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ABSTRACT:

In the early phase of the Pleiades program, the CKRES French Space Agency) specified and develaddlly automatic
mosaicing processing unit, in order to generatellgatimage mosaics under operational conditidrss tool can automatically put
each input image in a common geometry, homogehizeadiometry, and generate orthomosaics usirghstdg lines.

As the image quality commissioning phase of Pleadeis on-going, this mosaicing process is beistett for the first time under
operational conditions. The French newly launchagh hresolution satellite can acquire adjacent irsafgg French Civil and
Defense User Ground Segments. This paper presentety firsts results of mosaicing Pleiades1A iesag

Beyond Pleiades’ use, our mosaicing tool can proeesggnificant variety of images, including othextdlites and airborne
acquisitions, using automatically-taken or extegralund control points, offering time-based imagpesposition, and more. This
paper also presents the design of the mosaicinigatod describes the processing workflow and thetiadal capabilities and
applications.

Figure 4. Pleiades’ 4 strips mosaic of Melbourriti stiching line ©CNES Copyright 2012

1. INTRODUCTION With the successful launched of Pleiades1A on A2D&dember

16th, this full mosaicing process is now used ia Bleiades

SIGMA is the tool, designed and developed by CNESW{(i@e operational Image Processing Unit. During the imggality

National d'Etudes Spatiales, the French Space Agefar the  commissioning phase, it will be tested and optinhize ensure

automatic generation of satellite image mosaicautomatically  jts image quality and operational performances. hEatep

homogenizes the radiometry and the geometry obonitiput  (spectral band registration, registration withirpun images,

strips, and generates orthomosaics. registration with external references, radiometgemonization,
stitching line computation and mosaic resampling¥ o be

SIGMA was designed and developed for the Pleiadeslites  tuned according to the real satellite configuration

operational Image Processing Unit. Pleiades HighoR&en,

the French Civil and Defense two-satellite Earth édbation

constellation, acquires images with a resolution7@fcm (in

nadir condition for panchromatic band) with a swatt20 km.

A larger swath can then be obtained using the guatfhigh

agility to acquire adjacent image strips (Fig.@dther with the

automatic image processing on ground. Hence, teesyis

able to offer to end user 60 km * 60 km (and margges from

20 km strips.
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2. PLEIADES1A IMAGES
2.1 ThePleiades system

The PLEIADES system is an optical observation systéth

submetric resolution designed to satisfy both izwil and
military requirements.

The space component is made of two "small satglligmass of
one ton). Their great agility enables daily accasover the
world, which is a critical need for defense andilcecurity
applications, and a coverage capacity necessamgaftography
applications at scales better than those accessilttee SPOT
family satellites. To achieve this, the Pleiadeastellation is
placed on a Sun-synchronous orbit at 694 km. Tisedatellite,
Pleiades1A was launched by Soyuz from Europe'segumatin
Kourou, French Guiana, on December, 16th, 2011 tied
second one, Pleiades 1B will be launched by theoé2012.

The ground segment allows military or civilian usén submit

requests, to receive the image telemetry and toggsoto obtain
the desire final product. In particular, users choose a Region
Of Interest greater than 20 km (a swath). In thiseg the system
has to deliver a mosaic-level product, automaticgénerated

and elaborated with the adjoining products.
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Figure 2. Pleiades 1A Satellite (Artist’s view)

2.2 The Pleiades mosaics

Three days after launch, the first PleiadeslA imagss
produced by the Image Production Unit. Since De@n2ioth,
the image quality commissioning phase has beermargg The
mosaicing process is being validated and tuned.

The Pleiades operational Image Processing Unithénmain
civiian centre (the Astrium Geo Information centia@
Toulouse), can easily process a dozen of mosaicsige in
addition to other product levels such as Perfeais8e or
Orthoimages. A mosaic production takes less thémo@s on
the Pleiades civil IPU for a 60*60 km? mosaic (léssn 20 min
per 20*20 km2 image)

Figure 3. lllustration of Pleiades’ adjacent acdigns of
Kergelen Island with GoogleEarth
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Figure 1.
A Pleaides’ 3 strips mosaic of the bay of San Fsmac
©CNES Copyright 2012

3. MOSAICING PRINCIPLES

Mosaicing processing is based on three key concegtaing,
harmonizing and unifiing the images.

3.1 Refinetheimagesto find the common geometry

First, the refining task consists here in refinihhg geometric
model of the input image sensor [1] [3]. Indeed;heaatellite
acquisition has its own ground accuracy. This ammyis given
by the precision of the direct moda\, ¢p, h) = F (I, p), which
gives the ground coordinates, p, h) for a pixel (I, p) in the
image. The precision of this direct function depengry
largely on a knowledge of the satellite paramesersh as its
position and speed (X, y, z, VX, vy, vz), its atli¢, (yaw, pitch,
roll), the pointing angles and focal plane desaipt the
onboard disturbances (thermal deformations, midocations)
and also the knowledge of the Digital Elevation Mb@DEM).
The direct location can be modelised using a pedamwledge
of these on-board parameters, but can also beidedcby a
Rational Polynomial Coefficient (RPC). The role of teéning
task is to optimize the direct function under coaists to make
images fit better with each other.

To do so, the process starts by taking automatibaimologous
points between images in order to spatio-triangulétie
geometric model of all images.

Homologous points can be taken between ground emfes
and images (ground control points, GCPs), betweamgés to
be mosaicked themselves (tie points for imagerystegion),
between spectral bands of an image (multi spergastration)
or between reference images in native geometry iapdt
images.
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Figure 5. mosaicing processing steps

Homologous points can be detected automaticallprovided
by the user (not used in operational). If automatimint
detection is requested, a preparation phase cospiiteverlay
zones in which the correlation phases are launcAddthe
images to be registered are re-sampled in a congaometry
in order to measure the mis-registration. Homolagpeints are
then chosen by an advanced correlation library,edbasn
pyramidal decomposition, which is highly configuiet The
correlation points are then filtered to establiste tlist of
homologous points.

Finally, all the accumulated homologous points (GCPig
Points etc.) are inserted in a Least Mean Squdkersorhe
residuals provide the correction to be given toheaatellite
parameter to obtain the new (refined) geometric ehad the
sensors.

This accurate model is then sampled to obtain samgirids,
which is a way to optimized the processing cost tloé
resampling step.

3.2 Harmonize the
radiometry

image to find an homogenized

The second main step is the radiometric harmomwizatThe
task involves the computation of a set of Look-UblE (LUT)
grids to ensure harmonization, with particular ritsn being
given to harmonization between images (global hairation)
and harmonization at the overlay zones (local harradion).
Global harmonization is necessary to obtain a featisry
global impression whereas local harmonization aiais
facilitating stitching line computation.
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3.3 Uniting theimages with the stitching line

Thirdly, the stitching line is computed on each rsse zone.
For each image pair, a cost map is calculated, dbase
radiometric difference and gradient difference lestwimages,
and then a dynamic programming algorithm is apptedhe
cost map to detect the least costly line [4]. Tostcriteria are
optimized to avoid urban constructions and to favor
radiometrically homogeneous zones.

The ultimate step for generating orthomosaics smeling,
which takes into account the previously produceshmepling
grids, the LUT grids and the stitching line. Thekizan either
produce an album resolution mosaic or a full resmumosaic.

Figure 6. Stiching line : Melbourne stadium
©CNES Copyright 2012

Figure 7. Stiching line avoiding clouds
©CNES Copyright 2012

4. MOSAICING UNDER OPERATIONAL CONDITIONS
4.1 Making the processto be fully automatic

An operational requirement was to avoid any human
intervention in the Pleiades Image Processing Uiithe
mosaicing process is designed to allow mosaic g¢ioer
without any intervention from the operator. All g$eare strung
together in a workflow and dataflow manager.

One of the main challenges when creating a mosaithé
control of a large number of steps. For a mosaioguiN

images, there can be N ground control registratisks, and N!
tie point registration tasks (if all images havecanmon zone).
Besides, the assembly tree, used for harmonizatidrstitching
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line computation tasks, can become extremely caxmiplethe
event of numerous overlays. All this combinatorynpexity ©CNES Copyri
has to be hidden from the user, so a planning iiomddb solve i .
all configurations is used.

ght 2012
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4.2 Optimized computing

The other main operational requirement was to ensam
optimized execution. It thus offers fully automaggecution
and time & memory consumption optimization: allkasare
divided into unitary steps which correspond to amit
processing. Steps that can be executed at the taraeare
identified, and can be launched in parallel if tmesaicing
workflow engine has been assigned to more tharpooeessor.

In operational conditions in the Pleiades Imagec®ssing Unit,
more than a hundred of processes can be run itigdaha test
environment, the mosaicing tool can be launchedamingle
Linux PC by assigning from one to eight processora mcto-
core configurations.

5. CONCLUSION

Designed and developed for use in the Pleiadesatipeal
Image Processing Unit, SIGMA is an automatic andege
integrated mosaicing system. It has already shoamptete
satisfaction in integration phases, regarding bwige quality
and performance. It is currently being tuned dutgiades in-
orbit commissioning phase but has already provided
outstanding results. SIGMA is also used for otherESNor
European projects where CNES contribute [5].
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