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Chapter 1
The AATSR Products User Guide

The Advanced Along Track Scanning Radiometer (AATSR) is one of the Announcement of
Opportunity (AO) instruments on board ENVISAT. It is the most recent in a series of
instruments designed to measure Sea Surface Temperature (SST) to the high levels of
accuracy and precision required for the monitoring and detection of climate change. In order
to achieve this, the (A)ATSR instruments include several innovative features in their design:

. An along track scanning technique 1.1.3.1. ;

. Continuous on-board calibration of the thermal channels;

. An on-board calibration system for the visible and near infrared channels;

. Low-noise infrared detectors, cooled to near-optimum operating temperatures;
. A multi-channel approach to SST retrieval.

ATSR-1 was launched on the ESA satellite ERS-1 in July 1991 and operated until March
2000. ATSR-2 was launched on ERS-2 in April 1995 and is expected to continue to operate
at least until the end of the ENVISAT commissioning phase. Together this family of
instruments will establish a unique fifteen year data set supporting not only oceanographic
and climate research, but also a wide range of land surface, cryosphere and atmospheric
applications.
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The purpose of this User Guide is to introduce users to the capabilities of the AATSR
instrument and its data products. It provides a brief overview of the instrument, the
geophysical measurements it retrieves and the measurement principles employed. It also
provides information to help users select, read and understand AATSR data. Also included
are a list of links and references for further reading, and a selection of example images in the
form of an image gallery. The User Guide is intended to help users "get started" with AATSR
data.

The AATSR User Guide has been produced in conjunction with an AATSR Reference
Guide. The Reference Guide provides more detailed information on the heritage and
evolution of the (A)ATSR series of instruments, the AATSR instrument itself and its
products and data processing system. The Reference Guide is designed for use when more
specific scientific or engineering information is required, and covers AATSR Products and
Algorithms (Chapter 2. ), The AATSR Instrument (Chapter 3. ), Frequently Asked
Questions (Chapter 4. ), a Glossary (Chapter 5. ) and detailed Data Format information

(Chapter 6. ).

1.1 Why Choose AATSR Data?

The AATSR instrument is capable of retrieving a variety of geophysical measurements. In
order to exploit these effectively, it is necessary to understand exactly what AATSR
measures, why the instrument has been designed to operate in this way and how these
measurements are made.

AATSR data also offer a number of unique capabilities and advantages over data from
similar imaging instruments. These are also covered in this User Guide.

The results of these features are data suitable for a wide range of potential applications. A
summary of products and applications is provided to assist the user in identifying the most

suitable product for his or her particular use.

Subsequent sections cover the following themes:

. Geophysical Measurements 1.1.1.

. Scientific Background 1.1.2.

. Principles of Measurement 1.1.3.

. Geophysical Coverage 1.1.4.

. Special Features of AATSR 1.1.5.

J Summary of Applications vs. Products 1.1.6.
The ENVISAT Data Policy

The conditions of data distribution for ENVISAT data are directly related to categories of
use, as defined by the ENVISAT Data Policy (MMO-POL-0003-EOAD: ENVISAT Data

The AATSR Handbook Chapter 1: The AATSR Products User Guide Date: 27 February 2007 Page 13
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Policy, Issue 1 Revision 0, 23 August 2000).

. Category 1 use: Research and applications development use in support of the
mission objectives, including research on long-term issues of Earth System science,
research and development in preparation for future operational use, certification of
receiving stations as part of the ESA functions, and ESA internal use;

. Category 2 use: All other uses that do not fall into Category 1, including operational
and commercial use.

For Category 1 users, the Data Policy, applicable for both ERS and ENVISAT, provides the
possibility to submit Category 1 use proposals at any time beyond the fixed dates imposed by

specific Announcements of Opportunity.
How to Order AATSR Data

A number of interactive catalogues are available for browsing ESA earth observation data.
These can be found at http://www.envisat.esa.int/services/.

For data distribution falling under Category 1 use, the data will be provided by ESA at
reproduction cost or free of charge (to be waived by the Earth Observation Program Board).
If you wish to submit a proposal for Category 1 use of data please follow the guidelines for
proposal submittal at the dedicated Earth Observation Principal Investigator Portal at
http://eopi.esa.int/esa/esa.

Category 1 users can receive ENVISAT data on media, via FTP or via the web, depending on
the nature of the order. The ESA Earth Observation Help Desk Team (EOHelp@esa.int)
can also advise on data access issues.

Should you wish to purchase ERS or ENVISAT data for commercial or operational use
(Category 2), please contact either of the two distributing entities:

EMMA - represented by Eurimage
Customer Services

tel.: +39 06 406 94 1

fax: +39 06 406 94 232

e-mail: cust.services-staff@eurimage.com

http://www.eurimage.com

SARCOM - represented by Spot Image
Sales department

tel.: +33.562.194070

The AATSR Handbook Chapter 1: The AATSR Products User Guide Date: 27 February 2007 Page 14
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fax: +33.562.194055
e-mail: jean.bobo@spotimage.fr

http://www.spotimage.com

Under the terms of the ENVISAT Data Policy, in their capacity as AO Instrument Provider,
DEFRA have the right to make and distribute copies of AATSR data for its own use, for use
by other funding entities of AATSR and for research groups designated by DEFRA. Users
with links to Defra or the other AATSR programme partners should consult their local
contacts within these agencies.

1.1.1 Geophysical Measurements

1.1.1.1 Primary Geophysical Measurement

The primary mission objective of the AATSR instrument is to extend the long-term
consistent set of global SST measurements started with ATSR-1 and continued with
ATSR-2.

Sea Surface Temperature (SST)

AATSR has thermal infrared channels measuring upwelling radiance from the sea surface
and the atmosphere at 3.7, 11 and 12 pm. From the calibrated top of the atmosphere
Brightness Temperatures (BT) available from these bands, SST is calculated using the 11 and
12 pm channels during the day and the 11, 12 and 3.7 um channels at night.

Very high levels of accuracy and precision are required to support global climate monitoring
and change detection. Therefore, the AATSR instrument and ground processing system are
required to produce SST retrievals routinely from the corresponding BTs with an absolute
accuracy of better than 0.3K, globally, both for a single sample and when averaged over areas
of 0.5° longitude by 0.5° latitude, under certain cloud free conditions (i.e. >20% cloud free
samples within each area). The AATSR programme also aims to maintain an instrument
stability of 0.1K during the mission lifetime.

It is important to note that the (A)ATSR instruments return SST measurements for the
ocean's 'skin' and that the temperature of the sea skin surface is typically a few tenths of a
degree cooler than the temperature a few centimetres below. Due to the limited penetration
of thermal infrared radiation through the water column, the infrared radiometric
temperature will be that of only the top few tens of micrometres, whereas the
oceanographically understood SST is a measure of the temperature in the top 10 cm.
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1.1.1.2 Additional Capabilities

Land Remote Sensing

AATSR also includes three visible/near infrared channels centred at 0.55, 0.67 and 0.87pum.
These were first introduced on ATSR-2 and have extended the instrument's capabilities over
land, particularly for the study of vegetation.

Much of the time, the basic calibrated top of the atmosphere reflectance measurements from
the AATSR visible and near infrared channels are used for studies of vegetation quantity and
quality. In order to cope with all possible normal variations in brightness over the Earth's
surface without saturation whilst maximising the precision of the measurements, the gain and
offset of the visible channels is selectable in flight. These channels have a signal to noise ratio
of 20:1 at 0.5% spectral albedo and measure top of the atmosphere radiances to an absolute
accuracy of 5% over its entire range.

Two specific geophysical parameters are also available in the AATSR products over land:
NDVI

The standard AATSR Level 2 product includes the Normalised Difference Vegetation Index
(NDVI) using the 0.67 and 0.87 um channels.

Land Surface Temperature

The AATSR thermal bands used for SST retrieval are also available over land and are used
to retrieve Land Surface Temperature (LST) in the AATSR gridded (1 km) product.
Algorithms for deriving LST using split-window radiances are sufficiently advanced that
accuracies of 1-3 K are possible. Better accuracies (about 1 K) are obtained at night when
differential surface heating is absent.

Measurements of radiance over exceptionally hot targets such as deserts, burning vegetation
and volcanic eruptions are also possible using AATSR's 'low-gain' mode. This prevents
saturation of the thermal channels and applies to targets with an upper limit of 500°C.

1.1.1.3 Cloud and Atmospheric Measurements

Currently AATSR does not retrieve cloud and atmospheric parameters on a routine basis.
However, the different AATSR channels can be used directly to provide information on the
basic location, extent and structure of clouds. Two fields in the Level 2 product have also
been reserved for Cloud Top Temperature (CTT) and Cloud Top Height (CTH), should
suitable retrieval algorithms become available in the future.
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Work with ATSR-2 data has also demonstrated that the visible and thermal channels can be
combined to estimate a number of specific properties within the cloud field. These include:

. Optical Depth, broadly related to the vertical dimension of the cloud;

. Phase, which determines whether the cloud contains ice or water;

. Particle Size, the effective radiative dimension of the cloud particles; and,
. Pressure, reflecting cloud top pressure or altitude.

The dual views provided by AATSR also offer a stereo viewing capability that can be used to
discriminate between the different layers and structures within the cloud and also to estimate
cloud top height.

1.1.1.4 Cryosphere

AATSR visible and thermal channel data can be used for studies of the cryosphere. Used on
their own, or more often synergistically with other sensors, potential applications include
snow cover monitoring, monitoring variations in annual sea ice growth and decay, location of
boundaries and features of the Antarctic ice sheet, and feature mapping for radar altimetry
over land and ice. The discriminatory power of the 1.6 um channel for cloud and ice/snow is a
topic of particular research interest.

1.1.2 Scientific Background

This section provides a summary of the scientific requirements upon which the AATSR
mission is based. The primary driver has been the retrieval of high quality SST
measurements, however, a secondary objective is to provide scientifically useful products
over land. Although the AATSR mission is not specifically designed for applications in the
atmosphere and cryosphere, consideration was also given to the high level requirements of
such research, to ensure maximum flexibility in extending the applications of AATSR
wherever possible.

1.1.2.1 SST

The scientific principles behind the design of the (A)ATSR instruments are dominated by
the need for the high accuracy SSTs required for global climate monitoring and research.
Accurate SST measurement is of great importance for climate research; for example, in
modelling climatic phenomena such as the El Nino Southern Oscillation, in the monitoring
of global warming due to the enhanced greenhouse effect, and in the investigation of
ocean-atmosphere heat transfer. Consequently, the AATSR instrument and ground
processing system are required to produce SST retrievals routinely with an absolute accuracy
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of better than 0.3K, globally, both for a single sample and when averaged over areas of 0.5°
longitude by 0.5° latitude, under certain cloud free conditions (i.e. >20% cloud free samples
within each area).

The global coverage offered by AATSR is also very important. The response of weather and
climate to SST is the subject of growing scientific interest, due to the large quantities of
energy stored in the ocean, the energy exchanges possible with the atmosphere, and the
effects of any carbon dioxide-induced climate change on the oceans. Predictions of the
effects of anthropogenic doubling of atmospheric carbon dioxide show rises in the ocean
mixed-layer temperature of up to a few degrees when globally averaged. Models also show
that ocean warming is not spatially uniform, with variations in the magnitude of warming
around the globe.

Surface observations of SST from ships of opportunity and buoys are too sparse to provide
adequate analyses on this scale, except in the areas of heavily travelled shipping lanes. Ships
of opportunity are also prone to measurement inconsistencies, due to the different ways in
which SST data are collected (e.g. hull thermistors, cooling water intakes). In addition,
measurements from buoys and from ships of opportunity are of bulk temperature, which can
differ by several tenths of a degree from the true 'skin' temperature of the sea surface.

Data from AATSR will add to data received from predecessor instruments, ATSR-1 and
ATSR-2, and lead to a 15+ year record of precise and accurate global sea surface
temperature. Global historical SST fields are not only an important boundary condition on
Atmospheric Global Circulation Models (GCM), but they can also be used for validation of
model outputs (for example, SSTs are a predicted variable for ocean-atmosphere coupled
General Circulation Models).

These high level objectives give rise to a number of more detailed requirements dictating
instrument design.
Primary Sensing Wavelengths

The ocean surface is considered to be an emitter of radiation, with a peak in emission
occurring at around 10 um. Assessment of atmospheric absorption in this area shows that the
region between 10 and 13 pm is a suitable window with both low atmospheric absorption and
good radiance sensitivity to small changes in SST. The AATSR channels at 11 and 12 pm
were selected on this basis. The 3.7 um channel was selected to provide an additional channel
at night, because although measurements in the 3-5 pum window are affected by reflected
solar irradiance during the day, they show very high radiometric sensitivity at night.
Atmospheric Correction

Given the overall requirement for accurate SST measurements, it is important to precisely
account for the contribution of atmospheric absorption and emission to the upwelling
radiances observed by the instrument. Early work with Advanced Very High Resolution
Radiometer (AVHRR) data demonstrated that differential measurements of upwelling
radiances in two closely spaced thermal channels allow an accurate assessment of
atmospheric effects, if the atmospheric effects differ between the two channels.
Consequently, AATSR provides corrections for the effects of the atmosphere on the SST
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retrievals through the use of multiple thermal channels in the retrieval.

However the strict demands placed on the accuracy of AATSR SST retrievals requires
further improvements to atmospheric correction. This can be achieved by making two
observations of the same ocean surface through different atmospheric path lengths. As a
result, AATSR also employs a 'dual view' technique to achieve the best possible atmospheric
correction.

Cloud Clearing

A key condition to meet the overall SST accuracy requirements is that of effective cloud
clearing. AATSR employs a number of cloud tests using different combinations of thermal
channel data. However, these techniques can be improved with reference to a visible channel
during the daytime (when cloud will be bright compared to the sea surface), hence the
inclusion of the additional channel at 1.6 um, used primarily for cloud clearing.

Sampling Distance and Instantaneous Field of View (IFOV)

The overall SST accuracy requirement has been set on the basis that 20% of samples need to
be cloud-free over a 0.5 degree by 0.5 degree cell. This means that for adequate noise
reduction through averaging of individual sample values, a minimum of 500 cloud free
samples are required. In the limiting scenario of 80% cloud cover, this requires a total of
2500 samples, which for a 50 by 50 km cell gives a sample size of 1 km. The AATSR sampling
distance has therefore been set at 1 km. Research with previous sensors has also shown that 1
km is a reasonable compromise between data volume and spatial resolution for SST feature

mapping.

In addition, for land applications a 1 km sampling distance is good for mapping and
monitoring on large scales, whilst providing adequate discrimination of land surface types.

Co-alignment of the AATSR channel IFOVs is required to 0.1 of the sampling distance. This
is to allow the cloud clearing algorithms to work successfully at the edge of cloud masses.
Calibration and Characterisation Requirements

To retrieve SST effectively from the AATSR detector signals, the spectral response and
IFOV of the channels are measured prior to launch. In order to meet the strict accuracy
requirements, a pre-launch end-to-end radiometric calibration of the instrument is also
conducted.

In-orbit radiometric calibration will also play an important part in ensuring the long-term
stability of AATSR SST measurements over the mission lifetime. To achieve this, the
instrument carries two high precision black body targets. These are viewed during every scan
to provide accurate in-orbit calibration of the thermal channels.

1.1.2.2 Remote Sensing Over Land

Visible and near infrared wavebands were added to ATSR-2 and AATSR specifically to
enable land remote sensing studies. However, they have been added in such a way as to avoid
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compromising the primary SST measurement requirements.

Work using Landsat and AVHRR data has shown that global monitoring of land, especially
vegetation, at moderate resolution (i.e. ~1 to ~4 km) is of great value in studying a number
of urgent global environmental problems. Parallel research has also demonstrated the
benefit of using combinations of several visible bands for vegetation remote sensing. These
are the principles behind the inclusion of AATSR visible bands, to combine the advantages
of global coverage and improved spectral discrimination.

Band Selection

The reflectance spectrum of vegetation typically shows a low reflectance (~0.05) in the
visible part of the spectrum coinciding with maximum solar irradiance, at which wavelengths
light is absorbed by vegetation for photosynthesis. In the near infra-red (NIR), foliage has a
high reflectance (~0.5), with a very rapid transition between the red and NIR regions at
~0.75 pm. Soil typically has a fairly flat spectrum (gradually rising at higher wavelengths)
over the same region, though its absolute reflectance varies with soil-type and moisture (wet
soil being darker than dry soil).

Either the ratio or difference between two spectral bands on either side of the ~0.75 pm
transition will indicate the presence of photosynthetically active vegetation. Those bands
usually chosen are centred in the red part of the spectrum at ~0.66 pm and in the NIR at
~0.87 um. A number of 'vegetation indices' involving these two bands have been proposed.
In order to provide assessment of vegetation quantity using these established vegetation
indices, AATSR provides two reflection channels in the red and NIR spectral regions (at
0.67 and 0.87 pum).

Healthy growing vegetation has a reflectance peak in the green part of the spectrum, which is
indicative of the amount of chlorophyll present. Thus, the reflectance in a green spectral
band is reduced for senescent, diseased or damaged foliage. Studies using a green band in
conjunction with the red and near-infrared bands show this effect, and important extra
information is obtained on the growth stage (as well as indications of damage) by combining
the three bands in this multi-spectral approach. AATSR includes a narrow band channel in
the centred at 0.55 um for this purpose.

Radiometric Requirements

The AATSR visible channels need to encompass all possible normal variations in brightness
over the whole of the Earth's surface, except sunglint, without saturation. The maximum
signal is derived by assuming the value at the top of the atmosphere with 100% spectral
albedo of ideal Lambertian reflection. The 100% spectral albedo value should encompass
most natural levels of reflected sunlight except sunglint. It is however possible that spectral
radiance values greater than this can be obtained by the addition of an atmospheric signal
due to aerosol scatter, or due to non-Lambertian reflection. For example, the highest cloud
target reflectances are predicted to correspond to an effective albedo of 110-120%.
Conversely, it may be found during flight that 100% albedo is unrealistically high for most
situations of scientific interest. To maximise the precision of the measurements whilst
retaining flexibility in the range of the instrument, the gain and offset of the AATSR visible
channels are therefore selectable in flight.
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In order for the instrument to successfully support land applications, it was considered
desirable that AATSR should measure differences in vegetation reflectance of the order of
~1% for ~10% vegetation cover. Experience with the AVHRR (with 10-bit digitisation) and
Landsat TM (with 8-bit digitisation) instruments has shown that in some circumstances they
are inadequate, and that a signal-to-noise ratio of at least 20 to 1 at 0.5% albedo is necessary
for the red and NIR bands. Also, ignoring atmospheric contributions, and with 10% ground
cover by typical leaves (reflectances red: 5%, NIR: 50%) over a typical soil (reflectances red:
20%, NIR: 30%), this noise level would, in principle, enable ~2% differences in leaf area, for
constant soil reflectances, to be measured. The signal to noise ratio for the AATSR visible
channels has been set accordingly.

Calibration Requirements

To retrieve land parameters from AATSR detector signals by modelling, the spectral
response and IFOV of the visible channels need to be measured prior to launch.
Consequently, AATSR has undergone a rigorous pre-launch calibration campaign. In
addition, for long term monitoring of land parameters, it is important to have confidence in
the stability of the sensing system. Thus, an in-orbit calibration system for the visible
channels is also included.

1.1.2.3 Cryosphere, Cloud and Atmospheric Measurements
Cloud and atmospheric measurements

The objective of research with (A)ATSR data in this field is to extend its usefulness as a
research tool for cloud type identification and cloud top temperature measurement. The
multi-channel and two-view features offered by the instruments are a powerful combination
for cloud, aerosol and atmospheric investigations, in addition to the stereo viewing capability
offered by the dual view.

Although the addition of the visible channels was primarily for land measurement, they also
have a number of applications that will enhance cloud and atmospheric monitoring
capabilities. In particular, the NIR band provides additional information, which is
complementary to the 1.6 um band, for ice/water cloud discrimination, and for sizing cloud
droplets. Estimation of atmospheric aerosol loadings are of particular interest in quality
assessing SST retrievals, which can be significantly affected during, for example, atmospheric
contamination due to volcanic ash injections and schemes already exist to use the 1.6 um
channel to estimate aerosol optical depths over oceans.

Since a large part of the atmospheric attenuation/emission of thermal radiation in the
atmospheric window regions used to remotely sense SST is caused by highly variable water
vapour, it is possible to estimate the content of the atmospheric column from ATSR data.
The accurate and precise measurement of atmospheric water vapour is potentially extremely
important for climate research, as water vapour is the major greenhouse gas, and is also
involved in atmospheric processes such as cloud formation, precipitation and evaporation.
Cryosphere
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Variations in the annual sea ice growth and decay cycles in polar regions are a strong
indicator of climatic change, particularly as modelling shows anthropogenic climate change
to be pronounced in polar regions. In addition, the sea ice extent itself affects the climate
(due to the difference in albedo of the sea ice in comparison with the ocean surface, and the
thermal insulation), and so is an important parameter for climate modellers and for studies
of ice-ocean-atmosphere exchanges.

Work with ATSR data, together with data from other ERS sensors (e.g. the Radar Altimeter
(RA) and the Synthetic Aperture Radar (SAR)) has already proved effective in the study of
Antarctic and Arctic sea ice boundaries, and the investigation of ice surface temperatures.
The discriminatory power of the 1.6 um channel for cloud and ice/snow is of particular
interest, and the enhancements of cloud/ice discrimination with the reflection channels is a
particular goal.

1.1.3 Principles of Measurement

The key measurement principles of the AATSR instrument are outlined below. Detailed
information on the AATSR instrument can also be found in Section (Chapter 3. ), The
AATSR Instrument, of the Reference Guide.

1.1.3.1 The AATSR Instrument

The (A)ATSR instruments are unique in their use of along track scanning to provide two
views of the surface and thus improve atmospheric correction. The surface is first viewed
along the direction of the orbit track, at an angle of 55°, as the spacecraft flies towards the
scene. Then, 150 seconds later, or when the satellite has moved approximately 1000 km
forward along the ground track, a second observation is made of the same scene at the
sub-satellite point, as shown in Figure 1.1 .
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Figure 1.1 AATSR Viewing Geometry

The AATSR dual view is also described in more detail in Section 1.1.5. of this User Guide,
on the Special Features of AATSR, with the geometry and pointing performance discussed
in Section 3.2.1.3. of the Reference Guide.

The AATSR instrument itself is shown in Figure 1.2 .
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Figure 1.2 Main Features of the AATSR Instrument

In operation, infrared and visible energy is reflected off a Scan Mirror mounted on the Scan
Mechanism onto a Paraboloid Mirror. From this mirror, the energy is then focused and
reflected into the infrared and visible Focal Plane Assemblies (FPA) where detectors convert
the radiant energy into electrical signals. The low level signals from the FPA are amplified,
digitised formatted and passed onto other systems on the satellite to transmit them back to
the Earth.

AATSR employs a pair of closed-cycle mechanical coolers

to maintain the thermal environment necessary for optimal operation of the infrared
detectors. The FPA for the thermal infrared wavelength region is cooled to about 80 K whilst
the FPA for the visible channels is maintained at ambient temperature.

In addition to the Earth view, the AATSR detectors also view calibration targets for the
visible and thermal channels during each circular scan. Two stable high-accuracy blackbody
targets provide calibration of the IR channels for every scan, whilst an on-board visible
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calibration system (VISCAL) is viewed once per orbit.

Further information on the AATSR coolers and on-board calibration systems can also be
found in Section 1.1.5. on the Special Features of AATSR.

1.1.3.2 AATSR Flight Operations

Information about the current and past status of the AATSR instrument and its performance
is provided via the AATSR Operations website.

Modes

AATSR has a single operational mode, MEASUREMENT mode, for nominal routine
operations. The only routine interruption to the data flow will occur when the cooled
detectors are warmed up to ambient temperature to remove condensation that may have
been deposited at low temperatures (a process known as outgassing).

Outgassing

Contaminants from the satellite continually condense onto the cold surfaces of the FPA and
its detectors. This degrades instrument operation due to signal attenuation, and because the
changed surface emissivities increase the radiative load on the cooler. Signal calibration is
not affected by this phenomenon, as the view of the calibration targets is subject to the same
modification as the Earth view. Nevertheless, occasionally the FPA is allowed to warm up to
remove these contaminants.

Outgassing periods last about 2 days and occur at intervals of approximately 3 months.
Information about such outgassing events is made available to users in advance on the
AATSR Engineering Data System web site, accessible from the AATSR Operations website.

No useful thermal channel data are collected during these periods.

The operation of the visible detectors is unaffected by this warming, although care must be
taken when using visible channel data acquired at this time. The 1.6um channel data is absent
when the infrared FPA is warm, therefore the Flight Operations Support team are unable to
generate daily ATS_VC1_AX files and there are no corresponding deliveries to the PDS.

Following an outgassing, for optimum calibration the supply of VC1 files once per orbit,
rather than once per day, is recommended for approximately three weeks afterwards. The
current FOS system is not designed to provide files at this frequency. Therefore, when the
delivery of daily ATS_VC1_AX files resumes, the calibration of visible channel data acquired
during this period is still considered to be sub-optimal.

A tool to provide VCI1 files once per orbit for consolidated data processed off-line may be
introduced in the future.
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Low-Gain Configuration

It is possible to switch the 11 and 12 pm channels into a low-gain configuration, to facilitate
the monitoring of 'hot' areas, however this can be done within MEASUREMENT mode,
without the need to interrupt normal operations. The low-gain command applies for a
number of scans in the range 1-1024, selectable by macrocommand. Data from the other 5
channels will be acquired as normal during this period. This function will only be used over
large bodies of land, in order to preserve the primary mission objective of global SST
retrieval. Use of this function will be restricted for the first few months of AATSR operation
to allow for testing and improved configuration. Any operational use of this mode will be
authorised by the AATSR Quality Working Group on a case by case basis.

Data Availability

Data from all of AATSR's channels will be available all of the time at full 12-bit digitisation.
The improvements between ATSR-2 and AATSR in this respect are once again elaborated
in section 1.1.5.4. , Special Features of AATSR.

Data from AATSR will be acquired globally, on a continuous basis, and stored on-board for
subsequent transmission to the ground.

1.1.4 Geophysical Coverage

1.1.4.1 Instrument Swath

The AATSR field of view comprises two ~500 km-wide curved swaths, with 555 pixels across
the nadir swath and 371 pE(GlS across the forward swath, as shown in fig%re 1.3 . The nominal
IFOV (pixel) size is 1 km* at the centre of the nadir swath and 1.5 km” at the centre of the
forward swath. The scan cycle is repeated 6.6 times per second, and the sub-satellite point on
the Earth's surface moves forward by 1 km (i.e. one pixel) during each scan cycle.
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Figure 1.3 The AATSR Swath

1.1.4.2 Orbit and Repeat Cycle

ENVISAT is designed for a Sun-synchronous polar orbit. The planned operating altitude is
800 km, although a range of altitudes can be selected allowing variations in the repeat cycle
of the ground track. In this way, ENVISAT can employ 3, 35 and 168-day repeat cycles. The
35 and 168-day cycles can provide complete global coverage by AATSR, but the 512 km
swath width does not achieve complete coverage with the 3-day repeat cycle.

The local time at the equator for the descending node has been selected as 10:00 a.m., which
optimises illumination conditions for the optical instruments. ENVISAT's orbit after launch
will be adjusted to phase with ERS-2, such that the descending node crossing time of
ENVISAT will be 30 minutes in advance of ERS-2.

The nominal orbit has a repeat cycle of 35 days and an orbital period of 100.6 minutes, with
an inclination of 98.54 degrees. On-board systems allow the ground track to be maintained
within 1 km and the local hour to within 5 minutes. In nominal operations, the satellite is
pointed using star-trackers in a 'stellar yaw-steering mode'. In this mode, the satellite is
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yawed to compensate for the apparent motion of the Earth across-track beneath the satellite.

1.1.5 Special Features of AATSR

AATSR has a number of special features including:

o On-board Calibration 1.1.5.1.
. Dual View 1.1.5.2.

J Coolers 1.1.5.3.

. Full 12 bit digitisation 1.1.5.4.

1.1.5.1 Onboard Calibration

The AATSR instrument has proven onboard calibration systems for the thermal and visible
channels, to ensure that the science goals of AATSR are met.

Thermal Calibration System
Two black body reference targets are viewed on each scan, with one at roughly at 265K and

the other at 305K, as this is expected to encompass the full global range of SSTs. They use
the design concept which has been proven on ATSR-1 and ATSR-2.

The calibration sources are designed such that uncertainties in the radiance from them will
not exceed an equivalent temperature error of more than 100mK throughout the mission
(see section ).

Visible Calibration

The visible calibration needs two sources for gain and offset measurements. By using one of
the thermal calibration sources as a zero radiance calibration point, only one source of higher
radiance is necessary. The calibration system for the reflection channels (VISCAL) provides
a stable source for calibration once per orbit, using sunlight to illuminate a diffusing plate.
The system has been proven on ATSR-2.

1.1.5.2 Dual View

As described already in section 1.1.3. , AATSR employs a dual view. This can improve the
atmospheric correction and thus enable more precise sea surface temperature
measurements. The (A)ATSR instruments have a viewing geometry where each terrestrial
scene is viewed at two angles, at nadir and at a forward angle of 55°. From two views with
different atmospheric path lengths, it is possible to obtain independent information about
the atmospheric contributions to the signal, and perform an accurate atmospheric correction.
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A dual view can also be used in land remote sensing to give information on the bi-directional
reflectance distribution function of different surfaces.

1.1.5.3 Coolers

Another unique feature of the (A)ATSR design is the use of closed-cycle mechanical coolers
to maintain the thermal environment necessary for optimal operation of the infrared
detectors. The FPA for the thermal infrared wavelength region is cooled to about 80 K whilst
the other is maintained at ambient temperature. ATSR-1 was the first environmental sensor
to carry such a cooler into space.

1.1.5.4 Full 12 bit digitisation

AATSR offers the same combination of visible, near infrared and thermal channels as
ATSR-2 but has the added advantage that the improved data rates available on ENVISAT
will provide global coverage at the highest (12 bit) digital resolution over the whole swath
throughout the orbit.

Details of the differences between the ATSR-2 and AATSR source packets are discussed in
section 2.5.2. of the Reference Guide.

1.1.6 Summary of Applications vs Products

Table 1.1 lists the AATSR products and example applications for which they can be used.
Further details of the AATSR products can be found in section (Chapter 2. ), Products and
Algorithms, and section (Chapter 6. ), Data Formats, of the Reference Guide. Example
images from ATSR-2 can also be found in the Image Gallery in section 1.4. of this User
Guide.

Table 1.1 Summary of products vs. Applications

Product Name and ID Contents Applications

Level 06.4.1.

Instrument Source Packets Not generally available to users
ATS_NL_OP

A tool for AATSR instrument scientists and engineers

Ungridded Counts Raw detector outputs in each channel, plus calibration data . .
(UCOUNTS) and auxiliary telemetry Not an official ESA produc‘:;étrngd not generally available to
Ungridded Brightness Temperature/Reflectance Product Calibrated measurement data in instrument scan geometry, | A tool for AATSR instrument scientists and engineers. Also
plus target lat/long and ground track x/y coordinates for useful for scientific applications where it is important to
(UBTR) cach pixel retain pixel values in the original scan geometry and without
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cosmetic fill

Not an official ESA product and not generally available to
users.

Gridded Brightness Temperature/Reflectance Product
6.2.1.

(GBTR)
ATS_TOA_1P

Full (1 km) resolution TOA BT/reflectance for all channels
and both views

L1B ocean, climate, land and cryosphere applications on
local or regional scales:

Ocean circulation
Pollution monitoring
Deforestation
Land resource management
Natural hazards
urban growth/heat islands
Land surface temperature
Sea ice movement
Cloud parameter retrieval

Gridded Surface Temperature Product 6.1.3.
(GST)
ATS_NR_2P

Full (1 km) resolution geophysical parameters over sea, land
and cloud

L2 ocean, climate, land and cryosphere applications on local
or regional scales:

Surface/atmosphere heat transfer
Climate modelling
SST climatologies
Oceanography
Climate monitoring: greenhouse effect, El Nifio
Regional Land Surface Temperature

Vegetation studies and resource management using NDVI
Regional Cloud Top Temperature and Cloud Top Height*

Averaged Surface Temperature 6.1.1.

Spatially averaged ocean, land and cloud parameters, plus

Similar ocean, climate, land and cryosphere applications to

(AST) spatially averaged BT/reflectance. GST ab. but lobal scal
above, but on a global scale.

ATS_AR_2P Averaged over 10 and 30 arc minute and 17 and 50 km cells &

Meteo Product 6.1.2. i i i

Meteo Product 6.1.2. SST and averaged BT for all clear pixels in 10 arc min cells NRT product for operauonal_ atmospheric and climate
ATS_MET_2P modelling

Browse Product 6.3.1. 3 band colour composite browse image derived from L1b | Low data volume NRT product for image previews and data
ATS_AST_BP product, 4 x 4 km sampling selection

The 11um BT is currently used in the GST product as a placeholder for Cloud Top
Temperature retrievals. The Cloud Top Height field is currently set to zero.

1.2 How to use AATSR data

Documentation and Tools

An overview of the ENVISAT product formats is provided in the ENVISAT Products
Specifications Document (PO-RS-MDA-GS-2009) Volume 5 - Product Structures Ref. [1.8

1

Detailed product format information specific to the AATSR products can be found in
Volume 7 of the ENVISAT Product Specifications Document Ref. [1.8 ] and in section
(Chapter 6. ) of the AATSR Reference Guide, on Data Formats (Chapter 6. )

There are a number of ways to approach the visualisation and analysis of AATSR data. The
following subsections provide information on the software tools available:
. Software Tools 1.2.1. :

o General tools 1.2.1.1.
J EnviView 1.2.1.2.
o Instrument Specific Software Tools 1.2.1.3.
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Section 2.12. of the Reference Guide, Data Handling Cookbook, will also be used to detail
miscellaneous tools and routines developed during the mission lifetime.

Disclaimers addressing issues affecting AATSR product quality are published at
http://envisat.esa.int/dataproducts/availability/ .

Hints and Tips on Data Handling

There are a number of important concepts associated with the AATSR products that should
be understood before trying to read and interpret the data. These include:
. The use of granules in the data processing.

. The use of tie points.

. The relationship between Measurement Data Sets and Annotation Data Sets.

. The AATSR GST product (ATS_NR__ 2P) as a 'switchable' product.

. The use of placeholder values, pending the development of more appropriate
retrieval algorithms.

. How to visualise spatially averaged cells.

. The use of confidence words and exception values.

. Interpreting the AATSR topographic correction.

These are discussed in section 2.12.1. of the Reference Guide, in the Hints and Algorithms
for Data Use section of the Data Handling Cookbook.

1.2.1 Software tools

The following categories of software tools can be used to explore AATSR products:
. General Tools 1.2.1.1.

. EnviView 1.2.1.2.

. Instrument Specific Software Tools 1.2.1.3.

1.2.1.1 General Tools

Users are free to write their own routines in C, IDL or other languages to read and process
AATSR data. The detailed AATSR product specifications will assist with this task.

The EnviView 1.2.1.2. tool provided by ESA can also be used to convert ENVISAT data into
hdf file format. This allows the data to be automatically read by any third-party software
supporting this format. The use of this function within EnviView is strongly recommended
for those who are unfamiliar with the ENVISAT product format.

A number of COTS image processing packages such as ERDAS, ENVI and Geomatica may
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also extend their products to directly support the AATSR product format, in time.

The particular features of the AATSR products highlighted in section 1.2. under Data
Handling Considerations should be taken into account when developing AATSR reading
and data processing routines.

1.2.1.2 EnviView

EnviView is a tool specially developed to open and decode data in the ENVISAT format. It
then provides the capability to display the contents of the products as simple text in HTML
format, as graphs, or as images where these are appropriate. EnviView will also output
products in hdf file format, allowing them to be read by other software packages supporting
this format.

EnviView will be made freely available to all ENVISAT data users. Further information and
copies of EnviView can also be obtained via EOHelp@esa.int.
The EnviView Charter

EnviView is a simple tool to provide a first look at ENVISAT data files in the PDS format. It
is intended for the following purposes:

. To be able to open any Level 0, 1B, Level 2 or Auxiliary PDS data file;

. To determine the contents of a the file, and the value of any given fields in any data
set (except raw source packets);

. To provide basic visualisation of data through simple 2D graphs;

. To visualise certain high level data sets in a meaningful manner where a 2D graph
conveys little information:
J image data sets from AATSR, ASAR and MERIS;
. ASAR Wave spectra;
. RA2 Waveform movie.

. To provide a representation of the geographic coverage;

. To export selected data to HDF, ASCII or binary data files, for analysis in other
tools such as Mathematica, IDL, Excel, etc.;

. To save the contents of a record as HTML text for inclusion in reports;

. To print the contents of a record, or data view;

. To be highly portable, to reach as wide an audience as possible;

. It is guaranteed to run on Unix, Windows and MacOS and potentially other

platforms too.

EnviView is not intended for the detailed analysis of ENVISAT data, there are many
commercial and proprietary tools that provide better facilities.

The difference between such tools and EnviView is that they are more often than not aimed
at certain classes of data, such as images or atmospheric data, or even data for a particular
instrument. EnviView, however is a single solution for all PDS products.

Special Instructions
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The following special instructions should be noted when using AATSR data in EnviView:
Gridded Surface Temperature (GST) Product: ATS NR_2P

The GST product is switchable, meaning that the contents of the MDS depends on the
settings of the land/cloud flags. The MDS also contains 2 image fields, the Nadir Field and
the Combined Field. The mechanism for viewing these image fields within EnviView is
currently as follows:

. Open the GST product.

. Select the New Image View menu item from the View menu.

. The Quantity drop-down box will display the available image fields in the MDS.
Select the relevant field accordingly.

. Navigate around the image and adjust the colour settings as per the standard
EnviView procedures.

Average Surface Temperature (AST) Product: ATS_AR_2P

The MDSs in the AST product represent images constructed from 10 and 30 arc minute and
17 and 50 km cells. These cells are referenced by cell latitude and longitude rather than being
treated as pixels in a scan line. These images are therefore displayed on a world map using
the EnviView 2-D Map View function, rather than using the Image Viewer. In this function,
each cell is represented by a symbol (a solid box). The symbol size approximates the data
sampling area and scales with the axis ranges of the map plot.

Taking the SST record 10 arc minute cell MDS as an example:

. Open the AST product.

. From the View menu, select the New 2-D Map View menu item.

. Select the data set of interest from the Data Set drop-down box, which in this case is
SEA_ST_10_MIN_CELL_MDS

. Select the required field within the MDS under Value Field (in this case either the

mean dual view SST (m_dual vw) of the mean nadir SST (m_nad)) using the
drop-down box.

. Specify the Record at which the plot should start and the number of Records/Plot
and press Enter
. Adjust the colour settings/reset the zoom as per the standard EnviView procedures.

1.2.1.3 Instrument specific software tools

MERIS/(A)ATSR Toolbox
Overview

The Basic ERS & Envisat (A)ATSR and Meris Toolbox (BEAM) is a collection of
executable tools and an application programming interface (API) which has been developed
to facilitate the utilisation, viewing and processing of ESA MERIS, (A)ATSR and ASAR
data. The purpose of BEAM is not to duplicate existing commercial packages, but to
complement them with functions dedicated to the handling of ENVISAT MERIS and
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AATSR products. The main components of the BEAM are:
VISAT - A visualization, analyzing and processing software, entirely written in Java.

. A set of scientific tools running either from the command line or invoked by VISAT,
also entirely written in Java.

. The BEAM Java API provides software frameworks and helpers for application
development and new extension modules.

. ENVISAT MERIS/AATSR Product Access API for ANSI C allowing reading

access to these data products using a simple programming model.

The development of the BEAM software is targeted as an open source project and comes
with full source code. BEAM is available at: http://earth.esa.int/services/beam/

Architectural Design Goals

The primary design features of the BEAM are:
Extendibility through software frameworks with dedicated plug-in points for
extended functionality. This will allow for easy integration of new algorithms, new
data product I/O formats and much more.

. An open source design which allows for distributed development resulting in a faster
rate of growth, flexibility and stability.
. Portability through platform-independent design for use on all major operating

systems. All components of the toolbox (except ANSI C library) are programmed in
Java. The alpha release was tested successfully on Windows 95/98/NT4/2000, Linux,
Solaris and MacOS X. The ANSI C API shall compile on any system with an
ANSI-C compliant C compiler.

. High performance achieved by using optimized algorithms and frameworks. Image
processing based on Java Advanced Imaging API (JAI).

More information is available from the envisat web site at http://envisat.esa.int/beam

1.3 Further Reading

Further information on the AATSR instrument can be found on the AATSR web page at
http://www.leos.le.ac.uk/home/aatsr/, and on the ATSR-1 and ATSR-2 instruments at the
Rutherford Appleton Laboratory web page at http://www.atsr.rl.ac.uk/.

Listed below are the documents referenced elsewhere in the handbook. For access to these
documents please contact EOHelp@esa.int.

Ref1.1
AATSR Commissioning Plan, PO-PL-RAL-AT-0501, Issue 1.3, 22 February 2001
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Ref1.2
AATSR Field of View Test Report, PO-TR-RAL-AT-0022, Issue 1, 26 March 1999

Ref 1.3
AATSR Flight Operation and Data Plan, PO-PL-ESA-AT-0152, Issue 2 Revision 5, 22
November 2001

Ref 1.4
AATSR Instrument Measurement Data Definition, PO-TN-MMB-AT-0038, Issue 1,
December 1995

Ref 1.5
AATSR Infra-Red Radiometric Calibration Report, PO-TR-RAL-AT-0024, Issue 1, 26 May
1999

Ref 1.6
ENVISAT Mission Conventions Document, PO-IS-ESA-GS-0561

Ref 1.7
ENVISAT Product Format Guidelines, PO-TN-ESA-GS-0242

Ref 1.8
ENVISAT Product Specifications, PO-RS-MDA-GS-2009

Ref 1.9
AATSR Verification Plan, PO-PL-RAL-AT-0502, Issue 1.1, 12 September 2001

Ref 1.10
AATSR Visible Calibration Report, PO-TR-RAL-AT-0023, Issue 2, 8 July 1999

F. Martin Crespo, J.-P. Guignard, C. Garrido and M. Irie,
Ref 1.11
The Payload Data Segment, ESA Bulletin Number 106, June 2001

Ref1.12
G. Mason, ATSR Test and Calibration Report, ER-RP-OXF-AT-0001, September 1991

Ref1.13
J-M Melinotte, and O. Arino, The IONIA 1-km Net-Browser Experience - Quicklook
Processing and Access Statistics, Earth Observation Quarterly, 50, 6-10, 1995

Ref 1.14

CJ. Merchant, A.R. Harris, M.J. Murray and A.M. Zavody. Towards the elimination of bias
in satellite retrievals of sea-surface temperature. 1. Theory, modelling and interalgorithm
comparison. Journal of Geophysical Research, 104 (C10), 23, 565 - 578, 1999.

Ref1.15
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R. W. Saunders, An automated scheme for the removal of cloud contamination from
AVHRR radiances over Western Europe. Int. J. Remote Sensing, 7, 867 - 886, 1986

Ref 1.16
R. W. Saunders and R. T. Kriebel, An improved method for detecting clear sky and cloudy
radiances from AVHRR data, Int. J. Remote Sensing, 9, 123 - 150, 1988

Ref 1.17

P.D. Watts, M.R. Allen, and T.J. Nightingale. Wind-speed effects on sea-surface emission
and reflection for the Along-Track Scanning Radiometer. Journal of Atmospheric and
Oceanic Technology, 13, No. 1, 126 - 141. 1996.

Ref 1.18

AM. Zavody, C.T.Mutlow and D.T. Llewellyn-Jones. A radiative transfer model for
sea-surface temperature retrieval for the Along-Track Scanning Radiometer. Journal of
Geophysical Research, 100 (C1), 937 - 952, 1995.

Ref 1.19

AM. Zavody, C.T.Mutlow and D.T. Llewellyn-Jones. Cloud Clearing over the Ocean in the
Processing of Data from the Along-Track Scanning Radiometer (ATSR). Journal of
Atmospheric and Oceanic Technology, 17, 595 - 615, 2000.

Ref 1.20
Routine Viscal Production, PO-TN-RAL-GS-0503

Ref 1.21

Prata, A.J. Land Surface Temperatures derived from the Advanced Very High Resolution
Radiometer and the Along-Track Scanning Radiometer 2. Experimental results and
validation of AVHRR algorithms. J. Geophys. Res. 99(D6), 13,025-13,058, 1994.

Ref 1.22
Land Surface Temperature Measurement from Space: AATSR Algorithm Theoretical Basis
Document, Dr Fred Prata (CSIRO) 14 January 2002.

Ref 1.23
A.J. Prata, "Land surface temperatures derived from the AVHRR and the ATSR, 1, Theory,"
J. Geophys. Res., 98(D?9), 16,689-16,702. 1993.

1.4 Image Gallery

ATSR and ATSR-2 data have been used for a number of applications. The image gallery
shows a selected number of images covering different applications. More examples can be
found at http://www.atsr.rl.ac.uk/images/index.html
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and http://www.leos.le.ac.uk/home/aatsr/

1.4.1 Spatially Averaged Global SST, September 1993

Figure 1.4 Spatially Averaged Global SST, September 1993

Spatially averaged, global sea surface temperature imagery for September 1993, derived from
ATSR data. The temperatures are represented on a scale from purple/blue (coldest) through
green to red (warmest). To the east of the USA, a thin tongue of warm water can be seen
stretching northwards, the Gulf Stream.

1.4.2 Deforestation in Brazil
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Figure 1.5 Deforestaio Brazil

Estimation of rainforest cover at the sub-pixel using ATSR-2 images of the Rondonia
Province in Brazil. In this thermal ATSR-2 image of Rondonia, higher temperatures are
represented by light green, decreasing to dark green. The lighter, 'lined' regions in the lower
half are roads of deforestation, visible as higher temperature areas.

1.4.3 Mutsu Bay, Japan
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This shows the relationship between radiometric measurements and the state of the
ocean/atmosphere interface. In this thermal satellite image of northern Japan, the land has
been masked in black and the clouds in white. Temperature patterns can clearly be seen on
the surface of the ocean, with strong temperature gradients occurring over relatively small
distances (few km). ATSR nadir view, 11um brightness temperature histogram equalised
between 274 (purple) and 284 (red) kelvin.

1.4.4 Typhoon Saomai
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Figure 1.7 Typhoon Saomai
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This is a night-time 11 pum false colour image, showing Typhoon Saomai over the East China
Sea, heading north towards the Korean Peninsula. It was taken on the 13th September 2000.

1.4.5 Land cover in the Middle East
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Figuré 1.8 Land Cover in thé Middle East
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This image is a false colour composite, produced by combining uncalibrated detector counts
from two of ATSR-2's visible wavelength detectors and the near infrared detector. The image
was obtained from ATSR-2's nadir view, during a daytime pass of the Mediterranean Sea,
and shows Cyprus, Israel and the Sinai Peninsula. The distinction between land cover change
in Israel and Sinai can be clearly seen towards the bottom of the image.

1.4.6 Breakup of the Ross Ice Shelf

Figure 1.9 Breakup of the Ross Ice Shelf .I

Images collected at the Rutherford Appleton Laboratory show the breakup of the Ross Ice
Shelf in the Autumn of 2000. This image was taken on the 7th December 2000, and shows the
icebergs breaking away from the main ice sheet. The image is a visible day time image
combining the 1.6, 0.87 and 0.67 pum wavebands.
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Chapter 2
AATSR Products and Algorithms

This section of the AATSR Reference Guide provides detailed information on the AATSR
instrument products and the data processing algorithms used to generate them. This
information is broken down into the following sub-sections:

. Introduction 2.1.

Organisation of Products 2.2.

Definitions and Conventions 2.3.

Product Evolution History 2.4.

Level 0 Products 2.5.

Level 1B Products and Algorithms 2.6.

Level 2 Products and Algorithms 2.7.
Instrument Specific Topics 2.8.

Auxiliary Products 2.9.

Latency, Throughput and Data Volume 2.10.
Characterisation and Calibration 2.11.

Data Handling Cookbook 2.12.

The AATSR Handbook Chapter 2: AATSR Products and Algorithms Date: 27 February 2007 Page 44



The AATSR Handbook

‘@

- CSa ENVISAT,

LI —3-"R N RRR R —) FH4+

2.1 Introduction

The design of the ENVISAT Payload Data Segment (PDS) is summarised in 'The Payload
Data Segment', ESA Bulletin Number 106, June 2001 Ref. [1.11 ].

2.1.1 Data Processing Centres

In common with data from other ENVISAT instruments, AATSR products generated in
Near Real Time (NRT) will be processed at the Payload Data Handling Stations (PDHS)
co-located with the various ENVISAT acquisition stations. Off-line processing and archiving
of Level 1b (L1b) data will take place at the ENVISAT Low-rate Reference Archive Centre
(LRAC) in Kiruna, followed by Level 2 (L2) processing at the Processing and Archiving
Centre located in the UK (UK-PAC).

The target times for production of NRT and off-line products are given in section 2.10. .

2.1.2 Data Processing Software

All of the above centres will run the same version of the AATSR Instrument Processor
Facility (IPF) software, thus ensuring that all centres use identical processing algorithms and
product formats. The AATSR IPF is provided as an ENVISAT "Generic Element" which can
be installed on the Processing Facility Host Structure (PFHS) at each centre. The AATSR
IPF has been developed as part of the ENVISAT PDS Prime Contract, based on detailed
specifications provided by the AATSR instrument provider, the UK Department for
Environment, Food and Rural Affairs (DEFRA). The same specifications have also been
implemented within a Prototype Processor (PP) operated by DEFRA. Test Data Sets (TDS)
from the PP have been used to validate the operational IPF. All future updates to the IPF
will also be verified against PP TDS. The PP may also be used in the future as a test bed for
new or improved AATSR algorithms.

2.1.3 Heritage
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The processing algorithms for AATSR are based on those developed for ATSR-1 and
ATSR-2, and use the ATSR SADIST (Synthesis of ATSR Data Into Surface Temperatures)
software as a basis. This has essentially been re-engineered for AATSR, to allow it to be
integrated into the wider ENVISAT PDS architecture. However, algorithms used within
SADIST have been directly re-used for AATSR wherever possible to maintain consistency
across the three missions.

The differences between ATSR and AATSR products are therefore primarily in the area of
product format and structure rather than scientific content. Many of these differences arise
from requirements imposed by the ENVISAT project to ensure a uniform product structure
across all instruments. See section (Chapter 6. ) for detailed product format information.

For AATSR, a number of enhancements to the original ATSR products have also been
introduced. These include:

. The use of more accurate ellipsoidal, rather than spherical, geometry in the
geolocation scheme (see section 2.6.1.1.5. );

. A change in the along-track sampling of the image grid from a fixed spacing of 1 km
to sampling equally spaced in time (see section 2.6.1.1.7. );

. Use of generic ENVISAT routines for time correlation, orbit propagation and
geolocation, to ensure coherence between all ENVISAT instruments;

. Operational calibration of the AATSR visible channels (see section 2.6.1.1.3.);

. The inclusion of a topographic correction to the latitude and longitude of pixels over
land (see section 2.6.1.1.5.4. - this algorithm description needs to be expanded
eventually);

. The introduction of a Normalized Difference Vegetation Index (NDVI) retrieval

over land (see section 2.7.1.2. ).

2.2 Organisation of Products

2.2.1 ENVISAT Product Organisation

ENVISAT PDS files fall into the following 5 distinct classes:

. Level 0 products - raw data source packets from the satellite, wrapped in a
PDS-compatible file structure;

. Level 1B products - calibrated and geolocated engineering units, with auxiliary data
separated from measurements;

. Level 2 products - geolocated geophysical products in which L1B data has been

transformed through higher-level processing into geophysical quantities;
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. Browse products - low resolution overviews of L1B or L2 image products provided
for catalogue browsing;
. Auxiliary products - external data used at various stages of the ground processing,

including instrument characterisation measurements, calibration settings and
meteorological and orbit predictions.

The naming convention for ENVISAT products is summarised as follows.
filename = <product_ID> <processing_stage flag> <originator_ID> <start_day> <" ">
<start_time> <" "> <duration> <phase> <cycle> <" "> <relative_orbit> <" ">

<absolute _orbit> <" "><counter> <"."> <satellite ID> <.extension>

These fields are described in detail below, with reference to the following example AATSR
file:

ATS_MET _2PNPDK20050301_094558 000066812035 00108 15693 2654.N1.gz
Product ID (ATS. MET 2P)

10 character string identifying sensor, processing level and type of product (P = parent, C =
child).

Processing Stage Flag (N)

Set to "N" for Near Real Time product

Set to "V" for fully validated (consolidated) product
Set to "T" for test product

Set to "S" for a special product.

Letters between N and V are assigned in order of level of consolidation (i.e., closer to V =
better consolidated)

Originator ID (PDK)

Identifies the centre that generated the file. The 3-character code may be one of the
following:

PDK = PDHS-K
PDE = PDHS-E
LRA = LRAC

PDC = PDCC
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FOS = FOS-ES

PDA = PDAS-F

U-P = UK-PAC
D-P = D-PAC
I-P = I-PAC
F-P = F-PAC
S-P = S-PAC
E-P = E-PAC

ECM = ECMWF
Start Day (20050301)

The start day of the product from the UTC time of the first DSR. The format is
YYYYMMDD.

Start Time (094558)
The start time of the product from the UTC time of the first DSR. The format is HHMMSS.
Duration (00006681)

Time coverage of the product expressed in seconds. If the duration of a product is not
relevant information, it will be set to "00000000".

Phase (2)

Mission phase identifier.

Cycle (035)

Cycle number within the mission phase.

Relative Orbit (00108)

Relative orbit number within the cycle at the beginning of the product.

Absolute Orbit (15693)
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Absolute orbit at the beginning of the product.
Counter (2654)

Numerical wrap-around counter for quick file identification. For a given product type the
counter is incremented by 1 for each new product generated by the product originator.

Satellite ID (.N1)
El1 = ERS-1, E2 = ERS-2, N1 = ENVISAT-1
Extension(.gz)

Optional field. Used only for distribution to users to indicate common archiving and
compression standards if used (e.g., .gz, .Z,.tar, .tarZ, .gif, .jpeg, etc.).

All products in the above categories conform to the following structure:

. A Main Product Header (MPH);

. A Specific Product Header (SPH), including a number of Data Set Descriptors
(DSDs) which provide a directory of the remaining data sets in the file;

. Measurements Data Sets (MDS);

. Annotation Data Sets (ADS);

. Global Annotation Data Sets (GADS).

The format of the MPH is identical for all products. The SPH is specific to each product or
group of related products. The MPH and SPH are written in plain ASCII text. The rest of the
file is in binary format, except for a few products (none from AATSR) that also have ASCII
ADS or MDS.

Each MDS, ADS or GADS consists of a sequence of data set records, containing one or
more fields of data. The format of all data sets for all instruments is described in the
ENVISAT Product Specifications document (PO-RS-MDA-GS-2009) Ref. [1.8 ] and can
also be displayed via EnviView.

A MDS contains data derived from instrument measurements and related processing or
instrument information. Every MDS has a time stamp indication the time of the
measurement. An ADS contains processing information related to measurements such as
geolocation, or quality parameters, and is also time-stamped with the time of the related
measurements. The GADS contain processing configuration data that apply to the entire
product and are not related to individual measurements, and hence have no time stamp.

2.2.2 AATSR Product Organisation
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The AATSR products available from the PDS and their respective processing levels are
summarised in table 2.1 .

Table 2.1 AATSR Products and Processing Levels

Level Product Product ID Contents
0 Level02.54.1. ATS_NL_0P Instrument Source Packets
1B TemperatureReflectnee Prodhet (GBTR) ATS_TOAIP ol chamneiand bt views
i —
) Gridded Surfacmcrmurc Product ATS_NR_2P pilrlllng(lﬂl;::)(:j;;)lz?;:zfg(;ﬁl&y;(c’duld

Spatially averaged ocean, land and cloud
parameters, plus spatially averaged
2 Averaged Surface Temperature (AST) ATS_AR_2P BT/reflectance

Averaged over 10 and 30 arc minute and 17
and 50 km cells

2 Meteo Product ATS_MET 2P SST and averaged BT for all clear pixels in
_ _ 10 arc min cells

Product sizes and processing latency are discussed in section 2.10. .

The AATSR Prototype Processor (PP) operated by DEFRA also generates two internal
products (table 2.2 ) mid-way through the L1b processing. These are not official ESA
products and are not available through the PDS. These products are principally used by the
instrument science and engineering teams to monitor instrument performance and internal
data processing parameters.

Table 2.2 AATSR Internal Ungridded Products

Level Product Product ID Contents
Ungridded Counts Unpacked raw detgctor counts in egch
1 N/A channel, plus calibration data and auxiliary
UCOUNTS) 2.6.2.2.1. telemetry
Ungridded BT/Reflectance Calibrated measurement data in instrument
1 N/A scan geometry, plus target lat/long and
UBTR)2.62.2.2. ground track x/y coordinates for each pixel

AATSR products are of two types: full resolution products, and averaged products. The full
resolution products are image products based on a rectangular grid of 1 km nominal
resolution, centered on the satellite ground track. Because of the conical scanning geometry
of AATSR, the pixels measured by the instrument fall on curved scan lines, and must be
re-sampled onto a rectangular grid.

This is done by migrating each pixel to the nearest grid point. This process will not
completely account for every grid point, since in some parts of the scan the density of
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measured scan pixels is lower than the grid point density, so to allow for this a cosmetic fill
operation is then carried out. The net result is that each MDS pixel is a measured scan pixel,
but displaced in position. If a pixel within the grid has been cosmetically filled, this is
indicated in the corresponding confidence word, in which bit 1 will be set.

Averaged quantities in the AST product are provided at two different resolutions, and with
respect to two different averaging schemes as described in Section 2.7.1.3. (Half-Degree
cells) and Section 2.7.1.4. (50 km cells)

Averaged brightness temperatures and reflectances are generated from the Level 1B
regridded brightness temperatures and visible channel reflectances. Two different averaging
schemes are used. For the first of these, the globe is imagined to be divided into cells 0.5° in
latitude by 0.5° in longitude, and these cells are further subdivided into 9 sub-cells extending
10 arcmin in latitude by 10 arcmin in longitude. Averaged brightness temperatures and
reflectances are derived, for cloud-free and cloudy pixels separately, by averaging the data
over these cells and sub-cells.

Each cell is further subdivided into 9 sub-cells each extending 10 arc minutes in latitude by 10
arc minutes in longitude. Similar spatially averaged quantities, averaged over cells and
sub-cells of nominal dimensions 50 km by 50 km and 17 km by 17 km respectively, are
derived to give an alternative averaged product based on equal area cells.

All archived AATSR products will be orbit-based (unlike full resolution ATSR-2 products,
which are scene based) and will conform to the common ENVISAT product structure
described above. The data sets may include both Measurement Data Sets (MDS), containing
instrument data, and Annotation Data Sets (ADS), containing auxiliary data. An AATSR
product data set record corresponds to an across-track image row in the full resolution
products, or to a cell in the Level 2 averaged product.

2.2.3 Relationship Between AATSR and ATSR Products

The relationship between the AATSR and ATSR product sets is shown in table 2.3 .

Table 2.3 Relationship Between AATSR and ATSR-2 Products

Product ID AATSR Product Equivalent SADIST-2 Product
ATS TOA 1P Gridded Brightness Temperature and Reflectance Product GBT
- - (GBTR)
. . . New product - no SADIST equivalent (NOT equivalent to
ATS_AST_BP Browse Product the GBROWSE)
ATS_NR_ 2P Gridded Surface Temperature Product (GST) GSST
ATS_AR_ 2P Averaged Surface Temperature Product (AST) Combines elements of ASST, ABT and ACLOUD
ATS_MET 2P Spatially Averaged BT and SST for Meteo users (Meteo) NRT only. Derived from AST Product
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NB: The internal UCOUNTS and UBTR products generated by the PP are the equivalents
of the ATSR UCOUNTS and UBT.

2.3 Definitions and Conventions

2.3.1 Definitions

Across-track band: The instrument swath is imagined as divided into 10 bands of width 50 km
parallel to the ground track. The bands are symmetrically arranged on either side of the
ground track, so that for example Band 0 covers the range -250 < x < -200 km, and Band 5
covers the range 0 < x < 50 km. Historically these were originally defined as part of an
earlier ATSR SST retrieval algorithm. In this role they are now obsolete, but the structure of
the across track bands are still used internally by processor, in particular in relation to the
cloud clearing algorithms, and the solar and viewing angles are sampled at the band edges.

Cell (AST): An area spanning 0.5 degree in latitude by 0.5 degree in longitude or 50km by
50km depending on the data set in question, within which pixels contribute to the averaged
product.

Granule: A subdivision of the AATSR image. In general 1 granule corresponds to 32 image
rows, although the Summary Quality ADS is based on a 512 row granule. In general, a
granule is a group of consecutive records in a Measurement Data Set; the number of such
records is instrument dependent. Thus for the AATSR full resolution products, the granule
is 32 records. It is intended to be the minimum increment used to define the limits of a child
product. With the exception of the Summary Quality ADS, all Annotation Data Sets in the
AATSR products contain 1 record per granule.

Image pixel: Image pixels are samples of the full resolution product.

Image row: A row of image pixels orthogonal to the satellite ground track. AATSR images
are regridded onto a rectangular grid of image pixels centred on the satellite ground track.
The image row comprises 512 image pixels.

Instrument pixel: The AATSR scan mirror rotates clockwise (as seen from above) at a
uniform rate of 400 revolutions per minute, and so making one rotation in 150 ms. The
instrument channels are sampled 2000 times per rotation at equal intervals of time. The
instrument thus measures 2000 instrument pixels at equal angular intervals around the scan.
Not all of these samples represent a valid measurement, however, since for parts of the scan
the instrument is observing parts of the instrument housing.
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For this reason not all of these samples are returned in the telemetry. The instrument source
packet contains 974 samples (instrument pixels) in 5 groups of contiguous pixels
corresponding to the 5 views; VISCAL, nadir view, +X black body, forward view, -X black
body (section 3.1.3. and figure 3.8 ).

Pixel selection map The pixel selection map defines which of the 2000 pixel samples are
actually transmitted to the ground. Strictly it is an array within the DEU with an entry for
each pixel to indicate whether or not to format science data for that pixel (Reference:
AATSR Instrument Measurement Data Definition Ref. [1.4 ], PO-TN-MMB-AT-0038). It is
possible to update the pixel selection map in flight by macrocommand.

The pixel selection map in use, which is required to unpack the pixel counts in the ground
processing, is defined by parameters in the auxiliary data block of the instrument source
packet. These parameters are as follows.

Table 2.4 Auxiliary data items defining the pixel selection map

Telemetry mnemonic Telemetry identifier Telemetry description
A2200 IDF20 Pixel Map Readout (VISCAL Start pixel number)
A2210 IDF21 Pixel Map Readout (VISCAL End pixel number)
A2220 IDF22 Pixel Map Readout (Nadir Start pixel number)
A2230 IDF23 Pixel Map Readout (Nadir End pixel number)
A2240 IDF24 Pixel Map Readout (+XBB Start pixel number)
A2250 IDF25 Pixel Map Readout (+XBB End pixel number)
A2260 IDF26 Pixel Map Readout (Along Track Start pixel number)
A2270 IDF27 Pixel Map Readout (Along Track End pixel number)
A2280 IDF28 Pixel Map Readout (-XBB Start pixel number)
A2290 IDF29 Pixel Map Readout (-XBB End pixel number)

Since pixel numbering is contiguous in each scan section, it is always possible to determine
the pixel number of a given pixel in any of the scan sections from these values. (Pixel
numbering starts at 1 rather than 0.)

The default pixel selection map includes 555 nadir view pixels, 371 forward view pixels,
sixteen pixels for each of the two black bodies, and sixteen VISCAL pixels.

Instrument scan: The locus of the line of sight of the scan mirror on the Earth's surface. It is
the intersection of the scan cone with the surface, and is approximately elliptical in shape. An
instrument scan corresponds to a single telemetry source packet in the Level 0 data.

Sub-cell (AST): An area spanning 10 arc minutes of latitude by 10 arc minutes of longitude
or 17km by 17km depending on the data set in question, within which pixels contribute to the
averaged product. A sub-cell is one-ninth of an AST cell (q.v.). The sub-cells within each cell
are identified by an index in the range 0 to 8 as follows:
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Table 2.5 Sub-cell indices within a cell

6 7 8
3 4 5
0 1 2

Unfilled pixel: An image pixel to which no instrument pixel is mapped by the regridding and
cosmetic fill processes. Unfilled pixels fall outside the image swath, or beyond the limits of
the instrument data that contributed to the product. This is a purely geometrical property of
the pixel. Thus an unfilled pixel is to be distinguished from an invalid pixel; the latter is
associated with an invalid measurement, while an unfilled pixel is not associated with any
measurement.

Definition of cell and sub-cell: To be completed

2.3.2 Conventions

The x and y axes of the image plane are defined as follows.

The x axis is directed in the across-track direction, at right angles to the satellite ground
track, and is directed towards the right of the track viewed in the direction of satellite motion.
The ground track defines the origin of the x co-ordinate.

The y axis is tangent to the satellite ground track, in the direction of satellite motion.

The relationship of some of these concepts to the surface projection of the scanning
geometry is illustrated in figure. 2.1
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Figure 2.1 Image Concepts and their Relationship to the Surface Projection of the Scan

Bit numbering. Bits within a 2-byte product field are numbered from bit 15 (most significant
bit) to bit 0 (least significant bit) (reference ENVISAT Product Specifications Ref. [1.8 ],
PO-RS-MDA-GS-2009).

Relationship between nadir time (record time tag) and measurement time.

The ENVISAT Product Format Guidelines Ref. [1.7 ] (Document Ref.
PO-TN-ESA-GS-0242) require that all data records in a product be provided with a time tag.
However, because of the curved scanning geometry of AATSR, a given MDS record will
contain pixels from a range of instrument source packets (corresponding to instrument
scans). For example, each record of a full resolution product, corresponding to an image row,
will contain pixels from some 100 source packets covering 15 seconds of measurement time.
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Similarly each cell and sub-cell of an averaged product will contain pixels from a range of
source packets. The following conventions are therefore adopted:

Full resolution products: The time associated with each record is the time at which the
satellite ground track intersects the image row; this is the time at which the satellite was
vertically overhead at the centre of the row. This is described as the 'nadir UTC time' in
product descriptions, and corresponds to the scan time of the nadir pixel.

Note that the earliest pixels in time to contribute to a row of the nadir view image are those
at the edge of the measurement swath. The time stored with each record of the forward view
image is the nadir time of the corresponding nadir view image, although the forward view
pixels that contribute to a given row are measured up to 135 seconds earlier than the
corresponding nadir view pixels. Essentially, therefore, the nadir time associated with an
image row is the time of the latest instrument scan to contribute to the row.

. Averaged products: The time associated with each record is the instrument scan
time of the first nadir view pixel to fall within the cell or sub-cell, as appropriate. In
this definition the first pixel means the first pixel encountered in the product
processing, not the first pixel in time. Usually it will be one of the corner pixels,
although which one will depend on the local geometrical relationship between the
cell or sub-cell and the image axes.

Image co-ordinates and mapping:

AATSR images are samples on a rectangular array of pixels uniformly spaced in the x and y
image co-ordinates. The x co-ordinate of an image point is the distance between the pixel and
the ground track, measured along the normal section through the pixel that intersects the
ground track at right angles. If the pixel is at point P and the intersection is at point Q, this is
the distance PQ. (Strictly the normal section referred to here is the section that is normal to
the ellipsoid at the point of intersection Q, not at P. See the fuller discussion in Section
2.6.1.1.5.2.1.1.)

The y co-ordinate is the distance measured along the satellite ground track to the point of
intersection Q from an origin that depends on the product. In the case of consolidated
products the origin is the ascending node of the orbit on the equator, but in the case of NRT
products the origin may be an arbitrary point at the start of the product.

The across-track sampling interval A_ is 1 km. The along track sampling interval Ay =vxdt
where v is the speed of the sub-satelfite point along the ground track and dt = 0.150s is the
AATSR scan period. The interval A_ varies around the orbit because v does. This equal time
interval sampling means that the a10¥1g track interval between image rows is that same as that
between instrument scans.

Instrument pixels are located on the image grid by taking the integer part of their x and y
co-ordinates (the latter in terms of the local sampling interval relative to a nearby tie point)
and assigning the pixel to the corresponding image point. It follows that the co-ordinates
assigned to an image pixel refer to the lower left corner of the pixel, thought of as a
rectangular area.
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Note that this is true of the latitude and longitude co-ordinates as well as the xy co-ordinates.
In partic%lar the ground track may be imagined to lie along the boundary between the 256
and 257! pixels in each image scan, and the latitude and longitude assigned to the 257‘[h
image pixel refers to a point on the ground track.

Instrument scan tie pixels:

The scan and pixel number ADS in the gridded AATSR products (ATS_TOA_1P and
ATS_NR__2P) contain the x and y co-ordinates of original instrument pixels. Unlike the
contents of other gridded product ADS, these values are not sampled with respect to the grid
of image pixels, but refer to specific tie pixels on particular instrument scans.

Values are provided for every 32nd instrument scan, and each record of the ADS
corresponds to one such scan. The x and y co-ordinates of intermediate pixels can be found
from these ADS values using bilinear interpolation with respect to scan number and pixel
index. Indices of the tie pixels within each scan are provided in the Specific Product Header,
in the fields designated ‘xy tie points’. A value is provided for every tenth pixel, with the
proviso that where the final pixel of a view is not a multiple of 10, a value for this last pixel is
provided.

Nadir and forward pixels are indexed separately, the nadir view pixels from 0 to 574, and the
forward pixels from 0 to 390, giving 59 and 40 tie pixels respectively, and it is this relative
index that is shown in the product header. This is also the index that is given in the scan and
pixel number ADS.

The relationship between the relative pixel index and the absolute scan pixel number (which
is proportional to the rotation angle of the scan) can be found using the auxiliary parameters
first_nadir_pixel number and first_forward_pixel number found in the auxiliary file of Level
1b Characterisation Data ATS_CH1_AX. For nadir view pixels,

absolute pixel number = relative pixel index + first_nadir_pixel number,

and for the forward view

absolute pixel number = relative pixel index + first_forward_pixel_number .

2.4 Product Evolution History

February 2002 V5.01

Launch version.
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June 2002 IPF V5.02

Scan jitter error corrected. The IPF wrongly treated scans affected by scan mirror jitter as
invalid, resulting in missing scans on images.

Browse algorithm modified to provide visual improvements. Histogram equalisation was
removed from the daytime algorithm and the night-time algorithm concept was simplified.

July 2002 IPF V5.52

Internal change (i.e. not affecting the processing algorithms) to address an overflow problem
with the variable SAT_BINARY_TIME.

Date TBD - auxiliary data update

New ATS_VC1_AX file supplied to correct scaling errors in pre-launch file (shortlty after,
replaced by daily VCl1 files provided by the AATSR Flight Operations Support Team).

October 2002 — auxiliary data update

New ATS_INS_AX supplied to prevent spurious BBU temperature validation warnings
(internal issue, not visible in delivered data).

November 2002 — auxilliary data update

New ATS_CH1_AX file submitted to the PDS containing updated misalignment parameters,
AOCS parameters and regridding tolerances. This improved the co-location between the
forward and nadir views.

February 2003 IPF V5.55

Update containing modifications to the VISCAL algorithm (and associated ATS_PC1_AX
auxiliary file). The original VISCAL algorithm did not work with real AATSR data because
of undocumented differences in VISCAL monitor sampling between ATSR-2 (from which
all test data were derived) and AATSR. The VISCAL GADS in all L1b data generated prior
to this date were missing.

March 2004 IPF V5.58

Update containing:

. a new L2 LST retrieval algorithm (only applied within the ATS NR__ 2P product,
not available in ATS_AR__ 2P);

. a further modification to the VISCAL search algorithm to allow it to search

backwards from the time of the OSV in the MPH (required for NRT data which is
not partitioned from ANX to ANX and where the VISCAL peak may precede the
OSV).
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July 2004 IPF V5.59

Update containing:

. a change to the facility responsible for setting the REF_DOC field in the MPH
(from PFHS to IPF);

. a change to the internal handling of CFI warning messages.

Neither of these changes have any impact on the delivered data.

August 2004 — auxiliary data update

New ATS_PC1_AX file supplied, updated with revised solar irradiance data (carried through
into the output VISCAL GADS in the L1b product.

December 2004 — auxiliary data update

New ATS_GC1_AX file supplied, to correct the application of the 1.6 micron non-linearity
correction.

2.5 Level 0 Products

2.5.1 AATSR Instrument Source Packet

The format and contents of the AATSR Instrument Source Packet (ISP) is summarised in
figure 2.2 .
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Figure 2.2 AATSR Instrument Source Packet Contents

Each packet has a fixed length and format and contains:
. Packet header information (packet ID, packet number, packet length);
. Instrument mode, On-Board Time (OBT), Redundancy information;
. Auxiliary data;
. Measurement Data:
J Pixel data for each channel;
. Blanking pulse data for each pixel;
. Packet error check (cyclic redundancy check).

2.5.2 Differences Between ATSR-2 and AATSR Source
Packets

The AATSR instrument generates a single packet for each rotation of the scan mirror. This
contains the 974 pixels selected by the pixel map for each channel at 12-bit digitisation and a
complete set of housekeeping data.

In contrast to this, due to the limited bandwidth available on ERS-2, ATSR-2 has two packet
formats, Low-Rate (LR) and High-Rate (HR). In LR format, the pixel data is compressed
and the housekeeping data is sub-commutated over 8 consecutive scans. Some visible
channel data is not included in the packet due to the size of the data buffer. The data to be
included in the packet is determined by different pixel maps and by the compression mode
used. HR format includes all 974 pixels and updates the housekeeping data every scan. This
is more like AATSR, but in the ATSR-2 case the data are split over 2 consecutive packets.
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2.5.3 Acquisition and On-Board Data Processing

Acquisition of data and on-board data processing, including construction of the source
packet, are discussed in section 3.1.3. , internal data flow.

2.5.4 The Level 0 Product

Once received on ground, the ISPs are converted into a Level 0 product. The Level 0 product
contains Annotated Instrument Source Packets (AISPs). These are ISPs as received from the
instrument with a header and associated quality information attached by the PDS Front End
Processor (FEP). Each MDS record also contains a time stamp in MJD 2000 format (as
converted from the Satellite Binary Time (SBT) counter embedded in each ISP), which gives
the on-board sensing time of the ISP that it contains.

2.5.4.1 ATS_NL_OP

As AATSR has only one nominal operating mode, there is only one Level 0 product
(ATS_NL__0P). The structure of this product comprises a single MPH, a single SPH 5.1. and
a single MDS containing the instrument source packet data, as shown in table 2.6 .

Table 2.6 AATSR LO Product Structure

L0 Product Section Record
MPH MPH Record
SPH Record
DSD for MDS #1
SPH DSD for LO Processor Configuration File used to create product
DSD for Orbit State Vectors File used to create product
DSD Spare
MDS Record #1
MDS #1 MDS Record #2
MDS Record #n

Each MDS record consists of a single annotated ISP with the structure shown in table 2.7 .

Table 2.7 Contents of AATSR LO MDS Records

The AATSR Handbook Chapter 2: AATSR Products and Algorithms Date: 27 February 2007 Page 61



The AATSR Handbook

‘@

LI —3-"R N RRR R —) FH4+

Field Description Units Size (bytes) Fields/record
1 ISP Sensing Time MJID 12 1
2 FEP Annotations* N/A 20 1
3 Packet ID N/A 2 1
4 Packet Sequence Count N/A 2 1
5 Packet Length N/A 2 1
6 Data Field Header Length N/A 2 1
7 Instrument Mode N/A 2 1
8 ICU on-board time N/A 4 1
9 Redundancy Vector N/A 2 1
10 Auxiliary Data N/A 2 390
11 Science (pixel) data N/A 2 5357
12 CRC Error code for packet N/A 2 1

* The FEP annotations describe the quality of the ISP reconstruction process and contain the
following:

. MJD 2000 Time Stamp - Ground Station Reference Time of reception;

. Length of ISP;

. Number of Virtual Channel Data Units (VCDUs) in the ISP which contain a Cyclic
Redundancy Check (CRC) error -; as identified by a failed Cyclic Redundancy Code
check;

. Number of VCDUs in the ISP for which a Reed-Solomon error correction was
performed.

2.5.5 Availability

Level 0 products are not routinely available to users.

2.6 Level 1B Products and Algorithms

Details of how to order AATSR data are given in Section 1.1.

The following sections describe the AATSR L1B processing algorithms, and the products
they produce, in more detail:

. Level 1B Algorithms 2.6.1.
o Level 1B Products 2.6.2.

A short summary of the processing applied to each product, and a discussion of the AATSR
ungridded products, is provided below.

Disclaimers addressing issues affecting AATSR L1lb product quality are published at
http://envisat.esa.int/dataproducts/availability/ .
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ATS_TOA_1P (GBTR)

The primary Level 1B product comprises calibrated and geolocated images of brightness
temperature (for the three infra-red channels) or reflectance (for the near-visible and visible
channels), together with cloud and land identification. This product is used as the starting
point of scientific processing to produce the Level 2 product. The processes required to
generate the Level 1B product are as follows.

. First, source packets are processed to unpack and validate the science and auxiliary
data that they contain. Calibration coefficients for the instrument channels are
derived using the data from the on-board calibration targets and auxiliary
temperature data.

. Signal calibration uses these calibration coefficients to convert the science data in
each channel to units of brightness temperature or reflectance, as appropriate.
. Geolocation makes use of orbit propagation software in conjunction with available

satellite orbit state vectors to determine the position on the Earth's surface of each
instrument pixel.

. Because the conical scan images the Earth in a sequence of curved lines, it is
necessary to rectify the data into a rectangular grid. This is done by assimilating each
pixel of the instrument scan onto the nearest point of a Cartesian grid having the y
axis aligned to the satellite along track direction and the x-axis aligned to the across
track direction, using the pixel co-ordinates derived at the Geolocation stage. The
same grid is used for both the nadir and forward view images, and therefore the
collocation of the two images is ensured. This process may lead to gaps in the image,
particularly in the forward view, where the density of instrument pixels is lower than
the density of points on the Cartesian grid. A process of cosmetic filling of these
gaps using the nearest neighbour method is therefore also applied.

. Finally, land flagging and cloud clearing algorithms are applied to the images to
distinguish pixels over land from those over sea, and to identify those regions of the
image that contain cloud.

The high level organisation of this product is described in section 2.6.2.1.1. .

ATS_AST BP (Browse)

The Browse product provides the user with a quick-look illustrating the contents of the data
from which it is derived, to assist users with product selection. It is a sub-sampled image at 4
km x 4 km resolution, based on the Level 1B nadir view brightness temperature and
reflectance data. The product is partitioned into a day form in which different bands from the
ATS_TOA_1P product are chosen to form a colour composite image showing the key
features of the data, and a night form derived using the 11 micron channel brightness
temperatures only. The latter image is essentially monochromatic, and transition processing
is applied to the day time data at low solar elevations to minimise the visual discontinuity at
the day-night transition.

The high level organisation of this product is described in section 2.6.2.1.2. .

AATSR Ungridded Products
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The AATSR ungridded products (UCOUNTS and UBTR) are provided to support
instrument commissioning activities, and to provide any users wishing to do their own
regridding of the data with ungridded data.

The high level organisation of the UCOUNTS and UBTR products is described in section
2.6.2.2.1. and section 2.6.2.2.2. respectively.

2.6.1 Algorithms

The Level 1B algorithms are described in detail in the following sections:
. ATS TOA_1P2.6.1.1.
. ATS_AST BP2.6.1.2.

2.6.1.1 ATS_TOA_1P

Figure 2.3 shows an overview of the Level 1B processing.

Figure 2.3 Overview of the Level 1B processing.
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The AATSR Level 1B processor will operate on segments of AATSR Level 0 data of
duration up to slightly more than one orbit.

CLOUD CLEARING
& SURFACE
CLASSIFICATION

The Level 0 data product comprises a series of records presented in chronological sequence,
each of which contains a single instrument source packet. Each source packet represents a
single instrument scan. For the most part (with one significant exception), the data
processing up to but not including the re-gridding stage treats each source packet
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independently. Thus each processing module can be regarded as a looping over a series of
source packets, performing the same operations on (or in connection with) each.

The exception noted above refers to the derivation of the channel calibration coefficients. In
the case of the infra-red channels, the calibration coefficients are determined by averaging
calibration target data over a number of consecutive scans; the time interval containing these
scans will be termed a calibration period or calibration interval. The recommended duration
of the calibration interval is 10 scans; thus a new calibration interval will start at the end of
the previous interval, and will continue for 10 scans or until a change in the pixel selection
map is detected, whichever is the earlier.

For the visible channels, the channel offsets are derived by averaging over a calibration
interval as above. The channel gains, however, are determined once per orbit, by averaging
over the block of scans for which the VISCAL target is visible.

2.6.1.1.1 Source packet Processing

Initial processing must convert the data into the appropriate form for the higher levels of
processing that geolocate the data and generate the products. The main functions can be
summarised as follows:

. Perform basic quality checks on each raw packet, ensuring that only those that pass
the checks continue on to the calibration process.

. Unpack all the auxiliary and housekeeping data containing the temperatures of the
on-board black bodies and instrument health and status information.

. Validate the unpacked auxiliary and housekeeping data items.

. Convert the auxiliary data to engineering units where applicable.

B Validate the converted auxiliary data items, especially those which are vital to the
calibration.

. Unpack and validate the science data containing the earth view and black body view

pixel counts for all available channels from each packet.

2.6.1.1.2 Infra-Red Channel calibration

Derivation of the calibration parameters requires the calculation of the gain and offset values
which define a linear relationship between pixel count and radiance. The gain and offset are
derived for each channel, from the unpacked and validated auxiliary and pixel data averaged
over a number of contiguous data packets.

The IR calibration module is a framework in which all the modules described in earlier
sections are used. Up until this point all modules have been concerned with processing
comp