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Abstract — This article summarises the results of the asses sment of the geometric
performances of IASI on METOP-A performed in the Ca |/Val phase following the launch. The
overall offsets between the IASI sounder pixels and AVHRR are shown to be well below the
requirement of 0.3 AVHRR pixels, so that the absolu te geolocation precision of IASI can be
considered to be practically the same as that of AV  HRR.

Introduction

In order to facilitate geolocation of the sounder measurements, IASI features an infrared
imager (lIS) with a single channel roughly covering the same spectral range as AVHRR
channels 4 and 5.

The position of each pixel of the sounder within the IIS raster is expected to be stable and
can be determined very precisely. This is done offline, at the Technical Expertise Centre
(IASI TEC), through correlation between a IASI pseudo-channel (covering the same spectral
band as IIS) and IIS (after downsampling to the same resolution as the sounder).

The position of each IS raster within the AVHRR raster is computed by the L1 processing
chain. The 1IS image is first projected into the AVHRR raster based on a prior model.
Correlation between this resampled IIS image and AVHRR channel 4 yields the remaining
offset, which is then compensated for. An offset guess is used when the correlation fails,
typically in low contrast zones such as cloud free ocean and deserts.

The AVHRR products are geolocated by the AVHRR L1B processing, and IASI ultimately
relies on its accuracy.

In the following sections we present the main results related to geometric performance
obtained in the Cal/Val phase of IASI. More detailed descriptions are given in the Cal/Val
reports.

Preliminary assessment of the sounder geolocation

A first assessment of the overall geolocation precision was performed in Cal/Val phase A. It
was based on IASI data measured in External Calibration Mode with fixed scan position
SP15 (i.e. nadir) for step numbers SN3 through SN29. The transitions as seen by the
sounder were then compared with coastline maps. Considering orbit 1262 (2007/01/16), a
cloud-free area with sharp transitions was found in the region of Golfo San Matias, Golfo San
José and Golfo Nuevo in southern Argentina.

In Figure 1 the footprint of the sounder pixels PN1, PN2, PN3 and PN4 are superposed on
the corresponding AVHRR band 4 extract (displayed with inverted radiances). The
cartographic coastlines are also shown. We see that AVHRR is geolocated with an accuracy
of 1-2 AVHRR pixels in longitude and latitude.

In Figure 2 the IASI pseudo-channel radiances corresponding to AVHRR band 4 are shown
for sounder pixel PN2 (red), together with the relative position of the cartographic coastlines
(dotted blue lines). Please note that the position of the coastline is only indicated in the cases
where it falls within a sequence of earth views (SP15 for SN3 through SN29).



(magenta), as well as the cartographic coastlines (red) superposed on AVHRR band 4. Orbit
1262, 2007/01/16, Golfo San Matias, Argentina.
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Figure 2: IASI pseudo-channel radiances corresponding to AVHRR band 4 for pixel PN2
(red) in External Calibration Mode (SP15 i.e. nadir) and the along-track coastline positions
(blue). The corresponding graphs for the other sounder pixels are given in (IA-CVA7-15).



An abrupt transition in the AVHRR image (pixel diameter of about 1 km) yields a gradual
transition for the sounder pixel (pixel diameter of about 12 km), corresponding to the period
between the moments where the transition enters and leaves the sounder pixel. As long as
the coastline is straight (and not parallel to the trajectory), it should be situated in the middle
of the sounder transition if the sounder geolocation is perfect. The sounder transitions
generally seem to correspond to the AVHRR transitions, so the relative position of the
cartographic coastline is within 1 IASI step number (SN) (or 1-2 AVHRR pixels) of the centre
of the pseudo-channel transition. This explains the slight asymmetries observed in Figure 2.
Consistent observations were made for the other sounder pixels (IA-CVA7-15).

If we only considered individual transitions where the coastline is perpendicular to the
trajectory, we would strictly speaking only validate the along-track geolocation. However,
thanks to the cases where the coastline is oblique (neither perpendicular nor parallel to the
trajectory) and where there are several consecutive transitions, the observations also confirm
the across-track accuracy. A good example is the peninsular corresponding to the two last
transitions of PN2 (Figures 1 and 2), where an across-track offset would have led to an
along-track offset of the same magnitude for the last transition (as the angle between the
coastline and the trajectory is about 459. The fact that the along-track distance between the
sounder transitions is consistent with the distance between the cartographic coastlines
confirms that the across-track offset is also below 1-2 AVHRR pixels, which is well below the
required 5 km accuracy.

Positions of the sounder pixels within the IS rast er

The analysis was performed on data from 14 different orbits where IASI was in Normal
Operation Mode: orbits 1250-1258 (15-16 January 2007) and 2077, 2073, 2081 and 2082
(14-15 March 2007). Altogether 20 image sequences featuring a lot of fractional clouds were
selected for this study. An example is shown in Figure 3.

The measured offsets are consistent over the 20 datasets, with a peak to peak variation of
less than 0.1 mrad. The two first graphs in Figure 4 show the temporal evolution of the
offsets along- and across-track between the first series of images (below 15 on the x-axis)
and the second one in March (above 22.5 on the x-axis). The third graph shows the offsets
as a function of the latitude (taken from the centre of the image). We see that the two offsets
do not vary significantly with the latitude.

The correlation coefficients are very high for all the data that were used (generally above
0.999). This is a good indication that the results are reliable. There is no evolution between
the data measured mid-January and those measured mid-March.

Position of IIS raster within AVHRR raster

As mentioned in the introduction, each IIS image is projected into the AVHRR raster based
on prior information and the remaining offset is computed and compensated for during L1
processing.

Let us consider orbit 3460. Figure 5 shows the computed IIS-AVHRR offsets in columns
(across-track), which are relatively smooth and close to the offset guesses that replace the
computed offsets in zones with weak correlation coefficients. The column offsets averaged
over all line numbers (LN) reveal an approximately linear evolution across the scan position
(SP=SN), ranging from -1.2 AVHRR pixels at SP=1 to 0.4 at SP=30. The curve showing the
evolution of the column offsets averaged over the SP as a function of the LN is somewhat
noisy, but reveals a slow sinusoidal variation inferior to 0.1 pixels along-track. There are
also a few outliers that will be commented on below.



Figure 3: Example of IIS images featuring fractional clouds used to assess the sounder
pixels positions within the 1IS raster: Mosaic of 1062 IIS images selected from orbit 1254.

The IIS-AVHRR offset in lines (along-track) is displayed in Figure 6. It appears to be more
noisy than the column offset, and the computed offsets visually seem to be quite different
from the offset guesses in some parts of the orbit, but this is mainly due to the fact that the
line offsets vary over a smaller range than the column offsets. It has been verified that the
offset guesses are correctly taken into account also along-track. The line offsets averaged
over all LN as a function of SP vary between 0.40 and 0.0 pixels, but the shape of the curve
is not linear. The line offsets averaged over all SP as a function of LN are noisy and contain
some outliers, but there is an underlying slow sinusoidal variation (less than +0.1 pixels).
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Figure 4: Evolution over time and as a function of the latitude of the along- and across-track
offsets of the sounder pixels.



Correlation coefficients (GlacCorrelQual)

[IS-AVHRR offset (GlacOffsetliISAvhrr) in columns (across-track)

Column offset averaged over all lines (LN) as a function of the scan position (SP=SN)

Column offset averaged over all scan positions (SP) as a function of the line number (LN).

Figure 5: IIS-AVHRR column offsets and mean profiles (orbit 3460).




Correlation coefficients (GlacCorrelQual)

[IS-AVHRR offset (GlacOffsetliISAvhrr) in lines (along-track)

Line offset averaged over all lines (LN) as a function of the scan position (SP=SN)

Line offset averaged over all scan positions (SP) as a function of the line number (LN).

Figure 6: IIS-AVHRR line offsets and mean profiles (orbit 3460).




Let us now analyse the above mentioned outliers in more detail. Investigation reveals that
they correspond to false matches that are not discriminated by the thresholds on the
correlation coefficient and the steepness of the correlation surface. The risk of such false
matches can be substantially reduced by using a smaller search window in the correlation
process. Based on our knowledge of the along- and across-track variations of the offsets
(Figures 5 and 6), the search window size could be reduced from £10 pixels to +3 pixels or
even *2 pixels, provided that IASI remains clamped to the METOP platform (not yet decided
for the satellites that are not launched). It should also be noted that such extreme outliers are
rare even with the current settings.

Fine correlation of 11IS and AVHRR

An additional study was carried out to determine the IIS-AVHRR coregistration on the pixel
level, and not only for the IIS image as a whole.

A portion of an AVHRR corresponding to a relatively cloud-free area was extracted. The IIS
images corresponding to the same acquisition period were extracted and projected into the
AVHRR raster using bilinear interpolation. The projected IIS images were assembled into a
mosaic in order to facilitate comparison with the AVHRR image. The column and line shifts
between the AVHRR extract and the 1IS mosaic were computed very precisely with an
iterative procedure. The requirements are that the IIS-AVHRR shifts should be inferior to two
pixels and stable, and that the variations within the 1IS images and as function of step
number (SP) and line number (LN) should be moderate.

Figure 7 shows an extract of orbit 2836 of AVHRR band 4 (2007/05/07) covering the eastern
Mediterranean, as well as the mosaic of the corresponding IIS images projected in the
AVHRR raster. Radiometrically, the two images are very similar, as expected. Some small
gaps in the middle of the swath can be observed for the IIS mosaic. Swapping between the
two images in a visualisation tool such as ENVI does not reveal significant shifts or other
differences in geometry.

To assess the coregistration more precisely, the MEDICIS correlation tool (Chanie and
Feuvrier, 2005) was used with a correlation window size of 7x7 pixels (a small window is
used in order to reveal local phenomena). The correlation coefficient is first computed at
entire pixel positions by shifting the correlation window centre inside a 7x7 search area. If the
peak correlation coefficient is above 0.7, the subpixel position of the peak is computed
iteratively by resampling the image extracts until a 0.01 pixel accuracy is reached. The final
peak is retained only if its final correlation coefficient is above 0.9. Figure 8 shows the peak
correlation coefficients and the associated validity flags We see that the peak correlation
coefficient are generally above 0.9 (valid) over land areas, except for some low contrast
desert areas in Northern Africa, whereas it is generally below 0.9 (invalid) over sea.

Figure 9 represents the computed column and line shifts, pixel by pixel. The average column
shift (m y= -0.02) and line shift (m z= 0.05) are both very close to zero, but the standard

deviations are of the order of 0.2 pixels. The variations in the measured column shifts (S y=
0.15) have a random structure and can therefore be assumed to be mainly due to
measurement noise (false matches in MEDICIS due to the small window size and repetitive
structures in the image). The same can be said for the line shifts (S z= 0.20), except for a
deterministic pattern near the edges of the swath, where the line shift increases to around
0.5 pixels at the along-track junction between the IIS images. More specifically, the line shift
varies from about 0.5 pixels to about -0.5 pixels along-track within IIS images near the edges
of the swath. The causes of this phenomenon should be studied in more detail and corrected
if possible. However, it should be stressed that it has little impact on the sounder geolocation,
as the line shift is very close to zero in the middle of the IIS image.



Figure 7: Extract of AVHRR band 4 (top) and mosaic of IIS images projected in the AVHRR
raster (East Mediterranean, 2007/05/07, orbit 2836).



Figure 8: Peak correlation coefficients and validity flags computed by MEDICIS.



Figure 9: Column shifts (m y=-0.02, s y= 0.15) and line shifts (m z=0.05, s z=0.20).



Conclusion

The positions of the sounder pixels within the 1IS raster are precisely determined and very
stable along the orbit and over time (variations < 0.1 mrad). The |IS raster is very accurately
located with respect to the AVHRR raster through the L1 processing (average offset << 0.1
AVHRR pixels across- and along-track). The overall offset between the IASI sounder and
AVHRR is thus far smaller than the requirement (i.e. << 0.3 AVHRR pixels), and the absolute
geolocation precision of IASI is practically the same as that of AVHRR.
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