >pi xel W dt h;
i0 = x_deny
jo = y_dem
F R T L T |
I* Checkthal polnt is wnhlnlhe CEM *5
|f((|0 ) &Si(lO<demj->||st[|derr]->i|neNmber»1) &
(jO >= 0) & (j 0 < demp->l ist[i deni- >pi xel Nunber - 1))
{
I* Read the four neighbours around the point of interest *
if (TinReadlmageD rect( (Ti nRFqu)(demp>I|sl[\derTi) i0,2j021.0,1.0,
TI M SAMPLI NG_METHD_NEAREST_NH GHBQUR, NULL
(TimBuf fer*) dem buf [i den]) != TI M KX)
fprintf (TimStderr,"T m\ersynGet AltitudeFr onDem "
"Cannot extract window ( % 2 % 2 ) fromCEM\"%\".\n",
i0,j0,dem p->ist[iden->nane);
return (Tl MERRQR);
f+ Check that pl xel is not background £
uel:] rectédemﬁbuf \dem 0, 0;
ueD rect(dembuf[iden,0, 1)
ueD rect(dembuf[iden}, 1, 0);
ueD rect(dembuf[iden,1,1);
p->l i st [i dem- >backgroundH ag) ) Il
dem _p- >l i st [i den]- >background) &&
dem p- > i st [i dem - >background) &&
dem_p-> i st [i dem]- >background) &&
dem_p- > i st [i deni- >background)) )
1* GQnvert altitudes to scientific val ues */

1 dem p->list[idenj->radi oFact or +

dem p->list[iden - >radi oShi ft;

22 = 22 * demp->list[iden->radi oFactor +
dem p->list[i denj->radi oShi f t;

z38 = z3 * demp->list[idenj->radi oFactor +
dem p->l ist[i denj - >r adi oShi f t;

z4 = z4 * demp->list[iden)->radi oFactor +
dem p- >||st[|den) >r adi oShi ft;

fj= Qnpute bi Iinear interpolation &/
-

*alllludep-zl + dy * (z2 - z1) +
dx * (z3 +dy * (z4 - z3) -
z1 - dy * (z2 - z1));

- S ¥
'ISF(J.ND S[alus */
)
return (TTMTRUB ;
} /* Check that pixel is not background */
} /* Check that pOII’!l iswthinthe DEM*/

} /* Loop on DBVs *
I* 1
/* Return "NOT_FOWND" st atus £
1* !

return (TIM_FALSE);
} /* TinMersynGet Al titudeF omDem */

B T T T T rrrrrrrrre———
/* TinMersynlocationD rect conputes the geographi c coordinates of the point */
/* (mer_x0,mer _y0,al ti tude) given in MERIS segnent reference system *
/* */
/* TinMersynlocationD rect applies the paral |l ax correction i nterpol ating the *l
/* viewing angl e fromthe tie- poln!s grid

J KRR KA AR AR KA AR KA A A KRR K AR KR ",”.,.".*.,."n.*.,.””.,.,."n.,.*.".,.,
int TimMersynLocati onDir ect

#i fdef TI M ANSI _PROTOTYPE

(

doubl e ner_x, /* X-coordinates in MERIS segment */
doubl e ner_y, /* Y-coordinates in MERIS segment */
doubl e al titude, /* Z-coordinates in MERIS segnent */
int iline_facet, I* nunber of the tie-point frame */
int ipixel _facet, /* nunber of the tie-point col um */
doubl e delta_facet_x, [* X-coordinates wthin facet [0,1 */
doubl e deltafacet_y, /* Y-coordinates wthin facet [0,1] */
doubl e *| ongitude_p, /* 1ongitude to be computed */

doubl e *l atitude_p /* 1 atitude to be conputed */

)

#else

(mer_x, ner _y,al ti tude, iline_facet,ipi xel facet, del ta_facet_x,delta facet_y,
I ongitude_p,I ati tude_p)

doubl e ner_x;

doubl e ner_y;

doubl e al ti tude;

int iline_facet;
int ipixel _facet;
doubl e delta_facet_x;
doubl e delta_facet_y;
doubl e *| ongitude_p;
doubl e *l atitude_p;
#endi f

R R L R L d L L T R R T

/* Local variables *

R R L L L T e 2]

double longi tude; /* X-coord interpol ated fromtie- point*/
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douwble lati tude; 1*
double vi ewi ng_zeni th; [
double vi ewi ng_azimut h; 1*
double dx; I*
double dl on; 1*
double dlat ; 1*

Y-coord interpol ated fromtie-point*/
viewing angl e fromvertica */

vi ewing angl e fromnorth */

parall ax nodul e */

| ongitude correction */

| ati tude correction */

* Interpolate the geodetic coordi nates

*

P

| ongit ude

| ongit ude
(1 - delta facet x) * (1 - delta fac
TIM_FMT_ENVI SAT_MERI S_SPECIAL. t i €Poi
iline_facet]. | ongi tude[i pi xel _facet]
(1 - delta_ facet_x) * delta fac
TIM_PMT_ENVI SAT_MERI S_SPECI AL . t i ePoi

et_y) *
ntCine. list[
+

et_y *
ntLine list[

iline_facet].longitude[ipixel facet+1] +

del ta facet x * (1 - delta fac
TIM_FMT_ENVI SAT_MERI S_SPECIAL. t i ePoi

et_y) *
ntLine list[

iline_facet +1] .1 ongitude[i pi xel _facet] +

del ta facet x * delta fac
TIM_PMT_ENVI SAT_MERI S_SPECI AL . t i ePoi

et_y *
ntLine list[

i line_facet +1] .Tongit ude[i pi xel _f acet+1];

/* | ati tude

I ati tude =
(1 - delta facet_x) * (1 - delta_fac
TIM_FMT_ENVI SAT_MERI S_SPECIAL.. t i ePoi
iline_facet].latitude[ipixel _facet]
(1 - delta facet _x) * delta fac
TIM_FMT_ENVI SAT_MERIS_SPECIAL. t i ePoi
iline facet].latitude[ipixel _facet+1
del ta_facet x * (1 - delta_fac
TIM_FMT_ENVI SAT_MERI S_SPECI AL.. t i ePoi
iline facet+1].latitude[ipixel_facet
del ta facet x * delta fac
TIM_FMT_ENVI SAT_MERI S_SPECIAL. t i ePoi
iline_facet +1] .l atitude[ipixel_facet

et_y) *
ntLine list[
+

et_y *
?lLlne list[

et_y) *
ntLine list[
1+

et_y
ntLine list[
+1];

I nterpolate the view ng angle

Vi ewing zeni th
vi ewing_zeni th
(1 - delta facet x) * (1 - delta fac
TIM_PMT_ENVI SAT_MERI S_SPECIAL. t i ePoi

et_y) *
ntLine list[

iline_facet].view ngZeni th[i pixel _facet]

(1 - delta_ facet_x) * delta_fac
TIM_FMT_ENVI SAT_MERI S_SPECI AL .. t i ePoi

et_y *
ntLine list[

iline_facet].view ngZeni th[i pixel _facet+1] +

del ta facet x * (1 - delta fac
TIM_FMT_ENVI SAT_MERI S_SPECI AL .. t i ePoi
iline_facet +1] .viewingZeni th[ipixel

del ta facet x * delta fac
TIM_FMT_ENVI SAT_MERI S_SPECI AL . t i ePoi
iline_ facet +1] .viewingZeni th[ipixel

/* Vi ewing azi mut h

vi ewi ng azi mut
(1 - dellaface! X) * (1 - delta_fac
TIM_FMT_ENVI SAT_MERI S_SPECIAL. t i ePoi
iline_facet].view ngAzi mut h[ i pi xel _f
(1 - delta facet _x) * delta fac
TIM_FMT_ENVI SAT_MERI S_SPECI AL . t i ePoi
iline_facet].view ngAzi mut h[ i pi xel _f

del ta facet x * (1 - delta_ fac
TIM_FMT_ENVI SAT_MERI S_SPECIAL. t i ePoi
iline_facet +1] .viewingAzimut h[i pi xel
del ta facet x * delta fac
TIM_FMT_ENVI SAT_MERI S_SPECIAL. t i ePoi
iline_facet +1] .viewingAzimut h[i pi xel

#i fdef T M_BENCH

if (bench_index != -1)

TIM_MERSYN_BENCH[bench_i ndex] .viewin
TIM_MERSYN_BENCH[bench_i ndex] .viewin
)

#endi f

/* Conpute the longitude and | atitude corrections *
1 *

}

*

et_y) *
ntLine. list[

_facet] +

et_y *
ntLine list[
_facet +1] ;

R 0

et_y) *
ntLine list[
acet] +
et_y *
ntLine list[
acet+1] +
et_y) *
ntLine list[
_facet] +
et_y *
ntLine list[
_facet+1];

gZeni th = viewing_zenith;
gAzimut h = vi ewing_azimut h;

dx = al ti tude * tan(vi ewing_zenith);

dlat = dx * cos(view ng azi nuth) / Ti M|

dlon = dx * sin(view ng_azi nuth) /
(TIM_MERSYN_MEAN_EARTH_RAD W5 *

MERSYN_MEAN_EARTH_RADI US

cos(l atitude));

* Apply geodetic corrections
*

*| ongi t ude_|

ongitude + dl on;
*| atitude_p

atitude + dat;

Return "Ok" status

return (TIM XK
1

)3
* TinMersynLocationDrect */
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APPENDIX D — ORTHORECTIFICATION BENCHMARK

This section contains a second version of the log of MERSYN execution (version 0205 when applied to MERIS FR scene
MER_FR__1PNUPA20030921 092341 000000982020 00079 08149 0534.N1 of Italy and using the GETASSE30 DEM above WGS84 ellipsoid directive to produce 25
control points for unitary testing (see e-mail of Norman FOMFERRA, Brockmann Consult on 27/08/2004).

This second version makes suite the comments of Norman FOM FERRA (see R-7) that lead to the modification of equations 6a and 6b.
Print out of the benchmark values is processed compiling the MERSYN programprovided in 0 with the “TIM_BENCH” conpilation directive.
These values are also stored withinaM S EXCEL file “ VT-P194-DOC-001-E-01-04.xIs” that may be provided upon demand.
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D.1 Benchmark points distribution

As shown in fig. 65, benchmark points
have been dispatched within the output
image to encompass cases with different
viewing angles and different elevations.

fig. 65 - Distribution of benchmark points.
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Values are stored within the following colurms:

Nb

(line,column)

(Easting,Northing)
(longitude,latitude)

elevation

view zenith/azimuth

longitude/latitude corrections
MERI Sorigin (line,column)

MERI S antecedent (line,column)

is asequential number of the benchmark point.

are the coordinates of the benchmark point within the output (geocoded) image.

are the coordinates of the benchmark point within the coordinates reference systemof the output image: “ Plate Carrée — W GS 1934".

are the coordinates of the benchmark point within the geodetic reference system (also called “ geographic coordinates”).

is the elevation computed by a bi-linear interpolation from the four nearest neighbours at the benchmark point location found within the
GETASSE30 DEM. These values are given above WGS 1984 ellipsoid.

are the two angles interpolated within the tie-point grid at the location of the benchmark point.

are the parallax corrections computed taking into account the viewing angles and the point elevation.

are the coordinates of the antecedent of the benchmark point found within the input MERIS scene not taking into account the elevation.

after having processed the prediction/correction loop.

are the coordinates of the antecedent of the benchmark point found within the input MERIS scene taking into account the elevation and

Nb| line [column| Easting Northing longitude latitude elevation| view view longitude latitude MERIS MERIS MERIS MERIS
zenith | azimuth | correction | correction | origin line origin antecedent| antecedent

column line column
0 38 788| 1230413. 2| 5216575. 0 11. 071550| 46. 939981 2841 38.825| 99.946| 0.029666| -0. 003551 12. 362 | 2098. 622 12.375] 2107. 442
1| 149 968 1277213. 2| 5187715. 0| 11. 492668 | 46. 680292 2036 | 36. 737| 100. 298| 0. 019604 | - 0. 002443 90. 297 | 1957. 374 90. 302 | 1963. 237
2| 204 1431 1397593. 2| 5173415. 0| 12. 575875 46. 551617 1424 | 31.672] 101.089( 0. 011273| -0.001519 85.682| 1633. 586 85.684 | 1636. 974
3| 231| 1792| 1491453. 2| 5166395. 0| 13. 420450 46. 488449 1436 | 27. 462 101. 695| 0. 009548| - 0. 001361 65. 485 | 1383. 903 65. 488 | 1386. 782
4 728 1972 1538253. 2| 5037175. 0 13. 841568 45. 325697 164 | 23. 385 102. 166 | 0. 000884 -0.000134| 473.198|1158.107| 473.198| 1158. 380
5| 397 2487 1672153. 2| 5123235. 0| 15. 046432 46. 100085 9851 18.091| 102. 895 | 0. 004068| -0.000646| 118.239( 877.737| 118.240 878. 979
6| 784| 2745]| 1739233.2]|5022615. 0| 15. 650033]| 45. 194683 252(12.812| 103.431| 0. 000710| -0.000119| 414.628( 613.340| 414.628| 613.561
7| 507 3234| 1866373.2| 5094635.0]| 16. 794069 | 45. 842736 158 | 7.285( 104.152| 0.000252| -0.000044| 105.166| 345.520( 105.166| 345.598
8|1308| 2745] 1739233. 2| 4886375. 0| 15. 650033 | 43. 968763 215( 10. 309| 103.573| 0. 000474| -0.000082| 864.013| 490.957( 864.013( 491.107
9| 916 3260 1873133. 2| 4988295. 0| 16. 854897 | 44. 885863 196 | 4.804( 104.297| 0.000203| -0.000037| 450.513| 227.214| 450.513 227. 278
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Nb| line [column| Easting Northing longitude latitude elevation| view view longitude latitude MERIS MERIS MERIS MERIS

zenith | azimuth | correction | correction | origin line origin antecedent| antecedent

column line column

10 1303 3312 1886653. 2| 4887675. 0| 16. 976554 ( 43. 980461 1516 2.016]| 104.478| 0.000646| -0.000120| 772.409 94,9083 772.409 95. 189
11| 419 942 1270453. 2| 5117515. 0| 11. 431840/ 46. 048616 522 [ 36.219]| 100. 377 | 0. 004872| -0.000619 | 329.537[1926.552| 329.536( 1928. 026
12| 806 994 1283973. 2| 5016895. 0| 11. 553496 | 45. 143213 47| 34.585| 100. 619 | 0. 000402 -0. 000053 661.958|1820.076| 661.958| 1820.200
13| 1247 525( 1162033. 2| 4902235. 0| 10. 456251 | 44. 111475 459 | 38. 335| 100. 049 | 0. 004474 -0.000569| 1101. 176| 2070. 374 | 1101. 176 | 2071. 773
14 | 1827 473 1148513. 2| 4751435. 0| 10. 334594 42. 754541 48| 37.390( 100. 208 | 0. 000442| -0.000058|1614.970| 2005.610(| 1614.970| 2005. 751
151275 1014 1289173. 2| 4894955. 0| 11. 600287 | 44. 045968 5591 33. 026 100. 830 | 0. 004465| -0.000614| 1068.898 | 1718. 696 | 1068. 900 | 1720. 097
16| 1827 937( 1269153. 2| 4751435. 0| 11. 420142 42. 754541 588 [ 32.249| 100. 918 | 0. 004465| - 0. 000632 [ 1559. 338 [ 1669. 616 | 1559. 338 | 1671. 048
1711523 1529 1423073. 2| 4830475. 0| 12. 805151 | 43. 465761 473 | 26.044] 101. 727 | 0. 002805 -0.000423| 1219. 772|1304. 177 | 1219. 772 | 1305. 069
181993 1478 1409813. 2| 4708275. 0| 12. 685834 | 42. 366177 583 24.994( 101. 805 0. 003241| -0.000500| 1633. 713 1244.989| 1633. 714 | 1246. 038
19| 2407 1761 1483393. 2| 4600635. 0| 13. 347924 | 41. 397607 637 ] 19.533| 102. 362 | 0. 002647 | -0.000435| 1952. 375 951.629| 1952. 377 952. 501
20 (2158 | 2096| 1570493. 2| 4665375. 0| 14. 131671| 41. 980152 919 15. 805| 102. 796 | 0. 003069| - 0. 000518 [ 1689. 644 760.930| 1689. 646 761. 933
21| 2241 2869| 1771473. 2| 4643795. 0] 15.940137| 41. 785970 662 | 3.816] 103.997 | 0. 000517 -0.000096|1642.937| 180.101 | 1642.937 180. 271
22| 2517 2328] 1630813. 2| 4572035. 0| 14. 674444 41. 140257 304 ( 10. 719] 103. 244 | 0. 000669 -0.000119|1963.413| 510.395( 1963.413 510. 617
23| 2683 2843 1764713. 2| 4528875. 0| 15. 879308 40. 751893 780 1.953(| 104.063 | 0. 000306| -0.000058| 2024. 333 92. 061 | 2024. 333 92. 164
24| 944 654 1195573. 2| 4981015. 0| 10. 758052 | 44. 820356 66| 37. 769| 100.131| 0. 000634 -0.000080| 821.305|2032.557| 821.305( 2032. 753
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APPENDIX E —TIE-POINT VALUES

This section contains the values for the first and last (36™ for FR or 71% for RR) tie-point of some lines (sampling factor of 8) and the last one (36™ for FR or undefined for RR, see
example E.15).

E.1 scene01-01/MER_FR__1PNUPA20030921_092217_000000982020_00079_08149 0354.N1

Viewing vectors found in the tie-points ADS enable registering the viewing geometry.
satellite

Last CCD

viewing

vector

A North satellite

Last CCD
viewing
zenith 0,

North

o\

263 m
\

FR scene Full swath

Last CCD
viewing _\

azimutheg, [ T el East

First CCD
viewing /

azimuth o, :

fig. 66 - First and last viewing vectorsof thefirst tie-pointsline. fig. 67 - Location of the FR scene within the full swath in geodetic geometry.

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of
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Figure fig. 66 here above illustrates the viewing vector values of the first and last tie-point in the first tie-point line found within the third data set (“ Tie-point ADS’). Do not
forget that tie-points are ordered from Esat to West. These values let suppose that the FR scene is located on the left side of the full swath as illustrated in fig. 67.

The parallax defect is also provided as “ corrected latitude and longitude” According to the MERIS Level 1 Detailed Processing Model (R-3), these corrections are computed

using the equation 2.
dx = Zraxtan( 6w ) Where:
5 dx is the modulus of the parallax error.
dlat £y = dxxcosl o 1) Eq. dlatr; isthelatitude correction of tie-point (F,J).
Re dlong; isthelongitude correction of tie-point (F,J).
dlon £ - Z—9xxsn(ew.) Zg; is the DEM elevation of tie-point (F,J).
Rexcos( ¢ F, 1) OvFJ is the zenith of the viewing angle of tie-point (F,J).

(OV=N is the azimuth of the viewing angle of tie-point (F,J).
dr is the geodetic latitude of tie-point (F,J).

Re is the mean Earth radius (Re=6 370 997.0 metres)
In our example, see the bold values of thefirst line of datadumped here below.
FIRST TIE-POINT LAST TIE-POINT
dx = Zrux tan(0w,1) = 263 x tan(2.7°) = 12.403m dx = ZFrJ x tan(6w,3) = 99 x tan(38.9°) = 79.883m
dlatr,s dx x C"é‘”'” - 12'40323;%;(9586 3) _ 0.000031306 ° dlatey = I C"é O 3) _ 79'88%;7%09%7109'00) — ~0.000124750 °
dionF.a = _Rcixxxcig((q(ﬁp val’)J) - 637_0%337421235('2(02?22'3?90) = 0.000169181 * dionF.y = 7Fgex :cirs'((f!,i’f) - 63770;3783302; 2(1.18:2)?202)2°) = ~0.001147541°

Sign of the latitude correction (dlat) is not compliant with the sign of longitude correction (dlon). In the case these quantities have to be considered as “CORRECTIONS TO
BEA DDED” to the original values (see eq. 6b’) and not to be substracted as previously in eg. 6b, expression of dlon computation should be changed es:

dion F.3 _ dx x sn( @ vF,J) Eq 2c’ A corrected < Aorigin + dlonF,J Eq 6b’
Re x cos( ¢ F,J)
@ corrected <« @orign + dlatF,J
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. rr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) | LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen
1 117451337.241756 ( 50.742379, 20.514153 ) 263 27 31 1le-6 169 le-6 ( 52.0, 157.9) 2.7, 286.3) ( 51.937422, 12.372044 ) 99 11 -124 1le-6 -1146 1le-6 ( 55.4, 148.6 ) ( 38.9
9 117451359. 768220 ( 49.435929, 19.924214 ) 642 91 75 le-6 403 le-6 ( 51.0, 156.9) ( 2.7, 286.0 ) |( 50.615694, 12.001195 ) 433 33 -543 le-6 -4876 le-6 ( 54.4, 147.8 ) ( 38.9

17 117451382.294684 ( 48.127118, 19.360172 ) 196 42 22 le-6 120 le-6 ( 49.9, 155.9) ( 2.7, 2857) ( 49.293239, 11.641344 ) 536 20 -671 le-6 -5875 1le-6 ( 53.3, 147.0) ( 38.9

25 117451404. 821148 ( 46.816133, 18.819646 ) 159 20 18 le-6 95 le-6 ( 48.8, 154.9) ( 2.7, 2855) ( 47.970091, 11.291352 ) 634 19 -794 le-6 -6771 1e-6 ( 52.3, 146.1) ( 38.9

33 117451427. 347612 ( 45.503143, 18.300527 ) 95 10 10 1le-6 55 le-6 ( 47.8, 153.8 ) ( 2.7, 2852) ( 46.646280, 10.950213 ) 1315 442 -1647 le-6 -13703 le-6 ( 51.3, 145.3) ( 38.9

36 117451435.795036 ( 45.010286, 18.110986 ) 164 49 18 le-6 95 le-6 ( 47.4, 153.4) ( 2.7, 2851) ( 46.149686, 10.824383 ) 1364 358 -1709 le-6 -14086 le-6 ( 51.0, 144.9) ( 38.9

©Coowowo o
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E.2 scene01-02MER_FR__1PNUPA20030921_092220_000000982020_00079_08149_0398.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat.,

1 117451340. 058163 ( 49.074601, 27.223613 ) 300 27 797 le-6 3090 le-6 ( 49.1, 166.0) ( 38.9, 291.5) ( 50.743669,

9 117451362.584627 ( 47.800010, 26.479166 ) 255 22 662 le-6 2572 le-6 ( 48.0, 164.9 ) ( 38.9, 291.0) ( 49. 43395,
17 117451385.111091 ( 46.520884, 25.769594 ) 806 48 2046 le-6 7965 le-6 ( 46.9, 163.8 ) ( 38.9, 290.5) ( 48.122164,
25 117451407. 637555 ( 45.237598, 25.091987 ) 700 76 1738 le-6 6782 le-6 ( 45.8, 162.6 ) ( 38.9, 290.0 ) ( 46.808431,
33 117451430.164019 ( 43.950485, 24.443732 ) 78 7 189 le-6 741 le-6 ( 44.7, 161.5) ( 38.9, 289.6) ( 45.492911,
36 117451438. 611443 ( 43.466894, 24.207718 ) 137 60 330 1le-6 1293 1e-6 ( 44.2, 161.0) ( 38.9, 289.4) ( 44.999157,

Lon.
19.
18.
18.
17.
17.
17.

)

533811
970195
430685
913047
415303
233411

E.3 scene01-03IMER_FR__1PNUPA20030921_092327_000000982020_00079_08149_0394.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat.,
1 117451407.636284 ( 46.612105, 18.963019 ) 93 7 15 le-6 83 le-6 ( 48.6, 155.0) 4.1, 285.6) ( 47.778675,
9 117451430. 162748 ( 45.299488, 18.441791 ) 101 2 17 le-6 88 le-6 ( 47.5, 153.9) ( 4.1, 2853) ( 46. 454782,
17 117451452, 689212 ( 43.984986, 17.940157 ) 830 189 138 le-6 711 le-6 ( 46.5, 152.9) ( 4.1, 285.1) ( 45.130236,
25 117451475. 215676 ( 42.668733, 17.456441 ) - 80 0 0 le-6 0 le-6 ( 45.4, 151.8) ( 4.1, 284.9) ( 43.805064,
33 117451497.742140 ( 41.350854, 16.989140 ) -128 0 0 le-6 0 le-6 ( 44.4, 150.6 ) ( 4.1, 284.7) ( 42479293,
36 117451506. 189564 ( 40.856253, 16.817854 ) 362 28 58 le-6 296 le-6 ( 44.0, 150.2 ) ( 4.1, 284.6) ( 41.981979,

Lon.
11.
11.
10.
10.
10.
10.

)

466962
121505
784263
454420
131249
011643

E.4 scene01-04MER_FR__1PNUPA20030921_092341_000000982020_00079_08149_0534.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat.,
1 117451421.714409 ( 45.909863, 18.014693 ) 98 3 0 le-6 0 le-6 ( 48.2, 153.6) 0.0, 182.0) ( 47.028196,
9 117451444.240873 ( 44.594348, 17.519381 ) 591 159 0 le-6 0 le-6 ( 47.2, 152.5) ( 0.0, 181.9) ( 45.703992,

17 117451466. 767337 ( 43.277165, 17.041762 ) 417 32 0 le-6 0 le-6 ( 46.1, 151.4) ( 0.0, 181.9) ( 44.379209,

25 117451489. 293801 ( 41.958432, 16.580328 ) -110 0 0 le-6 0 le-6 ( 45.1, 150.3) ( 0.0, 181.9) ( 43.053869,

33 117451511. 820265 ( 40.638252, 16.133722 ) 540 177 0 le-6 0 le-6 ( 44.1, 149.2) ( 0.0, 181.8) ( 41727992,

36 117451520.267689 ( 40.142832, 15.969815 ) 1053 209 0 le-6 0 le-6 ( 43.7, 148.8) ( 0.0, 181.8) ( 41. 230654,

Lon.
10.
10.

9.

9
9.
9

)

603496
278711
960598

. 648478

341743

. 227991

E.5 scene01-05/MER_FR__1PNUPA20030925_103640_000000982020_00137_08207_0539.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat.,
1 117801400. 752079 ( 51. 545466, 3.970685 ) -2 0 0 le-6 0 le-6 ( 53.8, 161.5) ( 12.0, 287.9) 52. 871546,
9 117801423.278543 ( 50.247548, 3.315102 ) 55 13 31 le-6 157 le-6 ( 52.7, 160.5) ( 12.0, 287.5) ( 51.551705,
17 117801445. 805007 ( 48.946594, 2.690314 ) 72 27 40 le-6 201 le-6 ( 51.6, 159.5) ( 12.0, 287.1) ( 50.230855,
25 117801468.331471 ( 47.642858, 2.093492 ) 135 6 74 le-6 368 le-6 ( 50.5, 158.5) ( 12.0, 286.8) ( 48.909059,
33 117801490. 857935 ( 46. 336567, 1.522125 ) 311 32 169 le-6 829 le-6 ( 49.4, 157.5) ( 12.0, 286.5) ( 47.586371,
36 117801499.305359 ( 45.846090, 1.313961 ) 333 38 180 le-6 881 le-6 ( 49.0, 157.1) ( 12.0, 286.4) ( 47.090144,

Lon.
-4.
-4.
-5.
-5.
-5.
-6.

)

276685
707541
122747
523896
912392
055074

Al't. Rough.
) 271 29
) 769 175
) 199 24
) 188 31
) 427 169
) 213 56

Al't. Rough.
) 609 165
) 1164 222
) 20 0
) 176 81
)  -91 0
) -567 0

Al't. Rough.
) 1476 382
) 850 227
) 744 75
) -366 0
) 116 23
) 79 54

Al't. Rough.
) -12 0
) -38 0
) 75 50
) -121 0
) -140 0
) -1669 0

Qrr.
-31
-86
-22
-20
-45
-22

Qrr.
-750
-1433
-24
-217

Qrr.

-1907

-1101
-967

-152
-103

Lat.

le-6
le-6
le-6
le-6
le-6
le-6

Lat.

le-6
le-6
le-6
le-6
le-6
le-6

Lat.

le-6
le-6
le-6
le-6
le-6
le-6

Lat.

le-6
le-6
le-6
le-6
le-6
le-6

Lon.

-17
-48
-12
-1
-25
-12

Lon.
- 6269
-11692

-19

5
5
2
3
1
4

6

-1688

Lon

- 16512
-9284
- 7942

-1186

-80

1
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Sun (Zen., Azi.) View (Zen.
le-6 ( 52.3, 156.7) ( 2.7,
le-6 ( 51.2, 155.8 ) ( 2.7,
le-6 ( 50.1, 154.7) ( 2.7,
le-6 ( 49.1, 153.7) ( 2.7,
le-6 ( 48.0, 152.7) ( 2.7,
le-6 ( 47.6, 152.3) ( 2.7,

Sun (Zen., Azi.) View (Zen.
le-6 ( 52.1, 146.3) ( 38.0,
le-6 ( 51.1, 145.4) ( 38.0,
le-6 ( 50.1, 144.5) ( 38.0,
le-6 ( 49.1, 143.5) ( 38.0,
le-6 ( 48.2, 142.6) ( 38.0,
le-6 ( 47.8, 142.2) ( 38.0,

Sun (Zen., Azi.) View (Zen.
le-6 ( 51.8, 145.0) ( 40.7,
le-6 ( 50.8, 144.1) ( 40.7,
le-6 ( 49.8, 143.2) ( 40.7,
le-6 ( 48.9, 142.3) ( 40.7,
le-6 ( 47.9, 141.3) ( 40.7,
le-6 ( 47.6, 140.9) ( 40.7,

Sun (Zen., Azi.) View (Zen.
le-6 ( 57.0, 152.2) ( 32.1,
le-6 ( 55.9, 151.4) ( 32.1,
le-6 ( 54.9, 150.5) ( 32.1,
le-6 ( 53.8, 149.7 ) ( 32.1,
le-6 ( 52.8, 148.9) ( 32.1,
le-6 ( 52.4, 148.5) ( 32.1,

on except for or on behalf of
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105.
105.
104.
104.
104.
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100.
100.
100.
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100.
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99.
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101
101
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E.6 scene01-06/MER_FR__1PNUPA20030926_100615_000000982020_00151 08221 0538.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 117885975.564369 ( 46.131973, 15.246156 ) 432 134 1178 le-6 4509 le-6 ( 48.3, 165.1) ( 40.7, 290.7 ) ( 47.752857, 7.968492 ) 907 96 0 le-6 0 le-6 ( 51.5, 156.3) ( 0.0, 1821
9 117885998.090833 ( 44.850067, 14.567378 ) -90 0 0 le-6 0 le-6 ( 47.2, 164.0) ( 40.7, 290.2 ) ( 46.439901, 7.445472 ) 1549 398 0 le-6 0 le-6 ( 50.4, 155.3) ( 0.0, 1821

17 117886020. 617297 ( 43.564274, 13.917832 ) -55 0 0 le-6 0 le-6 ( 46.0, 162.9 ) ( 40.7, 289.7 ) ( 45.125091, 6.942563 ) 1579 352 0 le-6 0 le-6 ( 49.3, 154.3) ( 0.0, 1820

25 117886043.143761 ( 42 274895, 13.295207 ) 1103 373 2824 le-6 10886 le-6 ( 44.9, 161.8 ) ( 40.7, 289.3) ( 43.808563, 6. 458004 ) 939 98 0 le-6 0 le-6 ( 48.3, 153.3) ( 0.0, 1820

33 117886065. 670225 ( 40.982206, 12.697413 ) -694 0 0 le-6 0 le-6 ( 43.8, 160.7 ) ( 40.7, 288.9 ) ( 42.490438, 5.990218 ) -2420 0 0 le-6 0 le-6 ( 47.2, 152.3) ( 0.0, 1820

36 117886074. 117649 ( 40.496644, 12.479252 ) -2251 0 0 le-6 0 le-6 ( 43.4, 160.3 ) ( 40.7, 288.8) ( 41. 995752, 5.818829 ) -2399 0 0 le-6 0 le-6 ( 46.8, 151.9) ( 0.0, 1819

E.7 scene01-07MER_FR__1PNUPA20031010 092709 000000982020 00351 08421 0536.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 119093229.243887 ( 43.298630, 18.667244 ) 1584 288 1035 le-6 4917 le-6 ( 52.0, 159.2) 14.6, 286.1 ) ( 44.541324, 11.619780 ) 13 10 -13 le-6 -93 le-6 ( 55.3, 151.3) ( 30.0, 101.3
9 119093251. 770351 ( 41.986534, 18.156891 ) -119 0 0 le-6 0 le-6 ( 50.9, 158.3 ) ( 14.6, 2859 ) ( 43.216211, 11.255751) 246 80 -248 le-6 -1723 1le-6 ( 54.2, 150.6 ) ( 30.0, 101.2

17 119093274.296815 ( 40.672518, 17.664457 ) 143 14 90 le-6 427 le-6 ( 49.8, 157.4) ( 14.7, 285.6) ( 41.890343, 10.900534 ) -1365 0 0 le-6 0 le-6 ( 53.1, 149.8 ) ( 30.0, 1012

25 119093296.823279 ( 39.356718, 17.188507 ) -447 0 0 le-6 0 le-6 ( 48.7, 156.5) ( 14.7, 285.4 ) ( 40.563758, 10.553316 ) -1832 0 0 le-6 0 1e-6 ( 52.1, 149.0) ( 30.0, 1012

33 119093319. 349743 ( 38.039257, 16.727746 ) -1717 0 0 le-6 0 le-6 ( 47.6, 155.6 ) ( 14.7, 285.2) ( 39.236493, 10.213367 ) -1629 0 0 le-6 0 le-6 ( 51.1, 148.1) ( 30.1, 1011

36 119093327.797167 ( 37.544803, 16.558633 ) -2377 0 0 le-6 0 le-6 ( 47.2, 155.2) ( 14.7, 285.1) ( 38738600, 10.087623 ) -2016 0 0 le-6 0 le-6 ( 50.7, 147.8) ( 30.1, 101.1

E.8 scene01-08MER_FR__1PNUPA20031010_092717_000000502020 00351 08421_0453.N1
Warning : This product has not the expected number of tie-point lines.
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 119093237.693105 ( 43.734696, 13.508266 ) -26 0 0 le-6 0 le-6 ( 53.9, 153.3 ) ( 18.4, 102.6 ) ( 44.266045, 9.846784 ) 540 187 -665 le-6 -5220 le-6 ( 55.6, 149.3 ) ( 38.0, 100.1
9 119093260. 219569 ( 42. 410958, 13.104730 ) 1206 238 -786 le-6 -4785 le-6 ( 52.8, 152.5) ( 18.4, 102.5) ( 42.940479, 9.521488 ) -128 0 0 le-6 0 le-6 ( 54.6, 148.5) ( 38.0, 100.1

17 119093282. 746033 ( 41086229, 12.712415 ) -457 0 0 le-6 0 le-6 ( 51.8, 151.6 ) ( 18.4, 1025 ) ( 41.614330, 9.202422 ) 442 65 -547 le-6 -4095 le-6 ( 53.5, 147.8 ) ( 38.0, 100.1

19 119093288. 377649 ( 40.754899, 12.615973 ) -2261 0 0 le-6 0 le-6 ( 51.5, 151.4) ( 18.4, 102.4) ( 41. 282704, 9. 123556 ) -55 0 0 le-6 0 le-6 ( 53.3, 147.6 ) ( 38.0, 100.1

E.9 scene0l-09MER_FR__1PNUPA20031207_104236_000000982022_00180_09252_0537.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (lat., Lon.) Al't. Rough. Qorr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qorr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 124108956.659803 ( 49.653164, 7.216756 ) 409 50 1055 le-6 4122 le-6 ( 72.8, 170.4 ) ( 37.9, 291.6 ) ( 51.323409, -0.566129 ) 47 25 -8 le-6 -46 le-6 ( 75.5, 163.1) ( 4.1, 1056
9 124108979. 186267 ( 48.379342, 6.461337 ) 320 17 806 le-6 3156 le-6 ( 71.6, 169.7 ) ( 37.9, 291.0 ) ( 50.013974, -1.134740 ) -60 0 le-6 0 le-6 ( 74.4, 162.6 ) ( 4.1, 1053

17 124109001. 712731 ( 47.100896, 5.741857 ) 250 13 615 le-6 2415 le-6 ( 70.4, 169.0) ( 38.0, 290.5 ) ( 48.702428, -1.678617 ) -7 0 0 le-6 0 le-6 ( 73.2, 162.0) ( 4.1, 105.0

25 124109024.239195 ( 45.818209, 5.055281 ) 195 18 469 le-6 1846 1le-6 ( 69.2, 168.3 ) ( 38.0, 290.1) ( 47.388935, -2.200081 ) 10 3 -1 le-6 -9 le-6 ( 72.1, 161.5) ( 4.1, 104.8

33 124109046. 765659 ( 44.531627, 4.398887 ) 262 55 618 le-6 2432 le-6 ( 68.1, 167.7 ) ( 38.0, 289.6 ) ( 46.073645, -2.701183 ) -104 0 0 le-6 0 1e-6 ( 70.9, 161.0) ( 4.1, 104.6

36 124109055. 213083 ( 44.048219, 4.160015 ) 137 34 320 1le-6 1263 1le-6 ( 67.6, 167.4 ) ( 38.0, 289.5) ( 45579975, -2.884227 ) -87 0 0 le-6 0 le-6 ( 70.5, 160.8) ( 4.1, 104.5

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of
VisioTerra to fuffil the purpose for which the document was delivered to him. ”
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E.10 scene01-10/MER_FR__1PNUPA20031208_101129_000000982022_00194 09266_0535.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 124193489.202554 ( 49.271664, 8.360204 ) 106 4 32 le-6 165 le-6 ( 73.5, 163.9) ( 6.7, 286.5) ( 50.497857, 0. 477256 ) -44 0 0 le-6 0 le-6 ( 76.4, 156.7 ) ( 36.1, 100.5
9 124193511.729018 ( 47.965088, 7.780743 ) 324 157 96 le-6 494 le-6 ( 72.3, 163.4) ( 6.7 286.2) ( 49.175646, 0.098816 ) 123 22 -146 le-6 -1213 le-6 ( 75.2, 156.3) ( 36.1, 100.5

17 124193534.255482 ( 46.656169, 7.225743 ) 1439 193 420 le-6 2147 le-6 ( 71.2, 162.8 ) ( 6.7, 2859 ) ( 47.852658, -0.268492 ) 44 6 -52 le-6 -423 le-6 ( 74.1, 155.9 ) ( 36.1, 100.4

25 124193556.781946 ( 45.345087, 6.693028 ) 2153 390 619 le-6 3142 le-6 ( 70.0, 162.3) ( 6.7, 2857 ) ( 46.528933, -0.625784 ) 106 15 -125 le-6 -994 le-6 ( 72.9, 155.5) ( 36.1, 100.4

33 124193579.308410 ( 44.032007, 6.180659 ) 747 231 211 le-6 1067 1le-6 ( 68.9, 161.7 ) ( 6.8 285.4) ( 45.204505, -0.974050 ) 21 2 -24 le-6 -192 le-6 ( 71.8, 155.1) ( 36.1, 100.4

36 124193587. 755834 ( 43.539117, 5.993407 ) 319 51 89 le-6 452 le-6 ( 68.4, 161.5) ( 6.8 2853) ( 44.707670, -1.102505 ) -5 0 0 le-6 0 le-6 ( 71.4, 155.0) ( 36.1, 100.4

E.11 scene02-0/MER_FR__1PNDPA20040302_ 103942 000000982024 00409 10483 1126.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 131539182.139727 ( 49.625284, 8.164910 ) 2 61 658 le-6 2547 le-6 ( 58.1, 162.5) 38.8, 291.7) ( 51.310939, 0.393494 ) 98 10 -11 le-6 -64 le-6 ( 61.5, 154.1) ( 2.7, 1058
9 131539204.666191 ( 48.352861, 7.404165 ) 483 94 1267 le-6 4915 le-6 ( 57.0, 161.4 ) ( 38.9, 291.2) ( 50.002262, -0.181561 ) -49 0 0 le-6 0 le-6 ( 60.4, 153.3) ( 2.7, 105.5

17 131539227.192655 ( 47.075725, 6.679666 ) 1044 177 2676 le-6 10406 le-6 ( 55.9, 160.4 ) ( 38.9, 290.7) ( 48.691410, -0.731444) 233 45 -25 le-6 -144 le-6 ( 59.4, 152.5) ( 2.7, 105.2

25 131539249. 719119 ( 45.794270, 5.988361 ) 438 341 1098 le-6 4279 le-6 ( 54.9, 159.4 ) ( 38.9, 290.2 ) ( 47.378555, -1.258509 ) 39 19 -4 le-6 -23 1e-6 ( 58.4, 151.6) ( 2.7, 1049

33 131539272. 245583 ( 44.508844, 5.327512 ) 826 254 2027 le-6 7915 le-6 ( 53.8, 158.4 ) ( 38.9, 289.8) ( 46.063849, -1.764842 ) -40 0 0 le-6 0 le-6 ( 57.4, 150.8) ( 2.7, 104.7

36 131539280. 693007 ( 44.025851, 5. 087037 ) 173 144 421 le-6 1646 le-6 ( 53.4, 158.1) ( 38.9, 289.6 ) ( 45.570386, -1.949758 ) -75 0 0 le-6 0 le-6 ( 57.0, 150.4) ( 2.7, 104.6

E.12 scene02-02MER_FR__1PNDPA20040302_103942_000000982024 00409 10483 1130.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 131539182.139727 ( 51.145019, 1.308982 ) 59 0 7 le-6 38 le-6 ( 61.1, 155.1) 2.7, 286.5) ( 52.345710, -6.903788 ) 88 14 -110 le-6 -1028 1le-6 ( 64.6, 146.7 ) ( 38.8, 100.0
9 131539204.666191 ( 49. 839405, 0.710308 ) 14 17 1 le-6 8 le-6 ( 60.0, 154.2 ) ( 2.7, 286.1) ( 51.024262, -7.278522) -97 0 0 le-6 0 le-6 ( 63.6, 146.0) ( 38.9, 100.0

17 131539227.192655 ( 48.531364, 0.138334 ) 248 9 28 le-6 153 1e-6 ( 59.0, 153.4) ( 2.7, 285.8) ( 49.702075, -7.641864 ) -127 0 0 le-6 0 1e-6 ( 62.6, 145.4) ( 38.9, 100.0

25 131539249.719119 ( 47.221091, -0.409409 ) 60 13 6 le-6 36 le-6 ( 58.0, 152.5) ( 2.7, 2856 ) ( 48.379184, -7.994999 ) -147 0 0 le-6 0 le-6 ( 61.6, 144.7) ( 38.9, 99.9

33 131539272.245583 ( 45908761, -0.935113 ) 15 12 1 le-6 8 le-6 ( 57.0, 151.6 ) ( 2.7, 285.3) ( 47.055620, -8.338972 ) -4187 0 0 le-6 0 le-6 ( 60.6, 144.0) ( 38.9, 99.9

36 131539280. 693007 ( 45 416139, -1.126975 ) 11 7 1 le-6 6 le-6 ( 56.6, 151.3) ( 2.7, 285.2) ( 46.559115, -8.465792 ) -4784 0 0 le-6 0 le-6 ( 60.3, 143.7) ( 38.9, 99.9

E.13 scene02-03MER_FR__1PNDPA20040302_ 104117 000000982024 00409 10483 1131.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qorr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qorr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 131539277.874097 ( 44.187083, 5.166854 ) 619 265 1511 1le-6 5903 le-6 ( 53.6, 158.2) 38.9, 289.7) ( 45.735081, -1.888340 ) -62 0 0 le-6 0 le-6 ( 57.1, 150.5) ( 2.7, 104.7
9 131539300.400561 ( 42.897134, 4.540645 ) -525 0 0 le-6 0 1e-6 ( 52.5, 157.2 ) ( 38.9, 289.2 ) ( 44.418253, -2.371344 ) -1344 0 0 le-6 0 1e-6 ( 56.1, 149.7) ( 2.7, 1045

17 131539322.927025 ( 41. 603879, 3.939703 ) -2125 0 0 le-6 0 le-6 ( 51.5, 156.2) ( 38.9, 288.8) ( 43.099862, -2.837508 ) 649 186 -68 le-6 -367 le-6 ( 55.1, 148.8) ( 2.7, 104.3

25 131539345. 453489 ( 40. 307565, 3.362081 ) -1509 0 0 le-6 0 le-6 ( 50.5, 155.1) ( 38.9, 288.5) ( 41.780015, -3.288272 ) 1001 25 -104 le-6 -555 le-6 ( 54.1, 147.9) ( 2.7, 104.1

33 131539367.979953 ( 39.008419, 2.806016 ) -166 0 0 le-6 0 le-6 ( 49.4, 154.1) ( 38.9, 2881) ( 40.458810, -3.724928 ) 681 22 -70 le-6 -370 le-6 ( 53.2, 147.0) ( 2.7, 104.0

36 131539376.427377 ( 38.520551, 2.602718 ) -2043 0 0 le-6 0 le-6 ( 49.0, 153.7 ) ( 38.9, 2880) ( 39.963026, -3.885279 ) 472 41 -48 le-6 -254 le-6 ( 52.8, 146.6 ) ( 2.7, 103.9

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of
VisioTerra to fuffil the purpose for which the document was delivered to him. ”
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E.14 scene02-04MER_FR__1PNPDE20040328_102200_000000982025_00280_10855_0002.N1

DATA SET #3 - "Tie points ADS":

No.

1
9
17
25
33
36

Dat e FIRST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Qrr. Lat. Lon. Sun (Zen.,
133784520. 248060 ( 51.198988, 13.715287 ) 164 32 473 le-6 1807 1e-6 ( 49.0, 164.0) ( 39.7, 292.7) ( 52950155, 5.70459 ) -2 0 0 le-6 0 le-6 ( 52.
133784542. 774524 ( 49.934628, 12.898227 ) 651 37 1830 le-6 7017 le-6 ( 48.0, 162.7 ) ( 39.7, 292.1) ( 51.645319, 5.087028 ) 10 1 0 le-6 -3 le-6 ( 51.
133784565. 300988 ( 48.664890, 12.122121 ) 464 26 1273 1le-6 4895 le-6 ( 46.9, 161.5) ( 39.8 291.5) ( 50.337982, 4.498547 ) 175 20 -10 le-6 -56 le-6 ( 50.
133784587. 827452 ( 47.390239, 11.383432 ) 1809 613 4851 le-6 18691 le-6 ( 45.8, 160.2) ( 39.8 291.0) ( 49.028355, 3.936351 ) 120 33 -6 le-6 -37 le-6 ( 49.
133784610. 353916 ( 46.111086, 10.679000 ) 1503 319 3941 le-6 15220 le-6 ( 44.8, 158.9 ) ( 39.8 290.5) ( 47.716621, 3.397969 ) 247 34 -13 le-6 -75 le-6 ( 48.
133784618. 801340 ( 45.630319, 10.423082 ) 404 46 1050 1le-6 4061 le-6 ( 44.4, 158.4) ( 39.8 290.3) ( 47.224212, 3.201762 ) 254 26 -14 le-6 -76 le-6 ( 48.

E.15 MER_RR__1PNPDK20030408_093303_000023202015_00208_05773_0848.N1

, 151.
, 150.
, 149.

4, 154.
4, 153.
4, 152.
4
4
0
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INFNINININING )

This product has been generated on February 2003 and contains a defect that has been fixed in the processor: Latitude and longitude corrections are not expressed in 1e°® degrees

stated in document R-2 but in 1€ radians.

DATA SET #3 - “Tie points ADS"
No. Dat e FIRST (Lat., Lon.) Al't. Rough. Qorr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (lat., Lon.) At. Rough. Corr. Lat. Lon. Sun (Zen.,
0 191. 40

1 103109583. 820036 ( 69.010207, 47.018145 ) - -4 1e-6  -14 1le-6 ( 62.2, 0) ( 40.5 311.8 ) ( 74.042619, 17.620962 ) -242 0 7 le-6 114 le-6 ( 67.9

9 103109606. 346500 ( 67.975274, 44.591548 ) 20 11 1 le-6 5 1e-6 ( 61.1, 188.4 ) ( 40.5 309.6 ) ( 72.747260, 16.535418 ) -437 0 13 le-6 192 le-6 ( 66.8
17 103109628. 872964 ( 66.908355, 42.372819 ) -7 1  01e6 -11e6 ( 59.9, 186.1 ) ( 40.5 307.6 ) ( 71.447998, 15.575876 ) -1293 0 37 le-6 532 le-6 ( 65.7,
25 103109651.399428 ( 65 813653, 40.339576 ) -8 27 0 1e-6 -2 1e-6 ( 58.7, 183.9 ) ( 40.5 305.8 ) ( 70.145543, 14.717798 ) -2501 O 69 le-6 966 le-6 ( 64.6,
33 103109673. 925892 ( 64.694747, 38.471623 ) -1 16 0 1le-6 0 1e-6 ( 57.6, 181.9 ) ( 40.5 304.2 ) ( 68.840428, 13.942550) -91 O 2 le-6 33 le-6 ( 63.5,
41 103109696. 452356 ( 63.554680, 36.750928 ) 180 30 13 1e-6 45 le-6 ( 56.4, 180.0 ) ( 40.5 3027 ) ( 67.533060, 13.235743) -238 0 6 le-6 82 le-6 ( 62.5,
49 103109718. 978820 ( 62. 396046, 35.161501 ) 60 23 4 le-6 14 1e-6 ( 55.3, 178.2 ) ( 40.5 301.3 ) ( 66.223758, 12.586091) -71 75 1 1e-6 23 1le-6 ( 61.4,
57 103109741.505284 ( 61221061, 33.689225 ) 120 19 8 le-6 28 1e-6 ( 54.1, 176.5 ) ( 40.5 300.0 ) ( 64.912769, 11.984627 ) 233 77 -5 le-6 -72 le-6 ( 60.3,
65 103109764.031748 ( 60.031621, 32.321670 ) 10 9 0 1le-6 2 1e-6 ( 53.0, 174.8 ) ( 40.5 298.9 ) ( 63.600293, 11.424131) 442 65 -10 le-6 -131 le-6 ( 59.3,
73 103109786. 558212 ( 58.829354, 31.047899 ) 5 6 3 le-6 11 1e-6 ( 51.9, 173.2 ) ( 40.6, 297.8 ) ( 62.286487, 10.898731) 647 83 -15 le-6 -184 le-6 ( 58.3,
81 103109809. 084676 ( 57.615663, 29.858292 ) 64 11 3 1e-6 14 1e-6 ( 50.7, 171.7 ) ( 40.6, 296.9 ) ( 60.971483, 10.403599 ) 635 88 -14 le-6 -173 le-6 ( 57.2
89 103109831.611140 ( 56.391762, 28.744384 ) 148 11 8 le-6 32 1e-6 ( 49.6, 170.3 ) ( 40.6, 296.0 ) ( 59.655387, 9.934729 ) 195 92 -4 le-6 -51 le-6 ( 56.2
97 103109854. 312018 ( 55.149121, 27.690865 ) 173 5 9 1e-6 36 1e-6 ( 48.5, 168.8 ) ( 40.6, 2951 ) ( 58.328084, 9.485400 ) -635 O 14 le-6 160 le-6 ( 55.2,
105 103109876.838482 ( 53.907758, 26.707302 ) 207 12 11 le-6 43 1e-6 ( 47.4, 167.4 ) ( 40.6, 294.4 ) ( 57.010045,  9.059673 ) 4 0 0 1le-6 0 1le-6 ( 54.2
113 103109899. 364946 ( 52 658958, 25.779529 ) 148 5 7 1e-6 30 1e-6 ( 46.3, 166.0 ) ( 40.6, 293.6 ) ( 55.691137, 8.651612 ) 25 4 0 1le-6 -51e-6 ( 53.2
121 103109921.891410 ( 51.403423, 24.902395 ) 166 7 8 le-6 33 1e-6 ( 45.2, 164.6 ) ( 40.6, 293.0 ) ( 54.371413, 8.259167 ) -12 0 O le-6 2 1e-6 ( 52.2
129 103109944. 417874 ( 50.141770, 24.071324 ) 221 14 11 1le-6 42 1e-6 ( 44.1, 163.2 ) ( 40.6, 292.4 ) ( 53.050918, 7.880573) 12 4 0 1e-6 -2 1e-6 ( 51.2
137 103109966. 944338 ( 48.874542, 23.282246 ) 788 90 39 le-6 149 1e-6 ( 43.0, 161.9 ) ( 40.6, 291.8 ) ( 51.729692,  7.514298 ) 80 13 -1 le-6 -17 le-6 ( 50.3
145 103109989. 470802 ( 47.602224, 22.531532 ) 127 10 6 le-6 23 1e-6 ( 42.0, 160.5 ) ( 40.6, 291.2 ) ( 50.407769, 7.159013 ) 467 47 -10 le-6 -97 le-6 ( 49.3
153 103110011.997266 ( 46.325245, 21.815938 ) 155 132 7 le-6 28 1e-6 ( 40.9, 159.1 ) ( 40.6, 290.7 ) ( 49.085180, 6.813549) 268 16 -6 le-6 -54 le-6 ( 48.4
161 103110034.523730 ( 45043987, 21.132555 ) 103 22 4 le-6 18 1e-6 ( 39.9, 157.6 ) ( 40.7, 290.3 ) ( 47.761952, 6.476881) 335 12 -7 le-6 -66 le-6 ( 47.5
169 103110057. 050194 ( 43.758792, 20.478773 ) 324 116 14 le-6 56 le-6 ( 38.9, 156.2 ) ( 40.7, 289.8 ) ( 46.438111, 6.148100 ) 1288 259 -29 le-6 -248 le-6 ( 46.6,
177 103110079. 576658 ( 42. 469970, 19.852244 ) 1694 429 75 le-6 292 le-6 ( 37.9, 154.7 ) ( 40.7, 289.4 ) ( 45.113678, 5.826400 ) 496 410 -11 le-6 -93 le-6 ( 45.7
185 103110102. 103122 ( 41.177797, 19.250847 ) -8 0 -3 le-6 -14 1e-6 ( 36.9, 153.2 ) ( 40.7, 289.0 ) ( 43.788677, 5.511059 ) 541 48 -12 le-6 -99 le-6 ( 44.9
193 103110124. 632316 ( 39.882367, 18.672597 ) -128 O -5 le-6 -21 1e-6 ( 35.9, 151.6 ) ( 40.7, 288.6 ) ( 42.462966, 5.201393 ) -1915 0 43 le-6 345 le-6 ( 44.0,
201 103110147.158780 ( 38.584220, 18.115900 ) -2583 0 -109 le-6 -424 le-6 ( 34.9, 150.0 ) ( 40.7, 288.3 ) ( 41.136887, 4.896896 ) -2581 0 59 le-6 456 le-6 ( 43.2
209 103110169. 685244 ( 37.283408, 17.579107 ) -2866 0 -119 le-6 -463 le-6 ( 34.0, 148.3 ) ( 40.7, 287.9 ) ( 39.810298, 4.597003 ) -792 0 18 le-6 137 le-6 ( 42.4
217 103110192.211708 ( 35.980119, 17.060785 ) -3596 O -147 le-6 -572 1e-6 ( 33.1, 146.5 ) ( 40.7, 287.6 ) ( 38.483217, 4.301234) -2584 0 59 le-6 439 le-6 ( 41.7
225 103110214.738172 ( 34.674525, 16.559626 ) -1544 0 -62 le-6 -242 1e-6 ( 32.2, 144.7 ) ( 40.7, 287.3 ) ( 37.155664, 4.009153 ) -2339 0 54 le-6 391 le-6 ( 40.9
233 103110237.264636 ( 33.366786, 16.074438 ) -1212 0 -48 le-6 -187 1e-6 ( 31.3, 142.8 ) ( 40.7, 287.0 ) ( 35.827656, 3.720359 ) 664 20 -15 le-6 -109 le-6 ( 40.2
241 103110259.791100 ( 32. 057047, 15.604127 ) -64 0 -2 le-6 -9 1e-6 ( 30.5, 140.9 ) ( 40.7, 286.7 ) ( 34.499212, 3.434483 ) 1038 32 -24 le-6 -167 le-6 ( 39.5
249 103110282.317564 ( 30.745443, 15.147690 ) 152 22 5 le-6 22 1e-6 ( 29.7, 138.8 ) ( 40.8 286.5) ( 33.170350, 3.151185) 755 9 -17 1le-6 -120 le-6 ( 38.9
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APPENDIXF - QUALITY CONTROLS OF ACE AND GETASSE30

F.1 Differences between GPS points and ACE DEM — Nearest neighbour
DEM ". ./ DEM ACE/ ACE_30sec/ EUROPA_WGS84" control | ed by "EUVN ETRF. BLH' GCPs:

NUMBER OF GCPs | N | NPUT : 192
NUMBER OF PROCESSED GCPs : 144 (75.0%
NUMBER OF GCPs QUTSI TE THE DEM 48 (25.0%
ELEVATI ON DI FFERENCES :
ARI THMETI C MEAN : -2201. 149
QUADRATI C MEAN : 12109. 911
STANDARD DEVI ATl ON : 11908. 186
M NI MUM : -65001. 139
MAXI MUM : 325. 560
GCP # EASTI NG NORTH NG  GCP ELEVAT. DEM ELEVAT. D FFERENCE 21 : - 6. 205649 36. 464351 84. 180 51.000 -> 33. 180
1: 17. 073455 52. 276957 124. 366 78.000 -> 46. 366 22 11. 877930 45. 406732 84. 043 16.000 -> 68. 043
2 4. 359235 50. 797807 149. 668 101. 000 -> 48. 668 23 : - 3. 951976 40. 443603 647. 362 595.000 -> 52. 362
3 8. 972749 39. 135881 238. 378 142.000 -> 96. 378 24 18. 367308 57. 653880 79. 787 31.000 -> 48. 787
4 3. 399645 50. 933714 63. 894 15.000 -> 48. 894 25 : 12. 878888 49. 144195 666. 026 587.000 -> 79. 026
5 4. 594950 50. 094902 282. 695 148.000 ->  134. 695 26 : 7. 465296 46. 877115 956. 342 850.000 ->  106. 342
6 : 0. 492343 40. 820895 107. 810 6.000 -> 101. 810 27 15. 598375 48. 654545 457. 606 393.000 -> 64. 606
7 14. 785635 49. 913677 592. 594 466.000 ->  126.594 28 13. 683435 46. 554197 687. 372 568.000 ->  119. 372
8 : 6. 920585 43. 754725 1319. 310 1260.000 -> 59. 310 29 : 12. 082992 47. 496026 630. 059 531.000 -> 99. 059
9 15. 493466 47. 067107 538. 290 430.000 ->  108. 290 30 : 23. 394726 42. 556098 1119. 560 794.000 ->  325. 560
10 : 0. 336269 50. 867308 76. 489 14.000 -> 62. 489 31 : 27.909290 43. 192709 38. 243 5.000 -> 33. 243
11 21. 031561 52. 097275 141. 447 112.000 -> 29. 447 32 21. 035229 52. 474971 139. 882 79.000 -> 60. 882
12 5. 809620 52. 178407 96. 846 53.000 -> 43. 846 33 : 4. 358834 50. 798668 157. 470 101. 000 -> 56. 470
13 20. 669911 53. 892409 187. 031 145.000 -> 42. 031 34 7. 668582 47. 567070 504. 933 475.000 -> 29. 933
14 16. 704471 40. 649120 535. 657 471.000 -> 64. 657 35 : 7. 209528 45. 958605 1683. 440 1918.000 -> -234.560
15 11. 646799 44. 519965 50. 057 10.000 -> 40. 057 36 : 6. 102058 46. 454101 1258. 260 1213.000 -> 45. 260
16 : 14. 989779 36. 876079 126. 244 101. 000 -> 25. 244 37 : 8. 670456 46. 659734 2094. 220 2176.000 -> -81.780
17 . 11. 925486 57. 395302 45. 547 13.000 -> 32. 547 38 : 8. 498912 47. 713004 563. 324 498.000 -> 65. 324
18 : 19. 281520 47. 789608 291. 748 209.000 -> 82. 748 39 8. 940319 45. 851463 429. 707 360.000 -> 69. 707
19 13. 066073 52. 379286 144. 420 30.000 -> 114. 420 40 10. 100730 46. 698581 1612. 690 1519.000 -> 93. 690
20 : 24. 058785 56. 948625 34. 702 0.000 -> 34. 702 41 . 14. 969324 50. 817232 338. 631 320.000 -> 18. 631

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of
VisioTerra to fuffil the purpose for which the document was delivered to him. ”
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13. 666705
17. 246431
15. 935217
11. 228598

9. 681841

6. 761590

9. 283692

7.295758
12. 487501
11. 141565

8. 007257
12. 088951
23. 932619
12. 499933
12. 499819
27. 248784
24.380271
-2.459192
157415
. 024620
. 398931
. 624605
110514
976524
561842
735284
503849
105997
128414
424987
199389
. 685527
. 782971
. 450672
- 2. 386369
- 1. 192268
25. 566236
20. 664811
21. 320333
15. 493466

0. 335639
14. 585901
15. 570243

' [N '

PNRPONOORWONANDEN

. 462587
. 505901
. 858445
. 335512
. 508463
. 673819
. 400209
. 914766
. 840896
. 917419
. 363932
. 177972
. 078547
. 738882
. 738824
. 842324
. 463565
. 852473
. 350939
. 721528
. 364369
. 552594
. 686741
. 822697
. 815672
. 620143
. 407887
. 481896
. 7162776
. 844424
. 990445
. 212790
. 478513
. 930791
. 446576
. 940670
. 928037
. 734223
. 644130
. 067165
. 867421
. 255471
. 578563

reference

Envisat MERIS issue

date

Geometry Handbook
page

194.000 ->  75. 634

2.000 -> 57085

65035.000 -> -64981.368

194.000 -> 47. 724
58.000 -> 68. 148
87.000 -> 46. 433
79.000 -> 65. 401
1.000 -> 56. 779
10.000 -> 88. 586
304.000 -> 52. 112
32.000 -> 66. 465
126.000 -> 56. 585
571.000 -> 27. 607
1.000 -> 25. 885
430.000 ->  110. 068
14.000 -> 56. 809
163.000 -> 19. 398
185.000 -> 83. 988
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. 060776
. 711655
. 438445
. 978647
. 679620
. 632365
. 670770
. 619237
. 583063
. 541173
. 339016
. 867878
. 094687
. 788148
. 850322
. 925651
. 075102
. 231004
. 452550
. 213193
. 759409
. 115185
. 810079
. 371464
. 298666
. 410065
. 000909
. 851980
. 249170
. 863652
. 441623
. 925486
. 784687
. 201822
. 552539
. 359563
. 326514
. 853840
. 941155
. 051678
. 707011
. 668737
. 204036

. 657912
. 153943
. 506635
. 806199
. 845120
. 377004
. 319570
. 255668
. 871472
. 711583
. 371616
. 132069
. 501178
. 096242
. 649523
. 412079
. 871680
. 803827
. 922461
. 464939
. 647203
. 210538
. 178523
. 913575
. 653125
. 315888
. 514952
. 554411
. 427214
. 001531
. 125635
. 395302
. 515331
. 512247
. 578390
. 734044
. 827479
. 587695
. 022116
. 878854
. 196354
. 100047
. 242718

->

34. 602
-64964. 204
-65001. 139

77.752

63. 935

41. 070

20. 347

155. 944

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of
VisioTerra to fuffil the purpose for which the document was delivered to him. ”
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128 : 21. 345945
129 : 28. 624054
130 : 11. 217940
131 : 18. 090914
132 : 15. 185443
133 : 16. 476891
134 : 13. 643386
135 : 18. 729417
136 : 20. 323501

F.2 Differences between GPS points and GETASSE30 DEM — Nearest neighbour
DEM ". ./ DEM GETASSE30/ EUROPA_ WGS84"

. 738362
. 588148
. 353462
. 322331
. 286396
. 565884
. 503793
. 836647
. 034587

NUMBER OF GCPs | N | NPUT
NUMBER OF PROCESSED GCPs
NUMBER OF GCPs OUTSI TE THE DEM
ELEVATI ON DI FFERENCES

ARI THMETI C MEAN
QUADRATI C MEAN
STANDARD DEVI ATl ON

M NIl MUM

MAXI MUM
GCP # EASTI NG
1: 17. 073455
2 4. 359235
3 8. 972749
4 3. 399645
5 4. 594950
6 : 0. 492343
7 14. 785635
8 : 6. 920585
9 15. 493466
10 : 0. 336269
11 21. 031561
12 5. 809620
13 20. 669911
14 16. 704471

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of

NORTH NG

. 276957
. 797807
. 135881
. 933714
. 094902
. 820895
. 913677
. 754725
. 067107
. 867308
. 097275
. 178407
. 892409
. 649120

controlled by "EUVN _ETRF. BLH"

QCP ELEVAT.

124.
149.
238.
63.
282.
107.
592.
1319.
538.
76.
141.
96.
187.
535.

366
668

reference

Envisat MERIS issue

date

Geometry Handbook
page
95.000 -> 45. 156
106. 000 -> 50. 390
65035.000 -> -64989.804
65035.000 -> -64999.916
316.000 -> 26. 172
281.000 -> 104. 191
124.000 -> 199. 127
232.000 -> 29. 732
689.000 -> 54. 178

217
169 (77.9%
48 (22.1%

10. 828
32. 368
30. 503
-127. 560
100. 931

DEM ELEVAT. DI FFERENCE
111.000 -> 13. 366
134.000 -> 15. 668
162.000 -> 76. 378

55.000 -> 8. 894
217.000 -> 65. 695
58.000 -> 49. 810
555.000 -> 37. 594
1303.000 -> 16. 310
472.000 -> 66. 290
52.000 -> 24. 489

135.000 -> 6. 447
82.000 -> 14. 846
180.000 -> 7. 031

500. 000 -> 35. 657
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137
138
139
140
141
142
143 :
144

GCPs:

18.
. 480752
. 717480
22.
18.
. 604485
. 878487
12.

884517

452611
367308

878945

. 646799
. 989779
. 925486
. 281520
. 066073
. 058785
. 205649
. 877930
. 951976
. 367308
. 878888
. 465296
. 598375
. 683435
. 082992
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. 165908
. 560778
. 426617
. 562870
. 653880
. 914599
. 143966
. 144253

. 519965
. 876079
. 395302
. 789608
. 379286
. 948625
. 464351
. 406732
. 443603
. 653880
. 144195
. 877115
. 654545
. 554197
. 496026

415.
207.

273

79
660.
665

507.
145.

201.

31.
587.
587.

->
->
->
->
->
->
->
->
->
->
->
->
->
->
->



R

VisioTerra

2.927413
27. 482093
23. 394726
27.909290
21. 035229

4. 358834

7. 668582

7. 209528

6. 102058

8. 670456

8. 498912

8. 940319
10. 100730
14. 969324
13. 666705
17. 246431
15. 935217
11. 228598

9. 681841

8. 717037

6. 761590

9. 283692

7. 295758
12. 487501
11. 141565

8. 007257
12. 088951
23. 932619
12. 499933

9. 962361

8. 439783
11. 924512
12. 499819
27. 248784
24. 380271
- 0. 481227
-2.459192
2. 157415
1. 024620
8. 398931
2. 624605
4.110514
3. 789428

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of

. 234919
. 483503
. 556098
. 192709
. 474971
. 798668
. 567070
. 958605
. 454101
. 659734
. 713004
. 851463
. 698581
. 817232
. 462587
. 505901
. 858445
. 335512
. 508463
. 868059
. 673819
. 400209
. 914766
. 840896
. 917419
. 363932
. 177972
. 078547
. 738882
. 595037
. 460139
. 572108
. 738824
. 842324
. 463565
. 338897
. 852473
. 350939
. 721528
. 364369
. 552594
. 686741
. 461426

reference

Envisat MERIS

Geometry Handbook

48.
38.
1029.
37.
131.
134.
480.
1811.

issue
date
page

. 461
. 743
. 560
. 243
. 882
. 470
. 933
. 560
. 740
. 780
. 324
. 707
. 690
. 369
. 642
. 702

682

. 490
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N
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. 976524
. 762702
. 561842

735284
503849
105997
353775
128414
424987
681746
199389
685527
924040
782971

. 355838
. 450672
. 386369
-5.
. 192268
. 566236
. 664811
. 320333
. 493466
. 335639
. 585901
. 570243
. 060776
. 711655
. 438445
. 978647
. 629348
. 679620
. 632365
. 670770
. 619237
. 583063
. 541173
. 339016
. 867878
. 094687
. 788148
. 850322
. 925651

542908
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. 822697
. 927389
. 815672
. 620143
. 407887
. 481896
. 278770
. 7162776
. 844424
. 395136
. 990445
. 212790
. 622245
. 478513
. 131807
. 930791
. 446576
. 102924
. 940670
. 928037
. 734223
. 644130
. 067165
. 867421
. 255471
. 578563
. 657912
. 153943
. 506635
. 806199
. 084043
. 845120
. 377004
. 319570
. 255668
. 871472
. 711583
. 371616
. 132069
. 501178
. 096242
. 649523
. 412079

. 858

. 142
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11. 075102
11. 231004
12. 452550
14. 213193
13. 759409

9. 115185

5. 810079
23. 371464
25. 298666
21. 083013
24. 410065
21. 000909
21. 537941
21. 851980
-4. 249170
22. 863652

7. 554792

5. 768998
11. 441623
11. 925486

9. 784687
19. 201822
15. 552539
22. 359563
18. 326514
14. 226771
16. 853840

. 871680
. 803827
. 922461
. 464939
. 647203
. 210538
. 178523
. 913575
. 653125
. 729771
. 315888
. 514952
. 395876
. 554411
. 427214
. 001531
. 006474
. 961827
. 125635
. 395302
. 515331
. 512247
. 578390
. 734044
. 827479
. 927591
. 587695

Envisat MERIS

Geometry Handbook

-42.
6
100.
0
-11.
0

N

4

2

1

[EnY

PPRPOPNNMNPRPOONMNWENWWORUIONN

'O

reference

issue
date
page
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143 :
144
145
146
147
148
149 :
150
151 :
152
153
154
155 :
156 :
157
158 :
159 :
160 :
161 :
162 :
163 :
164 :
165 :
166 :
167 :
168 :
169 :

Differences between GPS points and GETASSE30 DEM — Bi-linear

I'N | NPUT

NUMBER OF PROCESSED GCPs

NUMBER OF GCPs QUTSI TE THE DEM

ELEVATI ON DI FFERENCES :

ARI THMETI C MEAN
QUADRATI C  MEAN

STANDARD DEVI ATl ON
M NIl MUM

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use or disclose in whole or in part, information disclosed here on except for or on behalff of

controlled by "EUVN ETRF. BLH"

217
169
48

11
34
32
-181

(77.9%
(22.1%

. 304
. 017
. 083
. 091

GCPs:

. 941155
. 426130
. 051678
. 707011
. 668737
. 204036
. 659006
. 345945
. 624054
. 589036
. 217940
. 090914
. 185443
. 476891
. 643386
. 729417
. 323501
. 884517
. 219359
. 480752
. 845061
. 717480
. 452611
. 367308
. 604485
. 878487
. 878945
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. 022116
. 690064
. 878854
. 196354
. 100047
. 242718
. 168573
. 738362
. 588148
. 104256
. 353462
. 322331
. 286396
. 565884
. 503793
. 836647
. 034587
. 165908
. 362711
. 560778
. 390488
. 426617
. 562870
. 653880
. 914599
. 143966
. 144253
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MAXI MUM
GCP # EASTI NG
1: 17. 073455
2 4. 359235
3: 8. 972749
4 : 3. 399645
5 : 4. 594950
6 : 0. 492343
7 14. 785635
8 : 6. 920585
9 : 15. 493466
10 : 0. 336269
11 : 21. 031561
12 : 5. 809620
13 : 20. 669911
14 : 16. 704471
15 : 11. 646799
16 : 14. 989779
17 : 11. 925486
18 : 19. 281520
19 : 13. 066073
20 : 24. 058785
21 : - 6. 205649
22 11. 877930
23 : -3. 951976
24 : 18. 367308
25 : 12. 878888
26 : 7. 465296
27 : 15. 598375
28 : 13. 683435
29 : 12. 082992
30 : 2.927413
31 : 27. 482093
32 : 23.394726
33 : 27. 909290
34 : 21. 035229
35 : 4. 358834
36 : 7. 668582
37 : 7. 209528
38 : 6. 102058
39 : 8. 670456
40 8. 498912

NORTH NG

. 276957
. 797807
. 135881
. 933714
. 094902
. 820895
. 913677
. 754725
. 067107
. 867308
. 097275
. 178407
. 892409
. 649120
. 519965
. 876079
. 395302
. 789608
. 379286
. 948625
. 464351
. 406732
. 443603
. 653880
. 144195
. 877115
. 654545
. 554197
. 496026
. 234919
. 483503
. 556098
. 192709
. 474971
. 798668
. 567070
. 958605
. 454101
. 659734
. 713004

QCP ELEVAT

124.
149.
238.
63.
282.
107.
592.
1319.
538.
76.
141.
96.
187.
535.
50.
126.
45.
291.
144,
34.
84.
84.
647.
79.
666.
956.
457.
687.

366
668
378
894
695
810
594
310
290
489
447
846
031
657
057
244
547
748
420
702
180
043
362
787
026
342
606
372

. 059
. 461
. 743
. 560
. 243
. 882
. 470
. 933
. 440
. 260
. 220

324

reference

Envisat MERIS issue

date
Geometry Handbook
page
125. 763
DEM ELEVAT. D FFERENCE

112.812 -> 11. 554
133.450 -> 16. 218
167.832 -> 70. 546
54.994 -> 8. 900
243.019 -> 39. 676
64.683 -> 43. 127
529.154 -> 63. 440
1241.729 -> 77.581
479.032 -> 59. 258
55.476 -> 21. 013

136.241 -> 5. 206
83.807 -> 13. 039
179.426 -> 7. 605
504.194 -> 31. 463
48.379 -> 1. 678
147.778 -> -21.534
39.760 -> 5. 787

307.604 ->  -15. 856
113.480 -> 30. 940
33.045 -> 1. 657
60.023 -> 24. 157
60.589 -> 23. 454
664.634 -> -17.272
78.403 -> 1. 384
627.837 -> 38. 189
909.589 -> 46. 753
435.192 -> 22. 414
654.312 -> 33. 060
575.422 -> 54. 637

47.669 -> 6. 792
38.000 -> 3. 743
993.797 ->  125.763
37.494 -> 0. 749
130.440 -> 9. 442

133.594 -> 23. 876
482.512 -> 22. 421
1864.531 -> -181.091
1317.040 -> -58.780
2153.840 -> -59.620
527.537 -> 35. 787
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. 940319
. 100730
. 969324
. 666705
. 246431
. 935217
. 228598
. 681841
. 717037
. 761590
. 283692
. 295758
. 487501
. 141565
. 007257
. 088951
. 932619
. 499933
. 962361
. 439783
. 924512
. 499819
. 248784
. 380271
. 481227
2. 459192
. 157415
. 024620
. 398931

624605
110514
789428
976524
762702
561842
735284
503849
105997

. 353775
. 128414
. 424987

. 851463
. 698581
. 817232
. 462587
. 505901
. 858445
. 335512
. 508463
. 868059
. 673819
. 400209
. 914766
. 840896
. 917419
. 363932
. 177972
. 078547
. 738882
. 595037
. 460139
. 572108
. 738824
. 842324
. 463565
. 338897
. 852473
. 350939
. 721528
. 364369
. 552594
. 686741
. 461426
. 822697
. 927389
. 815672
. 620143
. 407887
. 481896
. 278770
. 7162776
. 844424

. 707
. 690
. 631
. 358
. 702
. 682
. 490
. 877
. 021
. 982
. 506
. 493
. 308
. 626
. 934
. 546
. 553
. 938
. 208
. 303
. 619
. 715
. 504
. 272
. 347
. 048
. 660
. 634
. 957
. 085
. 213
. 281
. 858
. 797
. 915
. 485
. 411
. 632
. 797
. 724
. 148

. 264
. 494
. 892
. 505
. 865
. 213
.051
.023
. 806
L7171
.031
. 273
. 205
. 354
. 713
. 988
. 339
. 902
. 916
. 000
.000
. 843
. 946
.129
.000
.173
. 107
. 437
.484
.587
.151
.000
. 827
. 000
.821
. 942
.610
.181
.163
. 605
. 967
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. 443
. 804
. 261
. 147
. 837
. 469
. 439
. 854
. 215
. 211
. 475
. 220
. 103
. 272
. 221
. 558
. 214
. 036
. 708
. 303
. 619
. 872
. 442
. 143
. 347
. 875
. 553
. 197
. 473
. 498
. 062
. 281
. 031
. 797
. 906
. 457
. 801
. 451
. 634
. 881
. 181
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. 681746
. 199389
. 685527
924040
782971
. 355838
. 450672
. 386369
- 5. 542908
-1.192268
25. 566236
20. 664811
21. 3203383
15. 493466

0. 335639
14. 585901
15. 570243
18. 060776
18. 711655
16. 438445
15. 978647
13. 629348
15. 679620
21. 632365
20. 670770
18. 619237
- 9. 583063
-6.541173
-7.339016
16. 867878
15. 094687
11. 788148
14. 850322

8. 925651
11. 075102
11. 231004
12. 452550
14. 213193
13. 759409

9. 115185

5. 810079
23. 371464
25. 298666

.
NP UINUIFPOP
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. 395136
. 990445
. 212790
. 622245
. 478513
. 131807
. 930791
. 446576
. 102924
. 940670
. 928037
. 734223
. 644130
. 067165
. 867421
. 255471
. 578563
. 657912
. 153943
. 506635
. 806199
. 084043
. 845120
. 377004
. 319570
. 255668
. 871472
. 711583
. 371616
. 132069
. 501178
. 096242
. 649523
. 412079
. 871680
. 803827
. 922461
. 464939
. 647203
. 210538
. 178523
. 913575
. 653125

. 264
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Geometry Handbook
66.099 -> -11
133.753 -> -0
136.748 -> 7.
55.000 -> 12
53.485 -> 4
100.590 -> -55
63.803 -> 34
371.459 -> -15
59.768 -> -2
78.145 -> 20
220.174 -> -37
571.592 -> 27
23.635 -> 3.
479.125 -> 60
55.130 -> 15
143.241 -> 39
209.594 -> 59
72.476 -> -25
129.914 -> 16
51.167 -> -3
161.905 -> -0
48.099 -> 5.
742.703 -> -29
143.887 -> 11
128.664 -> 13
213.072 -> 21
110.272 -> -47
112.329 -> 23
69.613 -> 13
47.181 -> 15
47.658 -> 4
56.876 -> 0
76.209 -> 10
67.432 -> -18
106.220 -> -37
100. 100 -> 44
87.465 -> 114
49.105 -> 19
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F.4 Differences between GPS points and GETASSE30 DEM — Bi-cubic

DEM " ../ DEM_GETASSE30/ EUROPA_WGS84"

NUMBER OF GCPs | N | NPUT
NUMBER OF PROCESSED GCPs

NUMBER OF GCPs OUTSI TE THE DEM

ELEVATI ON DI FFERENCES :
ARI THMETI C MEAN
QUADRATI C MEAN
STANDARD DEVI ATl ON

M NI MUM
MAXI MUM
GCP # EASTI NG NORTH NG
1: 17. 073455 52. 276957
2 4. 359235 50. 797807
3 8. 972749 39. 135881
4 3. 399645 50. 933714
5 4. 594950 50. 094902
6 : 0. 492343 40. 820895
7 . 14. 785635 49. 913677
8 : 6. 920585 43. 754725
9 15. 493466 47. 067107
10 : 0. 336269 50. 867308
11 21. 031561 52. 097275
12 5. 809620 52. 178407
13 20. 669911 53. 892409
14 16. 704471 40. 649120
15 11. 646799 44. 519965
16 : 14. 989779 36. 876079
17 . 11. 925486 57. 395302
18 : 19. 281520 47. 789608
19 13. 066073 52. 379286
20 : 24. 058785 56. 948625
21 : - 6. 205649 36. 464351
22 . 11. 877930 45. 406732
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34.
84.
84.

217
169 (77.9%
48 (22.1%

12. 008
32. 915
30. 646
-172.570
127. 387
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166.796 ->

55.095 ->
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63.524 ->
533.833 ->
1245.788 ->
479.585 ->
54.938 ->
136.975 ->
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307.550 ->
114.260 ->
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