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Abstract
The GlobCover project has developed a service dedicated to the generation of multi-year global land
cover maps at 300 meter spatial resolution using as its main source of data the Full Resolution full
Swath (300m) data (FRS) acquired by the MERIS sensor on-board the ENVISAT satellite. As
multiple single daily orbits have to be combined in one single dataset, an accurate relative and
absolute geolocation of GlobCover orthorectified products is required and needs to be assessed. We
describe in this paper the main steps of the orthorectification pre-processing chain as well as the
validation methodology and geometric performance assessments. Final results are very satisfactory
with an absolute geolocation error of 77 meters rms and a relative geolocation error of 51 meters rms.
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1 Introduction
Wide field-of-view sensors such as the Advanced Very High Resolution Radiometer (AVHRR),
VEGETATION, MODerate Imaging System (MODIS), Multiangle Imaging Spectro-Radiometer
(MISR) and Medium Resolution Imaging Spectrometer (MERIS) provide a near daily global coverage
of the Earth with an appropriate resolution to derive land cover or land cover change. These main
sources of data have been used widely in the past to produce land cover maps with AVHRR at 8 km
[1] and 1 km [2] spatial resolution (or ground sampling distance). Unfortunately, the product quality is
often limited by the rather poor geometric accuracy of the data. Significant progress in terms of
geometric performance has been made more recently at 1 km with MODIS [3] or
VEGETATION/GLC-2000 product [4]-[5]. The GlobCover product from the European Space Agency
(ESA) goes beyond this with a land cover map using as its main source of data the full resolution
(300m) mode data (FRS) acquired over the years 2005 and 2006 by the MERIS sensor on-board the
ENVISAT satellite and a service capable of reproducing this product on a multi-year scale.

Distinction in land cover types at global scale uses primarily the seasonal characteristics of vegetation
generally based on the temporal dynamics of spectral information acquired by the wide field-of-view
sensors. Nevertheless, numerous physical effects - cloud and atmospheric contamination, surface
anisotropy- require composing multiple daily orbits into a single data set [6]-[7]. Achieving a high
level accuracy relative geolocation is therefore a critical step for each orbit. In addition, even if
absolute geolocation accuracy is not needed in principle for such compositing, the use of the ouput
products with a geographical scope is strongly limited and subject to additional errors, such as
mislocation of control points [8], if the absolute geolocation accuracy is poor. Therefore, major efforts
are made in geometric correction and the assessment of geolocation accuracy whatever the sensors –
AVHRR [9]-[10], ATSR [11]-[12], VEGETATION [13], POLDER [14], MODIS [15]-[16], MISR
[17]-[18], WindSat [19], SSM/I [20]. The impact of mis-registration effects has also been studied on
composited data [21]-[22] as well as on land cover [23]-[24] and land cover change [25]-[26].
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The MERIS mission has been designed with the primary objective to better understand the role of
oceans and ocean productivity in the climate system. The initial accuracy specifications for MERIS
absolute geolocation of 2000 m is sufficient for observation of ocean colour. Due to its 15 spectral
bands with a high radiometric resolution in the optical domain and its dual spatial resolution, MERIS
also offers great opportunities for observation over land. Over the terrestrial ecosystems, the
geolocation performance needs to be largely improved with respect to the initial specifications over
ocean. Regular efforts concerning the MERIS pointing as well as the attitude on–board software have
been made. Simultaneously, short studies [27]-[28] were performed so as to verify the geometric
performance over specific time periods and these showed that absolute geolocation root mean square
errors stayed within the ranges of 170 meters up to 500 meters. All these aforementioned geometric
correction assessments were based either on the original navigation model of MERIS, or on limited
scenes sampling, and not on a systematic projection grid. The recent development of Accurate MERIS
Ortho-Rectified

Geolocation

Operational

Software–AMORGOS

[29]

provides

geolocation

information for every image pixel of the Full Resolution product (FR) using a Digital Elevation Model
(DEM) named Global Earth Topography And Sea Surface Elevation at 30 arc second resolution –
GETASSE30 [30]. As the GlobCover processing integrates AMORGOS coupled with a cartographic
projection system taking into account the local elevation, an extensive study must be achieved in order
to assess the performance of such an approach.

In this paper, we estimate the absolute and relative geometric accuracy of GlobCover products.
Section 2 provides an overview of the baseline processing of MERIS Level 1B. The orthorectification
modules are then described including the AMORGOS geolocation and cartographic projection
modules. The validation process is presented in Section 3. Absolute and relative geometric accuracies
of GlobCover products are requested to be better than 150 m (i.e. half a pixel) so as to deliver a final
land cover map of high quality. Our objective is therefore to evaluate whether these requirements are
fulfilled on a global basis. These assessments are performed through the processing of disparity
measurements in column and line shifts between the orthorectified images and reference independent
images acquired over sites located at different latitudes, at different times and with different
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topography and cloud coverage. The validation process is done by an independent team of the
GlobCover project different from the entity responsible for the production of orthorectified images.
Section 4 describes the results in relative and absolute accuracy following several simple statistic
criteria.

2 MERIS GLOBCOVER orthorectification
2.1 Description of the MERIS level 1B processing
On-board ENVISAT launched in 2002, MERIS is a wide field-of-view push broom imaging
spectrometer measuring the solar radiation reflected by the Earth in 15 spectral bands from 412.5 nm
to 900 nm. Each of these 15 bands is programmable in position and in width. The instrument has a
field of view of 68.5 degrees and covers a swath width of 1150 km at a nominal elevation of 800 km
enabling a global coverage of the Earth in 3 days. The wide field-of-view is shared between five
identical optical modules arranged in a fan shape configuration, each camera covering a 14 degree
field of view with a slight overlap (see Figure 1). The image is constructed using the push-broom
principle: a narrow strip of the Earth is imaged onto the entrance slit of the spectrometer, defining the
across track dimension. The motion of the satellite together with the acquisition time sampling provide
the along track dimension. The spectral dimension is achieved by imaging the entrance slit of each
spectrometer via a dispersing grating onto a 2-D CCD.

The instrument resolution is 290 m (along track) x 260 m (across track) at nadir point; corresponding
data are referred to Full spatial Resolution (FR). Data at a coarser resolution are systematically
generated on-orbit by spatial (across-track) and temporal (along-track) averaging of groups of 4 x 4
pixels yielding a Reduced spatial Resolution (RR) of 1160 m by 1040 m. The RR data are transmitted
to ground on a global basis whereas the FR data are limited to regional coverage, focusing on land
surfaces and coastal areas.

The level 1B MERIS Full Resolution full Swath (FRS) product contains calibrated top of atmosphere
gridded radiances over the full sensor’s swath. The radiometric processing [31] includes several steps,
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namely detection of saturated pixels, stray light correction and estimation of spectral radiances. The
geolocation processing is split in five steps (product limits, tie points on Earth location, elevation
retrieval, re-sampling, sun glint) which are summarized below.

Due to the sharing of the field-of-view by five identical sensors, there is no spatial continuity in the
data acquired by the instrument: the slight overlap between adjacent cameras, as well as the slight
inter-camera misalignment, requires spatial re-construction to be provided for the users with spatially
continuous and regularly sampled MERIS products, at Level 1 or higher. This re-construction is based
on an ideal instrument acquisition grid: the along-track sampling is the actual instrument one, the
across-track sampling is defined as perpendicular to the satellite track and evenly spaced on-ground.

The product grid is computed from satellite navigation and attitude data allowing computation of the
intersection of the instrument field-of-view with the Earth surface represented by the WGS 84
reference ellipsoid at zero elevation. The retrieved instantaneous field-of-view swath is sampled with a
constant distance on-ground to build the product pixels (Figure 2). Correspondence with instrument
pixels can then be done on the basis of across-track pointing angle. This process is actually done on
only a sub-set of the product pixels, called the tie points so as to improve storage efficiency. The tie
points grid has 71 tie points across track. It corresponds therefore to a 16 x 16 sub-grid of the RR
product grid and to a 64 x 64 sub-grid of the FR product grid. For these tie points, the geolocation data
(longitude λ, latitude φ) is complemented with illumination and observation angles (θs, ϕs, θv, ϕv) and
other geophysical information (elevation above the reference ellipsoid – meaning sea surface height
for ocean pixels, surface roughness, first order parallax correction terms due to elevation,
meteorological information). The regular time sampling provides a quasi-even distance on Earth.
Variations of the along-track sampling step of up to about 3% are due to the orbital motion of the
satellite and the ellipsoidal shape of the Earth, across-track distance between pixels being regular by
construction.

6

It must be noted here that since the level 1B product grid is filled by a nearest neighbour method from
the instrument grid with a slight spatial over-sampling, the same instrument sample can be found
several times in the same level 1B product (it is then identified as a ‘duplicate’ pixel within the level
1B product flags).

2.2 The geolocation and cartographic projection modules
The geolocation principle described in previous section was primarily intended to fulfil requirements
for the Ocean community, the initial accuracy specification for MERIS absolute geolocation being
2000 m. Such requirements are not sufficient for the Land community. ESA has put some efforts to
improve the on-board attitude software as well as geolocation monitoring. A slow degradation in the
MERIS absolute geolocation was observed before December 2003 - the mean error was about 500
meters - mainly in the across-track direction [28]. On December 2003, the on-board attitude software
change resulted in an immediate improvement of the geolocation to around 270 meters. A
modification of the MERIS pointing auxiliary data took place on January 2005 which further
improved geolocation performance of standard products to about 170 m [27]. At the same time, ESA
initiated the development of the AMORGOS post-processor. Its purpose was to provide accurate perpixel geolocation information – longitude λ, latitude φ, elevation h – accounting for the Earth surface
elevation and actual satellite navigation and attitude control, generally not available at the time of
near-real time MERIS data processing. Furthermore, the geolocation information was provided
following the pointing characteristics of the original instrument pixel regardless of the spatial resampling described in the previous section, even if the data were still provided in the re-constructed
regular image grid. Using MERIS FRS products as input, the MERIS Full Swath Geo-located (FSG)
products are generated through AMORGOS proceeding as follows:
1. identify the original instrument pixel, on the basis of the FRS product information and of the
auxiliary data used during the re-sampling step of the FRS product generation,
2. compute Satellite location and actual attitude at acquisition time,
3. using the instrument pixel’s characterised pointing direction, follow its line-of-sight until it
intersects the Earth’s surface, represented by the DEM GETASSE30 on top of the reference
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ellipsoid (Figure 3). This elevation model is a composite dataset using the SRTM30 dataset
[32], ACE dataset [33], Mean Sea Surface (MSS) data [34] and the EGM96 ellipsoid [35].

The main differences with the MERIS standard products geolocation are:
1. satellite ephemeris and attitude are re-computed from best possible quality sources in order to
ensure best achievable accuracy,
2. information (longitude λ , geodetic latitude φ and elevation h) are provided for each image
pixel,
3. pixel location is derived taking into account the actual Earth surface elevation along the
viewing direction,
4. information is retrieved according to the original instrument pixel, regardless of the image regridding.

The MERIS FSG images are then projected on a cartographic system. The plate-carrée coordinate
reference system (CRS) has been chosen since the final land cover product has its main use in global
thematic mapping that is very often projected in this CRS. The reference ellipsoid is WGS 84
assuming respectively an equatorial (Re) and polar radius (Rp) equal to 6378137 m and 6356752.3 m.
The grid cells have an angular pixel resolution Resdeg and a spatial size defined by its height and width:

height = r × 2π / 360 × Res deg

(1)

width = Re × cos(φ ) × 2π / 360 × Res deg
Re × R p

with r =

with f =

R × sin (θ c ) + R × cos (θ c )
2
e

2

2
p

2

and θ c = arctan(1 − f ) 2 × tan(φ )

( Re − Rp )
and Res deg = 1 / 360
Re

The general concept for the image georefencing has already been described in the literature [36]-[9].
One must consider:
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-

a direct location function f(l, p, h) producing the geographical coordinates (λ, φ) in the
reference system associated to a cell of the georeferenced image for any point located in
the raw image by its line l, column p and elevation h. In the MERIS case, it is derived
through the AMORGOS post-processor.

-

a reverse location function f-1(λ,φ) applied to every cell of geographic coordinates
determining at which raw image line l and column p the cell is imaged.

As the grid of MERIS FSG product is not evenly spaced in angle and because of the parallax defects,
the reverse function is not strictly defined and may only be predicted. We use two 4th degree
polynomial functions L(λ,φ) and P(λ,φ) linking line l and column p of any pixel from the MERIS FSG
image as a function of latitude φ and longitude λ. The coefficients of these predictive polynomial
functions are determined over a sub-sampling of the MERIS FSG grid through an equation system
built considering one point out of ten and solved using a least-squares minimisation procedure. As
recommended in [37]-[38], these functions are computed on two grids of constant elevation Hmin and
Hmax representing respectively the minimum and maximum elevation value on the concerned DEM.

The retrieval of the pixel line l and column p in the MERIS FSG image of the current cell (λ, φ) is
done through an iterative approach. First, an estimation of line and column is processed thanks to the
reverse location function defined by the predictor polynomial functions L(λ, φ) and P(λ, φ). For the
estimated line and column, the corresponding latitude and longitude are interpolated through a bilinear
sampling over a 2 x 2 pixels neighbourhood in the MERIS FSG image. These geographic quantities
are then used for a new estimate of the line and column of the current cell. Successive iterations are
repeated until a predefined tolerance is reached. The final estimate of line l and column p at the current
elevation h is derived from a linear interpolation between the results obtained at Hmin and Hmax . In case
the polygon crosses the meridian ± 180°, the continuity in longitude is ensured adding a modulo 360°.
The final radiometry DN (l, p) is computed with a bi-cubic interpolation algorithm over a 4 x 4 pixels
neighbourhood.
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3 Validation process
3.1 Methodology
Two kinds of validation are performed: 1) verification of co-registration accuracy of orthorectified
MERIS images (or relative geolocation accuracy), 2) verification of absolute geolocation accuracy. In
both cases, the validation is performed by comparing the ortho-rectified MERIS images with some
geo-located reference data. For each MERIS-reference data pair, the methodology is based on an
automatic selection of sampling points (thousands of points by pair) on a regular grid with tuneable
sampling rate. This detection is performed by computing similarity measurements between images.
Quantitative assessments of relative and absolute geolocations are then performed in terms of disparity
measurements (column and line shifts) between sampling points of images.

The correlation measurement is performed using the MEDICIS CNES correlation tool. For each
sampling point, the principle is to compute a similarity measurement between a master image (or
reference image) and a slave image, that is translated by incremental steps with respect to the master
image (Figure 4). Deformations applied by MEDICIS are only translations here. Shifts in line and
column are estimated in a local window (50 x 50 pixels) centred on each correlation point by
evaluating in an iterative process the translation that maximizes the similarity criterion between the
master image and the slave image [39]-[40]. For our study, we have chosen the standard correlation as
the similarity criterion.

The disparity measurement between two images is generally performed on a great number of sampling
points. To assure the accuracy of the disparity estimate, several types of pixels are not taken into
account in the final statistics. First, ocean flagged pixels are removed considering that the similarity
measurements over ocean are often not accurate due to the target temporal variability between two
acquisitions and its lack of texture. Invalid flagged pixels, including especially clouds present in both
images, are not taken into account. Sampling points with a low similarity rate (i.e. low confidence rate
in disparity measurements) are also excluded from the final statistics: the accuracy of similarity
measurements between two images can decrease if some changes have occurred between the two
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acquisitions. Global shifts between the images are finally computed by averaging locally measured
shifts obtained on all retained sampling points. This average reduces the bias of correlation and
produces an accurate shift measurement.

In case of relative geolocation accuracy assessment, the reference products are naturally MERIS
images acquired over the same area at a different time. In case of absolute geolocation accuracy
assessment, the reference images are data produced by the ETM+ multi-spectral sensor on-board
LANDSAT 7. The resolution is 30 m and only band B4 (760-900nm) is used. The choice of this band
is made so as to ensure a maximum spectral coverage with the 865 nm spectral channel B13 of MERIS
and hence a maximum similarity between images [41]. LANDSAT images have been geolocated and
orthorectified with RMSE accuracy inferior to 50 m [42][43]. Since LANDSAT products are better
resolved than those of MERIS, LANDSAT images have been rescaled to 300 meters (MERIS products
resolution) by spatial averaging. Thus absolute validation is done at MERIS resolution.

Two main advantages of such a study can be highlighted: first, a high precision of disparity
measurements is provided by MEDICIS. In fact, the intrinsic correlation error of MEDICIS (internal
CNES studies) is evaluated to 0.025 pixels (versus 0.3 pixel at best for a manual selection of sampling
point). Second, the estimate of the disparity between images is made very accurate by averaging on a
high number of sampling points. In our study, the sampling rate is 10 pixels corresponding to
approximately 150 000 sampling points per pair automatically selected and evaluated. Since ocean
pixels, invalid pixels or sampling points with a low similarity rate are excluded, only about 20% are
kept in the final statistics.

The disparity measurements provided by the correlation tool are produced by several error
contributions distinguishable according to the assessment case. For relative and absolute location error
assessments, the correlation error of MEDICIS must be considered. In the case of relative error
assessment, we must add the co-registration error of MERIS data. In the case of absolute error
assessment, we must take into account the registration error of MERIS data with respect to the
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reference data as well as their own geolocation error (<50 m). The location precision is directly
derived from mean shift measurements in row and column.

3.2 Reference images selection
Geolocation errors can be induced theoretically by several phenomena such as measurement errors of
satellite ephemeris and attitude, lack of DEM precision when processing geolocation and projection,
and instrumental drifts. As MERIS is composed of 5 independent CCD sensors observing 5 adjacent
areas, some independent location errors can also occur between the different parts of the scene imaged
by each sensor. This last source has not been investigated in our study. Finally, the test sites have been
carefully selected according to:
•

Different latitudes and observation dates for the monitoring of the temporal instrumental drifts
in latitude.

The measurements quality of MERIS instrument have been rigorously studied and currently monitored
in flight [29]. However, some instrumental drifts could occur in latitude and in time, principally
because of thermo-elastic effects of the sunlight illumination on the satellite. Such instrumental drift
effects on the geolocation accuracy can be highlighted by comparing relative and absolute validation
results obtained on sites located at different latitudes and products acquired at different dates.
•

Different topographies for the study of the potential relief influence.

Geolocation errors induced by topography can be highlighted by looking for some relations between
these errors and the elevation. This study can be performed by computing the joint probability between
location error and elevation. From this probability, it is then possible to analyze the location error as a
function of elevation and then to highlight a possible relation between topography and geolocation
errors. A faster approach consists of comparing geolocation accuracy results obtained on several sites
presenting different relief (desert areas, flat lands, mountainous areas, etc.).
•

Cloud cover quality and data availability

Cloud pixels are not taken into account in the similarity process (see section 3.1). Thus the selected
images must present as few clouds as possible in order to keep enough sampling points for the average
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of accurate disparity estimations. Since several images of different sites and for different time periods
must be selected, sites with a high revisiting rate must be favoured.
•

Sites taken at different longitudes

This aims at verifying that sites located at different longitudes present the same geolocation error.

For the relative validation, about five images per site and per time period are selected providing a total
amount of about 100 orthorectified MERIS images – 5 images × 5 sites × 4 time periods –
representing theoretically 200 MERIS pairs. For each period, the images must be acquired on different
orbits. The maximum common area between two images is 10° x 10° due to GlobCover tiling [44].
For each site, the four following time periods have been considered over the years 2004 and 2005:
•

from December 1st to December 15th and from January 1st to January 7th for the Winter
season taking the northern hemisphere as reference

•

from April 8th to April 30th for Spring

•

from June 1st to June 30th for Summer

•

from October 1st to October 21th for Autumn.

According to the criteria outlined above, five sites have been chosen: Madagascar, Tunisia, SpainMorocco, Romania-Ukraine, Poland-Sweden. Table 1 represents the number of selected MERIS
images per site and derived pairs that have been successfully geo-located and orthorectified. Finally,
146 pairs out of a total of 200 theoretical pairs have been formed for the relative validation which
produces a dataset sufficient for the purpose of the geolocation study. We were not able to select the
full initial set of 5 MERIS images for each site and season for the following reasons:
•

For some sites and seasons (e.g. northern Europe in winter or autumn), it is very difficult to
select 5 images with few clouds.

•

At the time of this study, the data collection for the year 2005 was not completely delivered.
Especially, the winter season (January, February and March) was very poorly covered.
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4 Results
4.1 Relative validation results
4.1.1 Global results
Each pair is built by associating one orthorectified MERIS image for one site and one season with
another image present for the same site at the same season but not on the same day. For each pair,
quality criteria (arithmetic means, standard deviations and RMSE errors in latitude and longitude as
well as the global RMSE) have been estimated by averaging results computed through MEDICIS on
all sampling points: it results in 146 disparity measurements. On this experimental material, global
statistics have been computed as follows and summarized in Table 2:
•

Mean features represent the mean value of the 146 estimated quality criteria.

•

Standard deviation features represent the standard deviation of the 146 estimated quality
criteria.

•

Minimum features represent the minimum value of the 146 estimated quality criteria.

•

Maximum features represent the maximum value of the 146 estimated quality criteria.

The mean RMSE total has a value of 51.6 m with values in latitude and longitude quite similar
showing that no specific problem seems to exist in one of these directions. This means that the
GlobCover requirement of 150 m is globally satisfied concerning the co-registration quality of FR
MERIS products. Standard deviations of RMSE are satisfactory with values about 20 m (i.e. small) in
latitude and longitude. Moreover, RMSE obtained on the whole dataset are very similar. We may
therefore be confident in the assessment of the relative geolocation accuracy.

Figure 5 represents the RMSE in longitude as a function of RMSE in latitude for the 146 pairs: one
symbol represents a pair. The bold semi-circle represents the threshold of values required at the
beginning of the GlobCover project: pairs located inside the bold semi-circle satisfy the geometric
property requirements (i.e. global RMSE < 150m). This data representation shows that only 3 pairs
among the 146 tested do not satisfy the GlobCover specifications for the MERIS image coregistration: this is a very satisfactory result. The dashed semi-circles correspond to a RMSE value of
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100 m. About 12% of the pairs are located between 100 m and 150 m. Furthermore, these pairs
correspond to desert areas on which it is difficult to perform accurate similarity measurements because
of a lack of texture. If these pairs are removed from the dataset, the mean RMSE decreases
significantly with a mean value of 35 m.

4.1.2 Influence of time, latitude, topography
In this section, we analyze the behavior of MERIS images co-registration errors with time, latitude and
topography. In order to highlight a possible degradation of co-registration accuracy with time, the
temporal evolution of the RMSE in latitude and longitude is represented for the 5 sites (Figure 6).
Logically, the relative geolocation results over the desert site of Tunisia are not as good as those
obtained on the other sites. For the whole sites, the co-registration errors of MERIS images do not
increase in the long term: no relation between seasons and errors is distinguishable. In a short term,
RMSE variations exist within the seasons. It may arise from directional effects generating radiometric
differences that are not corrected in daily images. The similarity measurement may be exaggerated by
shifting artificially successive images so as to counterbalance these effects. Range of RMSE
magnitudes stay globally within the GlobCover specifications. Potential instrumental drifts in time
have no effect on co-registration accuracy of MERIS images.

The possible degradation of co-registration accuracy with latitude is analyzed through the
representation of the evolution of the same criteria with latitude (Figure 7). The main conclusion is
that the co-registration errors of MERIS images for the 4 seasons do not vary with this parameter: no
relation between latitude and errors seems to exist. Thus potential instrumental drifts in latitude have
no effect on co-registration accuracy of MERIS products. For all seasons, the difference of relative
validation results between the site of Tunisia and the other sites, already observed in the previous
sections, is clearly visible.

The possible influence of the topography on co-registration accuracy of MERIS images is represented
on Figure 8. The site of Madagascar has been selected because of its stressed relief. For a single pair
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of images, local disparity measurements of all sampling points located within an interval of 10 m of
elevation are averaged so as to relate the RMSE to elevation. Elevation is related negatively to
geolocation error (higher elevation has smaller error). At the same time, the noise increases with
elevation since similar RMSE levels are sometimes observed at high elevation (between 1250 and
2000 m) and low elevation (< 500 m). This result is not surprising. First, steeper slopes are generally
present at higher elevation generating stronger geolocation errors [23]. Secondly, RMSE is probably
estimated less accurately at high elevation than at low elevation. In fact, for the tested site, less
sampling points are located at high elevation than at low elevation resulting in fewer results on
average for high altitude. Nevertheless, the RMSE level remains within the 150 m requirement and
influence of elevation on geolocation error is therefore acceptable. Residual thin clouds may be
present in both images around the correlation point but at different locations. The RMSE peak
observed at 1300 m represents an example of this situation.

4.2 Absolute validation results
In this section, a cross-validation of FR MERIS images geolocation accuracy is done using
LANDSAT images. This part of the study is not done on the whole dataset. Only images
acquired in summer over Spain and Madagascar are tested. Thus 10 pairs are concerned by this
study resulting in 10 disparity measurements (one for each pair). For all the pairs of LANDSAT
and MERIS images, the same quality criteria as section 3.1 have been estimated by averaging
local results computed on all sampling points.

Table 3 summarizes the results obtained on the 10 pairs. The global RMSE has a value of 77.1 m
inferior to 150 m. Figure 9 represents the RMSE in longitude as a function of latitude for the 10 pairs.
All pairs are located inside the semi-circle of geolocation validity required by the GLOBCOVER
project. A shift in longitude is observed with a mean difference higher in longitude than in latitude.
This remark is confirmed by Figure 10 representing the mean difference in longitude as a function of
latitude. On this diagram, the scatter plot is almost centered on zero in latitude but not in longitude. It
is also seen in Table 3 that extreme values of RMSE are uncommonly more tightened than for the the
relative accuracy assessment (104.2 m for the maximum value versus 214.4 m). First, the number of
disparity measurements is here significantly lower with only two sites over a single season. In
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addition, LANDSAT images do not cover entirely MERIS images resulting in a lower number of
sampling points per pair.

5 Conclusions
The co-registration and absolute accuracies of orthorectified MERIS GlobCover products are in
agreement with specifications i.e. largely inferior to 150 m. This level of accuracy is achieved thanks
to the latest improvements concerning the MERIS on-board pointing and attitude software as well as
the development of additional processing modules. First of them, AMORGOS provides geolocation
information for every image pixel whereas it was only available at tie points in the FRS image. The
cartographic projection tool allows generating surface reflectances in the requested corresponding grid
and for every kind of FRS product.

Concerning the assessment method, we have demonstrated that a very accurate control points
positioning has been performed thanks to MEDICIS. For each MERIS image, numerous sampling
points (typically many thousands) have been selected ensuring an accurate estimation of the absolute
geolocation and co-registration accuracy of MERIS images. The study has been done on numerous
pairs (146 for the relative validation). No effect on geolocation generated by instrumental drifts in time
and latitude exists. This study shows that influence of elevation on the geolocation accuracy remains
acceptable either. The use of GETASSE 30 DEM is therefore sufficient. This result may be compared
with similar outcome already obtained [36] where orthorectification made with SRTM or another
DEM at a better spatial resolution gave similar results. Finally, the respective relative and absolute
geolocation accuracies of 51.6 m and 77.1 m are largely in line with the GlobCover specifications. The
post-processor AMORGOS coupled with a cartographic projection system integrating the local
elevation may be recommended as a standard for the MERIS image processing so as to enhance the
development of useful applications over terrestrial ecosystems.
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6 Figures

Figure 1 - MERIS sensor: FOV, camera tracks, pixel enumeration and swath dimension
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Figure 2 - The MERIS Level 1B tie points grid along the ENVISAT orbit
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Figure 3- AMORGOS geolocation principle and parallax illustration: intersection between the line of
sight and the GETASSE 30 DEM. αmax , P0 and P1 correspond respectively to the maximum field of view
(34.25°), the MERIS standard products geolocation and the AMORGOS geolocation
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7 Tables
Table 1 - Selected dataset
Site Name

Central
site
latitude

Topology

Number of data per season correctly geo-located and orthorectified

Madagascar

20°S

Stressed relief 0

5 (10 pairs)

6 (15 pairs)

4 (6 pairs)

Tunisia

27°N

Desert

5 (10 pairs)

4 (6 pairs)

3 (3 pairs)

Winter

4 (6 pairs)

Spring

Summer

Autumn

Spain-Morocco 35°N

Stressed relief 5 (10 pairs)

5 (10 pairs)

4 (6 pairs)

4 (6 pairs)

RomaniaUkraine

Flat land + 0
some
mountainous
areas

6 (15 pairs)

6 (15 pairs)

4 (6 pairs)

Flat land

4 (6 pairs)

5 (10 pairs)

4 (6 pairs)

45°N

North Europe 55°N
(PolandSweden)

0

Table 2 - Global relative accuracy results (unit: meter)

RMSE Latitude
RMSE Longitude
RMSE Total

Mean
33.6 m
39.2 m
51.6 m

Standard deviation
21.1 m
23.3 m
26.3 m

Minimum
13.4 m
12.1 m
26.3 m

Maximum
130.5 m
170.2 m
214.4 m

Table 3 - Global absolute accuracy results with LANDSAT products (unit: meter)

Mean difference in
latitude
Mean difference in
longitude
Standard deviation
of differences in
latitude
Standard deviation
of differences in
longitude
RMSE in latitude
RMSE in longitude
RMSE Total

Mean
19.1 m

Standard deviation
22.2 m

Minimum
-23.2 m

Maximum
49.7 m

56.4 m

17.8 m

36.1 m

85.1 m

31.0 m

2.9 m

24.4 m

34.1 m

31.1 m

6.3 m

21.8 m

41.2 m

41.2 m
65.0 m
77.1 m

9.0 m
16.4 m
17.8 m

29.2 m
42.2 m
52.5 m

59.1 m
90.6 m
104.2 m
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