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OVERVIEW OF PLEIADES HR MISSION & SATELLITE ¢

o CNes -

MISSION SATELLITE INSTRUMENT

eMass : <1T b Saran e
e Power: Lithium-ion batteries
Rigid AsGa solar panels

Carbon-cyanat

optical belch
STR

* AOCS : 4 powerful CMG

(Control Moment Gyros) actuators

< agility (roll and pitch): 60°in 25 seconds
3 star trackers
4 optical fiber gyros

\ Highly Integrated
\ Detection Unit with its radiator

PIJne mirror FOG Inertial Measurement Unit
(optical core)

* Image telemetry at 600 Mbps

* 600-Gbit mass memory * Korsch camera

* Focal length 12.90m
e Diameter 0.65m

Spatial resolution:

Panchromatic :0.70m

XS (B, G, R,NIR) : 2.80 m
Simultaneous PA + XS acquisition
Swath: 20 km

¢ PA retina : TDI detector
* XS retina : four color CCD

* 12 bit quantization
e On-board detectors normalization
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E— e e DHR-1A launch: December 17, 2011
B B LIS PHR-1B launch: December 2, 2012
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STARS USED AS A REFERENCE FOR ON ORBIT CALIBRATION ¢

» = ONEs & -

= Spatial calibration based on stars: MTF or LOS stability assessment for PLEIADES
satellites
= Radiometric calibration:
= The spectral irradiance of some stars is known with a very high accuracy
= No atmosphere to manage...
= They are regularly used by astrophysicists to calibrate their instruments

n
| | | |

focus
fo fotd; fotd, fotds
Suivi de la focalisation en fonction de la date : PHR1A
without pvib with pvib
ok Spectres, Vi AG : 78.622 Hz
h4.4
Dox: o
! — Consigne g 0.006

e e methode ZIB Soba h0,5
= SR 000000 DR ** TethGQ :i:\e«;\\« i { h, J:h5
SRR R R e R R S R s tro e o)

VH-RODA Workshop, 18-22 November 2019, ESRIN, Frascati



SELECTED STARS : SPECTRAL IRRADIANCE ¢

- CNes

& Use of INDO-US library

Spectra for st 539 / Pleiades18 - swath C Spectra for star HIPS4872 | Pleiades]8 - swath €
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e ey ey L s B i - Radiometric stability
- Accessibility
Name HIP code BO Bt | B2 | B3 PAN
L{Wﬁmzfsrfpm]-
HD76294 42813 110.61 117.32 111.20 84.54 1720.54
HD150937 | 21833 79.25 824.05 79.53 60.64 1243.67
HD146731 | 79882 99.64 105.68 100.17 76.23 1563.53
HD96833 54539 121.64 132.02 133.21 107.09 2052.07
HD163917 | 28048 90.81 96.36 91.51 £9.51 1426.67
HD97603 54872 256.09 205.10 127.86 68.89 2255.54
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STARS USED FOR RADIOMETRIC CALIBRATION @

« CNESs » -

= INDO-US libraries provides normalized irradiance spectrum (1273 stars)

Enorm (/’i‘) . E(5556A)
E. ...(5556A)

E(1) =

With:

E(5556A) — 1()log(EVEGA(555615\)*2.5112—M)—0.006+0.018*(B—V)

« Taking into account the difference between the effective wavelength of band V
in Johnson system (A=5480A) and the wavelength of definition of the magnitude
M in Vega system (A=5556A)

 B-V: colorindex

*  Eygea(5556A)= 3.56 *10-12 W/m?2/A
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INITIAL CAL'BRAT'ON PR'NC'PLE - SPIE Optical Engineering + Applications

Earth Observing Systems XXII, San Diego 6-10 august 2017

Absolute calibration coefficient A, for band k :

OV Zp:Zk(p)
A7) 7=
where :

«  Z(p) is the signal of pixel p after radiometric correction

- fisthe focal length

* dxis the pixel size

- E, is the star equivalent irradiance

Integration of the signal over a circular area

% )
corresponding to 98% of the PSF

-20 -10 o 10 20

. .« CcNes - -

— Requires the PSF knowledge
— New approach: simultaneous MTF and absolute calibration retrieval
= Continuity of S. Fourest* work

* Fourest S. & Lebegue, L. (2009). Star-Based
Calibration Techniques for PLEIADES-HR
Satellites. 18th Annual CALCON Technical
Conference. Logan, Utah, USA.
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SIMULTANEOUS ABSOLUTE CALIBRATION and MTF RETRIEVIAL ¢
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THE RADIOMETRIC MODEL

For each star p, the radiometric model, after normalization, in the Fourier domain can be

written as:
s—1s-1
Fsz - z z Ap - Ly - MTFl+u-s,m+v-s ) ramp(dxp» dyp)l+u-s,m+v-s
u=0v=0
where:

FTis the Fourier transform of p star image
« the aliasing contributions to the signal are summed

«  MTFis the Modulation Transfer Function, which is normalized _ W
. Star slightly shifted with regard
 |,m are space frequencies along- and across-track to the sampling grid

* sisthe oversampling factor with regard to the Nyquist frequency

«ramp(dxp,dyp) is the phase ramp in Fourier space corresponding to a shift (dx,dy,) for star p with
regard to the sampling grid
= pre-processing to determine (dx,,dy,) assuming that the MTF is real

« Ay is the absolute calibration coefficient

Ly is the star’s equivalent radiance
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SIMULTANEOUS ABSOLUTE CALIBRATION and MTF RETRIEVIAL ¢
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MATHEMATICAL FORMULATION
For nb_star stars we build a system of nb_star + s? equations:
_ _ / FTim \
/ rampcllliaso rampclzlias(sz_l)\ Lllc
: ’ : Ay MTF(l, m)aliaso )
b b b_st
rampie’ - ramplin® ||, s _ | Fri
0 cee 0 ] Ak MTF(I, m)alias(SZ_l) L;(lb_star
\ : : ) 0
I 0 r | \ : /
0

» Where alias represents the aliasing contribution and r a regularisation factor to force the MTF
to be equal to O for higher frequencies than the cutoff frequency
» This system of equations with 2*s2 +1 unknown is solved by a linear least squares method:
Res(l,m) = A, .MTF(I,m)
A,=Re[Res(0,0)]
MTF(I,m)=Res(I,m)/A,
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WEIGHTED LEAST SQUARES TO MANAGE THE STARS IRRADIA.I\!C_EG*;S .

Objective: to give a higher weight to brighter stars in the resolution
of the system of equations

[

i 1
rampaliaso

nb_star
rampaliaso

0

0

1
rampl ] / i \
pallas(sz_l) \ Lllc

nb_star FTnb_star
ramp, — ILm
allas(sz—l)_ y_ Lnb_star
0 e k
. 0
r / \ 0 /

Res(l,m)=(ATWA)tATWy

with:

Res(l,m) =

> W the weight matrix: W(p,p)=VL(p) Vp=1,... nb_stars
> W(p,p)=1, Vp>nb_stars
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STAR BASED CALIBRATION: MTF RESULTS ¢

- CNes -
PLEIADES 1B data acquired between february 2017 and may 2019 for 6 stars: 12 to 18 images per month

» 42 to 54 mesureaments for each equation system PHR-1B along-track MTF
considering a shifting window of 3 months o
. 3036
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» Good stability of the MTF measurements Date

A Acrosstrack @ Along track
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STAR BASED CALIBRATION: MTF RESULTS

Pleiades1B_XS_B2 SUIVI_WINDOW_3 012018 022018 032018
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© Very weak noise on the retrieved MTF
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STAR BASED CALIBRATION: MTF RESULTS

Synthesis for the period february 2017 — may 2019

MTF
across- Requirement (>)
track

PHR-1B

MTF (fe/2)

PAN 0.15 0.15 0.08
BO 0.32 0.26 0.2
Bl 0.32 0.26 0.2
B2 0.31 0.25 0.2
B3 0.31 0.25 0.2

= Good consistency with the official MTF

VH-RODA Workshop, 18-22 November 2019, ESRIN, Frascati

MTF across-
track
official

0.15
0.31
0.30
0.31
0.31

MTF along-
track
official

0.16
0.26
0.27
0.27
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STAR BASED CALIBRATION RESULTS ¢
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PHR-1B Star based calibration
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= Good stability of PHR-1B calibration measurements over more than 2 years
— Lower deviation as the number of processed images increases
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STAR BASED CALIBRATION RESULTS ¢

I N N I I

Ak star /
Ak official 0994 1031 1.027 1.016 1.011

Standard
deviation 0.014 0.012 0.011 0.012 0.009

» Very good consistency with regard to the official calibration
» Weak standard deviation

e CNES - -
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STAR BASED CALIBRATION AND MTF RETRIEVAL: ERROR é

BUDGET ELEMENTS . & [EBE & -

= The calibration error depends on:
- the residual offset correction
- the instrument noise
- the spectral response non uniformity in the field of view: AA=£2.5nm = AL<1% for BO
- the MTF variation in the field of view (lower than 0.02 at Nyquist frequency)
- the knowledge of the centering of the star image with regards to the sampling grid
- the residual non linearity
- the size of the window for the extraction of the star in the image
- the error on the reference spectrum (INDO-US): AM=0.1= AL=£2%
» The mean residue of the linear least squares method for MTF and calibration retrieval is
representative of most of the above errors and includes the method error

Mean B1 B2 B3 PAN
residue
%
5,0 3.8 4.2 4,0 4.9

1B

For PHR-1B BO calibration, the uncertainty on the measurement is typically 5%, while the difference with regards to the
official calibration is lower than 1%.
For the MTF, this table tells us that the maximum error is lower than 0.016, obtained for PHR-1B BO.
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CONCLUSION ¢
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= We are able to simultaneously assess the MTF and the radiometric calibration of an optical
sensor using stars*

= Very good calibration and MTF results for PLEIADES 1B

= Operational at CNES for high resolution optical sensors: similar results for PLEIADES 1A

PHR-1A PAN MTF PHR-1A Star based calibration

BO
AB1

E ™

3 015 i . .
A

Sou o & 4 2 2 A2,

> @k @

O SE4Res I

Y
D e

KRR S & TP I SR

L |
[ 12 |

®B2
WB3
* PAN

[ase 2 )
. 00 - >
»»

Ak starfAk official
e

ot A8 A% L] 219

. T A1 AT a8
g6 (B et jpaect gt 710 et A5

Date

A Acrosstrack @ Along track Number of images

= The quality of the results strongly depends on the number of observations because of the
aliasing that needs to be solved
= next step: using a physical model for the MTF

= The method is not limited to PLEIADES class high resolution sensors. It can also be applied
to sensors like SENTINEL-2 MSI instrument using for example Vega which radiance would
be close to 220 W.m=2.sr't.um-1in the 10 m resolution green band

*Meygret A., Blanchet, G., Latry, C., Kelbert, A., Gross-Colzy, L., “On-Orbit Star-Based Calibration and
Modulation Transfer Function Measurements for PLEIADES High Resolution Optical Sensors”, IEEE
Transactions on Geoscience and Remote Sensing, 10.1109/TGRS.2019.2900026
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SENTINEL-2 monthly
synthesis: September 2019
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TRATTORIA 2020 ¢

Atelier TRATTORIA é

Transfert Radiatif dans les ATmosphéres Terrestres orae o .
pour les ObseRvations spatilAles

Centre International de Conférences 13-15 Janvier 2020
Météo-France, Toulouse, France

http://www.meteo.fr/cic/meetings/2020/trattoria/
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