International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XXXIX-B1, 2012
XXII ISPRS Congress, 25 August — 01 September 2012, Melbourne, Australia

ATTITUDE ASSESSMENT USING PLEIADES-HR CAPABILITIES

Jean-Marc DELVIT, Daniel GRESLOE Virginie AMBERG, Cécile DECHOZ, Francoise DELUSSY Laurent LEBEGUE,
Christophe LATRY, Stéphanie ARTIGUES Laurent BERNARD

2CNES, 18, avenue Edouard Belin 31401 TOULOUSE CERBE-jean-marc.delvit@cnes.fr
® Magellium, 1824 rue Hermés, BP 12113, 31521 RaiflerSaint-Agne, France

Commission VI, WG VI/4
KEY WORDS: calibration, image quality, geometry, aerial triatagion, elevation model, Pléiades-HR

ABSTRACT:

Since SPOT1, the French national space centre (CHES)orked on improving the geometry of Earth olmén spacecrafts.
The accuracy of sensor calibration is one of thenrkay points for any Earth observation applicatgucth as orthorectification,
DEM generation or surface change detection. Forldeetwenty years CNES has developed two familiemethods: absolute
methods and relative methods. These methods adetasharacterize a pushbroom acquisition alongd#étector line and the time
line. By this way, the viewing directions are measluand the residual of the spacecraft's attitudglemn(not restituted by the
Attitude and Orbit Control System) is estimated.sTimformation can complete the geometric modellloth@ scenes acquired by
the instrument and is used in all geometric appiboa. This paper presents new attitude assessmethiods taking advantage of

the capabilities of Pléiades-HR in terms of agiéityd focal plane arrangement — panchromatic baddrartispectral (MS) bands.

1. INTRODUCTION

Since SPOT1, the French national space centre (CNBS)
worked on improving the geometry of Earth obseorati
spacecrafts. The accuracy of sensor calibratioonis of the
main key points for any Earth observation applaratsuch as
orthorectification, DEM generation or surface chadgtection.
For the last twenty years CNES has developed twadliésof

distance after PA+MS fusion. Coverage will be almostld-
wide with a revisit interval of 24 h for 2 satediét

The Image Quality requirements were defined fronersis
studies from the different spatial imaging applimas, taking
into account the trade-off between on-board teabgiodl
complexity and ground processing capacity. The RIOHS-
HR satellites will benefit from technology improvemte in
various fields which will allow achieving, at arf@dable price,

methods: absolute methods and relative methods.seThe performances once reserved to ambitious militaacsprafts.

methods are used to characterize a pushbroom &tguisong

the detector line and the time line. By this waye thewing

directions are measured and the residual of theespaft's

attitude angles (not restituted by the Attitude &rbit Control

System) is estimated. This information can compléte

geometric model of all the scenes acquired by tisriment
and is used in all geometric applications. Thisgogmresents
new attitude assessment methods taking advantagéheof
capabilities of Pleiades-HR in terms of agility aiedal plane

arrangement — panchromatic band and multispectvi) (
bands. This paper also presents new method toratilstatic
geometry in terms of biases and viewing directions.

PLEIADES-HR

PLEIADES-HR is the highest resolution civilian earth
observing system ever developed in Europe. Thisgéma
program is conducted by the French National Spagensgy,
CNES. It is the French part of the French-ltalian GRF
program which also comprises COSMO-SkyMed, an halia
high-resolution radar system. It will operate inl2e2012 two
agile satellites designed to provide optical imagegivilian
and defense users. Images will be simultaneousiyieed in
Panchromatic (PA) and multi-spectral (MS) mode, olhi
allows, in nadir acquisition condition, to delived km wide,
false or natural colored scenes with a 70 cm grosardpling
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The major constraints of weight and agility led tbhe
development of a highly compact satellite (abotri weight),
to minimize the moments of inertia. The instrumentpartly
embedded in a hexagonal shaped bus containingaiment.
The attitude control system uses 4 fiber-optic ggopes and 3
star trackers to provide good restitution accur&wyrthermore,
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these attitude sensors are mechanically fixed entélescope
support to minimize the thermo-elastic distortiomerder to be
compatible with the system specifications.

Agility is a characteristic which allows the saitellto acquire
off-nadir targets rapidly in a large flight envetgpn order to
sequence numerous images. This agility is impogsedeberal
requirements stated by the users. For instanc€0&100 km2
zone can be acquired by the satellite from the sanbié thanks
to a lateral multi-band coverage. As for stereoscoppacities,
3 images from the same zone can be acquired inghespass
with B/H lying between 0.1 and 0.5. For multi-tagethe time
between the end of an imaging segment and thedstdre next
segment, including stabilization of the line-oftsigs specified
less than 10 seconds for an excursion of 10° assl tlean 26
seconds for an excursion of 60° from nadir viewiGgidance
is mainly performed using roll and/or pitch stegrifwithout

slow motion), but fine yaw steering has to be usegspect the

principle of acquisition set by the TDI device hetfocal plane

[9], [13]. This agility can be used to calibrate the whole

systenm14]!

2. BIASES AND ABSOLUTE LOCATION
ASSESSMENT

2.1 Classical method using GCPs

The system’s absolute location error stands for daeation
between the real ground position of any point ef ithage and
its estimated position using the image geometnicatiel [3].
The method used to estimate the absolute locatioaracy is
based on a physical modeling of the acquisition teduse of
very accurate ground control points, called GCPsngJshe
same GCPs, the estimation of the biases is perfornitda
block adjustment by space triangulation method .[120me
geographic areas are very well known including G@®Bits or
aerial images and 3d models (Figure 2).
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Figure 2: biases assessment using well known gpbugraites

2.2 A new method using Pléaides-HR capabilities

Pleiades allows making reverse acquisitions. Theg@isitions
are obtained on the same site with a 180° differenfcyaw.
Thanks to these acquisitions, an unknown roll at/pitch can
be interpreted in a direction in the first imagedaim the
opposite direction in the second image. The biasesll and
pitch are statistically zero, the difference betweeverse
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acquisitions are the statistically equal to the ldeuof the
biases.

The method used to assess the biases can be desmmmpo3
steps (Figure 3).

1: For a reverse acquisition, we choose a referéfoe second
image is then resampled in the geometry of theeafe using
the geometric model. The two images are nearly
superimposable. The only differences are due toldbk of
knowledge of the alignment biases.

2: The second step of this method consists in tztimg the
reference image and the resampled image, in oadénd tie

points between the two products. The mean differehong the
row is caused by two pitch biases (one for eaclilymt), and
the mean difference along the column is causedwuy roll

biases (one for each product). These biases aneatstl with a
block adjustment method using all the tie pointsipated.

deol ~ 2 Roll
drow ~2 Pitch

Figure 3: bias assessment using reverse acquisition

3: the biases can be statistically estimated usiltg of reverse
acquisitions. The distribution mean is linked te ttoll and
pitch biases, and the standard deviation is cdeelao the
location performance.

The use of cycled couples (images acquired eveidag6 in the
same conditions) is needed to avoid all the steoguis effects
if the digital elevation model is unknown.

We can also note that in step 2 if we reverse therse
acquisitions (changing the reference), we obtaia #ame
results.

Some Pleiades-HR results

Reverse acquisitions allow assessing absolute totatithout
absolute references. It is possible to use geograls in high
latitudes.

These acquisitions were used successfully in Rési&tR to
find the first coarse alignment biases.

This method was also qualified on GPS geographés.siThe
biases assessment has been compared using theatlasgthod
and the cycled reverse acquisitions. The resultswsla
difference of less than j2rad. This error is compatible with the
correlation accuracy for the new method and theraoy of the
manual GPS pointing for the classical one.
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3. VIEWING DIRECTIONS MEASURMENT

3.1 Classical method using a geometric supersite

The cartography of the focal plane can also usedicdted
reference site [1], called geometric supersitegoed by many
high-resolution aerial images which are very acdmlyageo-
referenced thanks to ground control points and fDEM
(Figure 3). When the satellite overpasses the aiteimage is
acquired and then compared to the reference siteqted in
the focal plane geometry (Figure 4). This approaiuires a
cost-effective update of the aerial imagery and uphill
geometric work. Moreover, the quality of the refase is linked
to the season of the acquisition of the superbite.example,
the Supersite of Salon de Provence in France (Ei§lumoffers
two sets of acquisitions- one in March and the othe
September [5]. This kind of reference can also bkeduto
characterize the residual of the spacecraft’'sudttitangles (not
restituted by the AOCS) but not to improve the adkit.

Rectification
reference = satellite geometry

>
? |
S
%5 Correlation
é.: disparity map computation
§ |

Measurement analysis
Viewing direction model
Time frequency analysis

altimetric reference
Figure 4:Description of the method

Other kinds of references can also be used: sphigth
resolution images can be used instead of aeriajem§2], [4].
The ground sampling distance ratio between theerée and
the images must be sufficiently low, in order tmsider the
reference as perfect [6], [7]. The most difficidtto have a 3d
reference which can be produced with stereoscqaitia data.

Figure 5: the geometric supersite of Salon de Rrowe
composed of 52 GPS GCPs, 1149 aerial images and thei
accurate geometric model, and a 1m DSM.
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3.2 A new method using a Pléaides-HR capabilities

A new method, called geometric auto-calibration|l viie
applied to achieve this cartography without angnefce site.
The idea is to acquire the same site at least taicéhe same
orbit thanks to the satellite agility, with trackientations close
to orthogonality (Figure 6).

Figure 6: cross-track acquisitions of a same laayisc

The two images obtained could be derived from edhbbr with
a coarse 90° rotation. In practice, one is re-sathphto the
other one’s geometry thanks to the available atelgaometric
models and a digital elevation model as shown ayureéi 1.
Sites without lots of 3d objects can be used. Téw Mmages
can be overlaid but include opposite column-wise lame-wise
behavior according to temporal attitude effects aB@D
geometry (Figure 7).

The two images are correlated and statistical caation is
applied on the lines and columns of the disparigpmOne
direction gives information on the lack of knowledgf the
focal plane’s cartography and on the attitude Higlguency
residues not measured by the AOCS for the “0° imageeé
other direction gives information on the lack ofokredge of
the same focal plane’s cartography and on theudéithigh
frequency residues not measured by the AOCS for‘a0é
image”.

CCD
I T 1 Y

CCD

Figure 7: images obtained from geometric auto-cation.

A simple frequency filter (depending on the cutioéiquency of
the AOCS) can separate the information of the ceaaty from
the attitude information. Then, the focal planetagaphy can
be modelized by a polynomial.

The autocalibration method allows estimation offiheal plane
cartography with an accuracy of 0.03 pixel
simulations. The characterization of the attituéghHrequency
residues not measured by the AOCS is correctly dama
perturbation frequencies are found for the two iesag

RMS for
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Some Pleiades-HR results
At first this method can be used to assess thehjases with

accuracy. In fact the slope of the estimation altimg row is
directly the yaw (Figure 8).

pitch -
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Figure 8: yaw estimation using cross acquisitions

Once the linear part of the model has been withdrathe
residuals seen in Figure 9 show the viewing dioatiin the
two directions (row wise and column wise). The FeguO
shows the viewing directions for a Pleiades CCD aassessed
with the cross acquisition (red line with a noigsd than
0.05urad max) and the supersite (blue line with a nbéss

than 0.15urad max). The inter-array overlapping is also

measured in order to minimize geometric defaultiveen two
successive detectors.
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Figure 9: viewing directions measurement usingsros
acquisition

If the altitude of the scene is unknown, the usecyéled
orthogonal couples (images acquired every 26 dayse same
conditions) is needed to avoid all the stereosceffects.
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4. ATTITUDE ASSESSEMENT

Another way to improve the geometric model is te tise focal
plane abilities in order to improve the residual tife
spacecraft’s attitude angles (not restituted by AECS). For
example in Figure 11, the Pléiades-HR MS focal pleare be
used to overpass the AOCS restitution frequency [8].
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Figure 10: viewing directions measurement using<ro
acquisition (red) and supersite (blue). The cresgisition is

less noisy than the classical method.

For Pleiades-HR focal plane the panchromatic/muétital
shift is significant: 19mm in the focal plane, wihimeans 1km
on ground, a time delay of 0.15s and a 1.5mrackaseopic
angle. Maximum offset between two multispectral dmiis 6
times smaller (3mm max).

A ground point is successively acquired in fourcsfze bands.
The four images are radiometrically correlated. Bseaof the
pushbroom concept, one image line is associateditoe t and
the mean disparity column gives insight to the adéhtial
perturbation f(t+dt)—f(t), with dt being the timeeldy that
ranges between the two acquisitions of a givenmuiqaoint by
the two CCDs. The correlation process between these
CCDs allows to measure very low amplitude perturloatidhe
dt time delay, linked to the physical offset of theggered
arrays, is a key figure for determining the frequemange of
this measurement tool.
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Figure 11: Pleiades-HR staggered focal plane.

If the perturbation frequency is correlated withe ttistance
separating the two MS bands, it is possible to tse
panchromatic tilt. In this case the MS is usedramtermediate
in order to access to a weak time differencén(Figure 12).
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Figure 12: panchromatic tilt use

A hybridization using the MS method and the tilblaglly
improves the restitution.

If the focal plane is unknown, the correlation calso be
performed within the image. In fact, the differahperturbation
f(t+dt)—f(t) can be obtained by the correlationtwb following
lines, supposing that the landscape is stablehim tase, a
Wiener integration can estimate the perturbatia) finprove
the geometric modelization and therefore the geamahage
quality. This method is limited by construction twll
perturbations (along the CCD), but is able to esgénmatisy roll
perturbation.

Some Pleiades-HR results
Favorable case:

In a complete Pleiades simulation (without critifr@iquencies)
case, the method using the correlation betweeMtBeand the
panchromatic tilt improve the attitude assessmgntai10%
(green curve in Figure 13) comparing to the MS anigthod
(blue curve in Figure 13). The hybrid method corekirthe
advantages of the two previous methods. No frequérndes
are present and the performances are better: thithooh
improves the attitude assessment up to 22% irctss.
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Figure 13: performance of restitution using MS etation only
(blue), tilt only (green), and MS and tilt correétat (red)
Difficult case:

If we consider a simulation with critical frequeesi(near the
frequency holes of the classical MS method), théhotk using
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the correlation between the MS and the panchromiitic
improve the attitude assessment up to 25% (Figut¢
comparing to the MS only method (Figure 14). Théoridy
method combines the advantage of the two previoethaods.
No frequency holes are present and the performaareesetter:
this method improves the attitude assessment §0%b in this
case.

These three methods are tested on real data [11g. fifst
results reveal that all the predicted frequenciest® ground
are present in the flight. Yet, the amplitudeshafse signals are
very weak (less than Opfrad). Results have to be confirmed.

W
\
Ay = o) T =
g 1 §
o
F
adima
'|;|' Ll
i) i
| | Wooa
oo
jml .I)'r | [ 1 f |
]
L. | st R
| i/ N H i
i ‘_I i v
— | \ .
Loy FET T3T T
T ey
y
T
actime
ki |
o | l f
| vl il
| \ !
| | L
%ow : | ! |IL | ) [ l .
| . It 1§
L WU mb e
L L | W I ¥
o | |
J ¢
521 T 3T = TH
Fermpa fr

Figure 14: example of restitution using MS corrielatonly (up

scheme), tilt only (middle scheme), and MS andctiltrelation

(bottom scheme) — in blue the signal to assesgdnhe signal
assessed.
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5. CONCLUSION

All these attitude assessment methods are usefuhderstand
the system and to improve the auxiliary data ofdpois

acquired by the system, especially data neceseabyitd the

geometric model. These improvements allow registmat
accuracy better than 0.1 pixel, which is a requéaetrfor most

Earth observation applications (3d reconstructidd,and 3d

change detection, pan sharpening, image mining...).

New methods of calibration appear with the agilitfy new
satellites. These methods neither need specifiavsvidike
supersite for geometric calibration nor externalorgetric
references. This is a real advantage for suchlisatahd this is
really appreciated by users and commercial prosiddihe
calibration sites are no more a constraint for satellite daily
programming.

6. REFERENCES

[1] Gachet R., “Caractérisation des Directions de é¥is
Seminar “In-Orbit Geometric Characterization of @gti
Imaging Systems” Bordeaux, 2-5 Nov 1999, SFPT hulle
n°159, (1999)

[2] A. Bouillon, E. Breton, F. D. Lussy, and R. Gach&POT5
HRG and HRS first in-flight geometry quality result&i Proc.
SPIE—Sensors, Systems, Next-Generation Satellite2003,
vol. 4881, pp. 212-223.

[3] S. Sylvander, I. Albert-Grousset, P. Henry, t@eetrical
Performances of the VEGETATION Products”, IGARSS,
Toulouse, Jul. 2003.

[4] Gachet R., “SPOT5 in-fight commissioning : imne
orientation of HRG and HRS instruments”, ISPRS Congress
Istanbul, (2004)

[5] J-M. Delvit, P. Fave, R. Gachet, “The geomesupersite of
Salon de Provence”, ISPRS Congress Paris (2006)

[6] S. Leprince, P. Muse, and J. P. Avouac. "IgHti CCD
Distortion Calibration for Pushbroom Satellites Based
Subpixel Correlation”. IEEE Transactions on Geosmeand
Remote Sensing, Vol.46, No0.9, pp. 2675-2683, S&€it82

[7] F. Ayoub, S. Leprince, R. Binet, K. Lewis, O. Abason
and J. P. Avouac, "Influence of Camera DistortionsSatellite
Image Registration and Change Detection Applicatioims"
Proc. IGARSS, Boston, MA, USA, Jul. 2008.

[8] C. Latry, J-M. Delvit, “Staggered Arrays for figesolution
earth observing systems”, Earth Observing Systenhg, X
proceedings of the SPIE, Volume 7452, pp. 745206R00-
12, Jul. 2009.

[9] L. Lebegue, D. Greslou, F. Delussy, S. Four€stl atry, P.
Kubik, J-M. Delvit, “Pléiades-HR image quality conssioning
foreseen methods”, IGARSS, Honolulu, Jul. 2010.

[10] J-M. Delvit and al, “Geometric improvement fearth
observation applications”, IGARSS, Honolulu, JuD18.

[11] D. Greslou & al, “Pleiades-HR innovative tectues for
Geometric Image Quality Commissioning”, ISPRS Melleur
2012.

[12] F. DeLussy & al, “Pleiades HR in flight geomea
calibration : Localisation and mapping of the fogdhne”,
ISPRS Melbourne 2012.

[13] A. Gleyzes & al, “Pleiades system architectusad main
performances”, ISPRS Melbourne 2012.

[14] L. Lebegue & al, “Pleiades-HR image quality
commissioning”, ISPRS Melbourne 2012.

530

Revised April 2012



