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—1RapidEye

RapidEye System Overview

Constellation of 5 identical satellites with a 5
band multi-spectral pushbroom scanner

Image data download in Svalbard (Norway),
Satellite Control, Image data processing and
Archiving in Brandenburg (Germany)

Launch at August 29, 2008, in Kazakhstan;
Operational since February 01, 2009

Flight Altitude 630 km, Ground Sampling Distance 6.3 m,
Swath Width 77 km, Image take length 1,500 km,
Imaging Capacity up to 4 Mio km? per day
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Cornerstones of the RapidEye = RapidEye
Calibration Approach

> Primary Markets for RapidEye Data and Services: Agriculture, Forestry,
Environmental Monitoring, Insurance, Mapping

> Vegetation — related spectral features and indices are of major
importance

> Temporal stability, spatial homogeneity, and cross calibration between
the 5 satellites are the most important calibration goals

> Absolute Radiometric Calibration is as well important to ensure the
derivation of vegetation-related features from the multi-spectral image data

> Geometric Calibration is required to meet the mapping accuracy
requirements according to the customer's expectations
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RapidEye Calibration Phases — RapldEye

Launch Mission Acceptance
Phase I: Phase ll: Phase lll:
Pre — Launch Initial Post — Periodic Inflight
Calibration Launch Calibration Calibration
Update of Longterm stability
Laboratory-based L
Measurements Laboratory-based of calibration
: ) Measurements, parameters,
of Calibration : . )
Coefficients ngeratlon.of a cross-callbratlon of
first baseline the 5 RE satellites
MDA + MDA + .
subcontractors RapidEye REpRlEyE
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Main Objectives of the —1RapidEye
Three Phases

> Phase |I: Determination of the initial absolute calibration coefficients

> |nitial absolute radiometric calibration, Initial determination of the gain and
offset tables (GOT), Spectral band response function determination

> Determination of the geometric camera model, Measurement of the correct
position of each sensor element

> Phase ll: Relative radiometric calibration based on image statistics
> (Generation of an initial radiometric baseline

> Improved spatial calibration (homogeneous response over the whole
image)

> Phase lll: Periodical Update of the Calibration Parameters

> Temporal stability based on the image statistics of all collected data and on
selected globally distributed calibration test sites
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Phase I: Initial Laboratory
Calibration

> Determination of the spectral
transmission and the system response
function

> Response tables for all 5 spectral
bands

> Radiometric noise determination
based on absolute calibrated sources

> |nitial absolute calibration tables
> |nitial GOT for spatial homogeneity

> |nitial camera model and MTF
determination

> (Geometric camera parameter
adjustment
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Narmalized Spectral Response
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Table 4-1: PFM Red Band Performance w/ 937 Calibration

Radiance Effective DeltaL  NER
Case Radiance [WimA2/sr  [WimA2/sr
W/mA2/sr lum lum] fum]

CDARK 0 0.303 0.452
CMIN 13.109 -0.267 0.628
CO4 103.672 -0.097 0.989
CO1 244 .401 0.054 1.342

MTF




Phase I: Preliminary Estimation —_—1RapidEye
of the Relative Stability

Relative accuracy between Payloads:

Table 6-6: Summary of worst-case payload variability

=
Radiance Measured Total
o Thermal Payload L.
[W/m2/sr/pum] Variation Correction | Repeatability Variation
Residual
Blue 72.5 0.68% 1.05% 0.20% 1.93%
Green 25.2 1.42% 0.83% 0.23% 2.48%
Red 14.2 1.34% 1.05% 0.58% 2.97%
Red Edge 95.2 0.63% 1.22% 0.85% 2.70%
NIR 58.1 1.34% 0.72% 1.63% 3.69%
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Phase II: Initial Post Launch —1RapidEye
Calibration

Spatial Homogeneity: Relative radiometric calibration based on image
statistics

> No ground truth measurements in this phase

> Improves spatial calibration
> For all scheduled and planned image takes the “per detector” mean and
standard deviation is gathered over all image takes

> for each detector

> each band i _
2 Refined Observed
> each spacecraft 5 K
8 -------
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Phase ll: GOT table update (1)

<} |Means & Standard Deviations
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Phase ll: GOT table update (2)

<} |Means @& Standard Deviations
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Phase II: GOT table update (3) —aRapidEye

Image example showing the result of the GOT table update
(exaggerated contrast stretch)

Before GOT update

After GOT update |
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Phase II: Baseline Determination — RapidEye
for In-flight Temporal Calibration

Principles of the radiometric baseline

determination : &
. . A Calibration Tile Site 1 CFQO“& &S
> Collection of imagery over a small number 0 a3 /A
alibration Tile Site G
(currently 14) of selected homogeneous ground e

calibration test sites = > determination of the
initial radiometric parameters

Observed Calibration Tile Mea

> The image acquisition for the calibration sites is
repeated on a reasonably frequent basis (roughly
once every fortnight, currently weekly)

> The radiometric baseline is mainly used as
reference to determine any trends in the long-term
radiometric behavior of the satellite cameras

Baseline Calibration Tile Mean

> The radiometric baseline is used furthermore for

the cross-calibration between the 5 RapidEye CCD detector performance
satellites changes over time
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Phase II: Relative Temporal —RapidEye
Radiometric Calibration
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Phase II: Relative Temporal —1RapidEye
Radiometric Calibration

pgum et

File Edit View Took Add Help
|~ Goople et b Search |E « | gag |  mane

Fie Edit View Toos Add Heb

[T T — e

e &

Places
i L] o My Places
= 1 €9 Temporary Paces 2 @ caRradFiDt_orignal
- (7 camaoemryan_apena - () caladFrOry03_Nernsm_Mai

7] camacriDry1z_Liya | : CoRadFHDry!5_Central_al_sekctzd
CaRadFiDry12_Libys_selected

P CoMadFIDr12_original

() CaadFADIry1S_Central_Wal

() CaRAOFIDr1S_Central_Wal_selected
-2 P ComacFIDry15_original
ColRadFEOr16_Maurtanio_&
CaRadFIDry16_Mauritans_A_selected
-2 o camaorary16_snginal

- () ComadFRDry17_Niger

! CalRadFHDry13 Naurtanis_A

<M [/ caRaoFiDry18_naurtania_a_selctsd
1 P CelRadFOry15_orgnal
M (7 CaRadFiDryt7_Niger
! CaRacFrDry17_Niger_selected
-E @ calRadFEDne 7_orignal
-1l P camaoFuoryts_ongnal
CalRadFHDry22 Befvia
CaRauFilny22_Buivia_selected

- () camadFIDry1_Aeria_selected - ' CoRadFiDry03_Northem_Mai_sclecicd
& @ CoRadr IOy 21 _ariginal E ' CaRadFiory03_ongnal
B () CaadFIDry03_terthem_ sk .p L. CoRadF D07 Seud Aatia
L 70 ottt b s - () caRadFinreT_Seudi scabie_ssectes
8 g st il -l P CalRadF iyt _originl
-2 ) ComadFIDryoT_Seud Acetia CaRa0FHNY08_FoypLA
2 () camacrrDryd7_Saudi_arabis_selectsd =Y 2:::£:3W05‘Eg_m"\'“m"
R & 4 ry03_origial
- -B ") camacFroryos_Eqypt B
. ! CalRadFHiDry03_Egypt_B_sclecied
& -k @ camacFioryos_onginal
- P camacFaDryes_ongrai . i B 7 CalRacFiDryt D_Egypt ©
- () comasFiDryes_Eoypl B 4 i P (7 CeRacF iy 10_PoypLe_selecied
-2 ) ColRadfiDryd% Eqypt B_selected 7 . B @ Colacroryt0_ongnal
- @ ComatFiDryds_erginal . & CoRacr 0y 11 _original
- ) camadFiOry10_Egypt_C B M camacenonyiia_sugan_a
[ () camadPiDry10_Egyni_¢._selected ) CaRadFiDryt la_Sudan_A_sclected
- P camacFaDry10_original 3 1 - alRAdFIDy1 1b_Sudan_B
- @ P CoRadFDryt1_eriginal 4 . ! CalRadFiDry! 1o_Sudan E_aslecice
B (7 camacrmry11s_Sudan_a . e -B 7 calRadFiDry 2_Libya
- () camanfeDry1ia_Suoan_s_seects D - ! CalRacFnDry12 Libya_selactsd
- ¥ () CaRadFiDry1 1b_Suden_B / #| B P caRacFi0y 12 origial
. @ F'Cnﬂnl:FIﬂry“b‘_Sudw“E_uehdod i i 4 1= CalRadF ROry 5_Ceniral_Wal
B
qr]
@
.E

L,

& ) CoRadFIDry17_Niger_selectsd L i=) “' CaladFDry22_ongnal
- P comacrony17_sagea Bl {7 CaRadFiry24 Naurtario_0
- F P camaceroryis_ongral ‘ r i ) CaRanFROryze_Maurtana_8_selacted

-2 () CoadFiDry22_Bekvia
-2 ) coMadFiDry22 Bokvia selcted
- @ camacFiry22_engieal

- () camacrioryze_maurtana_8 SoAdis Ab
& (") CoRacFiDry24 Mauriania_B_sciccied : ) <
-2 P comacFiDry24_eniginal . - : ; T rrabial . ~
o8 : __ ! Go

Eye all

Rutayers e [N
DIN EN ISO 9001 certified



—1RapidEye

Phase ll: Relative Temporal
Radiometric Calibration
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Phase II: Relative Temporal —RapidEye
Radiometric Calibration

Estimate of Initial Relative Radiometric Accuracy at MPAR (Mission
Preliminary Acceptance Review) End of January 2009 done by MDA

RE1 RE2 RE3 RE4 RES

Blue
Green
Red
Red Edge
NIR
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Phase II: Post Launch Noise —1RapidEye
Estimation
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Homogeneous snow field for Line Statistics for Noise Estimation
Noise estimation — Due to structure

not perfect for this task
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Phase ll: Post Launch Noise

Estimation Results

—1RapidEye

Band4 - RedEdge

Mean Values

RE1 Radiance |NER meas. NER spec.
Band1 - Blue Mean Values 97.6 1.38 2.04
Band2 - Green Mean Values 121.3 1.61 1.78

130.4 1.84 1.97

Band5- NIR

Band1 - Blue

Mean Values

Mean Values

1.32 0.88

Band2 - Green

Band4 - RedEdge

Mean Values

Mean Values

Band5- NIR Mean Values 75.15 0.85 0.65
RE3

Band1 - Blue Mean Values 99.8 1.32 2.06

Band2 - Green Mean Values 138.5 1.20 1.97

|Band4 - RedEdge Mean Values 1?0.2| 1.25 2.40|

Band5- NIR

Band1 - Blue

Mean Values

Mean Values

151.5 0.93 1.08

97.4 0.92 2.04

Band2 - Green

Band4 - RedEdge

Mean Values

Mean Values

130.4 0.98

152.1 1.04

Band5- NIR Mean Values 142.5 0.79 1.03
RES5

Band1 - Blue Mean Values 108.1 0.90 2.13

Band2 - Green Mean Values 146.3 0.77 2.06

Band4 - RedEdge Mean Values 167.8 0.85 2.38

Band5- NIR Mean Values 146.4 0.79 1.06
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Geometric Calibration

Two Step Approach

—1RapidEye

1. Camera Alignment and Scale Calibration

2. Optical/thermal Distortion Calibration

Focal length (mm). Mean: 636.47427 stdDev: 4.5989e-013
637.5 T

637

636.5 .

636 -

635.5

635 | | 1 1 1 1 | 1

1
94 95 96 97 98 99 100 101 102 103
relative time (days)
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104

Camera Orientation Roll (deg). Mean: -0.54375593 stdDev: 0.079502

-05 T -y T T T =T 5 T 7 L LR =
at
1.5 L 1 L 1 L 1 L 1 L
94 95 96 97 98 99 100 101 102 103 104
Camera Orientation Pitch (deg). Mean: 0.096615954 stdDev: 0.017257
0.2 T T T T T T B T T T
01 - % S : . s . ><x T W : 3’(\.1__
0 | 1 | 1 | 1 | 1 |
94 95 96 97 98 99 100 101 102 103 104
Camera Orientation Yaw (deg). Mean: 0.022249456 stdDev: 0.03989
0-2 T T T T T T T T T
* x ¥ X * o . " . Lo R
0l %% ' . “
-0.2 ! L | L | 1 ! 1 !
94 95 96 97 98 99 100 101 102 103 104

relative time (days)

Example of Focal Length and Camera Orientation Results for RE-3



MTF Calculation Based onthe @ —j RapidEye
Edge Response Function
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MTF Results

—1RapidEye

MTF

sSC Band Image ID ChiplD Along-Track |Across-Track
RE1 ) )
nd1 - Blue | Mean Values 17.9 26.5]
Band2 - Green Mean Values 14.2 20.9

Band4 - RedEdge

Mean Values

nd5- NIR

Mean Values

Band2 - Green

Mean Values

L nd5- Mean Values 12.7
[RE3
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Outlook: Absolute Radiometric ~__——1RapidEye
Calibration and Cross-Calibration

Principles

> Vicarious calibration approach based on parallel ground truth

measurements over a very few (1-3) selected radiometric calibration
test sites

> Ground truth data acquisition requires absolute calibrated ground
spectrometers, homogeneous flat terrain, stable weather conditions,
and experienced ground staff

> RapidEye has currently contacted a number of ground calibration
groups to establish a cooperation for absolute radiometric vicarious
calibration

> |tis intended to perform a first calibration campaign in spring 2009

> Potentially include a Lunar Radiometric Calibration Approach for the
next phase

> (Cross-Calibration activities with different other satellite systems
DIN EN ISO 9001 certified



