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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 GAEL Consultant, which has subcontracted the works to VisioTerra.

The overall contract foresees two work packages:

WP1 - Envisat MERIS Geometry handbook describing the orthorectification agorithm
providing examples of code.

WP2 — SRTM / DEM Digital Elevation Model Quality Assessment.

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

- Chapter 1 is the present section applicable to the overall document.

- Chapter 2 describes the MERIS level 1B geometry.

- Chapter 3 describes the orthorectification process.

- Chapter 4 gives results of the orthorectification process.

- Chapter 5 tests the quality of the GETASSE30 DEM.

- Appendix A includes the header information of the MERI S scene being tested.
- Appendix B includes the logs of the orthorectification execution.

- Appendix C provides the C-language code of MERSY N application.
- Appendix C provides the C-language code of MERSY N application.

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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details the benchmark used to orthorectify a scene over Italy.
logs the orthorectification correction performed on first and last pixels of some lines.
details the differences between GTASSE30 30 and geodesic point elevations.

ESTEC Contract 17944/03/NL/CO
Satement Of Work

Issue 1, 19/11/2003

ESA - ESTEC

Use of GETASSE30 DEM

22/10/2004

Steven DELWART - ESA - ESTEC
.\management\mail_20041022 Delwart GETASSE30 data
available.txt

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

R-1

R-3

R-4

R-5

PO-RS-MDA-GS-2009 (1)

PO-RS-MDA-GS-2009 (11)

PO-TN-MEL-GS-0002

PO-TN-MEL-GS-003

SRTMvsACE_draft_v3.doc

Envisat-1 Products Specifications
Volume 1 - Introduction

Issue 3, Revision L —30/01/2001
ESA — ALCATEL SPACE

Envisat-1 Products Specifications

Volume 11 — MERI S 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

MERIS Level 1 Detailed Processing Model,

Parameters Data List

Issue 6, Revision 1 — 28/03/2003

ACRI

.\..JA0O0O1 REFERENCE DOCUMENTSENVISAT\PO-TN-
MEL-GS-0002 DPM1b i6rl.pdf

MERIS Input / Output Data Definitions
Issue 6 revision 1 — 23/03/2003
ACRI

Intercomparison of ACE and SRTM30 global digital elevation
model at global and regional scale

Issue — Revision 3 —08/10/2004

Marc BOUVET — ESA/ESTEC

\\Leo\leo disks\leo 2\P194 ESTEC MERIS GEOMETRY_H
ANDBOOK\DEM_GETASSE30\doc\SRTMVSACE draft v3.
doc

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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R-6 Readme with images.doc GETASSE30 - Global Earth Topography and Sea Surface
Elevation at 30 arc second resolution

Issue -, Revision -, 20/10/2004

Marc BOUVET — ESA/ESTEC

\\Leo\leo disks\leo 2\P194 ESTEC MERIS GEOMETRY H
ANDBOOK\DEM GETASSE30\doc\Readme with images.d

oc

R-7 e-mail Norman FOMFERRA Comments on equations 6a and 6b

17/12/2004

Norman FOMFERRA — Brockman Consult
.\management\mail 20041217 Fomferra MERIS Geometry

Handbook.txt

Most of thefields of the MERIS 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:

MERISFR 1B -
http://envisat.esa.int/dataproducts/merisyCNTR6-2-1.htm#teph.meris.merisdf.1p.MER FR 1P,

MERISRR 1B -
http://envisat.esa.int/dataproducts/meris/ CNTR6-2-2.htm#teph.meris.merisdf.1p.MER RR 1P.

Abbreviations and Acronyms

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

Abbreviations and acronyms specific to EnvissttMERIS may be found a address

http://envisat.esa.int/dataproducts/meriss CNTR5-1.htm.

ACE Altimetry Corrected Elevations

ADSR Annotation Data Set Record

ANS| American National Standards Institute

DEM Digital Elevation Model

ECSS European Cooperation for Space Standardization
EGM96 Earth Gravity Model 1996

EO Earth Observation

ETRS89 European Terrestrial Reference System 1989

FR Full Resolution

GETASSE30 Global Earth Topography and Sea Surface Elevation at 30 arc second resolution
1SO International Organization for Standardization
ITRS International Terrestrial Reference System
ITRF International Terrestrial Reference Frame

MDS Measurement Data Set

MDSR Measurement Data Set Record

MSS Mean Sea Surface

NDVI Normalised Difference V egetation Index

" 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.”



s

VisioTerra

RR
SRTM
TBC
™
WGS84

1.6 Definitions
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Reduced Resolution

Shuttle Radar Topography Mission

To Be Confirmed

Thematic Mapper (instrument of Landsat)
World Geodetic System 1984
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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 1SO, ANS| or ECSS.

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

Geometry http://envisat.esa.int/dataproducts/meri CNTR5-2-1.htm,
Optics http://envisat.esa.int/dataproducts/meriss CNTR5-2-9.htm,
Product http://envisat.esa.int/dataproducts/meriss CNTR5-2-10.htm,
geocoded An image (or more generally any EO data) is geocoded if a simple relation exists

giving the geodetic coordinates (I ,j ) or (X,Y) of the attached geodetic system,
from the coordinates of any point (i,j) of the image.

" 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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MERIS LEVEL 1B GEOMETRY

Scope of this section isto quickly describe the geometry of the Envisat MERIS 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 CNTR2-6-1.htm address.

MERIS Instrument

MERIS 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 radiancesin 15 visible and NIR bands and is an
assembly of five (5) cameras, sometimes called modules because each camera is included within a
module sub-system (see fig. 3).
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fig. 3 - MERISFOV, camera tracks, pixel enumeration and swath dimension
http://envisat.esa.int/dataproducts/meriCNTR1-1-3.htm

" 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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2.2 Processing levels
Processing from Level 0 to Level 1B includes the following tasks:
- source data packet extraction,
saturated pixels replacement and flagging,
radiometric processing,
stray light correction,
geo-location,
pixel classification,
external data assimilation,
formatting.
Figure fig. 4 here below illustrates the workflow.
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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

fig. 5 - Satellite fixed coordinate system (R-3).

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

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

grid) :
central column : sub-satellite point track on Earth;
line orientation : perpendicular to spacecraft velocity, projected on Earth;
columns spacing : fixed for one product, 260 m (with very small variations);

number of columns : 4481,

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

The RR-grid is a 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 (LADS).

" 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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RR — 1121 pixels / line - 71 tie-points / line

FR — 2241 lines — 36 tie-points lines

<

RR tie-point facet FR tie-point facet
16 lines x 16 pixels 64 lines x 64 pixels
MERIS data MERIS data

B —

_

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

fig. 6 - MERISIevel 1B grid and tie-point grid.

" 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 grid “contains’:
64 lines x 64 pixels MERIS data for the FR product, and
16 lines x 16 pixels MERIS data 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 MERIS grid Tie-point grid
Line number pixel number / line | annotation data set | samples number /
(ADSR) number ADSR
MERISRR 1B £ 14785 1121 £ 925 71
MERISFR 1B 2241 2241 36 36
MERIS FS 1B? 4481 4481 71 71

(1) A full segment may match up to 43.5 minutes (a sunlight orbit) representing up to 17400 km on ground.
(2) The full resolution Full Swath will be available for the next release of the processor and al the values provided here are to be
confirmed.

table 1 - Sze and number of tie-points in 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 MERIS frames (DF=64 for FR and DF=16 for
RR), a“tie frame” is computed giving the position of the grid along the MERI S swath (see fig. 7).

DF (DF infig. 7): tie-frame spacing.
t+AL velocity

Farh surlace

MERIS

tie Feiine
[irst MERIS [rame

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 column spacing.

MRS

altitude £

oscilating circle

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

Bi-linear interpolation within « tie-point facets »

Let (FJ), (F+DF,J), (F,.3*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:

N _ aDJ-jo . &DF-fo aef 6 u
X(F+fJd+j) = Coy : & DF BX(F,J) + CoFs X(F+DF,J)H

Eqg. 1

®ej 6 .&DF-fo ef o u
: S X(FI+DY) + (o2 X(F+DFI+DI)g

+WB & DF 3

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 sealevel pressure, total
ozone, relative humidity).

(F,J)  arethe 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 isthe number of product pixels between two consecutive tie-points across-track.

(fj)  are the coordinates within the tie-point facet (f T [0,DF[ andj T [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 infig. 10, the parallax may be estimated knowing the atitude 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 = Zra tan( gw,3)
. ; Eqg. 2
dat ¢, = Ol iw.) .
Re

- dx7dn(j w,3)
dlon F,3 = Re” o8 T7.0)
Where:
dx is the modulus of the parallax error.

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

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

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

Ovra is the zenith of the viewing angle of tie-point (F,J).
jvwes  istheazimuth of the viewing angle of tie-point (F,J).
fes is the geodetic latitude of tie-point (F,J).

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

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

Slightly different formulae (see eq. 6a and 6b) are proposed in sub-section “Compute and apply the
geodetic correction” of section 3.3.
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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 MERIS 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,.}+DJ].

These projection coordinates are computed from the (qx,Y ) Viewing vector of point B

The viewing vector it-self is computed from propagated ephemeris and attitude values and from the

nominal values of the CCD viewing vectors.
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fig. 11 - MERIS pixel location (R-3).
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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 MER_FR__1P MER_RR_1P
NAME Level 1b Full Resolution Level 1b Reduced Resolution
DESCRIPTION MERIS product calibrated and MERIS product calibrated (radiance)

geolocated. and geolocated. Produced

Produced on request only Systematically

Floating scene concept for distribution
COVERAGE 575 km x 575km 1150 km x 17500 km
THROUGHPUT 6 PDHS-E 1 per orbit

3 PDHS-K

GEOMETRICAL
SAMPLING

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

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

SEGMENT SIZE

157 bytes per scene

532 Mbytes

RADIOMETRIC
RESOLUTION

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

2.85 x 1072 w/m?/sr/um@442.5nm
SSP with Qs =60°

RADIOMETRIC

from 400 to 900 nm < 2%

from 400 to 900 nm < 2%

ACCURACY from 900 to 1050 nm < 5% from 900 to 1050 nm < 5%
DATA SET MPH MPH

SPH SPH

ADS ADS

MDS MDS

ANNOTATION DATA

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,

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,

NOTES

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

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

table 2 - MERISFR and RR Level 1B product descriptions
(http://envisat.esa.int/instruments/meris/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 possibility to process mosaicking and
more simply synthesis. For example, a synthesis of all the MERIS RR 1B segments acquired on March
and April 2003 has been created by GAEL Consultant in June 2003.

'!-fd g (A EE ooyl

fig. 12 - MERIS synthesis March-April 2003

This project has been the opportunity to develop afirst version of a synthesis process, called MERSY N.
The present contract has given the possibility to refine MERSYN application extending the
orthorectification processto 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 MERIS 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, MERSY N 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
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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 )
only if MERIS pixd is
inferior.

Si(bii ) -
Min[R(b,i,j), Sv.1(0,i.)]

Use case 2 — Maximum NDVI synthesis

Envisat MERIS

Geometry Handbook

-mer
MERIS
segment

-isy
input
synthesis

-0sy
output
synthesis
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fig. 13 - Minimum radiance synthesis parameters.

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

In this agorithm, al the
bands b of a MERIS pixe
R(b,i,j) will replace the
previous synthesis value
S,a(bij) only if the new
NDVI is greater than the
previous one NDVI.4(i j).

- _R(134,j)- R(7i,})
NDVI«(i, j)m

Use case 3 — Orthorectified mapping

-mer
MERIS
segment

-isy
input
synthesis

In this use case, only the
mapping is performed. The
output image 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

-0sy
output
synthesis

MERSYN

-0sy
output
synthesis

fig. 14 - Maximum NDVI synthesis parameters.

-dem
list of
DEMs
-ivi -dem
input NDVI list of
maximum DEMs
-ovi
output
NDVI max.
-dem
list of
DEMs

«
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Digital elevation data
MERSYN may:

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

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

uses elevation found within the provided DEM(s) (“-dem” parameter).

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

When more than one DEM are provided, it is recommended that all the DEM belongs to the same series;
for example tiles of ACE, SRT30 or GTOPO30. When such is not the case, it is recommended to set the
DEM having the greater accuracy asfirst DEM in the “-dem” list.

" 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. 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 TELIMAGO 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 al 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.

Optimisation — to compute a
projected product, each pixel of the
output image shall be processed
looking for its antecedent within the
input image (see the “reverse
location model” hereafter). This
process is very time-consuming.

fig. 17 - Segment boundary of a MERIS RR segment.

Identifying if a pixel isinside or not
the segment boundary enables
processing the strict minimum of
output pixels. In fig. 18, only the l
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 pixels inside boundary.

processed.

Output 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 (see fig. 19).

fig. 19 - Computing the output image size.

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.

" 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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A generalised approach should be to enable splitting in more than two polygons in order to comply with
discontinuous coordinates reference systems like the Goode-Homol osine. This approach is not supported
in the current version 2.03 of MERSY N.

line i

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 orange in 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 a synthesis is provided in input (use cases 1 or 2), the current linei isread and is copied into the
output buffer. Otherwise (use case 3), the buffer of the output line isinitialised 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) isfully 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 interpol ation requiring 2x2 pixels
anchored on (1,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 (1,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:

a direct location model f(l,p,h) able to compute the (I ,j ) coordinates in the Earth reference
system associated to the geocoded image (i.e. the projection of the image),

an inverse location mode (1 ,j ,h) able to compute the coordinates (1,p) in the input product
reference system (here a MERIS 1B product of m frames and n columns).

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 enables retrieving the antecedent of any point of the output image.

MERIS 1B _
product geocoded image
0 p n-1 0 j N-1

>y Y

direct location
model f

Geodetic
coordinates
reference
system

inverse location
model f* |

fig. 21 - Direct and inverse location models.

The basic geocoding program is given here below:

fori- 0to M-1do
for j- 0to N-1 do
(1) = Forai(i))

(.p) = £ h)
if (I,p) isinside the input image

, S(i.j) = R(.p)
fs
done
done
Where:
= is the function giving the Earth coordinates according to the location (i,j) in the output
image.

For Cartesian projections system, this function is a simple linear formula:
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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(FL) 1 1d

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 apredictor, for example
estimated by a polynomial function.

(theidentical 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 (I ,j ) by the direct
location model: f(I,p) = (I ,j ).

Principle is to sum a series of always-smaller 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
(Ii,p) is close enough the first point (lo,po) according to a predefined tolerance.

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

MERIS segment

pixel (p) latitude (j )
> A
. - A, _
3 20202
(2 ¥\ —
’ (12,7 ()
\\\
v (lo,po) = S
line (I) (1)
(I",p1)
>
longitude (1)

Earth Reference System
(altitude h)

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

reference

issue
date
page

Initialization
(o) = fi(.j.h)
i - 1

|

Direct location

(i) - f(li-1,pi-1,h)

Reverse location

(17.p") - f_l(| i iwh)

Refinement in level 1A image
=i+l l - lia + (lo—17)

pi - Pi1 + (Po — Pi')

((llo-I’| <€) and (|po-py| < €))
or
(i > max_iterations)

Exit

fig. 23 - prediction/correction algorithm.
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The direct location f compute the geodetic coordinates (I ,j ) from the MERIS segment coordinates (1,p)
and the altitude h. The provided geodetic coordinates are corrected of the parallax bias taking into account

the viewing angle (qv,j v) and the altitude h.

Retrieving tie-point facet

Coordinates (F,J) of the upper-left tie-point of the facet containing the point (1,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.

i - (| )
:F mt—DF
_ . ®epod
i = im&EE?
1 gDJﬂ

Eqg. 3a
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—h
1

|-F DF

. Eqg. 3b
p-J DJ

—) = —
—
I

Geodetic coordinates interpolation

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

_ aJ-jo  &PF-fo aefc_>
[(,p = 8 DI % OF ﬂLon(F J) + g Lon(F +DF, ‘])u Eq. 4a
®ejo .&DF-fo aef o
+ 8D_JB W— Lon(F,J+DJ) + g—— Lon(F +DF, J+DJ)u
: _adDJ-Jo,eaeDF fo ef o
id,p = 8 57 & % oF B|_a];(F J) + Q__ Lat(F +DF, ‘])U Eq. 4b
®ejo .&DF-fo aef o
* Sois & oF Lat(F,J+DJ) + CoF ¢ Lat(F +DF, J+DJ)u

Viewing angle interpolation

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

atp) = P55 EE %y + il ory Eq.5a
+ ?DLJE '%%f?qvm J+DJ) + geL‘_’qv(HDF J+DJ)u

e = Pt EEEy - Bt DRy Eq. 5b
. ZeDng '%91 W(F,J+DJ) + geL‘_’J W(F+DF, J+DJ)u

Compute and apply the geodetic correction

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

dx = h’ 'tan(q\_,(l, p))

aa(.p) = 2L w.0) ca.6a
GRS

I (I, p) - I (I, p) + don (I, p)

. . Eq. 6b
j,p) =~ j(, p)+dat(l, p)

" 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.”



f reference VT-P194-DOC-001-E
[ __EJ Envisat MERIS issue 1 revision 5

o date 06/07/2005

VisioTerra Geometry Handbook
page 31 of 115

3.4 Inverse location model

The inverse location f* retrieves the facet (F,J) that includes the point which geodetic coordinates are
(I',j ) 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 (Fs,Jas) 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.

Thislast caseis significantly time-consuming (in particular for RR products containing alarge number of
tie-points) and al shall be doneto avoid it.

\]Iast

Flast

HHHHHHHH

fig. 24 - Retrieving tie-points facet 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,
J
T > .
: J
| A
[}
Sl i SZ
F ________
Si
Ss3
S,
S, S;
'S |
v

fig. 25 - Facet in the level 1B grid referential (left) 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 (I ,j ) of the
point are within the longitude and latitude ranges of the tie-point corners. Figure fig. 26 here below for
exampleillustrates an example where the latitude and longitude of apoint are inside the ranges defined by
the tie-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 latitude and longitude ranges but outside the facet.

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

computes the two intersection points I, and |, of the facet opposite borders (when not parallel),
computes the intersection I’y and I'"; of (1,P) with the two other borders,

computes the intersection I’, and I’ of (1,P) with the two other borders,

checks that points 1’1, I'"4, I’ and I, are inside the segments [S:S4], [$:S3], [S1S;] and [S:S4]
respectively.

fig. 27 - Intersections method.
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ORTHORECTIFICATION RESULTS

Images given in this section have been generated by the MERSY N process, setting different parameters
like the DEM in input.

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

Vector layers and in particular those showing the coastlines.

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
MERSY N resullt.

MERIS scene in input

The full resolution (FR) MERIS 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.

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 P6, Abbruzes...).

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

MER FR__lPNUPA20030921_03:-‘2341_000000982020_00079_08149_\05

fig. 29 - MERISfootprint 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.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.)

LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.)
1 117451421. 714409

( 45.
( 47.

9

( 44.
( 45.

909863, 18.014693 ) 98 3 0 le-6 0 le-6 ( 48.2, 153.6 ) ( 0.0, 182.0)
028196, 10.603496 ) 1476 382 -1907 le-6 -16512 le-6 ( 51.8, 145.0 ) ( 40.7, 99.6)
117451444.240873

594348, 17.519381 ) 591 159 0 le-6 0 le-6 ( 47.2, 152.5) ( 0.0, 181.9)
703992, 10.278711 ) 850 227 -1101 le-6 -9284 le-6 ( 50.8, 144.1 ) ( 40.7, 99.6)

117451466. 767337
. 277165, 17.041762 ) 417 32 0 le-

0 le-6 ( 46.1, 151.4) ( 0.0, 181.9)
379209, 9.960598 ) 744 75 -967 le- 2

-7942 1e-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 amost 0.0 meaning that
pixels are located at the NADIR of the satellite, while the viewing angle of the last CCD (West of the
scene) has almost the maximum value (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.

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

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

DEM ltaly

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 Italy (250 metres)

SRTM

SRTM30 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 GTOPO30
data set. It can be considered to be either an SRTM data set enhanced with GTOPO30, 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 MERI S scene (see fig. 31) isidentified 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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4.3 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 Sites are now available to
download orthorectified Landsat

ETM+ scenes (see
http://image2000.jrc.it/ or
http://glcf.umiacs.umd.edu/index.s
html ).

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

Landsat mosaic (right).

Sppication Languago  Dispay _ Deformation modl  Optons

oy

Rotoronce imago

fig. 33 - REGIST application (snap01_REGIST.gif)

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

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

Window Help Window

Help

1 - k. :
Display Swapl Start | siep | Display Swapl Start | siep |
“ Feference Interval : 50 v Reference Interval : 50
.
Wk l— Wk l—

fig. 34 - MERIS (snap02_REGIST_Flicker_no- fig. 35 - Landsat (snap02_REGIST_Flicker_no-
ortho_meris.gif) 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:

snap02_REGIST_Flicker_noc-ortho_anim.gif
snap03_REGIST_Flicker_alti-grid_anim.gif
snap04_REGIST_Flicker_dem-italy _anim.gif
snap05_REGIST Flicker _dem-italy+tranglation_anim.gif
snap06_REGIST Flicker dem-srtm+trandation_anim.gif

Comment of animation 02 — No orthorectification

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

Comment of animation 03 — Altitudes 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 amost 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 aong 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 the source, 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 Italy 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 MERIS 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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fig. 36 - Parallaxes error due to 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 a uniform way.

Such trandlation 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 MERIS and Landsat scenes are perfectly superimposable (see animation 05).

Comment of animation 06 — Altitudes from DEM SRTM

Exactly the same trandation defect has been observed in the MERI'S 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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Conclusions
From the observations detailed here above we may conclude the following three assessments.

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

Uniform translation — For this scene, alarge translation of 1185 metresis observed leading to an
absolute location accuracy of 4.5 pixels (seefig. 37). Thisuniform 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 MERIS scenesis out of the scope of this handbook.

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 27.700 s 68.760 s 325.960 s 304.440 s
Iteration 0 | 7818186 (100.0 %) 2936 (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 performances.

Performance of the prediction/correction algorithm

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

We may hote 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 ailmost 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 dzes 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 lItaly is a little larger that the one to access
DEM SRTM. Thisextratimeisonly due to the precision of the DEM (250 metresfor Italy vs. 30’ arc for
SRTM), inducing more frequent accesses to the DEM Italy file.

Disparity Analysis

Misregistration of MERIS scene with regard to the Landsat TM mosaic may also be computed performing
adisparity analysis (DISPAR process).

Research of homologous points is accomplished within an exploration window of 9 lines x 19 columns.
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-srtm.sta.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 vectorsillustrate
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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 landscape 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
“CANDIDATE PIXELS’ (*)) 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 MERIS and 3 for 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 analysisis 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:

(-1.029730, 2.813514) for the non-orthorectified scene, and
(-0.724138, 2.591379) for the scene Orthorectified from the SRTM DEM.
This last displacement has a modulus of 699.569 metres.
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FI LE synt hesis_no-ortho.sta.3

STATI STICAL WNDOWSIZE = 5
EXPLORATI ON W NDOW HEI GHT = 9

EXPLORATI ON W NDOW W DTH = 19

CONFI DENCE  THRESHOLD = 95.0 %

TOTAL NUMBER OF PI XELS = 110544

| MAGE Pl XELS = 74771

CANDI DATE PI XELS (*) = 37 (0.0 %
TI E- PO NTS = 37

CONFI DENCE VALUES:

M NI MUM = 0. 000000 vs. 95. 009510 (*)
MAXI MUM = 99.411765 vs. 99. 411765 (*)
VEAN =  26.599705 vs. 96. 399719 (*)
VARl ANCE = 10. 974342 vs. 0. 013694 (*)
STANDARD DEVI ATI ON =  33.127544 vs. 1.170194 (*)

X DI SPLACEMENT:

ONLIMT = 6268 / 74771 (8.38%

RVB = 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:

RVS = 468.017367 vs. 392.847264 (*)
M NI MUM =-1040. 000000 vs. -780.000000 (*)
MAXI MUM = 1040. 000000 vs. 520.000000 (*)
VEAN = 104.313651 vs. -267.729730 (*)

= (*)

STANDARD DEVI ATl ON 456. 244 vs 287. 489

Y DI SPLACEMENT:

ONLIMT = 3490 / 74771 (4.67%

RVS = 3. 620483 vs. 4.084744 (*)
M NI MUM = -9.000000 vs. -4.100000 (*)
MAXI MUM = 9. 000000 vs. 8. 000000 (*)
VEAN = 0.941761 vs. 2.813514 (*)
STANDARD DEVI ATI 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 synthesis_demsrtmsta. 3

STATI STICAL WNDOWSIZE = 5
EXPLORATI ON W NDOW HEI GHT = 9

EXPLORATI ON W NDOW W DTH = 19

CONFI DENCE  THRESHOLD = 95.0 %

TOTAL NUMBER OF PI XELS = 110544

| MAGE Pl XELS = 74723

CANDI DATE PI XELS (*) = 58 (0.1 %
TI E- PO NTS = 58

CONFI DENCE VALUES:

M NI MUM = 0. 000000 vs. 95. 003623 (*)
MAXI MUM = 100. 000000 vs. 100.000000 (*)
MVEAN = 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 (*)
VEAN = 0. 424984 vs. -0.724138 (*)
STANDARD DEVI ATI ON = 1.725 vs 1.065 (*)

ORI G NAL VALUES:

RVS = 461.785466 vs. 334.951772 (*)
M NI MUM =-1040. 000000 vs. -780.000000 (*)
MAXI MUM = 1040. 000000 vs. 520.000000 (*)
VEAN = 110.495912 vs. -188.275862 (*)

= (*)

STANDARD DEVI ATl 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 (*)
MVEAN = 0. 800090 vs. 2.591379 (*)
STANDARD DEVI ATI ON = 3.391 vs 2.646 (*)

ORI G NAL VALUES:

RVS = 905.858579 vs. 962.999015 (*)
M NI MUM =-2340. 000000 vs. -1820. 000000 (*)
MAXI MUM = 2340. 000000 vs. 2080. 000000 (*)
MVEAN = 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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4.7 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 MERSY N.

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

Both images have been geocoded in the “UTM 31, ellipsoid WGS-84 and Datum WGS-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 MERSY N image. Behaviour of the REGIST application is described in section
Erreur ! Sourcedu renvoi introuvable.).

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

Application Language Display Deformation model  Options. Help

Atld new point

tdify posit 1

Remvve paint

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

Window Help
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fig. 41 - BEAM
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fig. 42 - MERSYN
(snapl2 REGIST Flicker x4 mersyns.gif)
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fig. 43 - BEAM
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fig. 44 - MERSYN
(snapl3 REGIST Flicker x4 mersyns.gif)
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4.8 Benchmark

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

GETASSE30 has been produced by Marc BOUVET (ESA/ESTEC) after an analysis of the ACE data (see
R-5).

“ GETASSE30 is a composite dataset. It is using the SRTM30 dataset, ACE dataset, Mean Sea Surface
(MSS) data and the EGM96 ellipsoid as sources. The resulting GETASSE30 dataset represents the Earth
Topography And Sea Surface Elevation with respect to the WGS84 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 GETASSE30
data.

Ll Rrzaren @0 Yo L2iil wafth THandig iy St il N sSeey | wtsery sl N B8 Sdorret tasid il

fig. 49 - Origin of GETASSE30 data.

From an e-mail of Steven DELWART dated on 21/10/2004, GETASSE30 data have been extracted from
the ESTEC FTP site ftp.estec.esa.int/pub/wi psftp/steven/getasse30/.
GETASS30 data are organised in the following way:

=  Tilesof 15°x15° with aresolution of 30"’ arc leading to images of 1800x1800 pixels.

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

0 nhn isthe latitude expressed in degrees within [-90°,+90°]

o V isthe hemisphere: N for North or S for South

0 nhn is the longitude expressed in degrees within [-180°,+180°]
o H isthe 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 ANSI-
|EEE floating values.

=  Elevations are arranged lines per lines from South to North, and along each line from West to
Esat.

=  For eachtile, two files are given:
0 nhnVeeeH containing the elevation data (1800x1800x4 bytes=12960000),
o nnVeeeH flag giving the origin of the data (1800x1800x2 unsigned bytes=6480000).

" This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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To cover Europe, the following six tiles have been downloaded:

STW-r--1-- 1 telimgo telinmgo 12960000 Oct 21 14: 06 30NOOOE. GETASSE30
STW-r--r-- 1 telimago telimgo 6480000 Oct 21 13:40 30NOOOE. GETASSE30_fl ag
STWr--1-- 1 telimgo telinmgo 12960000 Nov 1 11:11 30NO15E. GETASSE30
STW-r--r-- 1 telimago telimgo 6480000 Nov 1 11:11 30NO15E. GETASSE30 fl ag
STWr--1-- 1 telimgo telinmgo 12960000 Oct 21 13:46 30N015W GETASSE30
STW-r--r-- 1 telimago telimgo 6480000 Oct 21 13:49 30N015W GETASSE30_fl ag
STWr--1-- 1 telimgo telinmgo 12960000 Oct 20 09: 42 45NOOOE. GETASSE30
STW-r--r-- 1 telinmago telimgo 6480000 Oct 20 09: 42 45NOOOE. GETASSE30_fl ag
STWr--1-- 1 telimgo telinmgo 12960000 Nov 1 11:11 45NO15E. GETASSE30
STW-r--r-- 1 telimago telimgo 6480000 Nov 1 11:11 45NO15E. GETASSE30 fl ag
STWr--1-- 1 telimgo telinmgo 12960000 Oct 21 13:56 45N015W GETASSE30
STW-r--r-- 1 telimago telimgo 6480000 Oct 21 13:59 45N015W GETASSE30_fl ag

fig. 50 - GETASSE30 over Europe.

In the next sections, GETASSE30 data are compared with:
= EUROPEQ9, a DEM with aresolution of 9" arc, and
= acollection of 216 GPS points.

Comparison with EUROPEQ9

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

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

9" arcx 6370997 m» 278 m Eqg. 6
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EUROPE09 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 (WG84, EGM96 or an other one) is unknown. One of the objectives of this section isto determine
the closest vertical reference system of EUROPEQ9 from the one of GETASSE30.

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 EUROPEQ9 are set to 0 and are considered as background (represented in black in fig. 52).

At small scale, the morphological structures look exactly the samein 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 “snap32_anim01_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.  EUROPEQ9 is moved southward of about 1 pixel (see orange arrow of fig. 53).
3. Roughness of EUROPEQ9 is higher than GETASSE30 (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 EUROPEQ9 (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 GETASSE30.

v T 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 probable vertica reference system in which EUROPEQ9 elevations are
given, GETASSE30 has been also computed above EGM96 geoide, subtracting the EGM96 image
downloaded from:

htt p://cddi sa. gsf c. nasa. gov/ 926/ egnB6/ egn96. ht m
-> http://earth-info.nga.n|/GndG wysegm
-> http://earth-info.ninma ml/Gandd wgsegni egnd6. ht n

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

1. GETOPO30_EGM96 — EUROPEQ9, and
2. GETOPO30_WGS84 — EUROPEQS.
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GETOPO30_EGM96 — EUROPEQ9

-127 m +0 m +128 m

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

¥ ORI G/ NAL VALUES:
w0«
GAI N TO BE APPLI ED = 1.000000
OFFSET TO BE APPLIED = -32768. 000000
BACKGROUND VALUE = -32768. 00000
M NI MUM = -1152.000
MAXI MUM = 1267.000
LEFT BOUND 2% = -129.000
Rl GHT BOUND 2% = 128. 000
MEAN = 0. 429
VARI ANCE = 2773.290
STANDARD DEVI ATI ON = 52. 662
i RV = 52. 664
127
| I ke

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

-127 m +0 m +128 m

fig. 57 - EUROPEQ9 subtracted to GETASSE30 above WGS34 — Image of differences.

ORI G NAL VALUES:

GAIN TO BE APPLI ED
OFFSET 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
RI GHT BOUND 2% = 177.000
MEAN = 48.723
VARI ANCE = 2813. 261
STANDARD DEVI ATI ON = 53. 040
RVB = 72.022
171
| J *

fig. 58 - EUROPEQ9 subtracted to GETASSE30 above WGS34 — Satistics.

EUROPEQ9 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 that EUROPEQ9 shall have
been expressed above a geoide (for example EGM96) 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 DEMs 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 anomaliesillustrated in fig. 60.

fig. 59 - GETOPO30_EGM96-EUROPEQ9 — Tile defect.
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fig. 60 - GETOPO30_EGM96—EUROPEQO9 — Punctual defects.
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5.2 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)

EUWVN Resuits

EUVYN - GPS Solution
Hasule: ol GPS measrerments o tie detenmination of the gllpseidal helghs of @l defloed
EUWH polnds

The olidddimg Tl producle Woes gendrsled, courdinale: Tea comtdlnbng @ecodible courdinales ared
alifznndal cordiantes in symler ITRESA-apach 19970 and ETREAS (ETHF 86, 8pock 1997.4) and & fie n
trm Sniudion Wdepantant EXchangs [FINEA mimal; conleng. m adddion 1o e coordinatés the weitenc
sovaranca informaton ottng BUVMBT OPS netwail

Fordetsiea Irmotmmlion qee paper LIS Corimmsd GRS Satulior
- EUWE ETHSSR geofentiie coordinaras
-  EIVH BTRAZR =llipaoidel coordinates
- EUV¥R ITRF36 epocl 19974 gEDEENLriE doordinenes
-  ETWH ITRF2¢ mpochk 1997 4 allipmoidsl coocdainstes
ETH_ITREF. 8.2 — EUVR ITRF2E £pach 1797.4 Aoiuclan L 8INEL forwss

(Npax=Compre=s=ad)

EUWN - Height Solutian

Pt defalien Irormaton gee paper Thg CLGRL Demil oo gn - Repon giine SR g dang Croup

EUWVN Tide Gauge Data

Entdatmiied Inarnaoer sae paper et s Pennt il sod-leunl d5ls cetarting sind snsse s ettt in fiecEl il

Erpet

Compilation of the Numerical Results

Find & takie wih the

Elllpsoia coordinbles |nITRESE Epoch 1897 L

Hormal hmights Hin LELR G508

[ifturgrinn wlipsoidal ieight H - nommal nghtH

EGGET Geod

Dilferdnre EGGAT - JH=H)

Etlipsoidal height of the meaan see eel 1897 above e ELIWH Hds oauge skehona
ol hamght of fremesn sen e TRAF anme iw ELUVN Do gauge sleions

Homs-1 EVES | igh Eratiire Eelations

Ll

E-Mail sl sy e Lo Lipet sl 101 08200
I Lted canp A S o

fig. 61 - Ste 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.
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fig. 62 - Distribution of GPS points over Europe.

ITRS and WGS84

ITRS (International Terrestrial Reference System) and WGS84 (World Geodetic System 1984) are amost
equivalent (see http://www.ensg.ign.fr/ITRF/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 WGES84 realization:
- old realization based on U S. Navy Navigation Satellite System

comonly known as DOPPLER Transit, and provided station coordinates
wi th accuracies of about one neter. Wth respect to this realization

we published, sonme years ago, transformation paraneters between
I TRFO0 and this Doppler realized system

Paraneters from | TRF90 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 WGS84 based on GPS data, such as WGS84(Gr30 or
&@B73).
These new WGS84 realizations are coincident with | TRF at about
10-centineter level. For these realizations there are no official
This document discloses subject matter in which VisioTerra has proprietary rights. Recipient of this document shall not duplicate, use
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transformati on paraneters. This nmeans that one can consider that
| TRF coordi nates 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://mwww.ign.fr/telechargement/ educati on/fiches/geodesi e/systémes.pdf.

L' I TRS, systeme de référence terrestre de |'International Earth Rotation Service
(I1ERS), est matérialisé par un réseau nondial de prés de 300 points. Avec une
exactitude au niveau centimétrique, 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 comme derniers chiffre du mllésinme. La dernieére en date
est |'ITRF97.

Du fait de la présicion de ce systene, |'époque de référence des coordonnées qui
sont publiées doit étre précisée (par exenple : 1997.0 pour |'ITRF97). De plus,

| es réalisations | TRFnn donnent pour chaque point une vitesse de dépl acement, qui
est une mesure du nouvenent de ce point résultant de phénomenes géophysiques
comme |es nouvenents tectoniques et |le rebond post-glaciaire. D autre part, on
applique lors du calcul de ces coordonnées des corrections diverses : narées
terrestres, pression atnosphérique, etc...

Les réalisations |ITRFnn sont obtenues par conbinaison de jeux de coordonnées
i ssues de différentes techni ques de géodési e spatiale trés précises :

VLBl : Very Long Base Interferonmetry (interférométrie a tres |ongue base) LLR :
Lunar Laser Ranging (tél émétrie laser sur la lune) SLR : Satellite Laser Ranging
(télénmétrie laser sur satellite) GPS : dobal positioning System DORI'S : Doppl er
Or bi t ography Radi opositionning Integrated by Satellite

Le systéenme ETRS89 (European Terrestrial Reference System 1989)

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

Il est attaché a la partie stable de la plaque eurasienne. A une époque
quel conque on applique une vitesse théorique de la plaque Eurasie sur les
coor données.

L' ETRFyy, réalisation de ETRS utilise des points | TRFyy européens et des points
de densification par GPS. Successeur de ED87, initialenment |ocalisé sur |'Europe
occi dental e, ETRS89 s'étend a présent sur |'Europe de |'Est.

More information can be found on the following sites:
- ITRF http://www.ensg.ign.fr/I TRF/
- Geodesy tutorid http://www.qgsl.com/geodesy _tutorial/intro.php

GTASSE30 Vertical Reference System

Asindicated in the “Readme_with_images.doc” file of the GETASSES30 distribution, this DEM contains
elevation expressed above the WGS84 ellispsoid.

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 (MSS) data and the EGM 96 ellipsoid as sources.

Theresulting GETASSE30 dataset represents the Earth Topography And Sea Surface Elevation
with respect to the WGS84 ellipsoid at 30 arc second resolution.

EUVN ground control points are GPS measurements expressed in reference to the ETRS89 or ITRF96
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 GETASSE30 are expressed
with respect to very close vertica reference systems, and may be immediately compared without
performing a reference system conversion (see for example the HEIGHT process to add/substract geoid
elevations above the WGS84 ellipsoid).

Quality control results
The full logs of quality controls are stored in APPENDIX F.

For each one of the 217 geodesic point (X;,Y;,H;), DEMCHK process checks if the point (X;,Y;) isinside
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:

ER
ARITHMETIC MEAN N ia:.l(H| h)

[ & (h-HY

QUADRATIC MEAN

STANDARD DEVIATION

1l
Z||—\
I Qo=
~
=
1
L
N

MINIMUM mi Ny Hi- 1)

MAXIMUM max_, , Hi - h

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
control 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 points relatively 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‘E‘Am HETIE +10.828 +11.304 +12.008 -2201.149
SRl 32,368 34,017 32915 12109.911
RN 30,503 32,083 30,646 11908.186
MINIMUM 1127560 -181.001 1172570 _65001.139
MAXIMUM +100.931 +125.763 127.387 +325.560

table 4 - Satistics 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 that

may be complex.

" 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.”



r reference VT-P194-DOC-001-E
| __EJ Envisat MERIS issue 1 revision 5

VisioTerra Geometry Handbook date  06/07/2005
page 64 of 115
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 ACE 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
0

Occurrences

181 176 171 166 161 156 151 146 -141 -136 131 126 121 116 111 106 101 % 91 86 81 76 71 66 6L S5 S 46 41 3 3 26 21 25 A1 6 L 4 9 14 19 2 29 3 3 44 49 54 59 64 69 7 79 8 69 S 99 104 109 14 119 124

Difference (metres)

Elevation differences - GATASSERO - Bi-linear

0

10
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Elevation differences - GTASSEJO - Bi-cubic

0
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16 1 16 21 26 31 3 41 4 51 % 6 6 71 76 81 8 91 % 101 106 11 116 121 126 131 135 141 146 151 15 161 166 171 176 [1o1 106 191 196 201 206 211 216 221 226 291 206 241 246 251 25 261 266 271 276 201 206 291 296 01 6

Difference (metres)

fig. 64 - Elevation errorsdistribution for various interpolation methods.
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A.1 Decoding log

MAI N PRODUCT HEADER
Pr oduct File

issue

date
page

VT-P194-DOC-001-E
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MER_FR__ 1PNUPA20030921 092341 _ 000000982020 00079_08149_0534. N1

Processing Stage Flag

Ref erence Docunent Descri bi ng Product
Acquisition Station ID

Processing Center ID

UTC Ti me of Processing

Sof tware Version Nunber of Processing SW:

UTC Start Tinme of Data Sensing
UTC Stop Tinme of Data Sensing
Phase
Cycl e
Start Relative Orbit Nunber
Start Absolute Orbit Nunber
State vector at ascendi ng node:
Date Tine
Posi tion
Vel ocity
DUT1=UT1- UTC
Source of Orbit Vectors
UTC tinme corresponding to SBT bel ow
Satellite Binary Time (SBT)
Clock Step Size (in picoseconds)
UTC time of occurrence of Leap Second
Leap second sign
Leap second error
Product error
Total Size of Product
Length of SPH
Nunmber of DSDs
Length of each DSD
Nunmber of DSs attached

SPECI FI C PRODUCT HEADER:

SPH Descri pt or

Stripline Continuity |ndicator
Slice Position

Nunber of Slices in this Stripline
Azimuth time first line of product
Azimuth time last |line of product

Geo. Lat. of first sanple of first line
Geo. Long. of first sanple of first line :
Geo. Lat. of niddle sanple of first line :
Geo. Long. of middle sanple of first line :
Geo. Lat. of last sanple 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 middle sanmple of last line
Geo. Long. of niddle sanple of last line :
Geo. Lat. of last sanple of last line

Geo. Long. of last sanple of last |line

Transmi ssion error flag

Format error flag

Dat abase error flag

Coarse error flag

Forecast (0) / Analysis (1) ECMAF data
Number of transmission errors in product
Nunmber of format errors in the product
Threshol d for setting TRANS_ERR FLAG
Threshol d for setting FORMAT_ERR _FLAG

N

PO- RS- MDA- GS2009_11_3J
PDHS- E

UK- PAC

26/ 01/ 2004
MERI S/ 4. 07
21/ 09/ 2003
21/ 09/ 2003
2

20

79

8149

13:24:19. 434677

09: 22:17. 265770
09: 26: 36. 187634

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

4513681. 740000 1552817.947000 5333228.142000

5786. 205174 -136.373816
-0. 352582

FR (FOS 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
. 73596700
12. 62631800
. 23065400
9. 22799100

OOPrOOOO0o

0. 000000 %
0. 000000 %

- 4845, 448794
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Nunmber 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
Bandwi dt h of the bands
Band 1
Band 2
Band 3
Band 4
Band 5
6
7
8
9

©CoO~NOOR_rWNPE

Band
Band
Band
Band
Band 10
Band 11
Band 12
Band 13
Band 14
Band 15
I nst ant aneous Field of View
Processor node of oper

Li ne spacing in tine

Number of sanpl es per output line :
Nb. of lines between along track tie pts : 64
Nb. sanpl es between across track tie pts : 64
On ground spaci ng between col umms

DATA SET DESCRI PTOR #1:

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #2:

Data Set Name

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #3:

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

(1: Raw, 0: Ful I)
O f set conpensation flag (1:Yes, 0: No)

Envisat MERIS

Geometry Handbook

412.545 nm

9
0. 019159 deg
1
1

0. 043997 s.
2241

260. 000 m

Qual ity ADS
A

11189
165

5

33

Scal i ng Factor GADS
G

11354
292

1

292

Tie points ADS
A

11646
65268
36
1813
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DATA SET DESCRI PTOR #4:

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #5:

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #6:

Data Set Nane

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #7:

Dat a Set Nanme

Data Set Type

Ext ernal Product Reference
DS Offset in bytes

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

DATA SET DESCRI PTOR #8:

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS Offset in bytes

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

DATA SET DESCRI PTOR #9:

Data Set Name

Data Set Type

Ext ernal Product Reference
DS Offset in bytes

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

DATA SET DESCRI PTOR #10:
Data Set Name

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #11:
Data Set Nane
Data Set Type
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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 O fset in bytes

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

DATA SET DESCRI PTOR #12

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #13

Data Set Nanme

Data 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 DESCRI PTOR #14

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #15

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS Offset in bytes

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

DATA SET DESCRI PTOR #16

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #17

Data Set Nanme

Data Set Type

Ext ernal Product Reference
DS O fset in bytes

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

DATA SET DESCRI PTOR #18
Data Set Name

Data Set Type

Ext ernal Product Reference
DS O fset 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 12241
Length of the DSRs in bytes : 4495

DATA SET DESCRI PTOR #19:

Data Set Nane . Flags MDS(16)
Data Set Type M

Ext ernal Product Reference :

DS O fset in bytes : 151176339

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

DATA SET DESCRI PTOR #20:

Data Set Name : MERI S_SOURCE_PACKETS
Data Set Type : R

Ext er nal Pr oduct Ref erence
MER_FR__OPNPDE20030921_092217_ 000002582020 00079_08149_1418. N1
DS Offset in byt es 0

Total Size of DS in bytes 0

Number of DSRs within the DS 0

Length of the DSRs in bytes 0

DATA SET DESCRI PTOR #21:

Data Set Nanme : | NSTRUMENT_DATA FI LE
Data Set Type : R

Ext er nal Pr oduct Ref erence

MER_| NS_AXVI EC20030620_120000_20020321 _ 193100 20121008_190821

DS O fset 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 SET DESCRI PTOR #22:

Data Set Name : PROCESSI NG_PARAMS_L1B FI LE
Data Set Type : R

Ext er nal Pr oduct Ref erence

MER_CP1_AXVI EC20030620_120000_20020429_ 040000 20120920_173421

DS Offset 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 SET DESCRI PTOR #23:

Data Set Name . RADI OVETRI C_CALI BRATI ON_FI LE
Data Set Type © R

Ext er nal Pr oduct Ref erence
MER_RAC_AXVI EC20030620_120000_20021224_ 121445 20121224 121445

DS Offset 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 SET DESCRI PTOR #24:

Dat a Set Nanme . DI G TAL_ELEVATI ON_MODEL_FI LE
Data Set Type : R

Ext er nal Pr oduct Ref erence

AUX_DEM _AXVI EC20020123_121901_20020101_| OOOOOO 20200101_000000

DS O fset 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 SET DESCRI PTOR #25:

Data Set Nane : DI G TAL_ROUGHNESS_MCDEL_FI LE
Data Set Type : R

" 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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Ext er nal Pr oduct Ref erence

MER_DRM AXVI EC20020122_083343_20020101_ OOOOOO 20200101_000000
DS Offset in byt es 0

Total Size of DS in bytes 0

Number of DSRs within the DS 0

Length of the DSRs in bytes 0

DATA SET DESCRI PTCOR #26:

Data Set Nane : LAND_SEA MASK_DATA FI LE
Data Set Type : R
Ext er nal Pr oduct Ref erence

AUX_LSM _AXVI EC20020123_141228_20020101_| OOOOOO 20200101_000000

DS Offset 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 SET DESCRI PTOR #27:
Data Set Nane : ECMAF_DATA FI LE
Data Set Type : R
Ext er nal Product Ref erence
AUX_ECA_AXNECM20030921_233653_20030921_ 090000 20030921_210000
DS Ofset 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 SET DESCRI PTOR #28:
Data Set Name : ORBI T_STATE_VECTOR FI LE
Data Set Type : R
Ext er nal Product Ref erence
AUX_FRO_AXVPDS20030924_101146_20030920_ 221000 20030923_005000
DS Offset 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 SET DESCRI PTOR #29:
Data Set Nanme . ATTI TUDE_DATA _FI LE
Data Set Type : R
Ext er nal Product Ref erence
AUX_ATT_AXVI EC20020924_131534_20020703_ 120000 20781231_235959
DS Ofset 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 SET #1- "QJaIIty ADS" f f f bl ank bl ank bl ank Qit R blank 4 Qit R blank 5
DATA SET #2 - "Scaling Factor GADS":
Scaling factor - altitude 1. 000000
Scal ing factor - roughness 1. 000000
Scaling factor - zonal wnd 0. 100000
Scal ing factor - neridional wnd 0.100000
Scal ing factor - atnospheric pressure 0. 100000
Scal ing 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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Modul e #4 - Band 16 0
Mbdul e #5 - Band 1 9
Mbdul e #5 - Band 2 10
Mbdul e #5 - Band 3 11
Mbdul e #5 - Band 4 11
Mbdul e #5 - Band 5 11
Mbdul e #5 - Band 6 11
Mbdul e #5 - Band 7 11
Mbdul e #5 - Band 8 10
Mbdul e #5 - Band 9 c11
Mbdul e #5 - Band 10 ©11
Modul e #5 - Band 11 ©11
Modul e #5 - Band 12 ;10
Mbdul e #5 - Band 13 9
Modul e #5 - Band 14 c11
Mbdul e #5 - Band 15 ;10
Modul e #5 - Band 16 0
Sanpling rate : 43997 (1l.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 - "Tie points ADS"
No.

FIRST (Lat., Lon.) At. Rough. Corr. Lat. Lon Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Alt. Rough. Corr. Lat. Lon Sun (Zen., Azi.) MView(Zen.,
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, 10.603496 ) 1476 382 -1907 le-6 -16512 le-6 ( 51.8, 145.0) ( 40.7, 9
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, 10.278711 ) 850 227 -1101 le-6 -9284 le-6 ( 50.8, 144.1) ( 40.7, 9
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, 9
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, 9.648478 ) -366 O 0 le-6 0 1e-6( 48.9, 142.3) ( 40.7, 9
33 117451511 820265 ( 40.638252, 16.133722 ) 540 177 0 le-6 0 le-6 ( 44.1, 149.2 ) ( 0.0, 181.8 ) ( 41.727992, 9.341743 ) 116 23 -152 le-6 -1186 le-6 ( 47.9, 141.3) ( 40.7, O
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,  9.227991 ) 79 54 -103 le-6  -801 le-6 ( 47.6, 140.9) ( 40.7, 9
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APPENDIX B - ORTHORECTIFICATION LOGS

This section contains the log of MERSYN execution when applied to MERIS FR scene
MER_FR__1PNUPA20030921_092341_000000982020_00079_08149 0534.N1 of Italy.

These logs contain in particular information regarding:

Automatic settings — Size, origin and ground sampling automatically computed by MERSY N.

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

Runtime performances,

Statistics on the number of processed points.

B.1 No orthorectification

SETTI NG PI XEL S| ZE DEFAULT VALUES
Pl XEL HEI GHT 260. 000000
Pl XEL W DTH 260. 000000

5226455. 019000

COWPUTI NG | MAGE SI ZE AND ORI G N
Y =
= 4461188. 500000

UL: X = 1025533. 187500
LR X = 2002024. 500000 Y

| MAGE HElI GHT = 765267.519000 netres

| MAGE WDTH = 976491. 312500 netres

LINE NUMBER = 2943

Pl XEL NUMBER = 3755
LINE= 106 el apsed/line= 0 facet search: -sanme= 98.8% -neighbour= 1.0% -all=
0.2%
I NI TI ALI SATI ON: | NVERSE: I onl at _ori gi n=(0. 196665, 0. 816031) -->
mer _xy_origin(72.692636, 2028. 052061) facet=(1,31) delta=(0.135822,0.688313)
LI NE= 2942 el apsed/|ine= 0 facet search: -sane= 98.7% -neighbour= 1.3% -all=
0. 0%

Total el apsed time=27.700 seconds elapsed tine/facet=15.630 seconds ( 56.4%

PREDI CTI ON CORRECTI ON LOOP STATI STICS (total processed points = 7818186)
| TERATION [ 0] 7818186 (100.0 %9

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

ORTHORECTI FI CATI ON PROCESSI NG = NO

NUMBER OF PROCESSED PO NTS | N SEGVENT = 7815250 (70.7% of synthesis)

NUVBER OF VALIDATED PO NTS IN SEGVENT = 7815250 (100. 0% of segnment) (70.7% of
synt hesi s)

B.2 Altitudes from tie-point grid

SETTI NG PI XEL S| ZE DEFAULT VALUES
Pl XEL HEI GHT = 260. 000000
PI XEL WDTH = 260. 000000

COVPUTI NG | MAGE SI ZE AND ORI G N
UL: 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
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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LR X = 2002024. 500000 Y = 4461188. 500000
| MAGE HEI GHT = 765267. 519000 netres

| MAGE WDTH = 976491. 312500 netres
LINE NUMBER = 2943
Pl XEL NUMBER = 3755

LINE= 106 el apsed/line= 20000 facet search: -sane= 88.8% -neighbour= 10.0% -all=
1.2%

I NI TI ALl SATI ON: | NVERSE: I onl at _ori gi n=(0. 196665, 0. 816031) -->
mer _xy_origin(72.692636, 2028. 052061) facet=(1,31) delta=(0.135822,0.688313)

PREDI CTI ON_CORRECTI ON_NUVBER=0
dem al titude=1406. 003360
I nt erpol ated | onl at =(0. 196665, 0. 816031)
Vi ewi ng zenit h=0. 657754 Vi ewi ng azi nut h=1. 747770
dl on=-0. 000245 dl at=-0. 000030 neters=(-1560.593089, - 191. 218894)
DI RECT: ner_xy0=(72.692636, 2028. 052061) --> |onlat1=(0.196910, 0. 816061) dl onl at =( -
0. 000245, - 0. 000030) = (-1560.591599, - 191. 216959)

| NVERSE: | onl at 1=( 0. 196910, 0. 816061) --> mer _xyl1=(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)

delta_facet_ xy=(0.156014, 0. 749729)

PREDI CTI ON_CORRECTI ON_NUVBER=1
dem al titude=1347. 322220
I nt erpol ated | onl at =(0. 196420, 0. 816001)
Vi ewi ng zeni t h=0. 658753 Vi ewi ng azi nut h=1. 747602
dl on=-0. 000235 dl at=-0.000029 neters=(-1498. 548552, - 183. 444896)

DI RECT: mer _xy0=(73. 984910, 2031. 982627) --> | onl at 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 _xyl=(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)

delta_facet_xy=(0.155204, 0. 747296)

PREDI CTI ON_CORRECTI ON_NUVBER=2
dem al titude=1349. 637452
I nt erpol ated | onl at =(0. 196430, 0. 816003)
Vi ewi ng zenit h=0. 658713 Vi ewi ng azi nut h=1. 747609
dl on=-0. 000236 dl at=-0. 000029 neters=(-1501. 001059, - 183. 751925)
DI RECT: mer_xy0=(73. 933025, 2031. 826935) --> |onlat1=(0. 196665, 0. 816031) dl onl at =( -
0. 000000, - 0. 000000) = (-2.445607,-0.307057)

| NVERSE: | onl at 1=( 0. 196665, 0. 816031) --> mer _xy1l=(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)
delta_facet_ xy=(0.155236, 0. 747392)
LI NE= 2942 el apsed/|ine= 0 facet search: -sane= 97.9% -neighbour= 2.1% -all=
0. 0%

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

PREDI CTI ON CORRECTI ON LOOP STATISTICS (total processed points = 7818186)

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

ORTHORECTI FI CATI ON PROCESSI NG YES

NUMBER OF PROCESSED PO NTS | N SEGVENT 7806229 (70.6% of synthesis)

NUVBER OF VALIDATED PO NTS IN SEGVENT = 7806229 (100. 0% of segment) (70.6% of
synt hesi s)
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DEM ltaly

SETTI NG PI XEL S| ZE DEFAULT VALUES
PI XEL HEI GHT = 260. 000000
PI XEL WDTH = 260. 000000

5226455. 019000

COWPUTI NG | MAGE SI ZE AND ORI G N
Y =
= 4461188. 500000

UL: X = 1025533. 187500
LR X = 2002024. 500000 Y

| MAGE HEI GHT = 765267. 519000 netres

| MAGE WDTH = 976491. 312500 netres

LI NE NUMBER = 2943

Pl XEL NUMBER = 3755
LINE= 106 el apsed/line= 50000 facet search: -same= 88.7% -neighbour= 10.0% -all=
1.3%
I NI TI ALl SATI ON: | NVERSE: I onl at _ori gi n=(0. 196665, 0. 816031) -->

mer _xy_origin(72.692636, 2028. 052061) facet=(1, 31) delta=(0.135822,0.688313)

PREDI CTI ON_CORRECTI ON_NUVBER=0
dem al titude=2230. 704269
I nterpol ated | onl at =(0. 196665, 0. 816031)
Vi ewi ng zenit h=0. 657754 Vi ewi ng azi nut h=1. 747770
dl on=-0. 000389 dl at=-0. 000048 neters=(-2475. 969664, - 303. 379646)
DI RECT: ner_xy0=(72.692636, 2028. 052061) --> |onlat1=(0.197054, 0. 816079) dl onl at =( -
0. 000389, - 0. 000048) = (-2475.968174, -303. 377712)

| NVERSE: |l onl at 1=(0. 197054, 0. 816079) --> nmer _xy1l=(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)

delta_facet_xy=(0.167857, 0. 785749)

PREDI CTI ON_CORRECTI ON_NUVBER=1
dem al titude=2230. 704269
I nterpol ated | onl at =(0. 196276, 0. 815984)
Vi ewi ng zenit h=0.659339 Vi ew ng azi nut h=1. 747504
dl on=-0. 000390 dl at =-0. 000048 neters=(-2484.086078, - 303. 922619)
DI RECT: ner_xy0=(74.742871, 2034. 287910) --> |onlat1=(0.196666, 0. 816032) dl onl at =( -
0. 000001, - 0. 000000) = (-8.570086, - 0.541638)

| NVERSE: | onl at 1=( 0. 196666, 0. 816032) --> mer _xyl1l=(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)
delta_facet_ xy=(0.167941, 0. 786091)
LI NE= 2942 el apsed/|ine= 0 facet search: -same= 97.9% -neighbour= 2.0% -all=
0. 0%

Total el apsed tine=325.960 seconds el apsed tinme/facet=44.140 seconds ( 13.5%

PREDI CTI ON CORRECTI ON LOOP STATISTICS (total processed points = 7818186)

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

ORTHORECTI FI CATI ON PROCESSI NG YES

NUMBER OF PROCESSED PO NTS | N SEGVENT = 7806166 (70.6% of synthesis)

NUVBER OF VALIDATED PO NTS IN SEGVENT = 7806166 (100. 0% of segment) (70.6% of
synt hesi s)
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DEM SRTM

SETTI NG PI XEL S| ZE DEFAULT VALUES
PI XEL HEI GHT = 260. 000000
PI XEL WDTH = 260. 000000

COWPUTI NG | MAGE SI ZE AND ORIG N
UL: X = 1025533. 187500 Y = 5226455. 019000
LR X = 2002024. 500000 Y = 4461188. 500000
| MAGE HEI GHT 765267. 519000 netres
| MAGE W DTH 976491. 312500 netres
LI NE NUMBER 2943

Pl XEL NUMBER = 3755

LINE= 106 el apsed/line= 40000 facet search: -same= 88.8% -neighbour= 9.8% -all=
1. 4%
I NI TI ALl SATI ON: | NVERSE: I onl at _ori gi n=(0. 196665, 0. 816031) -->

mer _xy_origin(72.692636, 2028. 052061) facet=(1,31) delta=(0.135822,0.688313)

PREDI CTI ON_CORRECTI ON_NUVBER=0
dem al titude=2106. 815331
I nt erpol ated | onl at =(0. 196665, 0. 816031)
Vi ewi ng zenit h=0. 657754 Vi ewi ng azi nut h=1. 747770
dl on=-0. 000367 dl at=-0. 000045 neters=(-2338.459168, - 286. 530536)
DI RECT: ner_xy0=(72.692636, 2028. 052061) --> |onlat1=(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)

delta_facet_xy=(0.166078, 0. 780338)

PREDI CTI ON_CORRECTI ON_NUVBER=1
dem al titude=2106. 815331
I nterpol ated | onl at =(0. 196298, 0. 815986)
Vi ewi ng zenit h=0. 659251 Vi ewi ng azi nut h=1. 747519
dl on=-0. 000368 dl at =-0. 000045 neters=(-2345. 698628, - 287. 014884)
DI RECT: mer_xy0=(74.629009, 2033. 941614) --> |onl at1=(0. 196666, 0. 816032) dl onl at =( -
0. 000001, - 0. 000000) = (-7.644129, -0.483121)

| NVERSE: | onl at 1=( 0. 196666, 0. 816032) --> mer _xyl1l=(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)
delta_facet_ xy=(0.166153, 0. 780643)
LI NE= 2942 el apsed/|ine= 0 facet search: -sane= 97.9% -neighbour= 2.0% -all=
0. 0%

Total el apsed time=304. 440 seconds el apsed tine/facet=43.130 seconds ( 14.2%

PREDI CTI ON CORRECTI ON LOOP STATISTICS (total processed points = 7818186)

| TERATION [ 0] = 2936 ( 0.0 9

I TERATION [ 1] = 3034335 (38.8 9

ITERATION [ 2] = 4777361 (61.1 %

I TERATION [ 3] = 3554 ( 0.0 %

I TERATION [ 4] = 0 (009

I TERATION [ 5] = 0 (009

| TERATION [ 6] = 0 (009

ITERATION [ 7] = 0 (0.0%

I TERATION [ 8] = 0 (009

I TERATION [ 9] = 0 (009

| TERATION [10] = 0 (009
ORTHORECT! FI CATI ON PROCESSI NG = YES
NUVBER OF PROCESSED PO NTS | N SEGMENT = 7806080 (70.6% of synthesis)
NUMBER OF VALIDATED PO NTS |IN SEGVENT = 7806080 (100.0% of segnment) (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
-osy synthesis_dem getasse.{3,5,7} -dem ../ DEM GETASSE30/ EUROPA WGS84 -sam " Near est
nei ghbour" -prj "projection=Plate_carree ellipsoi d=WGS_1984 dat umrWGS 84" -cha 3 5 7

SETTI NG PI XEL S| ZE DEFAULT VALUES
Pl XEL HEI GHT 260. 000000
Pl XEL W DTH 260. 000000

5226455. 019000

COWPUTI NG | MAGE SI ZE AND ORI G N
Y =
= 4461188. 500000

UL: X = 1025533. 187500
LR: X = 2002024. 500000 Y

| MAGE HEI GHT = 765267.519000 netres
| MAGE WDTH = 976491. 312500 netres
LINE NUMBER = 2943
Pl XEL NUMBER = 3755
LI NE= 2942 el apsed/|ine= 0 facet search: -same= 98.4% -neighbour= 1.5% -all=

0. 0%

Total el apsed tinme=317. 750 seconds el apsed tine/facet=42.450 seconds ( 13.4%

PREDI CTI ON CORRECTI ON LOOP STATI STICS (total processed points = 7818186)

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

ORTHORECTI FI CATI ON PROCESSI NG = YES

NUMBER OF PROCESSED PO NTS | N SEGVENT = 7810559 (70.7% of synthesis)

NUVMBER OF VALI DATED PO NTS | N SEGVENT = 7810559 (100.0% of segnent) (70.7% of
synt hesi s)

BENCHVAK PO NTS

## LINE PI XEL GCP LON. GCP LAT. GCP ALT. EASTI NG NORTHI NG LONG TUDE
LATI TUDE ALTI TUDE VI EW ZENI TH VI EW AZI MJTH LON. CORR. LAT. CORR. ORIG N LINE PI XEL
MERI' S: LI NE 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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1* NAME */
/* MERSYN (abbreviation "syn") adds the MERI'S segment to the synthesis. 2
! !
/* SYNOPSI S */
/* MERSYN [ <sequence_name>] [-ner <MER S_segnent _i n_i nput>] 2
{i= -isy <input_synthesis_channel _|ist>] 2
{i= -ivi <input_NDVI _maxi mum i nage>] 2
fi= -osy <out put_synthesi s_channel _|ist>] &
{i= -ovi <out put _NDVI _maxi num i mage>] 2
{i= -sal <sel ection_al gorithnp] */
{i= -dem <i nput _DEM | i st >] 2
{i= -sam <sanpl i ng_net hod>] 2
fi= -prj <Projection>] &
{i= -cha <Channel identification>] 2
{i= -ul  <upper-left corner coordinates>] 2
{i= -lr <lower-right corner coordinates>] 2
fi= -pxh <pi xel _hei ght >] &
{i= - pxw <pi xel _wi dt h>] 2
{i= -ort <process_orthorectification>] 2
! !
/* DESCRI PTION */
/* MERSYN merges radiances found within the MER S segment into the various 2
/* bands of the synthesi s provided in input Merging is performed according to*/
/* an algorithmto avoid clouds and invalid val ues.

I+ *
/* MERI'S products in input of MERSYN may be any scene or segnents 1B with the */
/* full or reduced resol ution.

I* */
/* Products in output of MERSYN are orthorectified. 1.e., the parallax defect */
/* due to the relief and the view angle are corrected. At each point of the */
/* output synthesis, the elevation value may be interpolated fromthe 2
/* elevation data found within the "tie-point grid" or retrieved fromone or */
/* nore DEMs given as "-denf paraneter. &
/* At each point of the output synthesis, the viewing angle is interpolated */
/* fromthe values found in the "tie-point grid". 2
* *
: :
/* MERSYN may be used in three different contexts. In each one of these cases */
/* the set of files in input and output differ according to different

/* paraneter val ues. */
I* */
/* USE CASE 1 - M ni numradi ance synthesis 2
P SR *
: !
fi= 1x  -mer N -isy Dx -dem 2
{i= MER S i nput DEM 2
{i= segment synt hesi s list 2
1* \ | . */
1* \ | */
I* \ | */
{i= MERSYN Requi red paraneters 2
1* | -sal = "Radi ance ni ni nunf */
1* | */
I* | */
{i= Nx  -osy 2
{i= out put 2
{i= synt hesi s 2
I* */
/* In this use case 1, the selection algorithm (parameter "-sal") has the 2
/* val ue "Radi ance nininunt. The N bands of the output synthesis are conput ed */
/* fromthe N bands of the input synthes| s in which the corresponding pixels */
/* of the MER'S segnment replaces the "synthesis pixel" if its radiance is *
/* inferior and if the "MERIS pixel" is not flagged as corrupted. *
* *
: !
/* USE CASE 2 - Maxi num NDVI synt hesis 2
PR S *
: !
{i= 1x  -mer N -isy X -ivi Dx -dem 2
fi= MER S i nput i nput DEM 2
{i= segment synt hesi s NDVI list 2
1* \ | / . */
1* \ | / */
1* \ | / */
{i= MERSYN Requi red paraneters 2
1* | \ -sal = "NDVI maxi nunt */
1* | \ */
1* | \ */
{i= Nx  -osy 1x -ovi 2
{i= out put out put 2
{i= synt hesi s NDVI 2
I* */
{i= Inthis use case 2, the selection algorithm (parameter "-sal") has the 2
/* value "NDVI maxi nunf. The N bands of the output synthesis are conputed 2
/* fromthe N bands of the input synthesis in which the correspondl ng pi xel s */
/* of all the N bands of the MERI'S segment replaces the "synthesis pixels" of */
/* the N bands if the NDVI conputed fromthe red and NIR bands is greater 2
/* than the one found in the "input NDVI image". 2
* *
: :
/* USE CASE 3 - Mappi ng 2
J* il */
I* */
I*  1x  -mer Dx -dem *
I* MERI' S DEM */
{i= segment list 2
I* \ a */
I* \ */
I* \ */
{i= MERSYN Requi red paraneters 2
1* | -cha sel ected bands */
{i= | -prj output projection 2
fi= | -ul upper-1|eft coordinates */
{i= Nx  -osy -lr | ower-right coordinates */
{i= out put -pxh pixel height 2
{i= synt hesi s -pxw pixel width 2
I* */
/* In this use case 3, MERSYN acts as a sinple orthorectification process 2
/* (like MAPPER) producl ng N bands (paranmeter "-cha") of geocoded i mages whi ch*/
{i= pr ojection ("-prj"), bounding box ("-ul","-Ir") and pixel sizel ("-pxh", 2
/* "-pxw') are defined by the user and not |n'p| icitely deduced from the input */
/* synthesis like in the other cases.

I* */
/* The selection algorithmis assuned to have the "Radiance m ni muni val ue. 2
/* This use case 3, may be used as the first step to produce a first synthesi s*/
/* which will be iteratively upgraded |ike in the use cases 1 and 2.

/* Paraneters "-ul" and "-Ir" enables clipping a particular area of interest. */
I* */
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/* Wen no values are given by user for these parameters, the boundi ng box 2

/* will be automatically conputed by MERSYN as the smallest rectangle that &
/* includes the entire MERI'S segnent in input. &
I+

/* Wen no val ues are given by user for pixel size paraneters ("-pxh" and &
/* "-pxw'), MERSYN will set these parameters to the nom nal value of the FR or*/
/* RR products. &
I* */
/* Unlike the other use cases, when no synthesis is provided in input, MERSYN */
/* will no chek if the pixel is corrupted |ooking for the values found in &
/* MDS(16). Al the pixels of the inmage will be mapped. 2
I* */
I* */
I* */
/* PARAMETERS */
(7% =2zzzzzz2s */
/* Input segment (<MERIS segment_in_input>) is a Foreign file formatted in */

/* Earth Explorer (ENVISAT) format. Its nane should nornal ly start with 2
/* "MERRR_1P..." prefix and shoul d have ".NL" as suffix. Decoding of its &
/* Main Product Header (MHS) and Specific Product Header (SPH) will lead to */
/* along listing printed on the standard output. &
I* */
/* Synthesis in input includes a list of 16-bits 2D-Raster files matching the */
/* various bands of the MERI'S data to be processed. MERIS instrument has 15 */
/* bands in visible and near infrared spectra. The "channel " ressource of the */
/* provided channel s shall be distinct and within the range [1,15].

/* Synthesis images includes a background to indicate that no valid val ue has */
/* been yet found for this pixel |ocation.

I* */
/* Wen the "NDVI naxinunt al gorithmis selected, the max. NDVI matching the */
/* initialised values shall be kept and provided as <i nput_NDVI _maxi num i mage>*/
/* paraneter. For the first tinme (i.e. if the synthesis does not yet include */
/* any segment), this "-ivi" paraneter may not be given. 2
/* NDVI values are in the range [-1,+1] and are represented within a 16-bits */
/* image within the range [1,65535] (value O being to represent the &
/* background) . 2
I* */
/* Synthesis in output (<output_synthesis_channel list>) contains a file list */
/* matching the synthesis provided in input (sane 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 &
I* */
/* The NDVI maxi num i nage (<output NDVI _maxi numinmage>) is an updated version */
/* of the <input_NDVI _maxi mum.inage> in which the pixels having a NDVI greater*/

/* than the one found in input (if any) will be set to the value of this &
/* maxi num *
/* Wien no NDVI nmaxinumimage is provided in input, all the pixels of the &
/* output NDVI image will be initialised with a background val ue. &
! !
/* DOCUMENT *
/* "PO RS- MDA- GS-2009 - ENVI SAT PAYLOAD DATA SEGVENT - ENVI SAT-1 PRODUCTS */
/* SPECIFICATIONS - VOLUME 11: MERI'S PRCDUCTS SPEC FI CATI ONS - |ssue 3 */
/* Revision F - 20/11/2000 - ESA, ALCATEL SPACE" */
! !
/* OOPYRI GHTS */
/* Copyrights 2003 by GAEL Consultant - Al rights Reserved. &
/* GAEL Consultant Proprietary - Delivered under License Agreement. &

/* Copying and Disclosure Prohibited Wthout Express Witten Perm ssion From */
/* GAEL Consul tant.

/* ADM NI STRATI ON */

/* Serge RI AZANCFF 11.05.03 | v00.01 | Creation of the SWconponent &

/* Serge RI AZANCFF 15.05.03 | v00.02 | Maxi num NDVI option &

/* Serge RI AZANCFF 29.05.03 | v00.03 | Flag is_replaced -> added_poi nt _nu. ,*/
09.08.03 | v00.04 | Checked/ Addapted for FR node

| |

| |

/* Stephane MBAYE | |

/* Serge RIAZANCFF | . | v01.01 | Case of MAPPER behavi our

/* Serge RIAZANCFF | 25.12.03 | v01.02 | Managenent of large files ( > 2GB) */
| | Full new rel ease
| | F| Xi ng of prediction/correction bugs*/
| | "-ort" option added
| | #i fdef TIMBENCH (Generat.bench pt)*/
I I

Change in dlat dlon corrections &

/* Serge R AZANOFF v02. 01
/* Serge Rl AZANCFF v02. 02
/* Serge R AZANCFF v02. 03
/* Serge R AZANCFF v02. 04
/* Serge Rl AZANOFF v02. 05

!
/* ANSI Cinclusion files */
!

<stdio. h>
<stdlib. h>
<string. h>
<mat h. h>

#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude
#i ncl ude <nmenory. h>
#i ncl ude <errno. h>
#i fdef TI M PERF

#i ncl ude <time. h>
#endi f

<X11/Intrinsic. h>
<Xm Xm h>

#|nc|ude
#i ncl ude

!
/* TELIMAGO inclusion files *

!

#define _Ti nNeedProcess
#define _TinNeedFile
#define _Ti niNeedFor nat
#define _Ti nNeedPrj

<Ti m h>
<Ti nX. h>

#i ncl ude
#i ncl ude

!
/* Qobal constants (maxi mum 31 characters) &
!

/* nodul e including this process*/

#def i ne MODULE_NAME " STATI ON'
I*

/* TI'M_MERSYN_BREAK_DETECTION i s a | arge maxi num of the possible X-difference */

/* between adj acent vertices of the segment boundary. Wen two successive &
/* points have a difference greater than this value, a -180/+180 break is */
/* assuned. *

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */

#defl ne TI M_MERSYN BREAK_DETECTI ON (90 / 180. * TIMPI)
#def i ne TI M_MERSYN_PREDI CTI ON_CORRECTI ON_MAX_| TERATION 10

#def i ne TI M_MERSYN_SELECTI CN_ALGORI THVl RADI ANCE_ M NlMUM 0
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#define TI M MERSYN_SELECTI ON_ALGORI THV _NDVI _MAXI MM 1
#define TI M MERSYN MER S_TYPE_FR 0
#define TI M MERSYN MER S _TYPE_RR 1

#def i ne TI M_MERSYN_PARALLELI SM THRESHOLD ((doubl e) 1. e-12)

#def i ne TI M_VERSYN_HOT_AREA (TIMPI-.01)
#def i ne TI M_MERSYN_MEAN_EARTH_RADI US 6370997. 0

K e . */
o U0 SO TER) O (RS CF UGN BUEE &0ED e eeccmmoommommooncs 5
#def i ne TI M_MERSYN_MAX_ERRCR 0.1
¥ e e e e .. *

/* Nunber of lines per channels (selected channels + NDVI(if any) + MDS(16)) */
/* To optimze access, many lines are kept within the buffer that is 2

/* pernutated modul o the nunber of the |ine to access. &
B L e e e e e e e e e e */
#define TIM MERI S BUFFER MAX_LI NE_NUVBER 1000
! !
/* Type definitions 2
!

/* I nput parameters structure &

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
typedef struct {

Ti nRFor ei gn ner; /* MERI'S segment in input */

Ti nR2DRast er Li st i sy; /* Input synthesis channel list */

Ti nR2DRast er ivi; /* Input NDVI maximum i mage */

Ti nR2DRast er Li st osy; /* Qut put synthesls channel list */

Ti nR2DRast er ovi; /* Qutput NDVI maxinmum image */

TinRString sal ; /* Selection algorithm*/

Ti MRDEMLI st dem /* input demlist */

TinRString sam /* Sanpling method */

TinRString prj; /* Projection */

TinRIntegerList cha; /* Channel identification */

Ti nRVect or ul; /* Qutput image upper |eft corner */

Ti nRVect or Ir; /* Qutput inage |ower right corner */

Ti nRFl oat pxh; /* Qutput image pixel height */

Ti nRFl oat PXW, /* Qutput image pixel width */

Ti nRBool ean ort; /* Process orthorectification */
} Tirr'versynlp; /* PROCESS PARAMETERS */

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
/* Buf fer used to access and keep MERI'S data 2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */

typedef struct {
unsi gned short l'inel ndex [TIM MR S_BUFFER MAX_LI NE_NUMBER) ;
/* line index of data stored in array */
[ TIMMERI S_BUFFER_NMAX_LI NE_NUVBER] ;

unsi gned short *line - |
/* image line */

} TimverisBuffer; /* PROCESS PARAMETERS */

! !
/* Forward decl arations *
! !
¥ e e e e e */
int Ti mversynConput eBoundary TI M PROTQ( (

Ti nRFor ei gn nmeris_file, /* MERI'S segment in input */

Ti nPrj Proj ection *geogr aphi c_pr oj ect i on, /* projection of tie-points */
Ti nPrj Proj ection *synthesi s_projection, /* output inage projection */
Ti nRPol yVect or Li st  *boundary_p /* envel oppe to be conputed */

));

% e e */
int Ti mversynConput eLi nel nt er secti on TI M_PROTQ( (

doubl e poi nt 0_x, /* X-coordinate of point 1 of DL */
doubl e poi nt0_y, /* Y-coordinate of point 1 of DL */
doubl e poi nt 1_x, /* X-coordinate of point 2 of DL */
doubl e pointl_y, /* Y-coordinate of point 2 of DL */
doubl e poi nt 2_x, /* X-coordinate of point 1 of D2 */
doubl e poi nt 2_y, /* Y-coordinate of point 1 of D2 */
doubl e poi nt 3_x, /* X-coordinate of point 2 of D2 */
doubl e poi nt 3_y, /* Y-coordinate of point 2 of D2 */
doubl e *poi nt _x_p, /* X-coordinate of concurrence point */
doubl e *point_y_p /* Y-coordinate of concurrence point */
B oo eess s e o

int Ti mversynConput el nt er secti onsWt hBoundary TI M PROTC((
I*

doubl e y_current, curr.point Y-coord in output proje.*/
Ti nRPol yVect or Li st  *boundary_p, /* envel oppe of MER'S segnent */

Ti nRFl oat Li st *intersection_p, /* list of intersect. segment %/line */
int *is_inside_p, /* "point is inside segment" flag */

int *current_intersection_p /* intersection to be reached */
B e e o
int TimversynGet Al titudeFronDem TI M PROTQ( (

doubl e | ongi t ude, /* X-coord of point to be processed */
doubl e latitude, /* Y-coord of point to be processed */
Ti nPrj Proj ection *geogr aphi c_proj ection, /* projection structure */

Ti MRDEMLI st *dem p, /* DEMs in order they have to be read */
doubl e *al titude_p /* altitude to be initialized */

B e o
int TimversynlslnFacet TIMPROTQ((

int iline_facet, /* line index of the UL tie-pt corner */
int i pi xel _facet, /* pixel index of the UL tie-pt corner*/
doubl e syn_lon, /* X»coord, point in synthesis */

doubl e syn_lat, /* X-coord. point in synthesis */

doubl e *del ta_facet _x, /* line-position to conpute */

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

B e o

int TimversynLocationDirect TIMPROTQ((

doubl e ner_x, /* X-coordinates in MER S segnent */
doubl e ner_y, /* Y-coordinates in MER S segnent */
doubl e al titude, /* Z-coordinates in MER S segnent */

int iline_facet, /* nunber of the tie-point frane */

int i pi xel _facet, /* nunber of the tie-point colum */
doubl e del ta_facet_x, /* X-coordinates within facet [0,1] */
doubl e del ta_facet_y, /* Y-coordinates within facet [0,1] */
doubl e *| ongi t ude_p, /* longitude to be conputed */

doubl e *| atitude_p /* latitude to be conputed */

B oo e e o
int TimversynLocationl nverse TI M PROTQ( (

doubl e | ongi t ude, /* X-coord of poi nt to be processed */
doubl e | atitude, /* 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 colum */
doubl e *del ta_facet _x_p, /* X-coordinates within facet [0,1] */
doubl e *del ta_facet _y_p, /* Y-coordinates within facet [0,1] */
doubl e *mer _x_p, /* X-coordinates in MER S segnent */
doubl e *mer_y_p /* Y-coordinates in MER S segnent */

B e o

int TimversynReadLi ne TI M PROTQ( (
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Ti nRFor ei gn ner, /* MERI'S segment in input */
int iband /* spectral band to be processed */
iline, /* line to be read */

T|rr'ver|sBuHer *rrerls _buffer_p /* MERIS buffer to initialize */

));

% e */
! !
/* Qobal variables */
! !
int process_MERI'S flag = TI M TRUE;

int channel _i ndex_r ed /* BAND 7 in MERIS buffer list */
int channel _i ndex_NI R

/* BAND 13 in MERIS buffer list */
*
!

#l fdef TI M PERF

clock_t current_cl ock; /* current clock value */
| ong time_lineo; /* clock value of the 1st line */
| ong time_line; /* current clock value of the line */
| ong time_facet; /* clock value of facet research start*/
| ong el apsed_tine_facet; /* elapsed time of facet search / |ine*/
int facet_search_sane =0, /* found within current */
int facet_search_nei ghbour = 0; /* found around current */
int facet_search_al | =0; /* search within all facets */
#endi f
¥ e m e e e e */
/* Used to print out bench points 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
#I fdef TIMBENCH
struct {
Ti nR2DCoor di nat es gcp; /* QCP col | ected in GECREF application*/
doubl e easting; /* synthesis horizontal coordinate */
doubl e nort hi ng; /* synthesis vertical coordinate */
doubl e | ongi t ude; /* geodetic |ongitude */
doubl e latitude; /* geodetic latitude */
doubl e al titude; /* interpolated altitude */
doubl e vi ewi ngZeni t h; /* latest view ng zenith */
doubl e Vi ew ngAzi nut h; /* latest view ng azinuth */
doubl e | ongi tudeCorrection; /* |atest |ongithde correction */
doubl e latitudeCorrection; /* latest |atithde correction */
doubl e neri sxo; /* X-coord in MER'S segnent, 1st iter.*/
doubl e nerisyo; /* Y-coord in MERI'S segnent, 1st iter.*/
doubl e nerisx; /* X-coord in MER'S segnent,|ast iter.*/
doubl e nerisy; /* Y-coord in MER'S segnent,|ast iter.*/
} TIMMERSYN BENCH | = {
{{ 38, 788, 8.19257241855421148e-01, 1.93235007893579031e-01, 2.8640e+03 }},
149, 968, 8.14724808475713269e-01, 2.00584894386977269e-01, 2.0540e+03 }},
204, 1431, 8.12479007695734001e-01, 2.19490434571149889e-01, 1.2290e+03 }},
231, 1792, 8.11376523852257003e-01, 2.34231039082843873e-01, 1.2650e+03 }},
728, 1972, 7.91082662090661137e-01, 2.41580924142774267e-01, 1.1200e+02 }},
397, 2487, 8.04598292212129973e-01, 2.62609766892887175e-01, 9.4400e+02 }},
784, 2745, 7.88796031052489188e-01, 2.73144604332492325e-01, 2.3000e+02 }},
507, 3234, 8.00106694851500877e-01, 2.93111802997920723e-01, 1.5800e+02 }},
1308, 2745, 7.67399691433426345e-01, 2.73144603481369597e-01, 2.1000e+02 }},
916, 3260, 7.83406114503204076e-01, 2.94173452210109931e-01, 1.9400e+02 }},
1303, 3312, 7.67603856633425452e-01, 2.96296753023537141e-01, 1.5510e+03 }},
419, 942, 8.03699972987327871e-01, 1.99523244202737482e-01, 4.6000e+02 }},
806, 994, 7.87897711395466605e-01, 2.01646544668149574e-01, 4.6000e+01 }},
1247, 525, 7.69890487863912787e-01, 1.82496007596055609e-01, 3.5900e+02 }},
1827, 473, 7.46207520406638847e-01, 1.80372706900750301e-01, 4.8000e+01 }},
1275, 1014, 7.68747170708711125e-01, 2.02463198669260630e-01, 5.0200e+02 }},
1827, 937, 7.46207519009472464e-01, 1.99319080792183273e-01, 5.8200e+02 }},
1523, 1529, 7.58620659256733609e-01, 2.23492038218818967e-01, 5.1000e+02 }},
1993, 1478, 7.39429289943063561e-01, 2.21409570773334397e-01, 5.4400e+02 }},
2407, 1761, 7.22524552646203966e-01, 2.32965224840718077e-01, 6.4600e+02 }},
2158, 2096, 7.32691894508517461e-01, 2.46644178905278511e-01, 9.1900e+02 }},
2241, 2869, 7.29302781755709395e-01, 2.78207860731241208e-01, 6.1700e+02 }},
2517, 2328, 7.18032956127631738e-01, 2.56117366684067871e-01, 2.4300e+02 }},
2683, 2843, 7.11254729211615366e-01, 2.77146211985425106e-01, 7.5600e+02 }},
944, 654, 7.82262798066772791e-01, 1.87763426261147615e-01, 6.4000e+01
H
int bench_i ndex; /* index of current bench point */
int i bench; /* index anmong bench points */
doubl e nul | _el evation_| ongi tude; /* used to conpute correction */
doubl e nul | _elevation_|latitude; /* used to compute correction */
#endi f
! !
/* main */
! !

int main
#i fdef TI M ANSI _PROTOTYPE
(

int argc, /* argunent count */

char **argv /* argunent val ues */

)

#el se

(argc, argv)

int argc; /* argunent count */

char **argv; /* argunent val ues */

#endi f

! !

/* Local variables (naxinmum 31 charact ers) 2

! !
Ti mver synl p ip; /* input parameters structure */
Ti nProcess process; /* standard process structure */

Ti nRI nt eger sanpl i ng_net hod; /* integer value of sanpling nethod */
int sel ection_al gorithm/* nunerical value of ip.sal */

int process_ort ho; /* process orthorectification */

int neris_type; /* nunerical product type (FR or RR) */
Ti nRSensor header; /* MERI'S segnent header */

Ti mveri sBuf f er *i_buf _neris[16]; /* MER'S buffers (radiances+ndvi +f | ag)*/
Ti nBuf fer I nt **j _buf _synt hesi s=NULL;/* input buffer list for synthesis */
Ti nBuf fer I nt **o_buf _synt hesi s=NULL; /* output buffer list for synthesis*/

TinBufferFloat  *i _buf _ndvi =NULL;
Ti nBuf f er Fl oat *o_buf _ndvi =NULL;

/* input buffer for NDVI maxi num */

/* output buffer for NDVI maxi num */
TinFntBuf ferLi st fnt_buffer; /* list of buffers to access Tinfmt */
Ti nRFi | eLi st input_file; /* struct used to pass ip.mer */
Ti nPrj Proj ection *geographi c_proj ecti on=NULL; /* projection of tie-points */
TinPrj Proj ection *synthesis_projection=NULL; /* output inage projection */
Ti nPrj Coor di nate prj _coordinate; /* convertion prj coordinate struct */
Ti nRPol yVect or Li st boundary; /* coord. of the segnent envel oppe(s) */

#i fdef TI M PERF
int pr edl ction_correction_histo[

1 M_MERSYN_PREDI CTI ON_CORRECTI ON_MAX_| TERATI ON#1] ;
/* prediction/correction histogram*/

int ihisto; /* index anmong items in histogram */

int poi nt _nunber ; /* total nunmber of sanples in histo. */
#endi f

doubl e syn_| on_ori gi n; /* longitude of current point in synth*/

doubl e syn_| at_origin; /* latitude of current point in synth*/

doubl e syn_| onl; /* longitude of (ner_x0, mer_y0) inage */

doubl e syn_lat1; /* latitude of (ner_x0, mer_y0) inage */
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doubl e ner_x_origin; /* 1st antecedent X-coord */
doubl e ner_y_origin; /* 1st antecedent Y-coord */
doubl e ner _x0; /* previous antecedent X-coord */
doubl e nmer_yo0; /* previous antecedent Y-coord */
doubl e nmer_x1; /* current antecedent X-coord */
doubl e nmer_y1; /* current antecedent Y-coord */
int band_nunber ; /* nunber of bands in the synthesis */
int i band; /* index among bands in list */
int iline; /* index anong lines in image */
int i pi xel ; /* index among col ums in image */
int ilinejacet; /* line index of current tie-pt facet */
int i pi xel _facet; /* pixel index of current tie-pt facet*/
int i boundary; /* index anmong boundaries in list */
int i point; /* index among points in list */
int iline_facet first; /* menory of last full search: line */
int ipixel _facet_first; /* nmenory of last full search: pixel */
int iline_in_buffer; /* nb of the line within MERIS buffer */
int o /* conveni ent index */
int iline_segnent; /* NNint. of origin pixel in segnent */
int i pi xel _segnent ; /* NNint. of origin pixel in segnent */
Ti nRFl oat Li st intersection; /* list of intersect. segment %/ine */
int current _intersection; /* intersection to be reached */

*

doubl e del ta_facet_x; line-position within facet */

doubl e del ta_facet /* pixel-position within facet */

int prediction_correction_nunber; /* nunber of iterations */

doubl e dem al ti t ude; /* local altitude of DEMfrom facet */

int processed_poi nt _number; /* stat. checked pts in segnent */

int added_poi nt _nunber; /* stat. valid pts in segment */

Ti nRDoubl e i mage_hei ght ; /* hei ght of output inage */

Ti nRDoubl e i mage_wi dt h; /* hei ght of output inage */

doubl e x_mn; /* used to conpute bounding box */

doubl e X_max; /* used to conpute bounding box */

doubl e y_mn; /* used to conpute boundi ng box */

doubl e y_max; /* used to conpute boundi ng box */

doubl e x_current; /* curr.point X-coord in output proje.*/

doubl e y_current; /* curr.point Y-coord in output proje.*/

unsi gned short flag_val ue; /* value of current pixel flags */

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

int radi ance_ol d; /* previous val ue of synthes.radiance */

int radi ance_new, /* new val ue of synthesis radiance */

int radi ance_new_r ed; /* new val ue of synthes. red radiance */

int radi ance_new NI R /* new val ue of synthes. NR radiance */

doubl e ndvi _ol d; /* previous val ue of NDVI */

doubl e ndvi _new, /* new val ue of NDVI */

int ndvi _m n_pi xel ; /* min. value in NDVI file represent. */

int ndvi _max_pi xel ; /* max. value in NDVI file represent. */

doubl e ndvi _m n_val ue; /* mn. value in external NDVI repres.*/

doubl e ndvi _max_val ue; /* max. value in external NDVI repres.*/

int pi xel _val ue; /* auxiliary variable for int. value */

int stat us; /* status returned by I/0O functions */

int i s_inside; /* "point is inside segnent" flag */

int i s_found; /* "facet has been found" flag */

int done; I* "loop is conpleted flag */

int al titude_f ound; /* "altitude has been found" flag */

int process_pi xel ; /* "pixel may be processed" flag */

int i s_backgr ound; /* "current pixel is background" flag */

int is_repl aced; /* "at |east one band replaced" flag */

int is_first_of _line; /* "I's the 1st pixel processed" flag */
! !
/* Initialize application 2
! !

if (Timnit(&argc, argv, MODULE_NAME, &rocess, & p) != TI M CK)
TinExi t (&rocess, Tl M_PRS_PARAM) ;

! !
/* Initialize files *
! !

if (TimnitProcessing(&process, TIMFILE_ALL) != TIMOK)
TinExit (&process, TI M PRS_ERRCR) ;

if (ip.isy.num> 0)
band_nunber = ip.isy.num

el se
band_nunber = ip. cha. num

!
/* Check paraneters
!
/* Check al gorithm options
[ A T s
if (strcnp(ip.sal, "Radi ance nini nunt') )
sel ection_al gorithm = TI M MERSYN_SELECTI ON_ALGCRI THV RADI ANCE_M NI MUM
else if (strcnp(ip.sal,"NDVI maxi nunt) == 0)
sel ecti on, algor|thm TI M_MERSYN_SELECTI ON_ALGCRI THV NDVI _VAXI MUM
el se
fprintf(TinStderr,"MERSYN: Invalid \"-sal\" paranmeter.\n");
TinExit (&rocess, TI M_PRS_PARAM) ;
% e L e e e e */
/* Check synthesis files */
¥ e m m e e e */
if (ip.isy.num> 0)
¥ e e e e e e */
{i= Check that all the channel s have the sane required ressources 2

i band<band_nunber ; i band++)
if ((ip.isy.list[iband]->lineNumber !=ip.isy.list[0]->lineNunber) ||
(ip.isy.list[iband]->pixel Nunber != ip.isy.list[0]->pixel Nunber) ||
(ip.isy.list[iband]->databDepth 1= 16) Il
(ip.isy.!list[iband]->backgroundFlag != TI M TRUE) Il
(ip.isy.list[iband]->background != 0))

fprintf(Tinﬂderr,
"MERSYN: Ressources of input synthesis inages are not valid.\n");
TinExit (&process, TI M PRS_PARAM ;

}
for (iband=0; iband<band_nunber; iband++)
if ((ip.osy.list[iband]->lineNumber != ip.osy.!list[0]->lineNunber)

Il
(i p.osy.list[iband]->pixel Nunber != ip.osy.list[0]->pixel Nunber) ||
(i p.osy.list[iband]->databDepth 1= 16) Il

I

(i p.osy. list[iband]->backgroundFlag != TI M TRUE)
(i p.osy.list[iband]->background != 0))
{
fpr| ntf(TinStderr,
"MERSYN: Ressources of output synthesis inages are not valid.\n");
TinExit (&process, TI M PRS_PARAM ;
}
¥ e e e e */
{i= Check that all the channels are geocoded with the sane projection 2
I* ressour ces */

for (iban

i band<band_nunber; i band++)

if ((ip.isy.list[iband]->projection == NULL) [l
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(strcn‘p(|p |sy l'i st[iband]->projection,
ip.isy.list[0]- >project|0n) 1= 0)

(ip.isy.list[iband]->origin.x |p |sy list[0]->origin.x)
(ip.isy.list[iband]->origin.y !=ip.isy.list[0]->origin.y)
(ip.isy.list[iband]->pixel Hei ght <
(ip.isy.!list[iband]->pixel Hei ght
(
(

Il
I
I
mey ' ' Il
ip.isy.list[0]->pixelHeight) ||
I

ip.isy.list[iband]->pixel Wdth <= 0. 0)
ip.isy.list[iband]->pixel Wdth !=ip.isy.list[0]->pixel Wdth))

fprintf(TinStderr,"MERSYN: Invalid projection ressources.\n");
TinExit (&rocess, TI M_PRS_PARAM) ;

}
}
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
/* Check the presence of NDVI file 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
if (selection_algorithm TI M_MERSYN_SELECTI ON_ALGOR! THVI NDVI _MAXI MUM)
{
if (ip.ovi == NULL)
fpri ntf(TinBtderr,"MERSYN Al gorithm based on NDVI anal ysis => "
"Qutput NDVI file is required.\n");
TinExit (&process, TI M PRS_PARAM ;
}
el se
if (ip.ovi !'= NULL)
fprintf(TinStderr,
"MERSYN. Warning: A gorithmnot based on NDVI analysis => "
"Qutput NDVI file is not required.\n");
}
}
I* !
/* Anal yze the sanpling met hod &
I* !
if (strenp(ip. sam TI M_SAMPLI NG NEAREST_NEI GHBOUR) == 0)
sanpl i ng_met hod = TI M_SAMPLI NG METHCD_NEAREST_NEI GHBOUR;
else if (strenp(ip.sam TI M SAVPLI NG Bl _LI NEAR) == 0)
sanpl i ng_net hod = TI M_SAMPLI NG METHCD BI _LI I\EAR
else if (strcnp(ip.sam TI M SAVPLING Bl _CUBIC) == 0)
sanpl i ng_met hod = TI M_SAMPLI NG METHCD BI _CUBI C;
else if (strenp(ip.sam TI M SAVPLI NG SINC) == 0)
sanpl i ng_net hod = TI M_SAMPLI NG_METHCD_SI NG
else if (strenp(ip.sam TI M SAVPLI NG MEAN) == 0)
sanpl i ng_net hod = TI M_SAMPLI NG_METHCD_MEAN;
el se
fpr| ntf (TinStderr,
"MERSYN: Wr ni ng: L.hrecogm zed san'pl ing method \"%\". "
"Setting default one: \"Nearest neighbour\"\n",ip.san;
sanpl i ng_met hod = TI M_SAMPLI NG METHCD_NEAREST_NEI GHBOUR;
I* !
/* Wen input synthesis is provided, the "-prj", "-cha", "-ul", "-Ir", "-pxh" */
/* nor "-pxw' paraneters shall not be provided by user &
I+
if (ip.isy.num!= 0)
if ((ip.prj !'= NULL) I
(|pchanum'-0) Il
((ip.ul. 0.0) I
(Cip.lr. >< I
(ip.pxh 1=10.0) I
(ip.pxw!= 0.0))
fprintf(TinStderr,
"MERSYN. Wen the input synthesis is provided, \"-prj\", \"-cha\", "
'\'»ul\' \"-lr\", \"-pxh\" nor \"-pxw\" paraneters shall be "
" provi ded \n");
TinExit (&process, TI M PRS_PARAM ;
}
I* !
/* Wen input synthesis is not provided, the "-prj", "-cha", "-ul", "-pxh" and*/
/* "-pxw' paraneters shall all be provided by user 2
I* !
el se
{
I ¥ e e e e
{i= Check that this parameters have been initialised
AT T T T TR

if ((ip.prj NULL)
(i p. cha. num == 0))
/* Autonatic settlng of default val ues See here after
((ip.ul.x == 0.0) & (ip.ul.y == 0.0))

Il
((lplrx 00)&&(|p|ry 0.0)) Il
(i p. pxh 0 I
(i p. pxw
*/
fprintf(Tinﬂderr,
"MERSYN: Wen the |nput synthesis is not provided, "
"\"-prj\", \"-cha\"
I
YooNT-ul\ ATl rNt, \"-pxh\" and \"-pxwh "t
*/
"parameters shall all be provided.\n");
TinExit (&process, TI M PRS_PARAM ;
¥ e e e e */
{i= Channel nunber nust match the nunber of channels in output synthesis &
%)
if (ip.cha.num! p. 0sy. num
fpr|ntf(T|nﬂderr,
"MERSYN. Wen the channel identification list is provided,
"its nunber of items (%) shall exactly match the nunber of bands "
"(%l) of the output synthesis \"-osy\".\n",ip.cha.numip.osy.nun;
TinExit (&process, TI M PRS_PARAM ;
¥ e e e e e */
I* Check the UL / LR coordinates */

if ((ip-ul.x >ip.Ir.x) I
(ip.ul.y <ip.lr.y))

fprintf(TinStderr,"MERSYN: |nconsistant UL / LR values.\n");
TinExit (&rocess, TI M_PRS_PARAM) ;

¥ e e e e */
{i= Check the pixel size &
¥ e e e e */

if ((ip.pxh < 0.0) il
(ip.pxw < 0.0))

fprintf(TinStderr,"MERSYN: Invalid pixel height or width.\n");
TinExit (&rocess, TI M_PRS_PARAM) ;
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}
}
I* !
/* Wen input synthesis is not provided, the "-ivi" paraneter shall not be 2
/* provided &
I* !
if (ip.isy.num== 0)
{
if (ip.ivi I'= NULL)
fpr|ntf(T|nﬂderr,
"MERSYN. Wen the input synthesis is not provided, \"-ivi\" "
"parameter shall not be provided.\n");
TinExit (&process, TI M PRS_PARAM ;
}
I* !
/* Wen input synthesis is not provided, the MDS(16) flags will not be 2
/* processed 2
I* !
if (ip.isy.num== 0)
process_MERI'S flag = TI M FALSE;
I* !
/* Wen no orthorectification is required, no DEMshall be provided in input */
I* !
if (M(ip.ort))
if (ip.demnum!= 0)
fpri ntf(TinBtderr,"MERSYN Wen no orthorectification is required, "
"no DEM shal | be provided in input.\n");
TinExit (&process, TI M PRS_PARAM ;
}
process_ortho = ip.ort;
! !
/* Read MER S segnent header 2
! !
header = NULL;
fm _buf fer. num =0;
fm_buffer.list :M.LL;
input_file.num =1
input_file.list = (TinRFi | e*) Ti mAl | oc(NULL, 1, si zeof (TinRFil e));
input_file.list[0] = (TinRFile)(ip.ner);
if ((status=TinFnt Enw sat Mer i sHeader Read( & nput _fi | e, TI M_FMI_LEVEL_STANDARD,
& nt _buf fer, TI M_FALSE, (Ti niRFi | e*) (&header))) == TI M FMI_ERRCR)
fprintf(TinStderr,"MERSYN: Error while decoding \"%\".\n",
i p. mer - >nane) ;
TinExit (&process, TIM PRS_ERROR) ;
if (status != TIMFMI_VALID
fprintf(TinStderr,
"MERSYN MERI'S format has not been recognized in \"%\".\n",
i p. mer - >nane) ;
TinExit (&process, TI M PRS_ERRCR) ;
N

Determ ne the type of MERIS segment to be processed

if (strncn‘p(&(TlM FMT_ENVI SAT_MERI S_SPECI AL. SphDescri ptor[4]),
neris_type = TIM MERSYN_MER S _TYPE_FR

el se

if (strncnp(& TIMFMI_ENVI SAT_MERI S_SPECI AL. SphDescriptor[4]),"RR',2) == 0)
neris_type = TIM MERSYN MER S _TYPE_RR

el se

fpr| ntf(TinStderr,
" MERS! Unknown MERI'S type. SPH descriptor=\"%\".\n",
TI M_FMI_ENVI SAT_MERI S_SPECI AL. SphDescri ptor) ;
TinExit (&process, TI M PRS_PARAM ;

Set output file ressources 2
!
When the input synthesis is not provided, all the resources shall be set 2
here (no heritage from"-isy") 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
if (ip.isy.num== 0)
for (iband=0; iband<ip.osy.num iband++)
{
i p.osy. |ist[iband]->dataDept h
i p.osy. |ist[iband]->backgroundFl ag
i p.osy. |ist[iband]->background
i p.osy. |ist[iband]->projection
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
Pi xel hei ght 2

ip.osy.list[iband]->pixel Height = ip.pxh;

el se
if (strstr(ip.osy.list[iband]->projection,"projection=Ceographic")
= NULL)

{
if (meris_type == TI M MERSYN MER S_TYPE_RR)
{

i p.osy. |ist[iband]->pixel Hei ght =
TI M FMI_ENVI SAT_MERI S RR PI XEL_SI ZE /
TI M_MERSYN_MEAN_EARTH_RADI US;

}
else if (meris_type == TI M MERSYN MERI S_TYPE_FR)
ip. osy | i st[iband] - >pi xel Hei ght =
TIM S_FRPI XEL SIZE /
TI M IVERSYN VEAN_EARTH_RADI US;
}
}
el se
if (meris_type == TI M MERSYN MER S_TYPE_RR)
{

i p.osy. |ist[iband]->pixel Hei ght =
TI M_FMI_ENVI SAT_| IVERISF\F\'PIXEL Sl ZE;

}
else if (meris_type == TI M MERSYN MERI S_TYPE_FR)

i p.osy. |ist[iband]->pixel Hei ght =
TI M_FMI_ENVI SAT_MERI S_FR | PIXEL Sl ZE;

Pi xel width *l
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,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
ip.osy.list[iband]->pixel Wdth = ip. pxw,

el se

if (strstr(ip.osy.l|ist[iband]->projection,"projection=Ceographic")
1= NULL)
if (meris_type == TI M MERSYN MER S_TYPE_RR)
ip. osy | ist[i band] >pi xel Wdth =
TIM S_RR_PI XEL_SI ZE /
TI M IVERSYN IVEAN EARTH_RADI US;
}
else if (meris_type == TI M MERSYN MER S_TYPE_FR)
{
ip.osy.list[iband]->pixel Wdth =
TI M_FMI_ENVI SAT_MERI S_FR PI XEL_SI ZE /
TI M_MERSYN_MEAN_EARTH_RADI US;
}
}
el se
if (meris_type == TI M MERSYN MER S_TYPE_RR)

ip.osy.|ist[iband]->pixel Wdth =
TI M_FMI_ENVI SAT_MERI S_RR_PI XEL_SI ZE;

}
else if (meris_type == TI M MERSYN MERI S_TYPE_FR)
{

ip.osy.|ist[iband]->pixel Wdth =
TI M_FMI_ENVI SAT_MERI S_FR_PI XEL_SI ZE;

i p.osy. |ist[iband]->radioShift
i p.osy. |ist[iband]->radi oFact or
i p.osy. |ist[iband]->thematicLut.num
ip.osy.list[iband]->thematicLut.list
ip.osy.list[iband]->channel
i p.osy. |ist[iband]->histo. num
ip.osy.|ist[iband]->histo.list

} /* Loop on bands */

#i fdef TI M_DEBUG

fprintf (TinBtdout,"\nSETTING Pl XEL SI ZE DEFAULT VALUES\n");

fprintf (Tinstdout," PI XEL HElI GHT = %\n",
ip.osy.|ist[0]->pixel Height);

fprintf (Tinstdout, PI XEL W DTH
ip.osy.list[0]->pixel Wdth);

NULL;
ip.cha.list[iband];

NULL;

=%\n",

#endi f
} /* Wen the input synthesis is not provided

-
/* NDVI out put i nage &
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
if (selection_algorithm== TIMMERSYN SELECTI ON_ALGCRI THVM_NDVI _VAXI MUV
{
i p. ovi - >dat aDept h = 16;
i p. ovi - >backgr oundFl ag = TI M TRUE;
i p. ovi - >backgr ound 3
ndvi _m n_pi xel 1;
ndvi _max_pi xel pow( (doubl e) 2, (doubl e)i p. ovi - >dat aDepth) - 1;
ndvi _m n_val ue =1, @F
ndvi _max_val ue =1.0;
i p. ovi - >radi oShi ft = (ndvi _m n_val ue * ndvi _nax_pi xel -
ndvi _max_val ue * ndvi _m n_pixel) /
(ndvi _max_pi xel - ndvi_nin_pixel);
i p. ovi - >r adi oFact or = (ndvi _max_val ue - ndvi _nin_value) /
(ndvi _max_pi xel - ndvi _nin_pixel);
}
! !
/* Alocate the geographic and output projections to process conversion &
! !

geogr aphi c_proj ecti on = NULL;
synt hesi s_proj ection = NULL;
if (TinPrjA locProjection("projection=Ceographic ellipsoi d=WES_1984 "
"dat umEWES_84 uni t =r adi an central _meri di an=G eenw ch",
NULL, &geogr aphi c_proj ection) != TI M OK)
{
fprintf(TinStderr,"MERSYN: Cannot allocate geographic projection.\n");
TinExit (&process, TI M PRS_ERRCR) ;

}
if (TinPrjA locProjection(ip.osy. ||st[0] >proj ection, NULL,
&synt hesi s_projection) != TIM

fpr|nt1(T|nﬂderr,
"MERSYN: Cannot al |l ocate output synthesis projection.\n");
TinExit (&process, TI M PRS_ERRCR) ;

!
/* Build the segnent boundary (footprint frontiers) within the projection of */
/* the synthesis inmage. This envel oppe will enable to conpute the intersection*/
/* of each line of the synthesis with the segnent speeding up the processing. */
! !

boundary. num

boundary. | i st NULL;

if (TI niver synConput eBoundary(
ip.ner,
geographi c_projection,
synt hesi s_pr oj ecti on,
&boundary) != TI M CK)

0;

fprinti(Tinﬂderr,
"MERSYN: Cannot conpute the segment boundary.\n");
TinExit (&process, TI M PRS_ERRCR) ;

/* Wen the input synthesis is not provided, the output synthesis size and 2
*

/* origin shall be retrieved fromthe segment boundary |ist
!

if (ip.isy.num== 0)
/*,f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
{i= mi ni mum and naxi mum coor di nates fromall the boundary segments */
¥ e e e o e el */

for (|boundary 0;

i b'oundary<boundary, num i boundar y++)

for (ipoint=0; ipoint<boundary.!|ist[iboundary].num i point-++)
{

if (boundary.list[iboundary].list[ipoint].x < x_mn)
X_mn = boundary.|ist[iboundary].!list[ipoint].x;
(boundary list[iboundary].list[ipoint].x > x_max)
Xx_max = boundary.|ist[iboundary].!|ist[ipoint].x;
if (boundary list[iboundary].list[ipoint].y <y_nin)
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boundary list[i boundary] list[ipoint].y;
if (boundary list[i boundary] list[i pol nt].y > y_nax)
y_max = boundary.|ist[iboundary].!ist[ipoint].y;

{i= Add a snmal|l quantity to y_max in order not to cross single upper corner */

=y max + (y_nmax - y_min) / 10000.;
#i f def TIMCEBUG
fprintf (TinGtdout, '\nCGVPUTINGIIVNI SIZEAI\DCF\‘IGN\H)
fprintf (Tinstdout," % f = %f\n", x_nin,y_max);
fprintf (Tinstdout," LR >< % f Y: % f\n", x_max,y_mn);
#endi f
I~

i mage_hei ght
#i fdef TI M DEBUG
fprintf (Tinstdout," | MAGE HEIGHT = %f %\n",image_hei ght,
((strstr(ip.osy.list[0]->projection,"projection=Ceographi c")==NULL) ?
"nmetres": "degrees"));

max - y_mn + 1;

image_wi dth = x_max - x_nm
#i fdef TI M_DEBUG
fprintf (Tinstdout," | MAGE WDTH = %f %\n",image_width,
((strstr(ip.osy.list[0]->projection,"projection=Ceographic")==NULL) ?
"nmetres": "degrees"));

i p.osy. list[iband]->lineNunber = image_hei ght /
ip.osy.|ist[iband]->pi xel Hei ght ;
ip.osy.|ist[iband]->pi xel Nunber = image_width /

i p.osy.|ist[iband]->pi xel Wdth;
ip.osy.list[iband]->origin.x = x_mn;
ip.osy.list[iband]->origin.y = y_max;
ip.osy.|ist[iband]->recordLength =

|

Ti mConput eRecor dLengt h( (Ti nRFi | e) (i p.osy. list[iband]));

}
#i fdef TI M DEBUG

fprintf (Tinstdout," LINE NUMBER = “/d\n ,ip.osy.list[0]->ineNunber);
) fprintf (Tinstdout," PI XEL NUVBER = %\ n", i p. osy. |ist[0]->pi xel Nunber) ;
#en;ﬂ;* When the input synthesis is not provided ... */
;* Allocates buffers *;
/* List of input and output synthesis buffers :;
e @'

(i _buf _synt hesi s=(Ti nBuf f er I nt **) Ti mAl | oc(NULL, band_nunber,

si zeof (TinBuf ferint*))) == NULL)) [l
((o_buf _synt hesi s=(Ti nBuf f er | nt **) Ti mAl | oc( NULL, band_nunber ,

si zeof (TinBufferint*))) == NULL))

fpr|ntf(T|nﬂderr,
"MERSYN: Cannot allocate input and output synthesis buffers lists.\n");
TinExit (&process, TI M PRS_ERRCR) ;

if (ip.isy.num> 0)

if ((i_buf synthes|s[|band] =(Ti nBuf ferlnt*)Ti mAl | ocBuf f er Sequenti al (
(TinRFile)(ip.isy.list[iband]), TI M DATA TYPE I NT, 1,
TIM_EDGE_I NI T_METHCD_NONE) ) == NULL)

fprintf(TinStderr,"MERSYN Cannot allocate buffers of bands.\n");
TinExit (&process, TIM PRS_ERROR) ;

}

if ((o_buf_synthesi s[iband]=(Ti nBufferlnt*)Ti mAl | ocBuf f er Sequenti al (
(TinRFile)(ip.osy. ||st[|band]) TI M_DATA TYPE_I NT, 1,
TIM_EDGE_I NI T_METHCD_NONE) ) == NULL)

fpr|ntf(T|nﬂderr,
"MERSYN: Cannot al |l ocate output buffer of synthesis.\n");
TinExit (&process, TI M PRS_ERRCR) ;

}
¥ e e e e e */
/* Alocate buffers for each one of the 16 possible channel s 2
/* Buffer lines will be dynamically allocated while reading the Iine 2

i band<16;

i band++)

if ((i_buf_neris[iband] (T|rr'vEr|sBuHer*)T|n'N|oc(M.LL 1,
si zeof (Ti mveri sBuffer))) == NULL)

fpr|ntf(T|nﬂderr,
"MERSYN: Cannot allocate input buffers for MERIS.\n");
TinExit (&process, TI M PRS_ERRCR) ;
for (i=0; i<TIMMER S BUFFER MAX_ LI NE_NUMBER; i ++)
{

=1
NULL;

i _buf _meris[iband] - >l i nel ndex[i]
i _buf _meris[iband]->line[i]

}
}

*

/* Input and out put NDVI buffers 2

if (((ip.ivi NULL)
( (i _buf _ndvi =(Ti nBuf f er Fl oat *) Ti mAl | ocBuf f er Sequenti al (
(TinRFile)(ip.ivi), TIMDATA TYPE_FLOAT, 1,
TIM_EDGE_I NI T_METHOD_NONE) ) == NULL)) I

((ip.ovi !'= NULL) &&
((o_buf _ndvi =( Ti nBuf f er Fl oat *) Ti mAl | ocBuf f er Sequenti al (
(Ti nRFi | e) (ip.ovi), TIMDATA TYPE_FLOAT, 1,
TIM_EDGE_I NI T_METHCD_NONE) ) == NULL)))

fpr|ntf(T|nﬂderr,
"MERSYN: Cannot al |l ocate input and/or output NDVI buffers.\n");
TinExit (&process, TI M PRS_ERRCR) ;

I* !
/* Initialise the prediction/correction histogram 2
I* !

#i fdef TI M PERF
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for (ihisto=0; ihisto<=TI M MERSYN_PREDI CTI ON_CORRECTI ON_MAX_| TERATI O\
i hi sto++)

prediction_correction_histo[ihisto] = 0;

#endi f
! !
! !
/* LOCP ON LI NES */
! !
processed_poi nt _nunmber = 0;
added_poi nt _nunber = 0;
¥ e e e e e e */
/* Usually the first facet to be processed is the upper-right one 2
¥ m e e .. */
iline_facet_first = 0;
i pi xel _facet _first = TI M FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber - 2;
#i fdef TI M PERF
tinme_line = current_cl ock;
tine_lined = current _cl ock;
el apsed_ti ne_f acet = 0;
#endi f
for (iline=0; iline<ip.osy.!list[0]->ineNunber; iline++)
{
iline_facet = iline_facet_first;
i pi xel _facet = ipixel_facet_first;
y_current = ip.osy.list[0]->origin.y -
iline * ip.osy.list[0]->pixel Height;
is_first_of _line = TI M TRUE;
! !
{i= Conput e the intersection of the segment boundary with the current line */
!
{i= Loop on points of the segnent boundary &
I* !
intersection.num = 0;
intersection.list = NULL;
if (Ti mversynConput el nt er sect i onsW t hBoundar y(
y_current,
&boundary,
& ntersection,
& s_i nsi de,
&current _intersection) !'= TIMOK)
fprintf(TinStderr,"MERSYN Cannot Conpute the intersection of the "
"segment boundary with the current line #% (Y-coord=%f).\n",
iline y_current);
TinExit (&process, TIM PRS_ERROR) ;
! !
{i= Read current line frominput files &
!
{i= Read input synthesis file(s) and copy val ues into output buffer(s) 2
I* !
for (iband=0; iband<band_nunber; iband++)
if (ip.isy.num> 0)
{
if (TinReadl nageSequential ((TinRFile)ip.isy.list[iband],
(TinBuf fer*)i _buf_synthesis[iband]) != TIMCK)
fpr| ntf(TinStderr,
"MERSYN. Cannot read line % of band % from\"9%\".\n",
iline,iband,ip.isy.list[iband]->nane);
TinExit (&process, TI M PRS_ERRCR) ;
}
for (ipixel=0; ipixel<ip.isy.list[iband]->pixel Nunber; ipixel ++)
Ti nVal ueSequential (o_buf_synthesis[iband],iline,ipixel) =
Ti nval ueSequential (i _buf_synthesis[iband],iline,ipixel);
}
el se
for (ipixel=0; ipixel<ip.osy.list[iband]->pixel Nunber; ipixel ++)
Ti nVal ueSequential (o_buf_synthesis[iband],iline,ipixel) =
i p.osy.|ist[iband]->background;
}
}
I* !
{i= Read input ndvi (if any) and report values into output buffer &
I* !
if (selection_algorithm== TIM MERSYN_SELECTI ON_ALGORI THVI NDVI _MAXI MM
{
if (ip.ivi I'= NULL)
{
if (TinReadl nageSequential ((TinRFile)ip.ivi,
(TinBuffer*)i_buf_ndvi) !'= TIMCK)
fpr| ntf(TinStderr,
"MERSYN. Cannot read line % of input NDVI \"9%\".\n",
iline,ip.ivi->nane);
TinExit (&process, TIM PRS_ERROR) ;
[ AT, ? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
{i= Convert pixel values to scientific values
T
for (ipixel i pi xel <i p.ivi->pixel Nunber; ipixel ++)
if (TI nmval ueSequenti al (i _buf _ndvi,iline,ipixel) !=
i p.ivi->background)
Ti nval ueSequenti al (i _buf _ndvi,iline,ipixel) =
ip.ivi->radioShift +
ip.ivi->radioFactor *
Ti nVal ueSequenti al (i _buf _ndvi,iline,ipixel);
}
}
¥ e e e e e */
I* Copy input NDVI values into the output NDVI buffer */
F T S U */
for (ipixel=0; ipixel<ip.ivi->pixelNunber; ipixel++)
Ti nVal ueSequential (o_buf_ndvi,iline,ipixel) =
Ti nval ueSequential (i _buf_ndvi,iline,ipixel);
}
el se
for (ipixel=0; ipixel<ip.ovi->pixel Number; ipixel ++)
Ti nVal ueSequential (o_buf_ndvi,iline,ipixel) =
i p. ovi - >backgr ound;
}
}
! !
I* LOCP ON PI XELS */
! !

for (ipixel=0; ipixel<ip.osy.list[0]->pixel Nunber; i pixel++)
#I fdef TI M BENCH

bench_i ndex = -
for (ibench=0; (bench_index==-1) &&
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(i bench<Ti m\urber ( TI M_MERSYN_BENCH) ) ; i bench++)

if ((TIM_MERSYN BENCH i bench] . gcp. x i ne) &&
(TI M_MERSYN_BENCH i bench] . gcp. y pi xel ))
bench_i ndex = i bench;
#endi f
x_current = ip.osy.list[0]->origin.x +
ipixel * ip.osy.list[0]->pixel Wdth;
I* !
{i= Case of point inside the segment 2
I* !
if (is_inside)
{
I* !
fi= Conput e the geographi cal coordinates of the current point and &
{i= Check that geographic coordinates are valid 2
I* !
prj _coordinate.x = x_current;
prj_coordinate.y = y_current;
prj_coordinate.z = 0.0;
if (TinPrjConvert Coor di nat e( &rj _coor di nat e, synt hesi s_pr oj ecti on,
&prj _coor di nat e, geogr aphi ¢c_proj ection) != TIMCK)
fprintf(TinStderr,
" MERS! Cannot convert coordinates of current synthesis "
"point (%f %f).\n",x_current,y_current);
TinExit (&process, TI M PRS_ERRCR) ;
syn_lon_origin = prj_coordinate. X;
syn_lat_origin = prj_coordinate.y;
#i fdef TI M BENCH
if (bench_index != -1)
{
TI M_MERSYN_BENCH bench_i ndex] . easting = x_current;
TI M_MERSYN_BENCH bench_i ndex] . northing = y_current;
TI M_MERSYN_BENCH bench_i ndex] . | ongi tude = syn_| on_ori gi n;
TI M_MERSYN_BENCH bench_i ndex] .l atitude = syn_lat_origin;
#endi f
if (prj_coordinate.x != TI M FLOAT_UNKNOAN)
{
! !
I* PREDI CTI ON / OCRRECTI CN ALGORI THM - | NI TI ALI SATI ON */
! !
{i= For the first pixel to be processed per line, start the search */
{i= around the facet matching the first pixel of the previous line */
R S SR */
if (is_first_of _line)
iline_facet iline_facet_first;
i pi xel _facet = ipixel _facet_first;
I* !
I* Process the inverse |ocation nodel *
{i= Retrieve the antecedent of the point being processed 2
I* !
if ((is_found=Ti mver synLocat i onl nver se(
syn_l on_origin,
syn_l at_origin,
& line_facet,
&i pi xel _facet,
&del ta_facet _x,
&del ta_facet_y,
&ner _x_origin,
&nrer_y_origin)) == TI M ERROR)
fprintf(TinStderr,
"MERSYN: Cannot retrieve antecedent of (%f,%f).\n",
syn_lon_origin,syn_|lat_origin);
TinExit (&process, TIM_PRS_ERROR) ;
nmer_x0 = mer_x_origin;
mer_y0 = mer_y_origin;
#i fdef TI M BENCH
if (bench_index != -1)
{
TI M_MERSYN_BENCH bench_i ndex] . neri sX0 = mer_x_origin;
TI M_MERSYN_BENCH bench_i ndex] . nerisY0 = mer_y_origin;
#endi f
¥ e m m e e e */
{i= For the first pixel to be processed per |ine, keep the facet 2
{i= that has been found to prepare the processing of the first 2
fi= pi xel of the next line &
T */
if ((is_first_of_line) & (is_found))
{
iline_facet_first = iline_facet;
i pixel _facet _first = ipixel_facet;
is_first_of _line = TIMFALSE
}
! !
I* PREDI CTI ON / OCRRECTI CN ALGORI THM - LOOP */
{i= Scope is here to refine the inverse localisation in order to */
{i= correct parallax effects 2
! !
predi ction_correction_nunber 0;
mer _x0 mer_x_ori gin;
nmer_y0 nmer_y_origin;
done = TI M FALSE;
whil e ((process_ortho) &&
(i s_found) &&
(! (done)))
{
¥ e m e e e e */
I* Increnent the nunber of iterations */
F T S */
predi ction_correction_nunber =
prediction_correction_nunber + 1;
I* !
{i= Get altitude at (mer_x0, ner_y0) point 2
I* !
fi= Get altitude fromDEMs (if any) 2
T */

altitude_found = TI M FALSE;
demaltitude = 0.0;
if (ip.demnum > 0)

if ((altitude_found=Ti mversynGet Al ti tudeFr onDen(
syn_| on_origin,
syn_l at_origin,
geogr aphi c_pr oj ecti on,
&(i p. dem ,
&em al titude)) == TI M ERROR)

fprintf(TinStderr,
"MERSYN: Cannot get altitude from DEMs.\n");
TinExit (&process, TIM PRS ERROR) ;
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}
T */
{i= If not found, interpolate altitude fromtie-points grid 2
¥ e e e e e e Ll T */

if (!(altitude_found))

demal titude =
(1 - delta_facet_x) * (1 - delta_facet_y) *
TI M_FMI_ENVI SAT_MERI' S_SPECI AL. ti ePoi nt Li ne. | i st [
iline_facet].DemAl titude[ipixel _facet] +
(1 - delta_facet_x) * delta_facet_y *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [
iline_facet].DenmAl titude[ipixel _facet+1] +
delta_facet_x * (1 - delta_facet_y) *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [
iline_facet+1].DemAl titude[ipixel _facet] +
delta_facet_x * delta_facet_y *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [
iline_facet+1].DemAl titude[ipixel _facet+1];
demal titude = demal titude *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. scal i ngFact or Al ti t ude;
altitude_found = TI M TRUE;

#i fdef TI M BENCH
if (bench_index != -1)

TI M_MERSYN_BENCH bench_i ndex] . al titude = demal titude;

#endi f
I* !
{i= Process the direct |ocation applying the parallax correction*/
I* !
if (Ti mversynLocationDirect (
nmer _xo0,
mer _y0,
dem al titude,
iline_facet,
i pi xel _facet,
del ta_facet_x,
del ta_facet_y,
&syn_| onl,
&yn_latl) !'= TIMCK)
fprintf(TinStderr,
"MERSYN: Cannot get direct inmage of (%f,%f,%f).\n",
ner_x0, mer _y0, dem al titude);
TinExit (&process, TIM PRS_ERROR) ;
I* !
I* Process the inverse |ocation nodel */
{i= Retrieve the antecedent of the point being processed &
I* !
if ((is_found=Ti mver synLocat i onl nver se(
syn_| onl,
syn_lat1l,
& line_facet,
&i pi xel _facet,
&del ta_facet _x,
&del ta_facet_y,
&ner _x1,
&ner_y1)) == TI M ERROR)
fprintf(TinStderr,
"MERSYN. Cannot retrieve antecedent for correction of (%f,%f).\n",
syn_lonl,syn_latl);
TinExit (&process, TIM PRS_ERROR) ;
I* !
fi= Process refinenent of the MER' S poi nt 2
I* !

if (!(is_found))

done = TI M TRUE;

el se
{
I* Process correction *
¥ e e e e e */
nmer_x0 = mer_x0 + (mer_x_origin - mer_x1)
nmer_y0 = ner_y0 + (mer_y_origin - mer_yl)
{i= Check that the corrected position stays within segnent =
I e e .
if ((mer_x0 < 0) Il
(mer_x0 > header - > i neNunber - 1) Il
(mer_y0 < 0 I
(mer_y0 > header - >pi xel Nunber - 1))

done = TI M TRUE;

el se

iline_facet =
(int)(mer_xo0 /
TI M_FMI_ENVI SAT_MERI S_SPECI AL. | i nesPer Ti ePt) ;
delta_facet_x = (mer_x0 -
iline_facet *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. | i nesPer Ti ePt) /
(doubl e) TI M_FMI_ENVI SAT_MERI S_SPECI AL. | i nesPer Ti ePt ;

i pi xel _facet =
(int)(mer_yo /
TI M_FMI_ENVI SAT_MERI S_SPECI AL. sanpl esPer Ti ePt) ;
delta_facet _y = (mer_y0 -
i pi xel _facet *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. sanpl esPer Ti ePt) /
TI M_FMI_ENVI SAT_MERI S_SPECI AL. sanpl esPer Ti ePt ;

}
}
I* !
{i= Check prediction / correction |oop termnination &
I* !
{i= Case of precision reached &
F T */

if ((fabs(ner_x_origin - ner_x1) TI M_MERSYN_MAX_ERROR) &&
(fabs(mer_y_origin - mer_yl) <= TI M MERSYN MAX_ERRCR))

done = TI M TRUE;

if (prediction_correction_nunber >=
TI M_MERSYN_PREDI CTI ON_CCRRECTI ON_NMAX_| TERATI ON)

done = TI M TRUE;
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}
} /* PREDICTION / OCRRECTI ON ALGORI THM - LOCP */

#i fdef TI M PERF

prediction_correction_histo[prediction_correction_nunber] =

#endi f

il'ine_segment
i pi xel _segnent

#i fdef TI M BENCH

prediction_correction_histo[prediction_correction_nunber] + 1;

Ti nRound( (| oat) mer _x0) ;
Ti nRound( (f | oat) ner _y0) ;

if (bench_index != -1)
{

TI M_MERSYN_BENCH bench_i ndex] . rrer@ sX = mer_x0;

Conpute the (lon,lat) correction at the new MERI'S | ocation */
(mer _x0, mer _y0) assuming a null el evation &

if (Ti mversynLocationDirect (
nmer _xo0,
mer _y0,
(doubl ) 0. 0,
iline_facet,
i pi xel _facet,
del ta_facet _x,
del ta_facet_y,
&nul | _el evation_| ong| tude,
&nul | _el evation_| atitude) != TIMOK)

fprintf(TinStderr,
"MERSYN. Cannot get null elevation direct image of "
"(%f,%f,0.0).\n",
mer _x0, mer _y0) ;

TinExit (&process, TI M PRS_ERRCR) ;

TI M_MERSYN_BENCH bench_i ndex] | ongi tudeCorrection =
TI M_MERSYN_BENCH bench_i ndex] . | ongi t ude -
nul | _el evati on_| ongi t ude;

TI M_MERSYN_BENCH bench_i ndex] latitudeCorrection =
TI M_MERSYN_BENCH bench_i ndex] . | ati tude -
nul | _el evation_| atit ude;

: }
#endi f
!
I* Check that facet has been found and that the coordinates found */
fi= are within the segment
! /
if ((|sfound) &&
(iline_segnent >= 0) &&
(iline_segnent < header->|ineNumber) &&
(i pi xel _segnent >= 0) &&
(i pi xel _segnent < header - >pi xel Nunber))
process_pi xel = TI M_TRUE;
processed_poi nt _nunmber = processed_poi nt _number + 1;
iline_in_buffer = iline_segnent %
TIM_MERI'S_BUFFER_MAX_LI NE_NUMBER;
I* !
{i= Process MERIS flags getting the measurenent fromthe MDS(16)*/
I* !
if (process_MERI S flag)
A E T T T TR, f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
{i= Read val ue of this pixel 2
T */
if (i_buf_neris[15]->linelndex[iline_in_buffer] !=
iline_segnent)
if (Ti mversynReadLi ne(i p. ner, 15,iline_segment,
i _buf_meris[15]) != TIM.OK)
fpr| ntf (TinStderr,
YN: Unabl e to get pixel flag.\n");
TinExit (&process, TI M PRS_ERRCR) ;
}
flag_value =
i_buf _neris[15]->line[iline_in_buffer][ipixel _segment];
flag_value = flag_val ue >> 8;
P sl Rt */
{i= Check that pixel is flagged as valid 2
P S e */
if (flag_value
(TI MFMT_ENVI SAT_QUALI TY_FLAG GLI NT_RI SK |
/* stderr
TI MLFMI_ENVI SAT_QUALI TY_FLAG BRI GHT |
*
!
TI M_FMI_ENVI SAT_QUALI TY_FLAG | NVALI D))
process_pi xel = TI M FALSE;
} /* Process MERI'S flags &
!
{i= Case of "Maxinum NDVI" al gorithm 2
! /
if ((process_pixel) &&
(sel ection_al gorithm==
TI M_MERSYN_SELECTI ON_ALGORI THV_NDVI _MAXI MUM )
A E T T T TR, f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
I* Get the Red val ue *
¥ e m e e e e */
if (i_buf_neris[channel _i ndex_red] - >l i nel ndex[
iline_in_buffer] !=iline_segnment)
if (Ti mversynReadLi ne(i p. ner, channel _i ndex_r ed,
iline_segnent,i_buf_meris[channel _i ndex_red]) !=
TIM.OX)
fprintf (TinStderr,
"MERSYN: Unabl e to get red pixel (%, %) from\"%\".\n",
il'ine_segnent, i pi xel _segnent, i p. mer - >nane) ;
TinExit (&process, TI M PRS_ERRCR) ;
} : : :
rad| ance_new | red = i _buf _neris[channel _i ndex_red] - >l i ne[
_buf fer] [ pi xel _segment];
P i */
I* Get the NIR val ue */
T */
if (i_buf_neris[channel _i ndex_N R] - >l i nel ndex[
iline_in_buffer] !=iline_segment)
if (TI niver synF&eadLl ne(i p. mer, channel _i ndex_NI R,
iline_segnent,i_buf_meri s[ channel _i ndex_NIR|) !=
TIM.OX)
fprintf (TinStderr,
"MERSYN. Unable to get NIR pixel (%, %) from\"%\".\n",
iline_segnent,ipixel _segnent, i p. mer->nane) ;
TinExit (&process, TIM PRS_ERROR) ;
}
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radi ance_new_ NI R = i _buf _neri s[channel _i ndex_N R] - >l i ne[
R 1inetnburter] (Tpixel segmeec); =~ .
fi= Conput e the new NDVI val ue 2

T */
if (radiance_new red + radiance_new_N R 0)
ndvi _new = 0. ;
el se
ndvi _new = (float) (radiance_new NIR - radiance_new_red)/
(float)(radi ance_new NI R + radi ance_new red),
M
fi= Conput e the previous NDVI val ue checking for background */
I e e e
if (ip.ivi NULL)
i s_background = TI M _TRUE;
elseif (TI nmval ueSequenti al (i _buf _ndvi,iline,ipixel) ==
i p.ivi->background)
i s_background = TI M _TRUE;
el se
i s_background = TI M FALSE;
ndvi _ol d = Ti nmVal ueSequenti al (i _buf _ndvi,iline,ipixel);
¥ e e e e e e */
{i= Case of new NDVI greater than the previous one (if any) */
I e e oo

if ((is_background) I
{

(ndvi _new > ndvi _ol d))

channel _i ndex

uf _meri s[ channel
iline_in_buffer] !=iline_segment)

i ndex] - >l i nel ndex[

if (TI niver synF&eadLl ne(i p. mer, channel _i ndex,
iline_segnent,i_buf_meri s[ channel _i ndex]) !=
TIM.OX)
fprintf (TinStderr,
"MERSYN: Unabl e to get pixel (%l %) from\"%\".\n",
iline_segnent, ipixel _segnent, i p. mer - >nane) ;
TinExit (&process, TI M PRS_ERRCR) ;

{i= Report val ue &

Ti nval ueSequent i al (o_buf _synt hesi s[l band],iline,
ipixel) = i_buf_meris[channel _i ndex] ->li ne[
iline_in_buffer][ipixel_segment];

} /* Report the new values for all the bands */

¥ e e e e e e .. */
fi= Keep this new val ue of the NDVI 2
¥ e m e e e e */
Ti nval ueSequent i al (o_buf _ndvi,iline,ipixel) =
ndvi _new;

added_poi nt _nunber = added_poi nt _nunber + 1;
} /* Case of new NDVI greater than the previous one */
} /* Case of "Maxi num NDVI" al gorithm */

! !
fi= Case of "M ni num radi ance" al gorithm 2
! /
else if ((process_pixel) &&
(sel ection_al gorithm==
| M_MERSYN_SELECTI ON_ALGORI THV_RADI ANCE_M NI MUM) )
I ¥ e oo f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
{i= Loop on radi ance of each band &
T */
is_replaced = TI M FALSE;
for (iband=0; iband<band_nunber; iband++)
{
channel _i ndex = ip.osy.|ist[iband]->channel - 1;
¥ e m e e e e il */
I* Wen the line is not in buffer, read it */
F T S S */
if (i_buf_neris[channel _i ndex] - >l i nel ndex[
iline_in_buffer] !=iline_segnment)

if (Ti mversynReadLi ne(i p. ner, channel _i ndex,
iline_segnent,i_buf_meris[channel _index]) !=
TIM.OX)

fprintf (TinStderr,
"MERSYN: Unabl e to get pi xel (%, %1) from\"%\".\n",
iline_segnent, i pixel _segnent, i p. mer - >nane) ;
TinExit (&process, TI M PRS_ERRCR) ;

}
Y
{i= Chek that the new value is |ess than the previous one */
¥ e e e
if (ip.isy.num> 0)
{
radi ance_ol d = TinVal ueSequenn al (
i _buf _synthesi s[iband],iline,ipixel);
}
el se
radi ance_ol d = ip.osy.|ist[iband]->background;
radi ance_new = i _buf _meri s[ channel _i ndex] - >l i ne[
iline_in_buffer][ipixel_segment];
if ((radiance_old == ip.osy.!list[iband]->background) ||
(radi ance_new < radi ance_ol d))
I ¥ e e e e f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
{i= Report val ue
I e e e e

Ti nVal ueSequent i al (o_buf _synt hesi s[i band],iline,
ipi xel ) = radi ance_new,
is_replaced = TI M TRUE
} /* Chek that the new value is less . 2
} /* Loop on radiance of each band */

{i= Wen at | east one band has been repl aced, increment count*/

if (is_replaced)
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added_poi nt _nunber = added_poi nt _nunber + 1;
} /* Case of "M ninumradi ance" al gorithm*/

} /* Check that facet has been found */
} /* Check that geographic coordinates are valid */

} /* Case of point inside the segnent */

I* !
{i= When the next point is crossing the segment boundary -> invert the */
{i= "is_inside" flag 2
I* /

while ((current_intersection < intersection.num &&

(intersection.list[current_intersection] <= x_current))

is_inside =1 is_inside;
current_intersection = current_intersection + 1;

}
} /* LOOP ON PIXELS */

! !
{i= Wite current line into output files 2
! !
{i= Synt hesi s i mage bands 2
I* !

for (iband=0; iband<band_nunber; iband++)

if (TinWitel mageSequential ((Ti nRFile)ip.osy.|ist[iband],
(Ti nBuf f er*) o_buf _synt hesi s[iband]) != TI M CK)

fprintf(TinStderr,
"MERSYN. Cannot wite |ine % of band %l into \"%\".\n",
iline,iband,ip.osy.l|ist[iband]->nane);

TinExit (&process, TI M PRS_ERRCR) ;

}
I* !
I* NDVI maxi num *
I+

if (selection_algorithm== TIM MERSYN_SELECTI ON_ALGORI THVI NDVI _MAXI MM
1*--- ,f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
{i= Transform scientific values into pixel values 2
P S */

for (ipixel=0; ipixel<ip.isy.list[0]->pixel Nunber; ipixel++)
{
if (TI nmVval ueSequent i al (o_buf _ndvi,iline,ipixel) !=
i p. ovi - >backgr ound)
{
pi xel _val ue = Ti nRound(
(Ti mval ueSequent i al (o_buf _ndvi,iline,ipixel) -
ip.ovi->radioShift) / ip.ovi->radioFactor);
if (pixel_value < ndvi_nin_pixel)
pi xel _val ue = ndvi _m n_pi xel ;
if (pixel_value > ndvi_nmax_pixel)
pi xel _val ue = ndvi _max_pi xel ;
Ti nVal ueSequent i al (o_buf _ndvi,iline,ipixel) = pixel_val ue;
}

}
T */
I* Wite line */
¥ e e e e e e */

if (TinWitel mageSequential ((TinRFile)ip.ovi,

(TinBuf fer*)o_buf _ndvi) !'= TIMCK)
fprintf(TinStderr,
"MERSYN: Cannot write line %l into \"%\".\n",
iline,ip.ovi->nane);
TinExit (&process, TIM PRS_ERROR) ;
}
! !
{i= Rel ease menory 2
! !
if (intersection.list)

TinFree(intersection.list);

intersection.list = NULL;

intersection.num = 0;
! !
{i= Print out line progress 2
! !
#i fdef TI M PERF

current_cl ock = clock();

fprintf(TinStdout,"LINE=%d el apsed/line=9%8ld "

"facet search: -same=9%.1f%% -nei ghbour=9%.1f%%6 -all=9%.1f%6 \r",

iline, current_clock-time_line,

((facet_search_same+f acet _sear ch_nei ghbour +f acet _search_al | ==0) ? 0.0 :

facet_search_same * 100.0 /
(facet_search_sanme + facet_search_nei ghbour +f acet _search_all)),

((facet_search_same+f acet _sear ch_nei ghbour +f acet _search_al | ==0) ? 0.0 :

facet_search_nei ghbour * 100.0 /
(facet _search_sanme + facet_search_nei ghbour +f acet _search_all)),

((facet_search_same+f acet _sear ch_nei ghbour +f acet _search_al | ==0) ? 0.0 :

facet_search_all * 100.0 /
(facet_search_same + facet_sear ch_nei ghbour +f acet _search_al |))
)
tine_line = current_cl ock;
#el se
fprintf (TinStdout,"LINE=%®d \r",iline);
#endi f
} /* LOOP ON LINES */
!
/* Print out statistics *

fprintf (TinStdout,"\n");
o

/* Retrieving of the facet from geographic coordinates 2
I

#i fdef TI M PERF

fprintf (TinStdout,"\n");

current _clock = clock();

fprintf(TinStderr,
"Total elapsed time=% 3f seconds "
"el apsed tine/facet=% 3f seconds (9%.1f%4 \n",
(float)(current_clock - tine_|line0) / CLOCKS PER SEC,
(float)el apsed_time_facet / CLOCKS_PER SEC,
100.0 * el apsed_time_facet / (current_clock - tine_line0)

)
fprintf (TinStdout,"\n");

#endi f

e yy—Y,Y—YNYNSN T */

/* Conver gence of the prediction/correction | oop 2
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */

#I fdef TI M PERF
fpr| ntf (Ti nﬂdout "\n");
poi nt _nunber =
for (ihisto=0; i hl st 0<=TI M_MERSYN_PREDI CTI ON_CORRECTI ON_NMAX_| TERATI QN;
i hi st o++)

poi nt _nunber = poi nt_nunber + prediction_correction_histo[ihisto];
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fprintf (Ti nt dout , " PREDI CTI OV OCORRECTI ON LOCOP STATISTICS "
(tot al processed points = %l)\n",
poi nt _nunber) ;
for (ihisto=0; ihisto<=TI M MERSYN_PREDI CTI ON_CORRECTI ON_MAX_| TERATI O\
i hi sto++)

fprintf (TinBtdout,". |TERATION [9%Rd] = 9%40d (%.1f %89\n",
i histo, prediction_correction_histo[ihisto],
100.0 * prediction_correction_histo[ihisto] / (float)point_nunber);

/* Nunber of processed and validated points &

fprintf (Tinstdout,
if (process_ortho)

fprintf (TinGtdout," ORTHORECTI FI CATI ON PROCESSI NG = YES \n");
el se

fprintf (TinStdout," ORTHORECTI FI CATI ON PROCESSI NG = NO\n");
fprintf (TinBtdout,"NUMBER OF PROCESSED PO NTS |N SEGVENT = % "

" (% 1f 986 of synthesis)\n",

processed_poi nt _nunber,

100. *pr ocessed_poi nt _nunber /

(i p.osy. |ist[0]->ineNunber*ip. osy. i st[0] ->pixel N.lrrber)),
fprlntf (Ti nBt dout , "NUVBER OF VALI DATED PO NTS I N SEGVENT = % "

" (% 1f 986 of segment) (% 1f %8 of synthesis)\n",

added_poi nt _nunber,

((processed_poi nt _nunber ==0) ?0: 100. *added_poi nt _nunber /

processed_poi nt _number),

100. *added_poi nt _number /

(ip.osy.list[0] neNumber *i p. osy. | i st [ 0] - >pi xel Nurber)) ;

#Ifdef TI M_BENCH
fprmtf (T|n'8td0ut "\ nBENCHVAK POl NTS\n");
L

(o\} QCP LAT. GCP ALT. "
LATI TUDE ALTI TUDE "
"VIEWZEN TH VI EWAZI MUTH ~ LON. CORR. LAT. CORR. "
"CRIGN LINE PIXEL MRS LINE PIXEL\n");
for (ibench=0; ibench<Ti m\unber (TI M MERSYN BENCH); i bench++)

fprintf (TinBtdout,"9%@d 94.0f 9%. 0f 9d2.6lf %.2 61f o.0f "
"941. 1 f 9d1.11f 9a2.6lf %a2.6/f 9. 0lf

"98. 3l f 98. 3l f 98. 6l f 98. 6l f "
"o8.31f 98.31f 98.3If 98.3f\n",
i bench,

TI M_MERSYN_BENCH i bench] . gcp. X,

TI M_MERSYN_BENCH i bench] . gcp. y,

TI M_MERSYN_BENCH i bench] . gcp. | ongi t ude* 180/ TI M PI ,

TI M_MERSYN_BENCH i bench] . gcp. | ati t ude* 180/ TIMPI,

TI M_MERSYN_BENCH i bench] . gcp. al ti t ude,

TI M_MERSYN_BENCH i bench] . east i ng,

TI M_MERSYN_BENCH i bench] . nor t hi ng,

TI M_MERSYN_BENCH i bench] . | ongi t ude* 180/ TIM PI ,

TI M_MERSYN _BENCH i bench] . | ati t ude* 180/ TIMPI ,

TI M_MERSYN_BENCH i bench] . al ti t ude,

TI M_MERSYN_BENCH i bench] . vi ewi ngZeni t h* 180/ TI M PI ,

TI M_MERSYN_BENCH i bench] . vi ewi ngAzi nut h* 180/ TI M PI ,

TI M_MERSYN_BENCH i bench] . | ongi t udeCor r ecti on*180/ TI M Pl ,
TI M_MERSYN_BENCH i bench] . | ati t udeCorrecti on*180/ TI M Pl ,
TI M_MERSYN_BENCH i bench] . meri sX0,

TI M_MERSYN_BENCH i bench] . meri sYO,

TI M_MERSYN_BENCH i bench] . meri sX,

TI M_MERSYN_BENCH i bench] . meri sY) ;

}
#endi f
! !
/* Rel ease projection structures 2
! !

if (geographic. _pr oj ecti on)

Ti nPrj FreeProj ection (geograpm c_projection);
geogr aphi c_proj ection =
if (synthesis_pr 0] ection)

Ti nPrj FreeProj ection (synthesis_projection);
synt hesi s_proj ection = NULL;

/* Qose files *
!

buf[0] ="'\0";
sprintf (buf," CRTHCRECTI FI OATI O\ % SEGQVENT PO NTS: PROCESSED=% ADDED=%",
((process_ortho) ?"YES': "NO'), processed_poi nt _nunber, added_poi nt _nunber) ;
if (TinExitProcessing(&process, TIMFILE ALL, buf) !'= TI M CK)
TinExit (&process, TI M PRS_ERRCR) ;

!
/* Return */
!

TinExit (&process, TIMPRS K);
} /* end of MERSYN process */

! !
/* TimMersynl sl nFacet retrieves the coordinates of the synthesis point inside */
/* the facet specified in input. These coordinates are relative to the facet */
/* and are in the range [0, 1] each one. These values will be used as wei ght &
/* for further interpolation within the facet (parameters p and q in MER S &

/* docunentation vol une 11). 2
I* */
{i= (|||ne1acet |p|><e| _facet) &
I* */
I* */
{i= del ta_facet_x &
I* */
I* */
I* */
I* */
I* */
I* */
I* */
{i= delta iacetj &
I+ *

!
/* TimMersynl sl nFacet returns TIMTRUE if the point falls inside the facet, */
*

/* TIMFALSE i f not and TI M ERROR when an error occurres. /
! !
int Timversynl sl nFacet

#i fdef TI M_ANSI _PROTOTYPE

(

int iline_facet, /* line index of the UL tie-pt corner */
int i pi xel _facet, /* pixel index of the UL tie-pt corner*/
doubl e syn_| on, /* X-coord. point in synthesis */

doubl e syn_| at, /* Y-coord. point in synthesis */

doubl e *del ta_facet_x, /* line-position to conpute */

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

#el se

(iline_facet,ipixel _facet,syn_|lon,syn_|at,
del ta_facet_x, del ta_facet_y)

int iline_facet;

int i pi xel _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
{
! !
/* Local variables *
! !
Ti nRDoubl eVect or facet[5]; I* list of facet vertices */
int intersection_nunber;/* number of intersections found */
doubl e intersection_|ist[ 2] /*list of intersection X-coordinates */
doubl e X_i nt ersection; /* current X-coord. of intersection */
int ivertex; /* index anong facet vertices */
doubl e inter_point1_x; /* intersection point X-coordinate */
doubl e inter_pointl_y; /* intersection point X-coordinate */
doubl e inter_point2_x; /* along edge intersect.point X-coord.*/
doubl e inter_point2_y; /* along edge intersect.point Y-coord.*/
I* !
/* Check that facet is included within the tie-point matrix 2
I* /
if ((iline_facet < 0) Il
(iline_facet >= TIMFMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. num - 1) Il
(i pixel _facet < 0) Il
(i pi xel _facet >= TI M FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Number - 1))
return (TIMFALSE);
I* !
/* Report coordinates found in the tie-point matrix 2
I* !
facet[0].x = TIMFM_ENVI SAT_MERI S_SPECI AL.
tiePointLine.list[iline_facet].|ongitude[ipixel _facet];
facet[0].y = TIMFM_ENVI SAT_MERI S_SPECI AL.
tiePointLine.list[iline_facet].latitude[ipixel _facet];
facet[1].x = TIM_FMI_ENVI SAT_MERI S _SPECI AL.
tiePointLine.list[iline_facet].!|ongitude[ipixel _facet+1];
facet[1].y = TIMFM_ENVI SAT_MERI S _SPECI AL.
tiePointLine.list[iline_facet].latitude[ipixel _facet+1];
facet[2].x = TIMFM_ENVI SAT_MERI S_SPECI AL.
tiePointLine.list[iline_facet+1].!ongitude[ipixel _facet+1];
facet[2].y = TIMFM_ENVI SAT_MERI S_SPECI AL.
tiePointLine.list[iline_facet+1].latitude[ipixel _facet+1];
facet[3].x = TIMFM_ENVI SAT_MERI S_SPECI AL.
tiePointLine.list[iline_facet+1].longitude[ipixel_facet];
facet[3].y = TIMFM_ENVI SAT_MERI S_SPECI AL.
tiePointLine.list[iline_facet+1].latitude[ipixel _facet];
I* !
/* Correct the possible overlap of the facet on the -180 / +180 frontier */
I* !
/* Case of at |east one point located on the +180 degrees East frontier */
*

if( (facet[0].
(facet[1].
(facet[2].
(facet[3].

TI M_VERSYN_HOT_AREA) I
TI M_VERSYN_HOT_AREA) I
TI M_VERSYN_HOT_AREA) I
TI M_VERSYN_HOT_AREA) )

X >
X >
X >
X >

if( (facet[0].x<0) [l
(facet[1].x<0) Il
(facet[2].x<0) Il
(facet[3].x<0) )

if (syn_l on<0)
{

(facet[0].x>0)
facet[0].x-=2*TIMPI;
(facet[1].x>0)
facet[1].x-=2*TIMPI;
(facet[2].x>0)
facet[2].x-=2*TIMPI;
(facet[3].x>0)
facet[3].x-=2*TIMPI;

}
el se

(facet[0].x<0)
facet[0].x+=2*TIMPI ;
(facet[1].x<0)
facet[1].x+=2*TIMPI ;
(facet[2].x<0)
facet[2].x+=2*TIMPI ;
(facet[3].x<0)
facet[3].x+=2*TIMPI;

el se

if( (facet[0].
(facet[1].
(facet[2].
(facet[3].

- TI M_VERSYN_HOT_AREA) I
- TI M_VERSYN_HOT_AREA) I
- TI M_VERSYN_HOT_AREA) I
- TI M_VERSYN_HOT_AREA) )

X X X %
ANNA

if( (facet[0].x>0) Il
(facet[1].x>0) Il
(facet[2].x>0) Il
(facet[3].x>0) )

if (syn_l on<0)
{

(facet[0].x>0)
facet[0].x-=2*TIMPI;
(facet[1].x>0)
facet[1].x-=2*TIMPI;
(facet[2].x>0)
facet[2].x-=2*TIMPI;
(facet[3].x>0)
facet[3].x-=2*TIMPI;

}
el se
{

(facet[0].x<0)
facet[0].x+=2*TIMPI ;
(facet[1].x<0)
facet[1].x+=2*TIMPI ;
(facet[2].x<0)
facet[2].x+=2*TIMPI ;
(facet[3].x<0)
facet[3].x+=2*TIMPI;

facet[4] x = facet[0].x;
facet[4].y = facet[0].y;
*

!
/* Conpute the intersection of the horizontal passing through the synthesis */
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/* point with each one of the four segments 2
I* !
i ntersection_nunber = 0;
for (ivertex=0; (intersection_nunber < 2) && (ivertex<4); ivertex++)
if (!(TinDEqual (facet[ivertex].y,facet[ivertex+l].y, (double)le-8)))
{
x_intersection = facet[ivertex].x +
(facet[ivertex+1].x - facet[ivertex].x) *
(syn_lat - facet[ivertex].y) /
(facet[ivertex+1].y - facet[ivertex].y);
P SRR S */
{i= Check that intersection point is within the vertex segment &
¥ e e e e e e . */
if (facet[ivertex].x <= facet[ivertex+1].Xx)
if ((facet[ivertex].x <= x_intersection) &&
(x_intersection < facet[ivertex+1].x))
{
intersection_|ist[intersection_nunber] = x_intersection;
intersection_nunber = intersection_nunber + 1;
}
el se
if ((facet[ivertex].x >= x_intersection) &&
(x_intersection > facet[ivertex+1].x))
{
intersection_|ist[intersection_nunber] = x_intersection;
intersection_nunber = intersection_nunber + 1;
}
}
}
}

* !
/* Check that the synthesis point is between the two intersections 2
I* !

if (intersection_nunber != 2)
return (TIM A FALSE) ;
if (intersection_|list[0] <= intersection_|list[1])
if ((syn_lon < intersection_|list[0]) [l
(syn_lon > intersection_list[1]))
return (TIMFALSE);
}
el se
if ((syn_lon > intersection_list[0]) Il
(syn_lon < intersection_list[1]))
return (TIMFALSE);
! !
/* Conpute the delta_facet_x delta_facet_y weights 2
I* */
/* The sol ution solves the system &
I* */

/* syn_lon = (1 - delta_facet_x).(1 - delta_facet_y).facet[0].x */

{i= + delta_facet_x .(1 - delta_facet_y).facet[3].x */
{i= + (1 - delta_facet_x). delta_facet y .facet[1].x */
{i= + delta_facet_x . delta_facet y .facet[2].x */
I* */
/* syn_lat = (1 - delta_facet_x).(1 - delta_facet_y).facet[0].y */
{i= + delta_facet_x .(1 - delta_facet_y).facet[3].y */
{i= + (1 - delta_facet_x). delta_facet y .facet[1].y */
fi= + delta_facet_x . delta_facet y .facet[2].y */
! !
/* Conpute delta_facet_y 2
! !
/* Check if (S0S3) and (S1S2) are not parrallel 2
T */
if (fabs((facet[0].x - facet[3].x) * (facet[1].y - facet[2].y) -
(facet[0].y - facet[3].y) * (facet[1].x - facet[2].x)) >
TI M_MERSYN_PARALLELI SM THRESHOLD)
¥ e e e e e */
{i= Conput e intersection |1 between (S0S3) and (S1S2) &
P S S S S */
Ti mver synConput eLi nel nt ersection (facet[0].x, facet[0].y, facet[3].Xx,
facet[3].y,facet[1].x, facet[1].y, facet[2].x, facet[2].y,
& nter_pointl x, & nter_pointl_y);
P T e */
{i= Conput e intersection |2 between (S0S1) and (I1S) 2
P S S S *
Ti mver synConput eLi nel nt ersection (facet[0].x, facet[0].y, facet[1].Xx,
facet[1].y,syn_lon, syn_| at,
inter_pointl x,inter_pointl._y,
& nter_point2_x, & nter_point2_y);
/*,? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
/* Case of parallele edges 2
¥ e e o e e e */
el se
¥ e e e e e */
{i= Conput e intersection |1 between (S0S1) and the parallel to (SO0S3) &
{i= passing through S 2
T *

Ti mver synConput eLi nel nt ersection (facet[0].x, facet[0].y, facet[1].Xx,
facet[1].y, syn_lon, syn_| at,
syn_lon + facet[0].x - facet[3].X,
syn_lat + facet[0].y - facet[3].y,
& nter_poi nt2_x, & nter_point 2_y);

}
N
/* Conpute delta_facet_y
AT T T T,

*del ta_facet _y

Ti nEucl i di anDi st ance(i nter_poi nt2_x, i nter_point2_y,facet[0].x, facet[0].y)/
Ti nEucl i di anDi stance(facet[0].x, facet[0].y, facet[1].x, facet[1].y);
!
/* Conpute delta_facet_x &
! !
/* Check if (S0S1) and (S2S3) are not parrallel =
P T S */
if (fabs((facet[0].x - facet[1].x) * (facet[2].y - facet[3].y) -
((facet[0].y - facet[1].y) * (facet[2].x - facet[3].x))) >
TI M_MERSYN_PARALLELI SM THRESHOLD)
¥ e e e e e e */
{i= Conput e intersection |1 between (S0S1) and (S2S3) &
P S S S *

Ti mver synConput eLi nel nt ersection (facet[0].x, facet[0].y, facet[1].Xx,
facet[1].y,facet[2].x, facet[2].y, facet[3].x, facet[3].y,
& nter_pointl x, & nter_pointl_y);

fi= Conput e intersection |12 between (S0S3) and (I1S) 2

Ti mver synConput eLi nel nt er secti on(facet[0].x, facet[0].y, facet[3].Xx,
facet[3].y,syn_lon,syn_| at,
inter_pointl_x,inter_pointl_y,& nter_point2_x,& nter_point2_y);
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}
R */
/* Case of parallele edges 2

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */

el se
¥ e e e e e */
fi= Conput e intersection |1 between (S0S3) and the parallel to (S0S1) &
I* passing through S *
T */

Ti mver synConput eLi nel nt er secti on(facet[0].x, facet[0].y, facet[3].Xx,
facet[3].y,
syn_| on, syn_| at,
syn_|l on+facet [0] . x-facet[1].X,
syn_|l at+facet[0].y-facet[1].y,
& nt er_poi nt2_x, & nter_poi nt 2_y);

*deltaj acet_x =
Ti nEucl i di anDi st ance(i nter_poi nt2_x, inter_point2_y,facet[0].x, facet[0].y)/
Ti nEucl i di anDi stance(facet[0].x, facet[0].y, facet[3].x,facet[3].y);

!
/* Return "Found" status *
!

return (TIMTRUE);
} /* TimMersynlslnFacet */

! !
=T mver synConput eLinel ntersection conputes the |ocation of the concurrence */
/* point of two lines defined each one by a couple of points given as 2
/* paraneters. 2
!

int Ti mversynConput eLi nel nt er secti on
#i fdef TI M ANSI _PROTOTYPE

(
doubl e poi nt 0_x, /* X-coordinate of point 1 of DL */
doubl e poi nt0_y, /* Y-coordinate of point 1 of DL */
doubl e poi nt 1_x, /* X-coordinate of point 2 of DL */
doubl e pointl_y, /* Y-coordinate of point 2 of DL */
doubl e poi nt 2_x, /* X-coordinate of point 1 of D2 */
doubl e poi nt 2_y, /* Y-coordinate of point 1 of D2 */
doubl e poi nt 3_x, /* X-coordinate of point 2 of D2 */
doubl e poi nt 3_y, /* Y-coordinate of point 2 of D2 */
doubl e *poi nt _x_p, /* X-coordinate of concurrence point */
doubl e *point_y_p /* Y-coordinate of concurrence point */
#el se
(poi nt 0_x, poi nt 0_y, poi nt 1_x, poi nt 1_y, poi nt 2_x, poi nt 2_y, poi nt 3_x, poi nt 3_y,
poi nt _x_p, poi nt _y_p)
doubl e poi nt 0_x; /* X-coordinate of point 1 of DL */
doubl e poi nt 0. /* Y-coordinate of point 1 of DL */
doubl e poi nt 1_; /* X-coordinate of point 2 of DL */
doubl e poi nt 1 /* Y-coordinate of point 2 of DL */
doubl e poi nt 2_; /* X-coordinate of point 1 of D2 */
doubl e poi nt 2. /* Y-coordinate of point 1 of D2 */
doubl e poi nt 3_ /* X-coordinate of point 2 of D2 */
doubl e poi nt 3_y; /* Y-coordinate of point 2 of D2 */
doubl e *poi nt _x_p; /* X-coordinate of concurrence point */
doubl e *point _y_p; /* Y-coordinate of concurrence point */
#endi f
{
! !
/* Local variables *
!

doubl e scal ar_product ; /* (pointO, pointl) . (point2,point3) */
I* !
/* Conpute and check scal ar product 2
I* !

scal ar_product = (point0O_x - pointl_x) * (point3_y - point2_y) -
(point2_x - point3_x) * (pointl_y - pointO_y);
if (TinDEqual (scal ar_product, (doubl e) 0. 0, (doubl e) 1. e-12) )

fprintf (TinsStderr,"TimversynConput eLi nel ntersection: "

"Lines [(%f,%f) (%f,%nf)] and [(%f,%f) (%f,%nf)] are parallel.\n",
poi nt 0_x, poi nt 0_y, poi nt 1_x, poi nt 1_y, poi nt 2_x, poi nt 2_y, poi nt 3_x, poi nt 3_y) ;
return (TIMERROR);

}
I* !
/* Conpute coordi nates 2
I* !

*point_y_p = ((pointO_x * (pointl_y - pointO_y) +
pointO_y * (pointO_x - pointl_x)) * (point3_y - point2_y) -
((point2_x * (point3_y - point2_y) +
point2_y * (point2_x - point3_x)) * (pointl_y - pointO_y))) /
scal ar_product ;

*point_x_p = ((pointO_x * (pointl_y - pointO_y) +
pointO_y * (pointO_x - pointl_x)) -
*point_y_p * (pointO_x - pointl_x)) / (pointl_y - point0_y);

I
/* Return "C" status *
I* !

return (TIM.OX);
} /* Ti mMver synConput eLi nel nt er section */

! !

/* Ti mMer synReadLi ne reads the specified line and store the result into the */

/* provided buffer. 2

! !

int TinversynReadLi ne

#i fdef TI M ANSI _PROTOTYPE

(

Ti nRFor ei gn ner, /* MERI'S segment in input */

int iband /* band to be processed (O0:first) */

int iline, /* line to be read */

Ti mveri sBuf f er *rrerls _buffer_p /* MERIS buffer to initialize */

)

#el se

(ner, i band,iline, meris_buffer_p)

Ti nRFor ei gn ner;

int i band;

int iline;

Ti mveri sBuf f er *meris_buffer_p;

#endi f

{

! !

/* Local variabl es *

!
int record_| engt h; /* input record |ength=2*pi xel Nunber */
of f64_t of fset; /* start of data in target file */
int iline_in_buffer; /* nb of the line within MERIS buffer */
int i pi xel; /* 1oop anong pixels in |ine buffer */
int status; /* status of 1/0 functions */
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I* !
/* Check paraneters =
I+

#i fdef TI M_DEBUG
if ((meris_buffer_p NULL)
(meris_buffer_p->linelndex[iline % Tl MMR S BUFFER MAX_LI NE_NUMBER] ==
iline))

fprintf (TinsStderr,"TimversynReadLi ne: Wong paraneters.\n");
return (TIMERROR);

}
#endi f

iline_in_buffer =iline %TIMMR S_BUFFER MAX_LI NE_NUVBER;
I* !
/* Seek on target file 2
I* !

record_| ength
of f set

TI M_FMI_ENVI SAT_MERI S_SPECI AL. DSDJ 3+i band] . Dsr Si ze;

TI M_FMI_ENVI SAT_MERI S_SPECI AL. DSDJ] 3+i band] . DsCf f set +
iline * record_length + 13;

if (TinFSeek(ner->tinFp, (of f64_t)offset, TI M SEEK_SET) !

0)

fprintf (TinStderr,"TimversynReadLi ne: Cannot seek on file \"%\", "
"of fset =% 0l f.\n", mer - >nane, (doubl e) of f set) ;
return (TIMERRCR);

I* !
/* Wien the buffer is not allocated, allocate it *
I

if (meris_buffer_p->line[iline_in_buffer] == NULL)
{

if ((meris_buffer_p->line[iline_in_buffer]=(unsigned short*)Ti nAl | oc(
NULL, record_| engt h, si zeof (unsi gned short))) == NULL)

fprintf (TinStderr,
" Ti mver synReadLi ne: Cannot al | ocate %l unsigned shorts.\n",
record_| ength);

return (TIMERROR);

}
I* !
/* Read record */
I+

if ((status=TinFRead(meris_buffer_p->line[iline_in_buffer],1,
record_| engt h- 13, mer->ti nFp))! = record_| engt h- 13)

fprintf (TinStderr,
" Ti mver synReadLi ne: Cannot read %l characters fromfile \"%\".\n",
record_| engt h, ner - >narre),

perror ("Timer synReadLi ne");

return (TIMERROR);

}
neris_buffer_p->linelndex[iline_in_buffer] =iline;
*

/* Case of LSBF (Least Significant Byte First) 2
I+

if (!(TinBhort!|sMBBF))
for (ipixel=0; ipixel<TIMFM_ENVISAT_MERI'S_SPECI AL. | i neLengt h; i pi xel ++)
Ti nBhor t Byt eSwap(meri s_buffer_p->line[iline_in_buffer][ipixel]);
}
I
/* Return "C" status *
I

return (TIMOK);
} /* TimMersynReadLi ne */

! !
/* Ti mMer synConput eBoundary builts the segment boundary (footprint frontiers) */
/* within the projection of the synthesis image. &
/* This envel oppe will enable to conpute the intersection of each |ine of the */
/* synthesis with the segment speeding up the processing. &
I+

/* Tie-point information is to be found within the global variable &
/* Ti nFnt Envi sat Meri sSpeci al Tl M_FMI_ENVI SAT_MERI S_SPECI AL which is defined */
*

/* in TinFntEnvisatMeris.h inclusion file. /
! !
int Tiniver synConput eBoundar y
#i fdef TI M_ANSI _PROTOTYPE
(
Ti nRFor ei gn nmeris_file, /* MERI'S segment in input */
TinPrj Proj ection *geogr aphi c_proj ection, /* projection of tie-points */
TinPrj Proj ection *synt hesi s_proj ection, /* output image projection */
Ti nRPol yVect orLi st *boundary_p /* envel oppe to be conputed */
)
#el se
(meris_file, geographi c_projection, synt hesi s_proj ecti on, boundary_p)
Ti nRFor ei gn nmeris_file;
Ti nPrj Proj ection *geogr aphi c_pr oj ecti on;
Ti nPrj Proj ection *synt hesi s_proj ecti on;
Ti nRPol yVect or Li st *boundary_p;
#endi f
{
! !
/* Local variables */
!

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

int i boundary; /* index anmong boundaries in list */

int i point; /* index among points in list */

int iline; /* index anong lines in imge */

int i pi xel ; /* index among col ums in image */

int i forward; /* index within a list in forward wse*/

int i backwar d; /* index within a list in backward wis*/

int s /* conveni ent index */
! !
/* Allocate a first segment envel oppe. A-priori only one is required 2
! !

boundary_p->num = 1;

if ((boundary_p->list=(Ti nRVectorList*)TimAl | oc(NULL, boundary_p->num

si zeof (Ti nRVectorList))) == NULL)
fprintf(TinsStderr,"Ti mver synConput eBoundary: "
"Cannot allocate the |ist of boundary envel oppes.\n");
return (TIMERROR);
I* !
/* Allocate a list of points to represent the segment envel oppe 2
*

/* This polygone is closed (first point is copied at the end)
*

boundary p->list[0].num =
* (TIM_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. num - 1 +
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber - 1) + 1;
boundary_p->list[0].list = NULI
if ((boundary_p->list[0].list=(Ti mRvector*)Ti mAl | oc(NULL,
boundary_p->l i st[0].num si zeof (Ti nRVector))) == NULL)
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fprintf(TinsStderr,"Ti mver synConput eBoundary: "
"Cannot allocate the boundary |ist of %l vertices.\n",
boundary_p->list[0].nun;

return (TIMERROR);

I* !
/* Initialise the list of vertices of the segnent boundary fromthe points 2
/* around the tie-point matrix &
I+

for (ipoint=0; ipoint<boundary p->list[0].num ipoint++)

I* !
{i= Determ ne the edge being processed 2
I* !
fi= Case of left vertical border (top to bottom &
F T */

if (ipoint < TIMFMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. num - 1)
{

iline

else if (ipoint < TIMFM_ENVI SAT_MERI S _SPECI AL. ti ePoi ntLine.num- 1 +
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber - 1)

{
iline = TIMFMI_ENVI SAT_MER S _SPECI AL. ti ePoi nt Li ne. num - 1;
ipixel =ipoint - TIMFM_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. num + 1;
I ¥ e e e e
{i= Case of last vertical border (bottomto top)

else if (ipoint < TIMFM_ENVI SAT_MERI' S _SPECI AL. ti ePoi ntLine.num- 1 +
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber - 1 +
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. num - 1)

iline = TIMFMI_ENVI SAT_MER S_SPECI AL. ti ePoi nt Li ne. num - 1 =
(i poi nt
TIM_FMT_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. num+1»
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber + 1);
ipixel = TIMFM_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber - 1;

¥ e e e e */
{i= Case of first line (right to left) 2
F T */
el se
iline

iMFMI' ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber - 1-

(i poi nt

TIM_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. num + 1 -
TI M FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber + 1-

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi ntLine.num + 1 );

boundary_p->list[0].list[ipoint].x =

TI M _FMI_ENVI SAT_MERI'S_SPECI AL. ti ePointLi ne.list[iline].!|ongitude[ipixel];

boundary_p->list[0].list[ipoint].y =

TI M_FMI_ENVI SAT_MERI' S_SPECI AL. ti ePointLine.list[iline].latitude[ipixel];
} /* Initialise the list of vertices of the segnent boundary */

!
/* Detect the breaks -180 / +180 degrees */
I* !
i boundary = 0;
iforward
i backward = boundary p->list[iboundary].num- 1;
while (iforward < i backward)
¥ e e e e e */
I* Case of -180 / +180 break */
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
if (fabs((double)(boundary_p->list[iboundary].!list[iforward+l].x -
boundary_p->list[iboundary].list[iforward ].x)) >
TI M_MERSYN_BREAK_DETECTI Q\)
¥ e m e e e e */
I* Look for the other break fromthe end of the current Iist */
P */

whil e (fabs((double)(boundary_p->list[iboundary].list[ibackward ].x -
boundary_p->l i st[iboundary].list[ibackward-1].x))
<= TI M_MERSYN_BREAK_DETECTI Q\)

ibackward = i backward - 1;
if (ibackward <= iforward)
fprintf(TinsStderr,"Ti mver synConput eBoundary: "
"Error in break detection algorithm\n");
return (TIMERRCR);

} /* Look for the other break fromthe end of the current list */

P S *
{i= Split the current boundary reporting the [iforward,ibackward] 2
I* vertices within an extra |ist */
T */

boundary_p- >num = boundary p->num + 1;
if ((boundary_p->list (TI nRVect or Li st *) Ti mAl | oc(boundary_p->list,
boundary_p->num si zeof (Ti nRVectorLi st))) == NULL)

fprintf(TinsStderr,"Ti mver synConput eBoundary:
"Cannot all ocate one nore boundary envel oppe.\n");
return (TIMERRCR);

boundary_p- >l i st [ boundary_p->num 1] . num = |backward - iforward + 1 + 1;

boundary_p- >l i st[boundary p->num 1] . | i st

if ((boundary_p->list[boundary_p->num1].list :(T| nRVect or *) Ti mAl | oc(

NULL, boundary_p- >l i st [ boundary_p- >num 1] . num si zeof ( Ti nRVector)))
NULL)

fprintf(TinsStderr,"Ti mver synConput eBoundary: "
"Cannot allocate the extra list of vertices.\n");
return (TIMERRCR);

nencpy (& boundary_p->list[boundary_p->num1].list[0]),
&(boundary_p->list[iboundary].list[iforward]),
(boundary_p- >l i st[ boundary_p->num 1] . num 1) *
si zeof (Ti nRVector));

T */
fi= Point iforward and i backward are present in both lists 2
{i= within the new list add (or substrat) 180 degrees 2
R SR */

if (boundary_p->list[iboundary].list[iforward].x <
boundary_p->list[iboundary].list[iforward+l].x)

boundary_p- >l i st [ boundary_p->num 1] .list[0].x =
boundary_p- >l i st [ boundary_p->num1].list[0].x + 2 * TIMPI;
boundary_p->li st[boundary_p->num1].list[
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boundary_p- >l i st [ boundary_p->num 1] . num 2] . x =
boundary_p->li st[boundary_p->num 1] . list[
boundary_p->li st[boundary_p->num1].num2].x + 2 * TIMPI;

}
el se
boundary_p- >l i st [ boundary_p->num 1] .1ist[0].x =
boundary_p- >l i st [ boundary_p->num1].list[0].x - 2 * TIMPI;
boundary_p->li st[boundary_p->num 1] . list[
boundary_p- >l i st [ boundary_p->num 1] . num 2] . x =
boundary_p->li st[boundary_p->num 1] .l ist[
boundary_p->li st[boundary_p->num1].num2].x - 2 * TIMPI;
AT ? ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
{i= Cose the new |list duplicating the first point at the end &

nmencpy (& boundary_p->list[boundary_p->num1].1ist[
boundary_p->li st[ boundary_p->num 1] . num1]),
&(boundary_p- >l i st[boundary_p->num1].list[0]),
si zeof (Ti nRVector));

backwar d; i <boundary_p->list[iboundary].num i++)
mencpy (
& boundary_p->list[iboundary].list[i-(ibackward-iforward)+1]),
&(boundary_p->list[iboundary].list[i]),
si zeof (Ti nRVector));

boundary_p->list[iboundary].num = boundary_p->list[iboundary].num -
(ibackward - iforward - 1);
boundary_p->list[iboundary].list = (Ti nRVector*) Ti mAl | oc(
boundary_p->l i st[iboundary].list, boundary_p->list[iboundary].num
si zeof (Ti nRVector));

T */

fi= CQurrent boundary becones the new one 2

T */
i boundary = i boundary + 1;

iforward )
i backward = boundary_p->list[iboundary].num- 1;
} /* Case of -180 / +180 break */
iforward = iforward + 1;
} /* Detect the breaks -180 / +180 degrees */

/* Print out coordinates within a ".geo" file 2
*

#i fdef TI M_DEBUG
{
Ti nFl LE *timfp; /* "MER_...NL geo" file pointer */

sprintf(buf,"%. geo", meris_fil e->nane);
if ((timfp=TinFOpen(buf, TIMWRI TE_C\LY)) == NULL)

fprintf(TinStderr,"Ti mver synConput eBoundary: Cannot open \"%\" file.\n",
buf);
return (TIMERROR);
for (iboundary=0; iboundary<boundary_p->num i boundary++)
{
for (ipoint=0; ipoint<boundary_p->list[iboundary].num ipoint++)
TinFPrintf (timfp, "%2. 8f 9%42.8f\n",
boundary_p->l i st[iboundary].list[ipoint].x * 180.0 /
boundary_p->list[iboundary].list[ipoint].y * 180.0 /
}
TinFPrintf (timfp, "ENDN");

}
TinFA ose (timfp);
timfp = NULL;

}
#endi f
*

!
/* Loop on boundary points conversion: Geographic -> Destination projection */
I* !

for (iboundary=0; iboundary<boundary_p->num i boundary++)
for (ipoint=0; ipoint<boundary_p->list[iboundary].num ipoint++)
{

prj _coordinate.x = boundary_p->list[iboundary].list[ipoint].x;

prj _coordinate.y = boundary_p->list[iboundary].list[ipoint].y;

prj _coordinate.z = 0.0;

if (TinPrjConvert Coordi nat e( &prj _coordi nat e, geographl c_projection,
&prj _coordi nat e, synt hesi s_proj ection) != TI M CK)

fprintf(TinsStderr,"Ti mver synConput eBoundary: "
"Cannot convert coordinates of boundary point #% (%f,%f).\n",
i point,
boundary_p->list[iboundary].list[ipoint].x,
boundary_p->list[iboundary].list[ipoint].y);

return (TIMERRCR);

boundary_p->list[iboundary].list[ipoint].x
boundary_p->list[iboundary].list[ipoint].y
} /* Loop of points of the current boundary */
} /* Loop on boundary points conversion */
*

prj _coordinate. x;
prj _coordinate.y;

!
/* Return "C" status */
I* !
return (TIMOK);
} /* Ti mMver synConput eBoundary */
! !

/* Ti mMer synConput el nt er sect i onsW t hBoundary conput es the intersection bet V\een*/
/* the current horizontal |ine and the boundary of the segnent.

I* */
/* Intersection points will be stored in the "intersection" |ist passed in &
/* paraneter. &
/* Ti mMer synConput el nt er sect i onsWt hBoundary will also deternmine if the first */
/* point to be processed on the line (0.0,y_current) is inside a polygon or &
/* not. */
! !
int Ti mversynConput el nt er sect i onsW t hBoundar y

#i fdef TI M ANSI _PROTOTYPE

doubl e y_current, /* curr.point Y-coord in output proje.*/
Ti nRPol yVect or Li st  *boundary_p, /* envel oppe of MERIS segment */
Ti nRFl oat Li st *intersection_p, /* list of intersect. segment %/line */

int *is_inside_p, /* "point is inside segnent” flag */
int *current_intersection_p /* intersection to be reached */
)

#el se

(y_current, boundary_p, i ntersection_p,is_inside_p,current_intersection_p)
doubl e y_current;

Ti nRPol yVect or Li st  *boundary_p;

Ti nRFl oat Li st *intersection_p;

int *is_inside_p;

int *current _intersection_p;

#endi f

" 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.



L=/

VisioTerra

{
! !
/* Local variables */
!

int i boundary; /* index anong boundaries in list */

int i point; /* index anmong points in list */

int s /* conveni ent index */

int IR /* conveni ent index */

doubl e t mp_doubl e; /* tenporary variabl e: double */
! !
/* Loop on points of the segment boundary 2
! !

intersection_p->num = 0;
intersection_p->list = NULL;
for (iboundary=0; iboundary<boundary_p->num i boundary++)

for (ipoint=1; ipoint<boundary_p->list[iboundary].num ipoint++)
{

if (((boundary_p->list[iboundary].list[ipoint-1].y >=y_current) &&
(boundary_p->list[iboundary].list[ipoint].y < y_current)) [l
((boundary_p->list[iboundary].list[ipoint-1].y <=y _current) &&
(boundary_p->list[iboundary].list[ipoint].y > y_current)))

tnp_doubl e = boundary_p->list[iboundary].list[ipoint-1].x +
(boundary_p->list[iboundary].list[ipoint].x =

boundary_p->l i st[iboundary].list[ipoint-1].x) *
(y_current -
boundary_p->list[iboundary].list[ipoint-1].y) !

(boundary_p->list[iboundary].list[ipoint].y -
boundary_p->list[iboundary].list[ipoint-1].y);
intersection_p->num = intersection_p->num + 1;
if ((intersection_p->list=(TinRFl oat*)Ti mAll oc(intersection_p->list,
intersection_p->num si zeof (Ti nRFl oat))) == NULL)

fprintf(TinsStderr,"Ti mver synConput el nt er secti onsWt hBoundary: "
"Cannot allocate %l intersection points.\n",
intersection_p->nunj;

return (TIMERROR);

intersection_p->list[intersection_p->num1] = tnp_doubl e;
} /* Check that arc is crossing the line */
} /* Loop on points of the segnent boundary */
} /* Loop on boundaries */

I* !
/* Sort the list of intersection points &
I* !

for (i=0; i<intersection_p->num1; i++)
for (j=i+1; j<intersection_p->num j++)
if (intersection_p->list[j] < intersection_p->list[i])
{

t mp_doubl e
intersection_p->list[i]

intersection_p->list[i];
intersection_p->list[j];

intersection_p->list[j] = tnp_double;
}
}
}
I* !
/* Determine if the first point of the line is inside the segment 2
I* !

*is_inside_p = TI M FALSE;

*current _intersection_p = 0;

while ((*current_intersection_p < intersection_p->num &&
(intersection_p->list[*current_intersection_p] <= 0.0))

*is_inside_p
*current _intersection_p

! (*is_inside_p);
*current_intersection_p + 1;

}
I* !
/* Return "C" status *
I* !

return (TIM.OX);
} /* Ti mMver synConput el nt er secti onsWt hBoundary */

! !
/* Ti mMer synLocat i onl nverse conputes the coordinates (ner_x,mer_y) of the 2
/* pixel in MERI'S segnent in input fromthe passed (|ongitude,|atitude) 2
/* geographi ¢ coordi nat es. &
I* */
/* Ti mMersynLocationl nverse tries to retrieve the tie-point facet that 2
/* includes the passed (|ongitude,|atitude). 2
I* */
/* Ti mMer synLocat i onl nverse returns: &
/* . TIMTRUE when the point has been retrieve in the MERTI S segment, 2
/* . TIMFALSE when no one facet includes this point, and 2
/* . TIMERRCR when an error has occurred. 2
I* */

/* Wen the point has been retrieved, TimversynLocationlnverse initialises the*/
/* coordinates (mer_x,mer_y) of the point within the segnent, the indices of */
/* the facet (iline_facet,ipixel_facet) and al so the coordinates of the point */
/* in the facet (delta_facet_x,delta_facet_y). 2

I* */
/* For optimsation reasons, the facet indices (iline_facet,ipixel_facet) are */
/* given by the caller in order to enable a research around the previous 2
/* facet and according to this heuristic: 2
/* 1. check for the same facet, *
/* 2. check the 4-connex nei ghbours, 2
/* 3. check the 8-connex nei ghbours, 2
/* 4. check all the facets. *
! !

int TimversynLocati onl nverse
#i fdef TI M ANSI _PROTOTYPE

(

doubl e | ongi t ude, /* X-coord of point to be processed */
doubl e | atitude, /* 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 colum */
doubl e *del ta_facet _x_p, /* X-coordinates within facet [0,1] */
doubl e *del ta_facet _y_p, /* Y-coordinates within facet [0,1] */
doubl e *mer _x_p, /* X-coordinates in MER S segnent */
doubl e *mer_y_p /* Y-coordinates in MER S segnent */
#el se

(longitude, latitude,iline_facet_p,ipixel _facet_p,delta_facet_x_p,
del ta_facet_y_p, mer_x_p, mer _y_p)

doubl e | ongi t ude;

doubl e | atitude;

int *iline_facet_p;
int *i pi xel _facet_p;
doubl e *del ta_facet _x_p;
doubl e *del ta_facet _y_p;
doubl e *mer _x_|

doubl e *mer_y_|

reference VT-P194-DOC-001-E
Envisat MERIS issue 1 revision 5
date 06/07/2005

Geometry Handbook
page 91 of 115

#endi f
{
! !
/* Local variables */
! !
int ifacet; /* index anmong tie-point |ines */
int jfacet; /* index among tie-point pixels */
int is_found; /* "facet has been found" flag */
! !
/* Test the current facet */
! !

#i fdef TI M PERF

current _clock = clock();
time_facet = current_cl ock;
#endi f

is_found = TI M FALSE;
if ((is_found=Ti mMersynlslnFacet (*iline_facet_p,*ipixel facet_p,
| ongi tude, | atitude, del ta_facet_x_p, del ta_facet _y_p)) != Tl M FALSE)

if (is_found == TI M ERRCR)
fprintf(TinStderr,
" Ti mver synLocat i onl nverse: Cannot check for the current facet.\n");
return (TIMERRCR);

#i fdef TI M PERF
facet_search_same = facet_search_sanme + 1;

#endi f

}
R */
/* Test the 4-connex nei ghbour facets 2
*

else if ((is_found=Ti mversynlslnFacet(*iline_facet_p,*ipixel _facet_p-1,
I ongi tude, | atitude, del ta_facet_x_p, del ta_facet_y_p)) == TI M_TRUE)

*i pixel _facet_p = *ipixel _facet_p - 1;
#i fdef TI M PERF

facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f

else if ((is_found=Ti mversynlslnFacet(*iline_facet_p-1,*ipixel_facet_p,
I ongi tude, | atitude, del ta_facet_x_p, del ta_facet_y_p)) == TI M_TRUE)

*iline_facet_p = *iline_facet_p - 1;
#i fdef TI M PERF

facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f

else if ((is_found=Ti mversynlslnFacet(*iline_facet_p+1,*ipixel _facet_p,
| ongi tude, | atitude, del ta_facet _x_p, del ta_facet_y_p)) == TI M TRUE)

*iline_facet_p = *iline_facet_p + 1;
#i fdef TI M PERF

facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f

else if ((is_found=Ti mversynlslnFacet(*iline_facet_p,*ipixel _facet_p+1,
| ongi tude, | atitude, del ta_facet _x_p, del ta_facet_y_p)) == TI M TRUE)

*ipixel _facet_p = *ipixel _facet_p + 1;
#i fdef TI M PERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
}

I*

else if ((is_found=TimversynlslnFacet(*iline_facet_p-1,*ipixel _facet_p-1,
| ongi tude, | atitude, del ta_facet _x_p, del ta_facet_y_p)) == TI M TRUE)

*iline_facet_p = *iline_facet_p - 1;

*i pixel _facet_p = *ipixel _facet_p - 1;
#i fdef TI M PERF

facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f

else if ((is_found=TimversynlslnFacet(*iline_facet_p-1,*ipixel _facet_p+1,
I ongi tude, | atitude, del ta_facet_x_p, del ta_facet_y_p)) == TI M_TRUE)

*iline_facet_p = *iline_facet_p - 1;

*ipixel _facet_p = *ipixel _facet_p + 1;
#i fdef TI M PERF

facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f

else if ((is_found=TimversynlslnFacet(*iline_facet_p+1, *ipi xel _facet_p-1,
I ongi tude, | atitude, del ta_facet_x_p, del ta_facet_y_p)) == TI M_TRUE)

*iline_facet_p = *iline_facet_p + 1;

*i pixel _facet_p = *ipixel _facet_p - 1;
#i fdef TI M PERF

facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f

}
else if ((is_found=TimversynlslnFacet(*iline_facet_p+1, *ipi xel _facet _p+1,
I ongi tude, | atitude, del ta_facet_x_p, del ta_facet_y_p)) == TI M_TRUE)

*iline_facet_p
*i pi xel _facet_p
#i fdef TI M PERF
facet_search_nei ghbour = facet_search_nei ghbour + 1;
#endi f
}

= *iline_facet_p + 1;
ipixel _facet_p + 1;

is_found = TI M FALSE;

for (ifacet=0; (!is_found) && (ifacet <
TI M_FMI_ENVI SAT_MERI' S_SPECI AL. ti ePoi nt Li ne. num 1) ;
ifacet ++)

for (jfacet=0; (!is_found) && (jfacet <
TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Nunber - 1) ;
j facet ++)

if ((is_found=Ti mversynl sl nFacet (ifacet, jfacet,
I ongi tude, | atitude, del ta_facet_x_p, del ta_facet_y_p))==TI M_TRUE)

*iline_facet_p
*i pi xel _facet_p

ifacet;
jfacet;

}
else if (is_found == TI M ERRCR)

fprintf(TinStderr,
" Ti mver synLocat i onl nverse: Cannot check for facet (%, %l).\n",
ifacet,jfacet);

return (TIMERROR);
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}
}
#i fdef TI M PERF
facet_search_all = facet_search_all + 1;

#endi f
} /* Case of failure -> Test all the facets */
#i fdef TI M PERF
current _cl ock
el apsed_tine_f acet

clock();
el apsed_tine_facet +
(current_clock - time_facet);

#endi f
I*

/* Conpute coordinates of the source point within the segnent 2
I+

if (is_found)

{

*mer_x_p = (*iline_facet_p + *delta_facet_x_p) *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. | i nesPer Ti ePt ;
*mer_y_p = (*ipixel _facet_p + *delta_facet_y_p) *
TI M_FMI_ENVI SAT_MERI S_SPECI AL. sanpl esPer Ti ePt ;
}
I* !
/* Return "1S_FOUND' status &
I

return (is_found);
} /* TimMersynLocati onl nverse */

! !
/* TimMersynGet Al titudeFronDemread the altitude value fromthe Iist of DEMs. */
I* */

/* Altitude is always read fromthe first DEMfirst. If the location of the */
/* point of interest is out of this DEMor if the value found is background, */
/* altitude is read fromthe second in the list, and so on.,. *
I* */
/* Ti mMer synGet Al ti t udeFronDem performs a bi-linear interpolation fromthe 4 */
/* nearest nei ghbours of the point of interest. 2

I* */
/* Ti mMer synGet Al ti t udeFr onDem ret urn: 2
/* 1. TIMTRUE if an altitude has been found in one DEM */
/* 2. TIMFALSE if no altitude in whatever DEM has been found and 2
/* 3. TIMERRCR if an error occurred. 2
! !
int TimversynCet Al titudeFronDem

#ifdef TIMANSI_| OTYPE

(

doubl e | ongi t ude, /* X-coord of point to be processed */
doubl e | atitude, /* Y-coord of point to be processed */
TinPrj Proj ection *geogr aphi c_proj ection, /* projection structure */

Ti nROEMLI st *dem p, /* DEMs in order they have to be read */
doubl e *al titude_p /* altitude to be initialized */

)

#el se

(I ongi tude, | atitude, geographl c_proj ection, demp, al titude_p)

doubl e | ongi t ude;

doubl e | atitude;

Ti nPrj Proj ection *geogr aphi c_pr oj ecti on;

Ti RDEMLI st *dem p;

doubl e *al titude_p;

#endi f

{

! !
/* Local variables *
! !

static TinPrjProjection **dem projection=NULL; /* DEMproj. struct. list */
static TinBufferlnt **dem buf =NULL; /* DEMdirect buffer list */
Ti nPrj Coor di nat e pr] coor di nate; /* convertion prj coordinate struct */

int /* index among DEMs in list */
doubl e /* X-coord of interest point in DEM*/
doubl e /* Y-coord of interest point in DEM*/
int /* truncated val ue of x_dem */
int /* truncated val ue of y_dem */
Ti nRDoubl e /* decinmal part of x_dem coordinate */
Ti nRDoubl e /* decinmal part of y_dem coordinate */
Ti nRDoubl e /* 1st nearest pixel value in input */
Ti nRDoubl e /* 2nd nearest pixel value in input */
Ti nRDoubl e /* 3rd nearest pixel value in input */
Ti nRDoubl e z4; /* 4th nearest pixel value in input */
! !
/* For the first call, initialise the projection structures of each DEM 2
! !
if (dem projection == NULL)
if ((dem projection=(TinPrjProjection**)TinAlloc(NULL,
dem p- >num si zeof (Ti nPrj Proj ection*))) == NULL)
fprintf (TinStderr,"TimversynGet Al titudeFronDem "
"Cannot allocate DEM projection list.\n");
return (TIMERRCR);
for (iden=0; idenxdem p->num idem++)
dem proj ection[iden] = NULL;
if (TinPrjAl ocﬁ'oj ecn on(dem p- >l i st[idenj->projection, NULL,
& dem projection[iden])) !'= TIMOCK)
fprintf (TinStderr,"TimversynGet Al titudeFronDem "
"Cannot allocate projection structure for DEM\"%\".\n",
dem p- >l i st[ideni->nane);
return (TIMERRCR);
}
}
I* !
/* For the first call, initialise the direct buffer of each DEM *
I* !
if (dem buf NULL)

if ((dembuf=(Ti rrBuHerlnt“)TinNIoc(M.LL
dem p- >num si zeof (Ti mBuf ferint*))) == NULL)

fprintf (TinStderr,"TimversynGet Al titudeFronDem "
"Cannot allocate DEM buffer list.\n");
return (TIMERRCR);

for (iden=0; idenxdem p->num idem++)
{

dem buf [ideni = NULL;
if ((dem buf[ideni=(TinBufferlnt*)TimAl | ocBufferDirect(
M_DATA TYPE_INT)) == NULL)

fprintf (TinStderr,"TimversynGet Al titudeFronDem "
"Cannot allocate buffer structure for DEM\"%\".\n",
dem p- >l i st[ideni->nane);

return (TIMERROR);
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}
I* !
/* Loop on DEMs 2
I* !
for (iden=0; idenxdem p->num idem++)
/*,f ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, */
fi= Convert (longitude,|atitude) coordinates to DEM proj ection 2
R T S S S */

prj _coordinate.x = | ongitude;

prj_coordinate.y = latitude;

prj _coordinate.z = 0.0;

if (TinPrjConvert Coordi nat e( &prj _coor di nat e, geogr aphi c_pr oj ecti on,
&prj _coordi nat e, dem proj ection[iden]) != TIMCK)

fpr| ntf (TinStderr,"Ti mversynGet Al titudeFronDem "

nnot  convert geographi ¢ coordinates to proj ection
"\"o%\" of DEM\"9%\".\n", dem p->list[ideni->projection,
dem p- >l i st[iden->nane);

return (TIMERROR);

}

x_dem = (dem p->list[idenj->origin.y - prj_coordinate.y) /
dem p- >l i st[iden->pi xel Hei ght ;

y_dem = (prj_coordinate.x - demp->list[idenj->origin.x) /
dem p- >l i st[idenj->pi xel Wdt h;

i0 = x_dem

jo = y_dem
¥ e e e e e T */
{i= Check that point is within the DEM &
¥ e e e e */

if ((i0>=0) & (i0 < demp->list[ideni->ineNunber - 1) &&

(jO >= 0) & (jO < dem p->list[iden]->pixel Number - 1))

if (TinReadl mageDirect ((Ti nRFile)(demp->list[ideni),i0,2,j0,21.0,1.0,
Tl M_SAWPL METHOD_NEAREST_NEI GHBOUR, NULL,

(i mBuf f er *) dem buf [i denj) T= TIM.CK)

fprintf (TinStderr,"TimversynGet Al titudeFronDem "
"Cannot extract window ( % 2 %l 2 ) fromDEM\"%\".\n",
i0,j0,dem p->list[iden]->nane);

return (TIMERROR);

¥ e m e e e e */
{i= Check that pixel is not background &
T */

z1 = TinVal ueDirect (dem buf[idenj, 0, 0);

z2 = TinVal ueDirect (dem buf[idenj,0,1);

23 = TinVal ueDirect (dem buf[idenj, 1,0);

z4 = TinVal ueDirect (dem buf [idenj, 1,1);
((!(dem p->list[iden]->backgroundFl ag)) [l
((z1 !'= dem p->list[ideni->background) &&
->| i st [i denj - >backgr ound) &&
»>I ist [| den] - >backgr0und) &&

z1 * demp->list[ideni
dem p- >l i st[idenj->radioShift;

z2 = z2 * demp->list[iden->radi oFactor +
dem p- >l i st[ideni->radioShift;

z3 = z3 * demp->list[iden->radi oFactor +
dem p- >l i st[ideni->radioShift;

z4 = z4 * demp->list[iden->radi oFactor +
dem p- >l i st[idenj->radioShift;

dy = y_dem - 10
*altltudep + dy * (z2 - z1) +
dx * (z3 +dy * (z4 - z3) -
z1 - dy * (22 - z1));
P T S */
{i= Return "1S_FOUND' status &
¥ e e e e e e e */

return (TIM.TRUE);
} /* Check that pixel is not background */
} /* Check that point is within the DEM */
} /* Loop on DEMs */
*

/* Return "NOT_FOUND' status &

return (TIMFALSE);
} /* TinMersynGet Al titudeFronDem */

! !
/* Ti mMer synLocat i onDi rect conputes the geographic coordinates of the point 2
*

/* (mer_x0, mer _y0, al titude) given in MERI'S segment reference system /
*

!

/* Ti mver synLocati onDirect applies the parallax correction interpolating the */

/* viewing angle fromthe tie-points grid. 2

! !

int TimversynLocationDirect

#i fdef TIM_ANSI _PROTOTYPE

doubl e ner_x, /* X-coordinates in MER S segnent */

doubl e ner_y, /* Y-coordinates in MER S segnent */

doubl e al titude, /* Z-coordinates in MER S segnent */

int iline_facet, /* nunber of the tie-point frane */

int i pi xel _facet, /* nunber of the tie-point colum */

doubl e del ta_facet_x, /* X-coordinates within facet [0,1] */

doubl e del ta_facet_y, /* Y-coordinates within facet [0,1] */

doubl e *1 ongi t ude_p, /* longitude to be conputed */

doubl e *latitude_p /* latitude to be conputed */

)

#el se

(mer_x, mer_y, altitude,iline_facet,ipixel _facet,delta_facet_x,delta_facet_y,

| ongi tude_p, | ati t ude_p)

doubl e ner_x;

doubl e ner_y;

doubl e al titude;

int iline_facet;

int i pi xel _facet;

doubl e del ta_facet _x;

doubl e del ta_facet_y;

doubl e *| ongi t ude_p;

doubl e *| atitude_p;

#endi f

{

! !

/* Local variables */
!

doubl e | ongi t ude; /* X-coord interpolated fromtie-point*/
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doubl e latitude; /* Y-coord interpolated fromtie-point*/

doubl e vi ewi ng_zeni th; /* viewing angle fromvertical */
doubl e vi ewi ng_azi nut h; /* viewing angle fromnorth */
doubl e dx; /* parallax nodul e */

doubl e dl on; /* longitude correction */

doubl e dlat; /* latitude correction */

Interpol ate the geodetic coordinates

| ongi t ude

| ongi tude =

(1 - delta_facet_x) * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet].longitude[ipixel facet] +

(1 - delta_facet_x) * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet].longitude[ipixel _facet+1] +
delta_facet_x * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st[

iline_facet+1] .l ongitude[ipixel _facet] +
delta_facet_x * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet+1] .l ongitude[ipixel _facet+1];

latitude

latitude =

(1 - delta_facet_x) * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet].latitude[ipixel _facet] +

(1 - delta_facet_x) * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet].latitude[ipixel _facet+l] +
delta_facet_x * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st[

iline_facet+1].latitude[ipixel facet] +
delta_facet_x * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet+1].latitude[ipixel _facet+1];

*/
*/

Interpol ate the view ng angl e

view ng_zenith =

(1 - delta_facet_x) * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet].view ngZenith[ipixel _facet] +

(1 - delta_facet_x) * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet].view ngZenith[ipixel _facet+1] +
delta_facet_x * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet+1].view ngZenith[ipixel _facet] +
delta_facet_x * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet+1].view ngZenith[ipixel _facet+1];

vi ewi ng_azi muth =

(1 - delta_facet_x) * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet].view ngAzi nut h[ipi xel _facet] +

(1 - delta_facet_x) * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st[

iline_facet].view ngAzi nut h[ipi xel _facet +1] +
delta_facet_x * (1 - delta_facet_y) *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st [

iline_facet+1].view ngAzi nuth[i pi xel _facet] +
delta_facet_x * delta_facet_y *

TI M_FMI_ENVI SAT_MERI S_SPECI AL. ti ePoi nt Li ne. | i st[

iline_facet+1].view ngAzi nut h[i pi xel _facet +1] ;

#ifdef TIM

A BENCH
if (bench_index != -1)
{

TI M_MERSYN_BENCH bench_i ndex] . vi ewi ngZeni th
TI M_MERSYN_BENCH bench_i ndex] . vi ewi ngAzi mut h

}

#endi f
*

1%
1%

vi ewi ng_zeni th;
vi ewi ng_azi nut h;

*/
*/

Conput e the |ongitude and |atitude corrections

dx = altitude * tan(viewi ng_zenith);
dl at
dlion

dx * sin(view ng_azimth) /
(TI M_MERSYN_MEAN_EART}

dx * cos(view ng_azimuth) / TI M MERSYN MEAN EARTH_RADI US;

H_RADIUS * cos(latitude));

Apply geodetic corrections

*| ongi t ude_p
*| atitude_p

| ongi tude + dl on;
latitude + dlat;

Return "C" status

return (TIM.OY);

} /* TinmMersynLocationDirect */
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APPENDIX D — ORTHORECTIFICATION BENCHMARK

This section contains a second version of the log of MERSYN execution (verson 02.05) when applied to MERIS FR scene
MER_FR__1PNUPA20030921_ 092341 000000982020_00079 08149 0534.N1 of Italy and using the GETASSE30 DEM above WGS84 dllipsoid 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 FOMFERRA (see R-7) that lead to the modification of equations 6a and 6b.
Print out of the benchmark valuesis processed compiling the MERSY N program provided in O with the “TIM_BENCH” compilation directive.
These values are also stored within aMS EXCEL file “VT-P194-DOC-001-E-01-04.x1s" that may be provided upon demand.
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D.2 Benchmark values
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Values are stored within the following columns:

Nb

(line,column)

(Easting,Northing)
(longitude,latitude)

elevation

view zenith/azimuth

longitude/latitude corrections
MERIS origin (line,column)

MERIS antecedent (line,column)

page

issue

date

is asequential number of the benchmark point.
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are the coordinates of the benchmark point within the output (geocoded) image.

are the coordinates of the benchmark point within the coordinates reference system of the output image: “Plate Carrée — WGS 1984".

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.

are the coordinates of the antecedent of the benchmark point found within the input MERIS scene taking into account the elevation and
after having processed the prediction/correction loop.

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 131.672|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 985 | 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
81308 | 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 94.983 | 772.409 95. 189
11| 419 942 11270453. 2 |5117515. 0| 11. 431840 | 46. 048616 522 136.219|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 52511162033. 2 |4902235. 0| 10. 456251 | 44. 111475 459 138. 335|100. 049 | 0. 004474 | - 0. 000569 | 1101. 176 | 2070. 374 | 1101. 176 | 2071. 773
141827 47311148513.2|4751435. 0| 10. 334594 |42. 754541 48 |37.390 | 100. 208 | 0. 000442 | - 0. 000058 | 1614. 970 | 2005. 610 | 1614. 970 | 2005. 751
15|1275| 1014 (1289173.2|4894955.0|11.600287 | 44. 045968 559|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 473126.044|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
202158 | 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
212241 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
232683 | 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 scene0l1-01/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

Last CCD
viewing

viewing
vector

North

North
A

satellite

zenith gy,

Las
viewing -

azimuthj, [T East
First CCD
viewing /
azimuthj /

FR scene Full swath

fig. 66 - First and last viewing vectors of the first tie-points line. fig. 67 - Location of the FR scene within the full swath in geodetic geometry.
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Figure fig. 66 here above illustrates the viewing vector values of thefirst 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 asillustrated 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 = Zry tan( qw.J) Where: .
dx isthe modulus of the parallax error.
dat e, = O oo i) Eq.2 dlate; isthelatitude correction of tie-point (F,J).
’ Re diong; isthelongitude correction of tie-point (F,J).
don ra = -~9x€n(j w.9) Ze,; isthe DEM elevation of tie-point (F,J).
’ Re” cog( fFr.u) Owy  isthezenith of the viewing angle of tie-point (F,J).

Jvra is the azimuth of the viewing angle of tie-point (F,J).
frs 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 data dumped here below.
FIRST TIE-POINT LAST TIE-POINT

dx ZF.3~ tan( qw.3) = 2637 tan( 2.7°) = 12.403m dx

Zro tan(gw.3) = 99 7 tan( 38.9°) = 79.883 m

_ dx” cos(j w.) _ 12.403 " cog 286.3°) _ , _ dx” cos(j w.) _ 79.883 " cos( 100.0°) _ ,
datry = ) 'R.e(. )- T _ (286- ;).())00031306 datrs = ) ,R.e(. )- T _ (100-00).000124750

- - Odx”&n(jwy) _ - 12. £l .3° - o - - ax” dgn(jw) - . £l .0° - o
dion .5 Re™ cos( TrJ) 6370097 ~ co( 50742379 7y - 0:000169181 dion 7.y Re” cos( TFJ) 6370997 ~ cos( 51.037422 7y - 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
BE ADDED?” to the original values (see eq. 6b’) and not to be substracted as previously in eq. 6b, expression of dlon computation should be changed as:

_ dx ~ sn( ] VF ,J) Eaqa. 2¢ | corrected - | origin  + dlon F,J )
don F.3 = Re oo Tro) q Eqg. 6b

j corrected .l j origin + dlat F,J

DATA SET #3 - "Tie points ADS":
No.

Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) |LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen.
1 117451337.241756 ( 50.742379, 20.514153 ) 263 27 31 le-6 169 le-6 ( 52.0, 157.9) 2.7, 286.3) ( 51.937422, 12.372044 ) 99 11 -124 le-6 -1146 le-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, 285.7) ( 49.293239, 11.641344 ) 536 20 -671 le-6 -5875 le-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, 285.5) ( 47.970091, 11.291352 ) 634 19 -794 le-6 -6771 le-6 ( 52.3, 146.1 ) ( 38.9,
33 117451427.347612 ( 45.503143, 18.300527 ) 95 10 10 le-6 55 le-6 ( 47.8, 153.8 ) ( 2.7, 285.2) ( 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, 285.1) ( 46.149686, 10.824383 ) 1364 358 -1709 le-6 -14086 le-6 ( 51.0, 144.9 ) ( 38.9,
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E.2 scene01-02/MER_FR__1PNUPA20030921_092220_000000982020_00079_08149_0398.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.

1 117451340.058163 ( 49.074601, 27.223613 ) 300 27 797 le-6 3090 1e-6 ( 49.1, 166.0 ) ( 38.9, 291.5) ( 50.743669, 19.533811 ) 271 29 -31 le-6 -175 1le-6 ( 52.3, 156.7 ) ( 2.7, 105.

9 117451362. 584627 ( 47.800010, 26.479166 ) 255 22 662 le-6 2572 1le-6 ( 48.0, 164.9 ) ( 38.9, 291.0) ( 49.433965, 18.970195 ) 769 175 -86 le-6 -485 le-6 ( 51.2, 155.8 ) ( 2.7, 105.
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, 18.430685 ) 199 24 -22 le-6 -122 1e-6 ( 50.1, 154.7 ) ( 2.7, 105.
25 117451407.637555 ( 45.237598, 25.091987 ) 700 76 1738 1le-6 6782 1le-6 ( 45.8, 162.6 ) ( 38.9, 290.0) ( 46.808431, 17.913047 ) 188 31 -20 le-6 -113 1e-6 ( 49.1, 153.7 ) ( 2.7, 104.
33 117451430. 164019 ( 43.950485, 24.443732) 78 7 189 1le-6 741 le-6 ( 44.7, 161.5) ( 38.9, 289.6) ( 45.492911, 17.415303) 427 169 -45 le-6 -251 1e-6 ( 48.0, 152.7 ) ( 2.7, 104.
36 117451438.611443 ( 43.466894, 24.207718 ) 137 60 330 le-6 1293 le-6 ( 44.2, 161.0 ) ( 38.9, 289.4) ( 44.999157, 17.233411) 213 56 -22 le-6 -124 le-6 ( 47.6, 152.3 ) ( 2.7, 104.

E.3 scene01-03/MER_FR__1PNUPA20030921_092327_000000982020_00079_08149_0394.N1
DATA SET #3 - "Tie points ADS":
No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.

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, 11.466962 ) 609 165 -750 le-6 -6269 le-6 ( 52.1, 146.3 ) ( 38.0, 100.

9 117451430. 162748 ( 45.299488, 18.441791) 101 2 17 1le-6 88 le-6 ( 47.5, 153.9 ) ( 4.1, 285.3) ( 46.454782, 11.121505 ) 1164 222 -1433 le-6 -11692 le-6 ( 51.1, 145.4 ) ( 38.0, 100.
17 117451452.689212 ( 43.984986, 17.940157 ) 830 189 138 1le-6 711 le-6 ( 46.5, 152.9 ) ( 4.1, 285.1) ( 45.130236, 10.784263 ) 20 0 -24 le-6 -196 le-6 ( 50.1, 144.5) ( 38.0, 100.
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, 10.454420 ) 176 81 -217 le-6 -1688 le-6 ( 49.1, 143.5) ( 38.0, 100.
33 117451497.742140 ( 41.350854, 16.989140 ) -128 0 0 le-6 0 le-6 ( 44.4, 150.6 ) ( 4.1, 284.7) ( 42.479293, 10.131249) -91 0 0 le-6 0 le-6 ( 48.2, 142.6 ) ( 38.0, 100.
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, 10.011643 ) -567 0 0 le-6 0 le-6 ( 47.8, 142.2 ) ( 38.0, 100.

E.4 scene01-04/MER_FR__1PNUPA20030921_092341_000000982020_00079_08149_0534.N1
DATA SET #3 - "Tie points ADS":
No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.

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, 10.603496 ) 1476 382 -1907 le-6 -16512 le-6 ( 51.8, 145.0 ) ( 40.7, 99.

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, 10.278711) 850 227 -1101 1le-6 -9284 le-6 ( 50.8, 144.1 ) ( 40.7, 99.
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.
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, 9.648478 ) -366 0 0 le-6 0 le-6 ( 48.9, 142.3 ) ( 40.7, 99.
33 117451511. 820265 ( 40.638252, 16.133722) 540 177 0 le-6 0 le-6 ( 44.1, 149.2 ) ( 0.0, 181.8) ( 41.727992, 9.341743 ) 116 23 -152 le-6 -1186 le-6 ( 47.9, 141.3 ) ( 40.7, 99.
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, 9.227991 ) 79 54 -103 le-6 -801 1le-6 ( 47.6, 140.9 ) ( 40.7, 99.

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. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.

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, -4.276685 ) -12 0 0 le-6 0 le-6 ( 57.0, 152.2 ) ( 32.1, 101.

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, -4.707541) -38 0 0 le-6 0 le-6 ( 55.9, 151.4 ) ( 32.1, 101.
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, -5.122747) 75 50 -82 le-6 -649 le-6 ( 54.9, 150.5) ( 32.1, 101.
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, -5.523896 ) -121 0 0 le-6 0 le-6 ( 53.8, 149.7 ) ( 32.1, 101.
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, -5.912392 ) -140 0 0 le-6 0 le-6 ( 52.8, 148.9 ) ( 32.1, 101.
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, -6.055074 ) -1669 0 0 le-6 0 le-6 ( 52.4, 148.5 ) ( 32.1, 101.

" 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
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E.6 scene0l1-06/MER_FR__1PNUPA20030926_100615_000000982020_00151_08221_0538.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 117885975.564369 ( 46.131973, 15.246156 ) 432 134 1178 1le-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, 182.1
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, 182.1

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, 182.0

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, 182.0

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, 182.0

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, 181.9

E.7 scene01-07/MER_FR__1PNUPA20031010_092709_000000982020_00351_08421_0536.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. 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 ) -1196 0 0 le-6 0 le-6 ( 50.9, 158.3 ) ( 14.6, 285.9) ( 43.216211, 11.255751) 246 80 -248 le-6 -1723 le-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, 101.2

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 le-6 ( 52.1, 149.0 ) ( 30.0, 101.2

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, 101l.1

36 119093327.797167 ( 37.544803, 16.558633 ) -2377 0 0 le-6 0 le-6 ( 47.2, 155.2 ) ( 14.7, 285.1) ( 38.738600, 10.087623 ) -2016 0 0 le-6 0 le-6 ( 50.7, 147.8 ) ( 30.1, 101l.1

E.8 scene01-08/MER_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. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. 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 ( 41.086229, 12.712415 ) -457 0 0 le-6 0 le-6 ( 51.8, 151.6 ) ( 18.4, 102.5) ( 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 scene01-09/MER_FR__1PNUPA20031207_104236_000000982022_00180_09252_0537.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. 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, 105.6
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 0 le-6 0 le-6 ( 74.4, 162.6 ) ( 4.1, 105.3

17 124109001. 712731 ( 47.100896, 5.741857 ) 250 13 615 le-6 2415 1e-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 le-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 1e-6 ( 68.1, 167.7 ) ( 38.0, 289.6 ) ( 46.073645, -2.701183 ) -104 0 0 le-6 0 le-6 ( 70.9, 161.0 ) ( 4.1, 104.6

36 124109055.213083 ( 44.048219, 4.160015 ) 137 34 320 le-6 1263 le-6 ( 67.6, 167.4 ) ( 38.0, 289.5) ( 45.579975, -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 behalf of
VisioTerra to fulfil 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. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. 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, 285.9) ( 47.852658, -0.268492) 44 6 -52 le-6 -423 1le-6 ( 74.1, 155.9 ) ( 36.1, 100.4)

25 124193556. 781946 ( 45.345087, 6.693028 ) 2153 390 619 le-6 3142 1e-6 ( 70.0, 162.3 ) ( 6.7, 285.7) ( 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 le-6 ( 68.9, 161.7 ) ( 6.8, 285.4) ( 45.204505, -0.974050 ) 21 2 -24 le-6 -192 1e-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, 285.3) ( 44.707670, -1.102505) -5 0 0 le-6 0 le-6 ( 71.4, 155.0 ) ( 36.1, 100.4 )

E.11 scene02-01/MER_FR__1PNDPA20040302_ 103942 000000982024 00409 10483 1126.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.)
1 131539182.139727 ( 49.625284, 8.164910 ) 245 61 658 le-6 2547 1le-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, 105.8)
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 1e-6 ( 59.4, 152.5) ( 2.7, 105.2)

25 131539249.719119 ( 45.794270, 5.988361 ) 438 341 1098 1le-6 4279 le-6 ( 54.9, 159.4 ) ( 38.9, 290.2) ( 47.378555, -1.258509 ) 39 19 -4 le-6 -23 le-6 ( 58.4, 151.6 ) ( 2.7, 104.9)

33 131539272. 245583 ( 44.508844, 5.327512 ) 826 254 2027 le-6 7915 1e-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 scene02-02/MER_FR__1PNDPA20040302_ 103942 000000982024 00409 10483 1130.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. 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 le-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 le-6 ( 59.0, 153.4) ( 2.7, 285.8) ( 49.702075, -7.641864 ) -127 0 0 le-6 0 le-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, 285.6) ( 48.379184, -7.994999 ) -147 0 0 le-6 0 le-6 ( 61.6, 144.7 ) ( 38.9, 99.9)

33 131539272. 245583 ( 45.908761, -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 scene02-03/MER_FR__1PNDPA20040302_104117_000000982024 00409_10483_1131.N1
DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.)
1 131539277.874097 ( 44.187083, 5.166854 ) 619 265 1511 1le-6 5903 1e-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 le-6 ( 52.5, 157.2 ) ( 38.9, 289.2) ( 44.418253, -2.371344 ) -1344 0 0 le-6 0 le-6 ( 56.1, 149.7 ) ( 2.7, 104.5)

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 1le-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 1le-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, 288.1) ( 40.458810, -3.724928) 681 22 -70 le-6 -370 1e-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, 288.0) ( 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 behalf of
VisioTerra to fulfil the purpose for which the document was delivered to him. ”



reference VT-P194-DOC-001-E
| __.,J Envisat MERIS issue 1 revision 5

. = date 06/07/2005
VisioTerra Geometry Handbook
page 103 of 115

E.14 scene02-04/MER_FR__1PNPDE20040328_ 102200 000000982025 00280 10855 0002.N1

DATA SET #3 - "Tie points ADS":

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Az
1 133784520.248060 ( 51.198988, 13.715287 ) 164 32 473 le-6 1807 le-6 ( 49.0, 164.0 ) ( 39.7, 292.7) ( 52.950155, 5.704595 ) -2 0 0 le-6 0 le-6 ( 52.4, 154.4 ) ( 1.4, 106.
9 133784542.774524 ( 49.934628, 12.898227 ) 651 37 1830 1le-6 7017 1e-6 ( 48.0, 162.7 ) ( 39.7, 292.1) ( 51.645319, 5.087028 ) 10 1 0 le-6 -3 le-6 ( 51.4, 153.3 ) ( 1.4, 106.

17 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 ( 50.4, 152.2 ) ( 1.4, 105.

25 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 ( 49.4, 151.1) ( 1.4, 105.

33 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 ( 48.4, 150.0 ) ( 1.4, 105.

36 133784618.801340 ( 45.630319, 10.423082 ) 404 46 1050 le-6 4061 le-6 ( 44.4, 158.4 ) ( 39.8, 290.3) ( 47.224212, 3.201762 ) 254 26 -14 le-6 -76 le-6 ( 48.0, 149.6 ) ( 1.4, 105.

E.15 MER_RR__1PNPDK20030408_093303_ 000023202015 00208 _05773_0848.N1

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 as
stated in document R-2 but in 1e® radians.

DATA SET #3 - “Tie points ADS’

No. Dat e FIRST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.) LAST (Lat., Lon.) Al't. Rough. Corr. Lat. Lon. Sun (Zen., Azi.) View (Zen., Azi.
1 103109583.820036 ( 69.010207, 47.018145 ) -51 0 -4 le-6 -14 le-6 ( 62.2, 191.0 ) ( 40.5, 311.8) ( 74.042619, 17.620962 ) -242 0 7 le-6 114 le-6 ( 67.9, 158.9 ) ( 40.5, 103.8

9 103109606. 346500 ( 67.975274, 44.591548 ) 20 11 1 le-6 5 le-6 ( 61.1, 188.4 ) ( 40.5, 309.6 ) ( 72.747260, 16.535418 ) -437 0 13 le-6 192 le-6 ( 66.8, 157.7 ) ( 40.5, 103.1
17 103109628.872964 ( 66.908355, 42.372819 ) -7 1 0 le-6 -1 le-6 ( 59.9, 186.1 ) ( 40.5, 307.6 ) ( 71.447998, 15.575876 ) -1293 0 37 le-6 532 le-6 ( 65.7, 156.5 ) ( 40.5, 102.5
25 103109651.399428 ( 65.813653, 40.339576 ) -8 27 0 le-6 -2 le-6 ( 58.7, 183.9 ) ( 40.5, 305.8) ( 70.145543, 14.717798 ) -2501 0 69 le-6 966 le-6 ( 64.6, 155.4 ) ( 40.5, 102.0
33 103109673.925892 ( 64.694747, 38.471623) -1 16 0 le-6 0 le-6 ( 57.6, 181.9 ) ( 40.5, 304.2) ( 68.840428, 13.942550 ) -91 0 2 le-6 33 le-6 ( 63.5, 154.4 ) ( 40.5, 101.5
41 103109696. 452356 ( 63.554680, 36.750928 ) 180 30 13 le-6 45 le-6 ( 56.4, 180.0 ) ( 40.5, 302.7) ( 67.533060, 13.235743 ) -238 0 6 le-6 82 le-6 ( 62.5, 153.5 ) ( 40.5, 101.2
49 103109718.978820 ( 62.396046, 35.161501 ) 60 23 4 le-6 14 1le-6 ( 55.3, 178.2 ) ( 40.5, 301.3) ( 66.223758, 12.586091 ) -71 75 1 le-6 23 le-6 ( 61.4, 152.5 ) ( 40.5, 100.9
57 103109741.505284 ( 61.221061, 33.689225 ) 120 19 8 le-6 28 le-6 ( 54.1, 176.5 ) ( 40.5, 300.0 ) ( 64.912769, 11.984627 ) 233 77 -5 le-6 -72 le-6 ( 60.3, 151.6 ) ( 40.5, 100.6
65 103109764.031748 ( 60.031621, 32.321670 ) 10 9 0 le-6 2 le-6 ( 53.0, 174.8 ) ( 40.5, 298.9) ( 63.600293, 11.424131) 442 65 -10 le-6 -131 le-6 ( 59.3, 150.7 ) ( 40.5, 100.4
73 103109786.558212 ( 58.829354, 31.047899 ) 50 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, 149.8 ) ( 40.6, 100.2
81 103109809.084676 ( 57.615663, 29.858292 ) 64 11 3 le-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, 149.0 ) ( 40.6, 100.1
89 103109831.611140 ( 56.391762, 28.744384 ) 148 11 8 le-6 32 le-6 ( 49.6, 170.3 ) ( 40.6, 296.0 ) ( 59.655387, 9.934729 ) 195 92 -4 le-6 -51 le-6 ( 56.2, 148.1 ) ( 40.6, 100.0
97 103109854.312018 ( 55.149121, 27.690865 ) 173 5 9 le-6 36 le-6 ( 48.5, 168.8 ) ( 40.6, 295.1 ) ( 58.328084, 9.485400 ) -635 0 14 le-6 160 le-6 ( 55.2, 147.2 ) ( 40.6, 99.9
105 103109876.838482 ( 53.907758, 26.707302 ) 207 12 11 1le-6 43 le-6 ( 47.4, 167.4 ) ( 40.6, 294.4) ( 57.010045, 9. 059673 ) 4 0 0 le-6 0 le-6 ( 54.2, 146.3 ) ( 40.6, 99.8
113 103109899. 364946 ( 52.658958, 25.779529 ) 148 5 7 le-6 30 le-6 ( 46.3, 166.0 ) ( 40.6, 293.6 ) ( 55.691137, 8.651612 ) 25 4 0 le-6 -5 le-6 ( 53.2, 145.4 ) ( 40.6, 99.7
121 103109921.891410 ( 51.403423, 24.902395 ) 166 7 8 le-6 33 le-6 ( 45.2, 164.6 ) ( 40.6, 293.0) ( 54.371413, 8. 259167 ) -12 0 0 le-6 2 le-6 ( 52.2, 144.5 ) ( 40.6, 99.7
129 103109944. 417874 ( 50.141770, 24.071324 ) 221 14 11 1le-6 42 le-6 ( 44.1, 163.2 ) ( 40.6, 292.4) ( 53.050918, 7.880573 ) 12 4 0 le-6 -2 le-6 ( 51.2, 143.5) ( 40.6, 99.6
137 103109966. 944338 ( 48.874542, 23.282246 ) 788 90 39 le-6 149 le-6 ( 43.0, 161.9 ) ( 40.6, 291.8) ( 51.729692, 7.514298 ) 80 13 -1 le-6 -17 le-6 ( 50.3, 142.5) ( 40.6, 99.6
145 103109989. 470802 ( 47.602224, 22.531532 ) 127 10 6 le-6 23 le-6 ( 42.0, 160.5 ) ( 40.6, 291.2) ( 50.407769, 7.159013 ) 467 47 -10 le-6 -97 le-6 ( 49.3, 141.5) ( 40.6, 99.6
153 103110011.997266 ( 46.325245, 21.815938 ) 155 132 7 le-6 28 le-6 ( 40.9, 159.1 ) ( 40.6, 290.7 ) ( 49.085180, 6.813549 ) 268 16 -6 le-6 -54 le-6 ( 48.4, 140.5 ) ( 40.6, 99.6
161 103110034.523730 ( 45.043987, 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, 139.4 ) ( 40.7, 99.6
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, 138.3 ) ( 40.7, 99.6
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, 137.2 ) ( 40.7, 99.7
185 103110102.103122 ( 41.177797, 19.250847 ) -85 0 -3 le-6 -14 le-6 ( 36.9, 153.2 ) ( 40.7, 289.0) ( 43.788677, 5.511059 ) 541 48 -12 le-6 -99 le-6 ( 44.9, 136.0 ) ( 40.7, 99.7
193 103110124.632316 ( 39.882367, 18.672597 ) -128 0 -5 le-6 -21 le-6 ( 35.9, 151.6 ) ( 40.7, 288.6) ( 42.462966, 5.201393 ) -1915 0 43 le-6 345 le-6 ( 44.0, 134.8 ) ( 40.7, 99.7
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, 133.6 ) ( 40.7, 99.8
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 1le-6 ( 42.4, 132.3) ( 40.7, 99.8
217 103110192.211708 ( 35.980119, 17.060785 ) -3596 0 -147 le-6 -572 le-6 ( 33.1, 146.5 ) ( 40.7, 287.6 ) ( 38.483217, 4.301234 ) -2584 0 59 le-6 439 le-6 ( 41.7, 130.9 ) ( 40.7, 99.9
225 103110214.738172 ( 34.674525, 16.559626 ) -1544 0 -62 le-6 -242 le-6 ( 32.2, 144.7 ) ( 40.7, 287.3) ( 37.155664, 4.009153 ) -2339 0 54 le-6 391 le-6 ( 40.9, 129.5) ( 40.7, 99.9
233 103110237.264636 ( 33.366786, 16.074438 ) -1212 0O -48 le-6 -187 le-6 ( 31.3, 142.8 ) ( 40.7, 287.0) ( 35.827656, 3.720359 ) 664 20 -15 le-6 -109 le-6 ( 40.2, 128.1 ) ( 40.7, 100.0
241 103110259.791100 ( 32.057047, 15.604127 ) -64 0 -2 le-6 -9 le-6 ( 30.5, 140.9 ) ( 40.7, 286.7 ) ( 34.499212, 3.434483 ) 1038 32 -24 le-6 -167 le-6 ( 39.5, 126.6 ) ( 40.7, 100.0
249 103110282.317564 ( 30.745443, 15.147690 ) 152 22 5 le-6 22 le-6 ( 29.7, 138.8 ) ( 40.8, 286.5) ( 33.170350, 3.151185 ) 755 9 -17 le-6 -120 le-6 ( 38.9, 125.1 ) ( 40.8, 100.1
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257 103110304. 844028 ( 29.432101, 14.704209 ) 344 17 13 le-6 51 le-6 ( 28.9, 136.7 ) ( 40.8, 286.2) ( 31.841091, 2.870148 ) 689 18 -16 le-6 -108 le-6 ( 38.3, 123.5) ( 40.8, 100.
265 103110327.370492 ( 28.117135, 14.272835) 546 18 20 le-6 80 le-6 ( 28.2, 134.4 ) ( 40.8, 286.0) ( 30.511453, 2.591077 ) 453 7 -10 le-6 -70 le-6 ( 37.7, 121.8 ) ( 40.8, 100.
273 103110349. 896956 ( 26.800654, 13.852787 ) 504 21 18 le-6 73 le-6 ( 27.5, 132.1 ) ( 40.8, 285.8) ( 29.181457, 2.313696 ) 471 12 -11 1le-6 -71 le-6 ( 37.1, 120.2 ) ( 40.8, 100.
281 103110372.423420 ( 25.482760, 13.443343) 646 3 23 le-6 93 le-6 ( 26.8, 129.6 ) ( 40.8, 285.5) ( 27.851122, 2.037744 ) 529 23 -12 1le-6 -79 le-6 ( 36.6, 118.4 ) ( 40.8, 100.
289 103110394.948708 ( 24.163617, 13.043857 ) 717 6 25 le-6 102 1e-6 ( 26.2, 127.1 ) ( 40.8, 285.3) ( 26.520540, 1.762992 ) 152 2 -3 le-6 -22 le-6 ( 36.1, 116.6 ) ( 40.8, 100.
297 103110417.475172 ( 22.843176, 12.653666 ) 767 12 27 le-6 108 1le-6 ( 25.7, 124.4 ) ( 40.8, 285.1) ( 25.189593, 1.489176 ) 305 26 -7 le-6 -44 le-6 ( 35.7, 114.8 ) ( 40.8, 100.
305 103110440.001636 ( 21.521591, 12.272217 ) 719 4 25 le-6 101 1e-6 ( 25.2, 121.7 ) ( 40.8, 284.9) ( 23.858374, 1.216089 ) 306 7 -7 le-6 -44 le-6 ( 35.3, 112.9 ) ( 40.8, 100.
313 103110462.528100 ( 20.198940, 11.898976 ) 400 6 13 le-6 55 le-6 ( 24.7, 118.9 ) ( 40.8, 284.8) ( 22.526905, 0. 943519 ) 360 1 -9 le-6 -51 le-6 ( 35.0, 111.0 ) ( 40.8, 100.
321 103110485. 054564 ( 18.875300, 11.533442) 555 3 18 le-6 77 le-6 ( 24.4, 115.9 ) ( 40.8, 284.6) ( 21.195211, 0.671259 ) 382 3 -9 le-6 -54 le-6 ( 34.7, 109.1 ) ( 40.8, 100.
329 103110507.581028 ( 17.550742, 11.175152) 411 0 13 le-6 56 le-6 ( 24.0, 112.9 ) ( 40.8, 284.4) ( 19.863315, 0.399112 ) 381 2 -9 le-6 -53 le-6 ( 34.4, 107.1 ) ( 40.8, 100.
337 103110530. 107492 ( 16.225334, 10.823668 ) 397 6 13 le-6 54 le-6 ( 23.8, 109.9 ) ( 40.8, 284.2) ( 18.531245, 0. 126886 ) 403 2 -10 le-6 -56 le-6 ( 34.2, 105.1 ) ( 40.8, 101.
345 103110552. 633956 ( 14.899140, 10.478584 ) 437 4 14 le-6 59 le-6 ( 23.6, 106.8 ) ( 40.8, 284.1) ( 17.199026, -0.145608 ) 324 3 -8 le-6 -45 le-6 ( 34.1, 103.1) ( 40.8, 101.
353 103110575. 160420 ( 13.572225, 10.139516 ) 465 12 15 le-6 63 le-6 ( 23.5, 103.6 ) ( 40.8, 283.9) ( 15.866684, -0.418554 ) 386 9 -10 le-6 -53 le-6 ( 33.9, 101.0 ) ( 40.8, 101.
361 103110597.686884 ( 12.244646, 9. 806103 ) 361 5 11 le-6 48 le-6 ( 23.4, 100.5 ) ( 40.8, 283.8) ( 14.534250, -0.692135 ) 302 12 -8 le-6 -41 le-6 ( 33.9, 99.0) ( 40.8, 101.
369 103110620.213348 ( 10.916460, 9. 478006 ) 610 24 19 le-6 81 le-6 ( 23.5, 97.3 ) ( 40.8, 283.6) ( 13.201750, -0.966529 ) 303 12 -8 le-6 -41 le-6 ( 33.9, 96.9) ( 40.8, 101.
377 103110642.739812 ( 9.587724, 9.154905 ) 1139 12 35 le-6 152 1le-6 ( 23.5, 94.2 ) ( 40.8, 283.5) ( 11.869216, -1.241915) 273 0 -7 le-6 -37 le-6 ( 33.9, 94.9) ( 40.8, 101.
385 103110665. 269006 ( 8.258327, 8. 836457 ) 170 6 5 le-6 22 le-6 ( 23.7, 91.1) ( 40.8, 283.3) ( 10.536516, -1.518506 ) 152 19 -4 le-6 -20 le-6 ( 34.0, 92.9) ( 40.8, 101.
393 103110687.795470 ( 6.928644, 8.522453 ) 152 4 4 le-6 20 1e-6 ( 23.9, 88.0) ( 40.8, 283.2) ( 9.204005, ~-1.796414 ) 178 6 -4 le-6 -23 le-6 ( 34.1, 90.9) ( 40.8, 101.
401 103110710.321934 ( 5.598562, 8.212579 ) 152 14 4 le-6 20 1le-6 ( 24.2, 85.1) ( 40.8, 283.0) ( 7.871554, -2.075851 ) 229 23 -6 le-6 -30 le-6 ( 34.3, 88.9) ( 40.8, 101.
409 103110732.848398 ( 4.268129, 7.906576 ) -4 0 0 le-6 0 le-6 ( 24.6, 82.2) ( 40.8, 282.9) ( 6.539196, -2.357001 ) 146 77 -4 le-6 -19 le-6 ( 34.6, 86.9 ) ( 40.8, 101.
417 103110755. 374862 ( 2.937389, 7.604195 ) -2314 0 -69 le-6 -306 le-6 ( 25.0, 79.4 ) ( 40.8, 282.8) ( 5.206967, -2.640048 ) 41 1 -1 le-6 -5 1e-6 ( 34.8, 85.0) ( 40.8, 102.
425 103110777.901326 ( 1.606388, 7.305199 ) -1644 0O -48 le-6 -217 le-6 ( 25.5, 76.7 ) ( 40.8, 282.7) ( 3.874902, -2.925181 ) -2916 0 83 le-6 387 le-6 ( 35.2, 83.1) ( 40.8, 102.
433 103110800. 427790 ( 0.275169, 7.009358 ) -2809 0 -82 le-6 -371 le-6 ( 26.0, 74.2) ( 40.8, 282.5) ( 2.543036, -3.212592 ) -4979 0 143 1le-6 660 le-6 ( 35.5, 81.3 ) ( 40.8, 102.
441 103110822.954254 ( -1.056227, 6.716454 ) -3197 0O -93 le-6 -423 le-6 ( 26.6, 71.7 ) ( 40.8, 282.4) ( 1.211409, -3.502478 ) -5006 0 145 le-6 662 le-6 ( 36.0, 79.5) ( 40.8, 102.
449 103110845. 480718 ( -2.387761, 6.426274 ) -3625 0 -104 le-6 -480 le-6 ( 27.2, 69.4 ) ( 40.8, 282.3) ( -0.119941, -3.795045 ) -5006 0 147 1le-6 662 le-6 ( 36.4, 77.8) ( 40.8, 102.
457 103110868.007182 ( -3.719394, 6.138614 ) -4544 0 -129 le-6 -603 le-6 ( 27.9, 67.1) ( 40.8, 282.2) ( -1.450976, -4.090501 ) -5000 0 148 1le-6 661 le-6 ( 36.9, 76.1) ( 40.8, 102.
465 103110890.533646 ( -5.051087, 5.853275 ) -4817 0 -136 le-6 -640 le-6 ( 28.6, 65.0 ) ( 40.8, 282.1) ( -2.781653, -4.389063 ) -4803 0 143 1le-6 635 le-6 ( 37.4, 74.5) ( 40.8, 102.
473 103110913.060110 ( -6.382805, 5.570063 ) -4885 0 -137 le-6 -651 le-6 ( 29.4, 63.0) ( 40.8, 282.0) ( -4.111930, -4.690959 ) -4402 0 133 1le-6 582 le-6 ( 38.0, 72.9) ( 40.8, 102.
481 103110935.585398 ( -7.714442, 5.288802 ) -5090 0 -141 le-6 -680 le-6 ( 30.1, 61.2 ) ( 40.7, 281.8) ( -5.441695, -4.996407 ) -4740 0 144 1le-6 627 le-6 ( 38.6, 71.4) ( 40.7, 1083.
489 103110958.111862 ( -9.046103, 5.009279 ) -5289 0 -145 le-6 -709 le-6 ( 31.0, 59.4 ) ( 40.7, 281.7) ( -6.771040, -5.305685 ) -4410 0 135 le-6 585 le-6 ( 39.3, 70.0) ( 40.7, 1083.
497 103110980. 638326 (-10.377686, 4.731325 ) -5416 0 -147 le-6 -729 le-6 ( 31.8, 57.7 ) ( 40.7, 281.6 ) ( -8.099851, -5.619034 ) -4600 0 143 1le-6 611 le-6 ( 39.9, 68.6 ) ( 40.7, 103.
505 103111003. 164790 (-11.709158, 4.454759 ) -5467 0 -147 le-6 -739 le-6 ( 32.7, 56.1) ( 40.7, 281.5) ( -9.428079, -5.936724 ) -4299 0 135 le-6 573 le-6 ( 40.6, 67.3 ) ( 40.7, 103.
513 103111025. 691254 (-13. 040488, 4.179403 ) -5429 0 -145 le-6 -738 le-6 ( 33.6, 54.6 ) ( 40.7, 281.4) (-10.755675, -6.259039 ) -4438 0 140 le-6 593 le-6 ( 41.4, 66.0) ( 40.7, 103.
521 103111048.217718 (-14.371647, 3.905077 ) -5434 0 -144 le-6 -743 le-6 ( 34.5, 53.2) ( 40.7, 281.3) (-12.082587, -6.586279 ) -4405 0 141 1le-6 591 le-6 ( 42.1, 64.8) ( 40.7, 103.
529 103111070. 744182 (-15.702605, 3.631604 ) -5437 0 -142 le-6 -748 le-6 ( 35.5, 51.9 ) ( 40.7, 281.2) (-13.408761, -6.918758 ) -3984 0 129 1le-6 536 le-6 ( 42.9, 63.7 ) ( 40.7, 103.
537 103111093. 270646 (-17.033335, 3.358804 ) -5403 0 -140 le-6 -748 le-6 ( 36.4, 50.7 ) ( 40.7, 281.1) (-14.734143, -7.256813 ) -4198 0 137 1le-6 568 le-6 ( 43.7, 62.6 ) ( 40.7, 104.
545 103111115.797110 (-18.363809, 3.086495 ) -5407 0 -139 le-6 -754 le-6 ( 37.4, 49.5) ( 40.6, 281.0) (-16.058674, -7.600796 ) -4331 0 143 1le-6 589 le-6 ( 44.6, 61.6 ) ( 40.6, 104.
553 103111138.323574 (-19.694000, 2.814495 ) -5376 0 -137 le-6 -755 le-6 ( 38.4, 48.5) ( 40.6, 280.9 ) (-17.382294, -7.951087 ) -4194 0 140 le-6 574 le-6 ( 45.4, 60.6 ) ( 40.6, 104.
561 103111160. 850038 (-21.023885, 2.542617 ) -5388 0 -136 le-6 -764 le-6 ( 39.4, 47.4 ) ( 40.6, 280.9 ) (-18.704940, -8.308085 ) -3829 0 129 1le-6 527 le-6 ( 46.3, 59.7 ) ( 40.6, 104.
569 103111183.376502 (-22.353439, 2.270668 ) -5181 0 -130 le-6 -741 le-6 ( 40.5, 46.5) ( 40.6, 280.8 ) (-20.026546, -8.672218 ) -3715 0 127 le-6 515 le-6 ( 47.2, 58.8 ) ( 40.6, 104.
577 103111205. 905696 (-23.682798, 1.998420 ) -5244 0 -130 le-6 -757 le-6 ( 41.5, 45.6 ) ( 40.6, 280.7 ) (-21.347203, -9.043991 ) -3992 0 138 le-6 557 le-6 ( 48.1, 58.0 ) ( 40.6, 104.
585 103111228.432160 (-25.011619, 1.725736 ) -5155 0 -127 le-6 -752 le-6 ( 42.6, 44.7 ) ( 40.6, 280.6 ) (-22.666518, -9.423801 ) -4085 0 143 1le-6 575 le-6 ( 49.0, 57.3 ) ( 40.6, 105.
593 103111250. 958624 (- 26.340042, 1.452371 ) -5241 0 -128 le-6 -773 le-6 ( 43.6, 43.9 ) ( 40.6, 280.5) (-23.984574, -9.812219 ) -4182 0 148 1le-6 593 le-6 ( 50.0, 56.6 ) ( 40.6, 105.
601 103111273.485088 (-27.668044, 1.178107 ) -4589 0 -111 le-6 -684 le-6 ( 44.7, 43.2 ) ( 40.5, 280.4 ) (-25.301289, -10.209809 ) -4038 0 145 le-6 578 le-6 ( 50.9, 55.9 ) ( 40.5, 105.
609 103111296.011552 (-28.995607, 0.902712 ) -4421 0 -106 le-6 -667 le-6 ( 45.8, 42.5) ( 40.5, 280.3) (-26.616578, -10.617177 ) -3976 0 144 1le-6 574 le-6 ( 51.9, 55.3 ) ( 40.5, 105.
617 103111318.538016 (-30.322710, 0.625946 ) -2517 0O -60 le-6 -385 le-6 ( 46.9, 41.9 ) ( 40.5, 280.3) (-27.930350, -11.034978 ) -3569 0 131 le-6 521 le-6 ( 52.9, 54.8 ) ( 40.5, 106.
625 103111341. 064480 (-31.649335, 0. 347551 ) -4504 0 -106 le-6 -698 le-6 ( 48.0, 41.2 ) ( 40.5, 280.2 ) (-29.242505, -11.463918 ) -3003 0 112 le-6 443 le-6 ( 53.9, 54.3 ) ( 40.5, 106.
633 103111363.590944 (-32.975464, 0.067257 ) -2615 0 -61 le-6 -411 le-6 ( 49.1, 40.7 ) ( 40.5, 280.1) (-30.552940, -11.904761 ) -3593 0 136 le-6 536 le-6 ( 54.9, 53.8 ) ( 40.5, 106.
641 103111386.117408 (-34.301080, -0.215225 ) -4596 0 -107 le-6 -733 le-6 ( 50.2, 40.2) ( 40.5, 280.1) (-31.861543, -12.358337 ) -3451 0 132 le-6 521 le-6 ( 55.9, 53.4) ( 40.5, 106.
649 103111408.643872 (-35.626165, -0.500208 ) -4842 0 -112 le-6 -785 le-6 ( 51.3, 39.7 ) ( 40.4, 280.0 ) (-33.168194, -12.825543 ) -3134 0 122 le-6 479 1le-6 ( 57.0, 53.0 ) ( 40.4, 107.
657 103111431.170336 (-36.950703, -0.788024 ) -5002 0 -115 le-6 -824 le-6 ( 52.4, 39.2 ) ( 40.4, 279.9) (-34.472761, -13.307359 ) -3626 0 143 1le-6 562 le-6 ( 58.0, 52.7 ) ( 40.4, 107.
665 103111453.696800 (-38.274677, -1.079036 ) -5025 0 -115 le-6 -843 le-6 ( 53.5, 38.8 ) ( 40.4, 279.9) (-35.775105, -13.804851 ) -3494 0 140 le-6 549 le-6 ( 59.1, 52.4) ( 40.4, 107.
673 103111476.225994 (-39.598232, -1.373669 ) -4887 0 -111 le-6 -835 le-6 ( 54.7, 38.4 ) ( 40.4, 279.8) (-37.075231, -14.319246 ) -3005 0 123 1le-6 479 le-6 ( 60.1, 52.2 ) ( 40.4, 107.
681 103111498. 752458 (-40.921031, -1.672279 ) -4836 0 -109 le-6 -842 le-6 ( 55.8, 38.1) ( 40.4, 279.8) (-38.372656, -14.851694 ) -3001 0 125 le-6 485 le-6 ( 61.2, 52.0 ) ( 40.4, 108.
689 103111521.278922 (-42.243219, -1.975369 ) -4179 0 -94 le-6 -742 le-6 ( 57.0, 37.7 ) ( 40.3, 279.7) (-39.667357, -15.403651 ) -3021 0 128 le-6 496 le-6 ( 62.3, 51.9 ) ( 40.3, 108.
697 103111543. 805386 (-43.564778, -2.283451 ) -4231 0 -94 le-6 -767 le-6 ( 58.1, 37.5) ( 40.3, 279.7) (-40.959135, -15.976651 ) -3015 0 130 le-6 503 le-6 ( 63.4, 51.8 ) ( 40.3, 108.
705 103111566. 331850 (-44.885692, -2.597094 ) -4021 0 -89 le-6 -745 le-6 ( 59.2, 37.2) ( 40.3, 279.7) (-42.247771, -16.572383 ) -2979 0 131 le-6 506 le-6 ( 64.5, 51.7 ) ( 40.3, 109.
713 103111588. 858314 (-46.205944, -2.916923 ) -4186 0O -93 le-6 -794 le-6 ( 60.4, 37.0) ( 40.3, 279.6 ) (-43.533023, -17.192706 ) -3027 0 136 le-6 523 le-6 ( 65.6, 51.7 ) ( 40.3, 109.
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721 103111611. 384778 (-47.525514, -3.243639 ) -4239 0 -94 le-6 -823 le-6 ( 61.5, 36.8 ) ( 40.3, 279.6 ) (-44.814626, -17.839679 ) -3510 0 161 le-6 618 le-6 ( 66.7, 51.8 ) ( 40.3, 110.
729 103111633.911242 (-48.844383, -3.578024 ) -3947 0O -87 le-6 -786 le-6 ( 62.7, 36.6 ) ( 40.2, 279.6 ) (-46.092284, -18.515580 ) -3976 0 186 le-6 713 le-6 ( 67.8, 51.9) ( 40.2, 110.
737 103111656. 437706 (-50.162529, -3.920955 ) -2962 0 -65 le-6 -606 le-6 ( 63.9, 36.5) ( 40.2, 279.6 ) (-47.365666, -19.222939 ) -4000 0 191 le-6 732 le-6 ( 68.9, 52.0) ( 40.2, 111.
745 103111678.964170 (-51.479928, -4.273426 ) -2400 0O -53 le-6 -504 le-6 ( 65.0, 36.4 ) ( 40.2, 279.6 ) (-48.634404, -19.964570 ) -3326 0 163 le-6 621 le-6 ( 70.0, 52.2) ( 40.2, 111.
753 103111701. 490634 (-52.796553, -4.636560 ) -2033 0 -45 le-6 -440 le-6 ( 66.2, 36.3 ) ( 40.2, 279.6 ) (-49.898088, -20.743613 ) -4096 0 205 le-6 781 le-6 ( 71.2, 52.5) ( 40.2, 112.
761 103111724.017098 (-54.112373, -5.011641 ) -2463 0O -54 le-6 -549 le-6 ( 67.3, 36.2) ( 40.2, 279.7) (-51.156253, -21.563575 ) -4540 0 233 le-6 885 le-6 ( 72.3, 52.8) ( 40.2, 112.
769 103111746.718167 (-55.437543, -5.403206 ) -2992 0O -66 le-6 -689 le-6 ( 68.5, 36.2 ) ( 40.2, 279.7 ) (-52.418057, -22.435275 ) -4501 0 238 le-6 897 le-6 ( 73.4, 53.2) ( 40.2, 113.
777 103111769. 244631 (-56.751636, -5.806939 ) -3104 0 -69 le-6 -739 le-6 ( 69.7, 36.2 ) ( 40.1, 279.8) (-53.663494, -23.349747 ) -4018 0 218 le-6 819 le-6 ( 74.6, 53.7 ) ( 40.1, 114.
785 103111791. 771095 (-58.064801, -6.227764 ) -4006 0O -90 le-6 -988 le-6 ( 70.8, 36.3 ) ( 40.1, 279.8) (-54.901622, -24.318486 ) -3991 0 223 le-6 833 le-6 ( 75.7, 54.2 ) ( 40.1, 115.
793 103111814.297559 (-59.376981, -6.667977 ) -4999 0 -114 le-6 -1279 le-6 ( 72.0, 36.3 ) ( 40.1, 279.9) (-56.131674, -25.347094 ) -7005 0 403 le-6 1498 le-6 ( 76.9, 54.8 ) ( 40.1, 115.
801 103111836.824023 (-60.688109, -7.130273 ) -5220 0 -120 le-6 -1389 le-6 ( 73.2, 36.5) ( 40.1, 280.1) (-57.352774, -26.441906 ) -1893 0 112 le-6 414 le-6 ( 78.0, 55.5) ( 40.1, 116.
809 103111859.350487 (-61.998105, -7.617840 ) -5204 0 -121 le-6 -1442 le-6 ( 74.3, 36.6 ) ( 40.1, 280.2 ) (-58.563918, -27.610088 ) -3209 0 196 le-6 721 le-6 ( 79.2, 56.2) ( 40.1, 117.
817 103111881.876951 (-63.306870, -8.134481 ) -5228 0 -124 le-6 -1513 le-6 ( 75.5, 36.8 ) ( 40.1, 280.4 ) (-59.763948, -28.859770 ) -2518 0 159 1le-6 580 le-6 ( 80.3, 57.1) ( 40.1, 118.
825 103111904. 403415 (-64.614286, -8.684763 ) -5193 0 -125 le-6 -1573 le-6 ( 76.7, 37.1) ( 40.1, 280.6 ) (-60.951527, -30.200177 ) -4133 0 271 le-6 976 le-6 ( 81.5, 58.1) ( 40.1, 119.
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APPENDIX F - QUALITY CONTROLS OF ACE AND GETASSE30

F.1 Differences between GPS points and ACE DEM — Nearest neighbour
DEM ". ./ DEM ACE/ ACE_30sec/ EUROPA WES84" control l ed by "EUVN ETRF. BLH' CCPs:

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 :
ARl THVETI C MEAN : -2201. 149
QUADRATI C MEAN : 12109. 911
STANDARD DEVI ATl ON : 11908. 186
M NI MUM : - 65001. 139
MAXI MUM : 325. 560
CCP # EASTI NG NORTHING  GCP ELEVAT. DEM ELEVAT. DI 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
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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
2.157415
-1. 024620
-8.398931
2. 624605
-4.110514
22.976524
-0.561842
3.735284
-4.503849
0.105997
6.128414
2.424987
-0.199389
-1. 685527
-2.782971
-1. 450672
-2.386369
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25. 566236
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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

. 673
. 095
. 627
. 909
.172
L7172
. 470
. 628
. 621
. 615
. 705
. 116
. 971
. 488
. 635
. 339
. 406
. 673
. 931
. 747
. 199
. 143
. 310
. 821
. 831
. 406
. 258
. 611
. 088
. 160
. 486
. 558
. 310
. 231
. 438
. 602
. 796
. 861
. 752
. 935
. 070
. 347
. 944

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

25.673
70. 095
46. 627
40. 909
56.172
38.772
51. 470
75.628
-9.379
67.615
81. 705
61.116
42.971
50. 488
58. 635
1.339
-36.594
88.673
165. 931
66. 747
38.199
47.143
36. 310
28.821
71.831
14. 406
34. 258
34.611
-15.912
153. 160
51. 486
32.558
265. 310
67.231
63. 438
34.602
-64964. 204
-65001. 139
77.752
63. 935
41. 070
20. 347
155. 944
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VisioTerra to fulfil the purpose for which the document was delivered to him.”



L=

VisioTerra
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" control | ed by "EUVN ETRF. BLH' GCPs:

. 738362
. 588148
. 353462
. 322331
. 286396
. 565884
. 503793
. 836647
. 034587

NUMBER OF GCPs I N | NPUT
NUMBER OF PROCESSED GCPs
NUMBER OF GCPs QUTSI TE THE DEM
ELEVATI ON DI FFERENCES

ARl THVETI C MEAN
QUADRATI C MEAN
STANDARD DEVI ATl ON

M NI 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

NORTHI NG

. 276957
. 797807
. 135881
. 933714
. 094902
. 820895
. 913677
. 754725
. 067107
. 867308
. 097275
. 178407
. 892409
. 649120

. 156
. 390
. 196
. 084
. 172
. 191
. 127
. 732
. 178

GCP ELEVAT.

124.
149.
238
63
282.
107.
592.
13109.
538.
76.
141.
96.
187.
535.

366
668
378
894
695
810
594
310
290
489
447
846
031
657

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

. 884517
. 480752
. 717480
. 452611
. 367308
. 604485
. 878487
. 878945

. 646799
. 989779
. 925486
. 281520
. 066073
. 058785
. 205649
. 877930
. 951976
. 367308
. 878888
. 465296
. 598375
. 683435
. 082992

. 165908
. 560778
. 426617
. 562870
. 653880
. 914599
. 143966
. 144253

. 519965
. 876079
. 395302
. 789608
. 379286
. 948625
. 464351
. 406732
. 443603
. 653880
. 144195
. 877115
. 654545
. 554197
. 496026

. 054
. 106
. 650
. 801
. 788
. 275
. 272
. 937

. 057
. 244
. 547
. 748
. 420
. 702
. 180
. 043
. 362
. 787
. 026
. 342
. 606
. 372
. 059

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

->
->

->
->
->
->
->
->

->
->
->
->
->

. 946
. 106
. 650
. 801
. 788
. 275
. 272
. 937

. 057
. 756
. 547
. 252
. 420
. 702
. 180
. 043
. 638
. 213
. 026
. 342
. 606
. 372
. 059

" 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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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 behalf 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

. 461
. 743
. 560
. 243
. 882
. 470
. 933
. 440
. 260
. 220
. 324
. 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

reference

Envisat MERIS

Geometry Handbook

48
38
1029
37
131
134
480
1811
1363
2214
541
406
1578

360.
599.
284

424

146.
330
40
217.
743
509.
327.
586.
121.

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
000
000
000
. 000
000
000
000
000
000
000
000
000
000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

VVVVVVVVVVVVVVVVVVVVVVVVVVVYVYVVYVYV

oo
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->
->
->
->
->
->
->
->

issue
date

page

. 461
. 743
. 560
. 243
. 882
. 470
. 933
. 560
. 740
. 780
. 324
. 707
. 690
. 369
. 642
. 702
. 682
. 490
. 877
. 021
. 982
. 506
. 493
. 308
. 626
. 934
. 546
. 447
. 938
. 792
. 303
. 619
. 715
. 496
. 272
. 347
. 048
. 660
. 634
. 957
. 085
. 213
. 281
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. 976524
. 762702
. 561842
. 735284
. 503849
. 105997
. 353775
. 128414
. 424987
. 681746
. 199389
. 685527
. 924040
. 782971
. 355838
. 450672
. 386369
. 542908
. 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

VisioTerra to fulfil the purpose for which the document was delivered to him.”

. 822697
. 927389
. 815672
. 620143
. 407887
. 481896
. 278770
. 762776
. 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
. 797
. 915
. 485
.411
. 632
. 797
. 724
. 148
. 264
. 433
. 401
. 897
. 779
. 469
. 586
. 112
. 507
. 465
. 585
. 607
. 885
. 068
. 809
. 398
. 988
. 673
. 095
. 627
. 909
. 589
.172
L7172
. 470
. 628
. 621
. 615
. 705
. 116
. 971
. 488
. 635
. 339

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

. 142
. 797
. 915
. 515
.411
. 632
. 797
. 276
. 148
. 736
. 433
. 401
. 897
. 779
. 469
. 586
. 112
. 507
. 465
. 415
. 607
. 885
. 068
. 809
. 398
. 988
. 327
. 095
. 373
. 091
. 589
. 828
L7172
. 470
. 628
. 379
. 615
. 705
. 116
. 971
. 512
. 635
. 661
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121 :
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124
125 :
126 :
127
128 :
129 :
130 :
131 :
132 :
133 :
134 :
135 :
136 :
137 :
138 :
139 :
140 :
141
142

F.3

DEM " ../ DEM GETASSE30/ EUROPA WES84" control | ed by "EUVN ETRF. BLH' GCPs:
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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

. 406
. 673
. 931
. 747
. 199
. 143
. 310
. 821
. 831
. 329
. 406
. 258
. 941
. 611
. 088
. 160
. 822
. 534
. 486
. 558
. 310
. 231
. 438
. 602
. 796
. 205
. 861

reference

Envisat MERIS

Geometry Handbook

111. 000 -

101. 000 -

157. 000 -
222.000 -

843. 000 -

1203. 000 -

147. 000 -

1029. 000 -
370. 000 -

153. 000 -

98. 000 -

48. 000 -
68. 000 -
50. 000 -
82.000 -

24.000 -
28. 000 -
28. 000 -
31.000 -
37.000 -

40. 000 -

43. 000 -

36. 000 -

99. 000 -

70. 000
44.000
32.000

VVVVVVVVVVVVVVVVVVVVYVVVYVVYV

'
\%

-42.
46.
100
20
. 801
10
. 310

7
18.

5
-1.

8
- 3.

3
-27.
61.
. 822
. 534
. 514
. 558
. 310
. 769
. 438
. 602
. 796
. 795
. 861

-11

7

issue
date

page

594
673
931
747

143

821
831
329
594
258
059
611
912
160
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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

NUMBER OF GCPs
NUMBER OF PROCESSED GCPs

NUMBER OF GCPs QUTSI TE THE DEM

I N I NPUT

ELEVATI ON DI FFERENCES :

ARl THVETI C MEAN
QUADRATI C MEAN
STANDARD DEVI ATl ON

M NI 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 behalf of

217
169
48

11
34
32

-181

(77.9%
(22.1%

. 304
. 017
. 083
. 091

. 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

. 752
. 808
. 935
. 070
. 347
. 944
. 216
. 156
. 390
. 189
. 196
. 084
. 172
. 191
. 127
. 732
. 178
. 054
. 091
. 106
. 005
. 650
. 801
. 788
. 275
. 272
. 937

. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000
. 000

. 248
. 808
. 935
. 930
. 347
. 944
. 216
. 156
. 390
. 189
. 196
. 084
. 172
. 191
. 127
. 732
. 178
. 946
. 091
. 106
. 005
. 350
. 801
. 212
. 275
. 272
. 937
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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

NORTHI 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

GCP ELEVAT.

124
149.
238
63
282.
107.
592.
13109.
538.
76.
141.
96.
187.
535.
50.
126.
45.
291.
144.

. 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

Geometry Handbook date
page
125. 763

DEM ELEVAT. DI 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

VT-P194-DOC-001-E

1 revision 5
06/07/2005
111 of 115

. 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
. 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
. 762776
. 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

26
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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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-1.681746
-0.199389
-1. 685527
-5.924040
-2.782971
-5.355838
-1. 450672
-2. 386369
-5.542908
-1.192268
25.566236
20. 664811
21. 320333
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

" 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

. 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
. 433
. 401
. 897
. 779
. 469
. 586
. 112
. 507
. 465
. 585
. 607
. 885
. 068
. 809
. 398
. 988
. 673
. 095
. 627
. 909
. 589
.172
L7172
. 470
. 628
. 621
. 615
. 705
. 116
. 971
. 488
. 635
. 339
. 406
. 673
. 931
. 747
. 199
. 143
. 310
. 821
. 831

reference

Envisat MERIS

Geometry Handbook

66

133
136.
55
53
100
63
371.
59.
78.
220.
571.
23.
479.
55.
143.
2009.
72.
129.
51.
161.
48.
742.
143.
128.
213.

. 099
753
748
000
485
590
803
459
768
145
174
592
635
125
130
241
594
476
914
167
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F.4 Differences between GPS points and GETASSE30 DEM — Bi-cubic
DEM ". ./ DEM GETASSE30/ EUROPA WGS84" control | ed by "EUVN ETRF. BLH' GCPs:

NUMBER OF GCPs I N | NPUT : 217
NUMBER OF PROCESSED GCPs : 169 (77.9%
NUMBER OF GCPs QUTSI TE THE DEM 48 (22.1%
ELEVATI ON DI FFERENCES
ARl THVETI C MEAN : 12. 008
QUADRATI C  MEAN : 32. 915
STANDARD DEVI ATI ON : 30. 646
M NI MUM : -172.570
MAXI MUM : 127. 387
GCP # EASTI NG NORTHING GCP ELEVAT.  DEM ELEVAT. DI FFERENCE
1: 17. 073455 52. 276957 124. 366 112.723 -> 11. 643
2 4.359235 50. 797807 149. 668 132,284 -> 17. 384
3 8.972749 39. 135881 238.378 166. 796 -> 71.582
4 3.399645 50. 933714 63. 894 55.095 -> 8.799
5 4. 594950 50. 094902 282. 695 237.366 -> 45. 329
6 : 0. 492343 40. 820895 107. 810 63.524 -> 44. 286
7 14. 785635 49. 913677 592. 594 533.833 -> 58. 761
8 : 6. 920585 43. 754725 1319. 310 1245.788 -> 73.522
9 : 15. 493466 47.067107 538. 290 479.585 -> 58. 705
10 : 0. 336269 50. 867308 76. 489 54.938 -> 21.551
11 21. 031561 52.097275 141. 447 136.975 -> 4.472
12 5. 809620 52.178407 96. 846 82.618 -> 14. 228
13 : 20. 669911 53. 892409 187. 031 179.789 -> 7.242
14 16. 704471 40. 649120 535. 657 504.578 -> 31.079
15 : 11. 646799 44. 519965 50. 057 48.275 -> 1.782
16 : 14. 989779 36.876079 126. 244 148.171 ->  -21.927
17 11. 925486 57. 395302 45. 547 40. 469 - > 5.078
18 : 19. 281520 47.789608 291.748 307.550 -> -15.802
19 : 13. 066073 52. 379286 144. 420 114. 260 -> 30. 160
20 : 24.058785 56. 948625 34.702 33.212 -> 1. 490
21 - 6. 205649 36. 464351 84.180 62.822 -> 21. 358
22 11. 877930 45. 406732 84.043 60. 980 -> 23.063
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