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PROBA YV
A remote sensing mission for global
vegetation monitoring
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Obijectives VERHAERT SPACE

o Since April 1998 the Vegetation instrument (on French satellites
SPOT4/5) has delivered daily global images of land mass.

 The mission will be continued with enhanced performance by Sentinel 3

from 2013-2014 on.

PROBA V shall provide continuity of image products, by reducing the

risk of gap between SPOT and Sentinel 3 and by enhancing the

coverage of Sentinel 3

PROBA V will provide :

— Dalily global monitoring at 300 m resolution for latitudes above 35°(swath
2250 km)

— Complete global coverage in 2 days
— Spectral and radiometric performance identical
— Geometric accuracy < 0.3 pixel (108m)
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VGT missions comparison VERHAERT SPACE
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Scope
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VERHAERT SPACE

Verhaert Space contract

Separate procurement

Launch and
operations will
be separate
procurement
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Industrial team

VERHAERT SPACE
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Technical baseline VERHAERT SPACE

o Spacecraft based on PROBA1/ 2 with delta :

Placement of the instrument and star trackers on an optical bench

to minimize the thermo-elastic effects between the heads and the
telescopes. This effect has an important contribution to the geometric
accuracy budget.

The PROBA-V spacecraft will be significantly larger than PROBA-2
iIn- terms of dimensions: 800 x 800 x1000 mm?3 versus 600 x 700 X
850 mmg,

This has its impact on the mass budget (160 kg PROBA-V versus
122 kg PROBA-2) and incoming power (191W versus 120W peak
power EOL).

Upgrade of the mass memory from 4Gbit (PROBA-2) to 16 Gbit
(PROBA-V)

The RF communication system is upgraded for higher data
capacity from the S-band system used for the PROBA-2 (BPSK, 880
kbps) to an X-band RF system on PROBA V (35 Mbps)

10 December 2008 Slide 6



i

Technical baseline VERHAERT SPACE

o Ground segment :
The 2.4-meter REDU-3 ground station (used for PROBA-1 and
PROBA-2) not large enough to serve as a payload data receiving

station
For spacecraft control the 2.4-meter S-band antenna in Redu is used

For reception of payload data at 35 Mbps, the 11-meter SG-2 station
on Svalbard is proposed (10 out of 14 passes).

ENERTEC 3801 no longer supported by the supplier. It will be
replaced with a new one coming from the new supplier’s family

CORTEX. Re-use of software.
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Technical baseline

« Data product :

Instrument designed for 100m GSD

Compression and binning ratio’s are configurable to provide final

GSD

VERHAERT SPAC

Mandatory option Design Goal (300m)  Mjixed option (300 /100 m)
Central camera VNIR
Across-track binning 9 1 1
Along-track binning 9 3 p 1
Compression ratio 2 2 6 (Blue) 3 (Red) 2 (NIR)
Side cameras VNIR
Across track binning 1 1 1
Along track binning 9 3 3
Compression ratio 2 2 2
Central camera SWIR
Across track binning 5 1 1
Along track binning 5 1 1
Compression ratio 2 2 2
Side cameras SWIR
Across track binning 1 1 1
Along track binning 5 1 1
Compression ratio 2 2 2
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VERHAERT SPACE
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Mission analysis

Propulsion or not ?
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Mission analysis
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VERHAERT SPACE

PROBA 1 evolution as reference

e | TAN drift shows a max.
of 16 min over 5 years

e Orbital evolution shows
slowly reducing altitude (14

km decay)

Slide 10

10 December 2008



Instrument design VERHAERT SPACE
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* Volume/ mass/ power constraints => reflective design
 To achieve a large FOV (>1009 => swath divided ov er 3

Spectral Imagers (SI)

SI = TMA Telescope (TMA), a beam splitter to separate the VNIR
from the SWIR spectral bands, the VNIR and SWIR FPA, the

detector read-out electronics (ROE)
Optical bench thermally decoupled from satellite
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Instrument design VERHAERT SPACE

i

 TMA characteristics :
MTF at Nyquist 25% across-track and 11%

along-track

 Challenge :
TMA mirrors manufacturing (Al) and alignment

SWIR detector

Parameter Value
Focal length 110mm
Entrance pupil
Overall system diametg P 15.5mm
FOV 102° x 2
FOV of one TMA 34° x 2°
F number 7.1
_ _ Shape 6th order hyperbolic
Primary mirror aspheric
Focal length 110mm
Size 112 x 30 mm
Shape spherical
Secondary mirror Focal length -39mm
Size 8mm
Shape oblate ellipsoid
Tertiary mirror Focal lengtl 55mm
Size 92 x 22 mM
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Instrument design

VERHAERT SPACE
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Detectors

* VNIR:
o Linear detector
« TH71548 from E2V already used for
Venus
e 3 bands x 5200 pixels, pixel size 13um
* The spectral bands will be realized by
band pass filters

e SWIR :
» 1024 pixel InGaAs sensor from XenlCs,
pixel size 25um
« Mechanical butting of linear detector
arrays with pixel overlap
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Instrument design VERHAERT SPACE

Data reduction methods

« Day/Night : Use only sun-lit earth images.

Latitude: Region of interest limited to between 75N en 58S.
Land/Sea mask: Remove the CCD rows with only sea pixels
Binning. The on-board merging of pixels in across and along track
Compression
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Spacecraft design
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Spacecraft key figures

Total mass: 164 kg
Peak power consumption: 160 W

Body mounted solar panels + 160°
deployable

3-axis stabilised

Internal H-structure, made of honeycomb
with aluminium face sheets

Side panels made of honeycomb with CFRP
(Carbon Fibre Reinforced Plastics) face
sheets

Unregulated 28V bus
Li-ion battery
RE-use of PROBAL/2 subsystems
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Spacecraft design
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Spacecraft units
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VERHAERT SPACE

e AOCS:

— Geometric accuracy error  outside the specification

= Calibration and on-board correction of the periodic errors, is thus required =>
total error is reduced to below the specification, except for the across-track
error at the edge of the image

— For further reductions image correction can be applied in the ground station
using ground reference points

Centre pixels Edge pixels
Total Across Along Across Along
error track track track track
Before 102.5 m 89.5m 332.3m 89.5m
calibrati
on
After 38.7m 36.2 m 108.8 m 36.2m
calibrati
on
Require 100 m 100m 100 m 100 m
ment
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Ground segment

=

PROBAV Satellite

TTC Packets (RF link)

TC Ack Packets (RF link)

¥

[
Primary TTC S-Band GS

(Redu)
Level 0 products (FTP)
Ancillary D: FTP,
ncillary Data (FTP) Pass Planning (FTP)
PROBAV —

Instrument Status (FTP)
.

—
—> Control Center
Instrument Operation Planning (FTP) Level O products (FTP)
Auxiliary TM X-Band G S
(Svalbard)

User Segment Image Processing

¢ HK TM Packets (RF link)

\nstrument TM (RF link)

Automated processing of payload
requests, pass planning, pass execution

o Calibration
Level O data archiving
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User segment VERHAERT 5PACT

Service segment

 Based on SPOT-VEGETATION CTIV ground segment

Modernization and standardization effort required

Radiometric calibration using vicarious calibration during whole mission
Geo-accuracy calibration using ground reference points during commissioning
Level O to 3 processing

Archiving

Science data distribution to customer
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User segment

System Performance Simulator
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Data products
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 Primary products :

— Extracts of a segment along a
single orbit

= No atmospheric correction
— Resampling in a geographic
projection
e Synthesis products :
« Atmospherically corrected
o S1 daily synthesis products

» S10 compilation of daily
synthsis from 10 consecutive
days (level 3)

e S1 and S10 for 300m and
1000m GSD
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VERHAERT SPACE

Planning

The expected project duration for the platform ph CD activities is about 30

months
Overall project duration until start launch campaign includes a phase B of 6

month, bringing the total duration at 36 month.
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