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OBIJECTIFS :

Occupation des
humidité des sols,

Principales caractéristiques de
Spectro-imageur de type « pushbroom »
Résolution spatiale =30 m

Orbite = 620 km

Trace au sol =30 km

240 canaux

Résolution spectrale < 12 nm

[400 — 2500 nm] + PAN @ 5 m

SNR (30 % réflectance, SZA = 30°, TOA, mid-latitude summer)
> 200 VNIR -SWIR 1

> 100 SWIR 2

Marrucci et al., 2010



PRISMA

w o

VIR channel SHWIR channel PAN ehannel
Spectral range (nm) 400-1010 920-2305 400-700
Spectral width <12 <12 -
(FWHNM nm)
Swath width (Km) 30 30 30
Ground sample 30 30 3
distance (m)
spectral bands 66 171 1

200:1 om 1.0-1.75

200:1 on 0.4-1.0 pLm
S5/N raiio pLm 400:1 @ 1.35 pm | 240

600:1 @ 0,65 pm | 100:1 om 1,95-2.35

Figure 1. Hyperspectral and panchromatic optical .
head layout 200:1 @ 2.1 pm

Parameter PRISMA
VYolume (Lx WxH) | 770 x 590 x 780 Produits :

Smffy Power -~ S0 W L2 = Réflectance
Aperture 210 mm

IFOV 48.34 prad

Crosstrack FOV 2.77 deg

Digitization 12 bhit

F t
rame rate Barducci et al., 2010
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DLR + GFZ Potsdam

To provide high-spectral resolution observations o Ll i Sppemtonsifrese

| Phase AhPhsse BTPhaiC ?’hase D

I
of bio-geochemical and geophysical variables o Y

To observe and develop a wide range of management of
) agricultural fj 3
ecosystem parameters encompassing e P { o
h . . TR | hazard
agriculture, forestry, soil/geological s e assessment

environments and coastal zones/inland waters

To enable the retrieval of presently
undetectable, quantitative diagnostic
parameters needed by the user community

To provide high-quality calibrated data and data
products to be used as inputs for improved
modeling and understanding of biospheric
/geospheric processes

mineral
exploration

http://www.enmap.org/
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Payload

VNIR FOV
420 nm< % < 1000 nm
SWIR FOV \ ; (94 spectral bands)
900 nm< % < 2450 nm \ ‘
(155 spectral bands
134 transmitted)

FOV separation
600m or 86ms

satellite
ground tra

pointing range
+-30°

se SYStem perameters _
Reference Altitude 653 km

Average Ground Speed 6,9km/s

o

Datatake Capability 5000 km per day : 1000 km per orbit
150.000 km? per day

Geometric co-registration < 0.2 GSD (with data post-processing)
(VNIR — SWIR ,Images*)
‘ Overall EnMAP Pointing stability < 5 % of a pixel (short term jitter)

AP Satellite Design Features

Copyright © 2011 EnMAP Homepage

Mass at launch fuel budget
Satellite Dimension Structure
Operational lifetime

Post Operational lifetime
Pointing accuracy

Pointing knowledge
Pointing stability

Pointimg agility

Power System

Attitude control system ACS

Orbit control system OCS

810 kg (incl. 80 kg margin)

46 kg hydrazine 1.50 m X 1.80 mX 3.00 m Al-
sandwich panel concept with internal shear
frame

5 years

25 years after lowering the perigee to 500 km
500m nadir

100m nadir

1.5m/4ms (bus only 0.3/4ms)

5 min for +30° (incl. high accuracy pointing
stabilization)

31V nominal

solar panels (4.6 sqm) 800 W (EOL)

battery supply: Li-lon cells, 2 modules 132 Ah
3-axis stabilised

sensors: startracker, sun-sensor,
magnetometer, gyroscope

navigation: GPS

actuators: reaction wheels, magnetique
torquers
hydrazine blow-down system

thrust: 2 thrusters with 1 N each

propellant capacity: 46 kg hydrazine



EnMAP Instrument Parameters

Instrument Type

Hyper spectral imager with two prism imaging spectrometers,
Split FOV between VNIR and SWIR

Scanning method

push-broom, pointing capability up to + 30° off nadir across

'~

Field Spiitter Slit
Assembly

track
Telescope Focal length: 522.4 mm
Aperture: 174 mm in diameter
F- Number F#3.0
Type: TMA
Spectrometer slit size (both channels) 24pm x 24 mm

Swath width (nadir)

30 km (for the chosen orbit height of 653km)
(equivalent to an FOV of 2.63 deg across track)

Geometric sampling distance (nadir), GSD

30 m x 30 m (@ ~ 48° northern latitude)
(equivalent to an IFOV of 9.5 arcsec)

Integration time per GSD along track

Max. 4.4 ms, integration time is selectable by software from 1
ms to 4.4 ms (tbc)

VNIR detector and
::#L:gf'“"e Peltier element
VNIR FEE
Solar SCM
Calibration A
Baffle e
L =
' 8
.
#
-
Diffuser £
protective
cover
VNIR
spectrometer
optics
Telescope Compressor
Entrance
Baffle
pectro Location of
:mcs meter SWIR switch SWIR detector
mirror and dewar
(not shown) Incl, cooler
SWIR FEE
Radiometric calibration accuracy 5%

Radiometric stability

+ 2.5% between two consecutive calibrations

System MTF on ground as measured from
orbit

> 0.25 @ 60m across track
> 0.16 @ 60m along track

> 0.64 @ 240m across track
> 0.62 @ 240m along track

Spectral accuracy / stability

<0.5nm

Polarisation sensitivity

<5%

Spectral smile and keystone

< 20% of a pixel

Noise Equivalent Radiance at ref. radiance
[mW/em2 sr pm]

VNIR (420-1000 nm): 0.005
SWIR I (900-1390 nm): 0.003
SWIR Il (1480- 1760 nm): 0.003
SWIR Il (1950-2450 nm): 0.001

On board calibration

Full aperture diffuser;

Integrated sphere with various calibration lamps;

Shutter for dark measurements;

SNR

VNIR: 500 @ 495nm, SWIR:150 @ 2200nm at ref. radiance

Instrument Mass

250 kg (with 20% margin)

Instrument Power Consumption

Standby : c.a. 1770 W

Peak (Calibration) : c.a. 221 W




Raw data

COroe and
Attitude

n-Night Calration
Calibraticn Producs
Level 2a Level 2b
Processor Processor
(Radiometry) (Geometry) (Atmosphere)

Level 1 - systematic and radiometric correction

Lovel 2goo Processor

Pt et Level 2geo - geometric correction

Lavel Zatm Processor

Almesphe
Carmredicn

Level 2 - atmospheric correction with geometric correction

DOMEHEMOOAIV —=HCOV-HCO

Level 2atm - atmospheric correction without
geometric correction

http://www.enmap.org/



NASA Decadal Survey HyspIRI o]

Visible ShortWave InfraRed (VSWIR) Imaging Spectrometer

Multispectral Th_eLmaI InfraRed (TIR) Scanner

En pré-phase A

VSWIR: Plant Physiology and

Function Types (PPFT)

Multispectral
TIR Scanner

EVAPOT RAN SPIRATION
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Red tide algal bloom in Monterey Bay, CA
Glavich et al., 2009



* Fonctionne
cotiers / changement globa
* volcanisme, feux, hydrologie, urbanisation, etc.

ecosystemes terrestres et

Architecture/structure

Three year mission, two Instruments on one spacecraft at 626 km

11 am sun sync orbit: (1) Imaging Spectrometer (VSWIR),
(2)Thermal Infrared Multi-Spectral Imager (TIR)

VSWIR Science Measurement:

- 380 to 2500 nm in 10nm bands

- 60 m spatial resolution, 19 day revisit

- Global land and shallow water (<50m)

TIR Science Measurement:

- 8 Bands (7 bands between 7.5-12 pm & 1 band at 4 pm)
- 60 m spatial resolution, 5 day revisit

- Global land and shallow water

- Day and night imaging




AUTRES?

TABLE II.

TECHNICAL SPECIFICATION OF THE HYPER-SPCTRAL CAMERA

Sensor
Item

Hyper-spectral
camera

Band number

128

Band range

(um) 0.45-0.95
Spatial-
Resolution 100m

Swath

S0km

Aspect angle

=30°

SNR

50db-100db

Data
quantization

12bit

Lifetime

= 3 year

Wang et al., 2005

Figure 2. HJ-1B satellite with CCD and infrared camera on board

TABLE IL TECHNICAL SPECIFICATION OF THE INFRARED CAMERA
Sensor Infrared camera
Item
Band number 4
Band range Bl B2 B3 B4
{pm) 0.75~1.10 1.35~175 3.50~3.90 10.5~12.5
Spatial-
Recolution 150m 300m
Swath 720km
Aspect angle +29°
SNR
Data 10bit
quantization
Lifetime =3 vear




lens

Aéroportés |

Filter VNIR detector
Wheel SWIR detector

RSL + \

d P e X
Airborne Prism Experimen

APEX DATA LEVELS AND USERS

lens

Slit Assembly
SWIR Prism

* Quick looks and data quality reports cosmaer

* Data processing is performed in the
APEX Processing and Archiving Facility
(PAF), and various data levels can be
distributed to the users

. airborne (dispersive pushbroom) imaging spectrometer with 1000
pixels across track (FOV * 14 deg, IFOV 0.48 mrad)

. ground resolution: 2 - 5 m at flight altitudes of 4 - 10 km

.m Calibration Input spectral wavelength range covering 380 - 2500 nm (VNIR and
* SWIR)

spectral sampling interval < 10nm (560-780 nm: < 5nm)
ﬁ spectral resolution < 1.5 * spectral sampling interval

radiometric accuracy < 2%, traceable to international standards

highest signal to noise ratio through advanced detector technology

Level 2C Geocoded and atmospherically corrected data I and pressure/temperature stabilization
Level 3 Value-added products (user-defined)

Level 2B Atmospherically corrected (apparent reflectance) data I




AVIRIS « Next G

Table 2: NGIS Key Performance Characteristics

Optical
Wavelength Operational Range | 380t0 2510 nm
Heater & Cryocooler Electronics I |
| Spectral Resolution (FWHM, minimum) S5nm +/- 0.5nm
with 600 resolved elements
Field of View (large enough FOV to encompass LIDAR (4 spots)
| Instantaneous Field of View 1.0 — 1.5 mradians +/- 0.1 mrad
Spatial Sampling (maximum observed at |
resolved elements) | 1.0 mrad +/- 0.1 mrad
Spectral Distortion (smile) | uniformity > 97%
Spatial Distortion (keystone) | uniformity > 97%
Operations & Environment
Operational Real Time Display Waterfall display allows data quality check
Safe operation for 24 hours without maintainance
Self-Sufficiency or data download
I O Board Colbiallon Biuice ] Ambient Operating Temperature -40 to +50C
Maximum Altitude 18,000 m
l Juin Otiar NACKR Window (nosona). I e i A AT I Cool down time <48 hours
Operational time / mission 14 days
Figure 12: Major components of the NGIS flight | roecrones _— P e e To——ry
package and optional companion instruments. Frame Rate 10— 100 frames per sec
Pixel size 27 micron x 27 micron
Calibration On-Board Calibrator
Software
Headless Operation Autonomous Fault Protection responds to health and safety problems
t Data Rate up to 74 MB/s of throughput
| Data Volume up to 1.0 Tb of raw data before disk swap
1 Mechanical
1
Kinematic Struts, Active : Volume of package 83 cm (H) x 57 cm (diameter) plus electronics boxes and racks
_ i Thermal Control \ Mass | 465 kg
Thermal Shield, Active
Trematontel Vacuum Requirement | 10-a torr
Hssitasg 333*“"” ! Data Resclution | Reported as 14 bit
; : Maintain instrument calibration and operations when subjected to
zi;i’;;:f:r?,":g‘:m 1 Vibrational Environment |worst-case aircraft random vibrational loads (defined for Twin Otter)
1 Maintain structural integrity when subjected to 18g forward, 3 g up,
| Crash Loads 4.5 g side
|
1
v

e =i
Hamlin et al., 2010



* Plus
procha
EARSe

e A suivre s

[ NATIONALGEOGRAPHIC.COM

- En avant-premiere !!!!

Le prochain congres EARSel sera
organisé en 2013 a Nantes



