The French Hyperspectral EO mission HYPXIM

A second generation high spectral and spatial resolution W cIRS 112
PLANETOLOGIE &

UNIVERSITE DE NANTES imaging spectrometer GEODYNAMIQUE

V. CARRERE*", X. BRIOTTET?, R. MARION?, S. JACQUEMOUD?, A. BOURGUIGNON?, M. CHAMIS, J.
CHANUSSOT’, S. CHEVREL>, P; DELIOT2, M. DUMONTS, P. Y. FOUCHER*, A. MINGHELLI-ROMAN?Z, D.
SHEEREN, C. WEBER*, P. PRASTAULT??, S. HOSFORD*3, M.J. LEFEVRE-FONOLLOSA*3

(1) Universite de Nantes, UMR-CNRS 6112, 2 rue.de.la’Houssiniére BP 92208, 44322:Nantes, France

(2) ONERA, 2 avenue Edouard Belin, BP 74025, 31055.Toulouse, France

(3) CEA/DAM/DIF, 91297 Arpajon, France

(4) IPGP, Sorbonne: Paris Cité, Université Paris Riderot, UMR CNRS 7154, 35 ruesHélene Brion, 75013 Paris, France
(5) (6)BRGM, BP. 6009, 45060 Orléans, France

(6) Laboratoire d'Oceanographie de Villefranche (LOV), B.P.08 06238 Villefranche sur Mer, France

(7) GIPSA-Lab, Département des Images et des Signaux / ENSIEG, BP 46 , 38402 Saint Martin d'Heres — France

(8) CNRM-GAME , Centre d'Etudes de la Neige , 1441, rue de la Piscine , Domaine universitaire , 38400 SAINT. MARTIN
D'HERES, France

(9) LSIS UMR-CNRS 7296 ISITV Avenue Georges Pompidou BP 56 83162 La Valette du Var Cedex, France

(10) DYNAFOR « Dynamique & Ecologie des Paysages Agriforestiers » , UMR 1201 INRA / INP-ENSAT / INP-El Purpan , Av. de
I'’Agrobiopdle, BP 32607 - 31326 Castanet-Tolosan, France

(11) LIVE -UMR 7362 CNRS/UdS, Faculté de Géographie et Aménagement, 3 rue de I’Argonne, 67000 France Commandement
Interarmées de I’Espace, 5 bis avenue de la Porte de Séevres, 75509 Paris Cedex 15, France

(12) Direction Générale de 'Armement, 7-9 rue des Mathurins, 92221 Bagneux Cedex, France
(13) CNES, 18, avenue Edouard Belin, 31401 Toulouse, France

Veronique.Carrere@univ-nantes.fr



V. Carrere et al.

UMR-CNRS 6112
PLANETOLOGIE &
GEODYNAMIQUE

.

UNIVERSITE DE NANTES IGARSS 2013 Melbourne (Australia) 22-26 July 2013

HYPXIM: A NEW INSTRUMENT

HYPXIM COMBINES:

HIS: HIGH SPECTRAL RESOLUTION (10

SPATIAL RESOLUTION OF CURRENT nm) + HIGH SPATIAL RESOLUTION (< 8 m)
and FUTURE HYPERSPECTRAL +

VERY HIGH SPATIAL RESOLUTION
MISSIONS (EnMAP, PRISMA, HysplRl, (PAN< 2m)
HISUI, etc.) 230 m +
UNSUITED FOR SOME APPLICATIONS GLOBAL ACCESS

+

REGULAR REVISIT TIME
19 (nadir) to 3 days (pointing capabilities)

HYPXIM DATA CLOSE TO AIRBORNE AND IN SITU:

1- ACCESS TO NEW INFORMATION FROM SPACE

2- ACCURATE MEASUREMENTS OF PARAMETERS POORLY RETRIEVED AT LOWER RESOLUTION

3- BETTER APPRAISAL OF HUMAN IMPACT ON HIS ENVIRONMENT
1/12
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HYPERSPECTRAL MAIN USER NEEDS: GEOSCIENCES

W Hematite
Goethite
M Jarosite
i

Whiting et al., 2004

Example : acid
mine drainage
mineral
mapping (Sao
' Domingos,
Portugal)
¥ @Chevrel -

% BRGM

— Smectite
Kaolinite
Smectite/lllite

Objectives:

Mineral mapping
Environmental impact
Naturals/Industrial Hazards
Soil erosion/degradation
Soil properties

—> Relevent scale = mining sites,
river banks, geologic formation

Parameters:

Mineral composition,
concentration/quantity, C
organic content, soil moisture
content, grain size, clay content

—> Requires taking into account
intimate mixtures and
alteration crusts

Spectral characteristics: 0.4-2.5 um, resolution < 10nm in VNIR/SWIR - SNR >300:1 in VNIR, > 100:1 in SWIR
Geometric characteristics: GSD ~5-20 m

Temporal characteristics: less than monthly for certain environmental monitoring applications (10 days), can be

critical during a crisis (3-5 days).
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HYPERSPECTRAL MAIN USER NEEDS: URBAN ECOSYSTEMS
Objectives:
BEN Ay - —— Urban planning
bricks 5?/“‘V5 Biodiversity: plant species, vegetation
- mi  health
; u; /j Cartography: urban material, impervious
— /"N * soil, vegetation species
=/, WA= (b) e " Urban microclimatology: air quality, urban
L s e - é;f_,/—«w/ heat island, health
asphal "~ aa  Hydrology: water quality

aS}.).l.J‘alI
8 Spectra of some covers in DAIS data (a) and in Quickbird data (b), from Dell’Acqua et al., 2006.

— Relevent scale = small spatial scale

Parameters:

composition of urban materials (chemistry,
permeability, moisture content, dangerous
materials), temporal evolution, sanitary
state, manmade/natural surfaces

= Fusion Panchro + hyperspectral

= Requires taking into account intimate
mixtures, shadows

Dense buildings

High buildings

Except motorway

Road

Railways

Shadow

Puissant A, Hirsch J., 2004, Télédétection urbaine et résolutio ale optimale - intérélfour
les utilisateurs et aide pour les classifications, Revue Infernationale de Géomatique, 14(3-4),

o # Yo
{o)n) / ANLAME

Spectral characteristics: 0.4-2.5um, resolution < 10nm VNIR/SWIR - SNR>250:1 VNIR, >100:1 in SWIR
Geometric characteristics: GSD < 5m

Temporal characteristics: critical during the growing season and during a crisis (3-5 days).
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HYPERSPECTRAL MAIN USER NEEDS: PLANT BIODIVERSITY

[=}

Objectives:
g ~grsand kil ol Biodiversity: taxonomic
N — iy oua : seomees distribution of plants, chemical
composition, texture, detection
of invasive plants (e.g. meadow)
Precision agriculture: crop
monitoring, weed detection,
yield forecasting
Forestry: species, tree health,
CO, fluxes, fire hazard
assessment

o
®

Essential Pigments
—
g

Chlorophyll &

o
o

Reflectance

o
IS

Cellulose Lignin, Sugars

7’\:
/\.

o
(8]

i

0.0
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Wavelength (nm) Legend - grassland types

""Global Terrestrial Ecosystem Observatory
(GTEO)"

b with
*" Holeus lanatus .,

| ot et Necessity of data at an

‘: Trifolium pratense L. - -

\ intermediate scale between
in situ and global

[ stands of Preridium aquilinum (L.) Kuhn

Parameters of interest:
pigments, water and dry
http://cao.stanford.edu/ matter content, C:N, LA,
light-use efficiency

Feilhauer et al., 2011

Spectral characteristics: 0.4-2.5um, resolution < 10nm

Geometric characteristics: resolution ~5-10m is useful for some applications
Temporal characteristics: critical during the growing season (10 days)
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HYPERSPECTRAL MAIN USER NEEDS: COASTAL ECOSYSTEMS
I \\ Y . L Objectives:

SN
NSalb

\ r ,—’l . ] . .
\i} s b o nam—— Algal blooms: impact on tourism,
i\ . Y e

primary production and carbon cycle,
coastal dynamics, fisheries

) Eutrophization

w wm _w e  we  River discharges: marine pollution

a' (m?mg’)

Noball

Wavelength (nm)

Hyperspectral
airborne data (HySpex
" __VNIR on ONERA SETHI
\_ POD)June 2013

Bathymetry: military applications
Seabed mapping: sand, benthic
species, corals...

Intertidal zone: interface with human

activities, seashells, sediment
dynamics

= Relevent scale = small spatial
scale

APIN
Nalb
I

=

B L huometirs T Parameters:

Verpoorter, 2007 Hochberg, 2011 pigments, mineralogy, grain size,
Spectral characteristics: 0.3-1um for the majority of applications. moisture content, species
Extended to 2.5 um for characterisation of sediments, resolution < 10nm.

SNR >400 in VNIR. — Requires taking into account
Geometric characteristics: GSD <10m intimate mixtures

Temporal characteristics: Variable, strong constraints for certain
applications (1 day) 5/12
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HYPERSPECTRAL MAIN USER NEEDS: ATMOSPHERE

. Objectives:
/ VW\ M\% Plume characterization: air
—v = - L/ ; pollution, biomass burning,

ul — %, ] volcanic eruption

'” 8 o “\M" Air Traffic
y| R P R o - .3
i et . _ W — Relevent scale = small spatial

- scale
Z:no«; R S et S S o P A A
g7 S ’ Parameters:

Gases: type, abundance
Aerosols: type, abundance,
particle size

Effect of spatial resolution of plume detection; from left to right: 3.4 m; 10m; 20m; 30m (Courtesy R. Marion).

Spectral characteristics: 0.4-2.5um, resolution < 10nm
Geometric characteristics: GSD < 20 m

Swath: 10-50 km
SNR > 250:1 (VNIR), > 150:1 (SWIR)
Temporal characteristics: Can be critical during a crisis (3-5 days).
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HYPERSPECTRAL MAIN USERS NEEDS: CRYOSPHERE
§ avas
E '| | N“ Objectives:
E; || | Climate: albedo (dust, algae),
E | | surface energy budget, climate
e i'::dwm '] M Green et al., 2006 change
B T T T T Hydrology: snowmelt models,

- wavelangth, nm

0.9
08
0.7
0.6
05
0.4
03
0.2

0.1 Painter et al., 2012

0.0

liquid water content, floods

10

 Increasing — Relevent scale = small spatial
A optical scale

~| grainsize

BOJE POJONOD-MOUS

Diffuse modelled albedo
i r'
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Fig. 8. MEMSCAG snow-covered area and grain size for the AVIRIS 02— jl‘ BT 3 Requires taking into account

acquisition on April 5, 1994. | . . .
Painter et al., 2003 s o, intimate mixtures, topography

Parameters:
grain size, water liquid content,

~Increasing impurities type and content
. dust

_content |

(wn') snipes uresb
=
=

=4
o

e
=

Diffuse modelled albedo

Spectral characteristics: 0.3-2.5um, resolution < 10nm SNR >500:1 in the VIS, > 250:1 elsewhere

Geometric characteristics: GSD ~5-10m
Temporal characteristics: < 5 days
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HYPERSPECTRAL MAIN USER NEEDS: DEFENCE

!
BRGM

Namibia HYPXIM simulated image
(CNES/BRGM)

:iilf
e

|} L am
@ONERA-PRE E_NVIR.(_)'IHymap

Key applications identified.

Among these, three should be noted in particular :
e traficability indices

« detection/characterisation of objects/anomalies
e characterisation of coastal zones (bathymetry)

Spectral characteristics: 0.4-2.5um, resolution < 10nm in VNIR/SWIR
Geometric characteristics: GSD <5 m (urban) and ~10 m (geosciences)

Temporal characteristics: short revisit period required.
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SCIENCE REQUIREMENTS: SUMMARY

Sensor characteristics derived from science requirements

oA (nm) GSD Swath (km) Revisit Period SNR
Domain (m)
Geosciences <10 10 50-100 Non critical >300:1in VNIR
>100:1 in SWIR
Coastal ecosystem <10 <10 Variable Critical for inter tidal >400:1in VNIR
monitoring

Vegetation biodiversity <10 <10 Variable Critical during growth period TBC
Urban ecosystem <10 5 20-50 Critical during crisis >250:1in VNIR
>100:1 in SWIR
Cryosphere 10 5-10 20-50 < 5 days >500:1 in VNIR
>250:1 in SWIR
Atmosphere <10 20 10-50 Variable >250:1 in VNIR
>150:1 in SWIR

Summary table of mission requirements expressed by the six science user groups where 32 is the spectral resolution, GSD the ground sample dimension
and SNR the signal-to-noise ratio, the spectral range is [0.4, 2.5um].

All these requirements have to be refined

9/12
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HYPXIM: MAIN MISSION REQUIREMENTS

Spectrum Spectral
Domain p(nm) res. SNR@L?2
oA (Nm)

VIS 400-700 10 >250:1
VNIR 700-1100 10 >200:1
SWIR 1100-2500 10 >100:1

PAN 400-800 400 >90:1

= Spectral continuum required from VIS to SWIR,
spectral resolution of 10 nm,

— Spectral SNR with 2 levels of L2 ( goal and threshold)
— GSD HIS < 8m, and a panchromatic channel (GSD < 2 m)

will enhance the scene analysis
= Swath : 15 km minimum

100,00

80,00

F——t

GOAL : Spectral L2

—Radiances based on 6
themes (*),_ with

60,00

K
o hn ]
Y

favorable atmosphere
and SZA: 60°

|
= Threshold : Spectral

50,00 4 )
L2 Radiances based on
40,00 - the main 4 themes (**),
with unfavorable atm.
30,00 and SZA: 30°

20,00

i

10,00

!

| TN

0,00

' e

118 29 43 57 71 B5 B9 113 127 141 155 169 183 197 211

— Reuvisit: daily revisit required for some applications,

3-5 days acceptable for Defence

10/12
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HYPXIM: SYSTEM DESCRIPTION (as per end of Phase 0)

ALTITUDE 660 km
TMA or Korsch telescope, diameter: 450 mm, Prism-based
spectrometer,

PAYLOAD Dedicated panchromatic channel,
Detector VNIR-SWIR 2000 x 360 pixels

HYPERSPECTRAL

RESOLUTION / SWATH R

PANCHROMATIC

CHANNEL 1.85m /16km

SPECTRAL BANDWIDTH /
RESOLUTION

PANCHROMATIC
CHANNEL

PAYLOAD BUDGET

SATELLITE

REVISIT PERIOD

IMAGING CAPACITY

GROUND-TO-SPACE LINK

LAUNCHER
COMPATIBILITY

EXPECTED LIFETIME

400 -2500 nm /10 nm

1.85m/16km

Mass~115 kg, Power 150W (imaging)
600 kg (at launch)

With +/-20° across-track imaging: 15 days
With +/-35° across-track imaging: 3 days

~100 000 km2 per day (270-450 images)

X-band link at 620 Mbps (with ground or mobile stations)

Soyuz, Vega, Ariane 5

10 years (incl. end-of-life operations)

)
ThalesAlenia
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HYPXIM: POSITION IN THE INTERNATIONAL CONTEXT
MULTISPECTRAL REV'ST'NGj\ELAY
Bl SUPERSPECTRAL 1/d I
< ~ ~
B HYPERSPECTRAL 1 [ 2y | (ESGEySE (~1month]
300 _§ é h f Hyperion \
z  (YPOMEm| @ enwpe  Medium spatial resolution
s PRISMA with infrequent monitoring
_E /
_ . 100 £ Hypérspectral
High spatial resolution CHRIS
with frequent monitoring |
' (MODS. wops )
- - erma
- Multispectral [h EVIERIS
0
103 I ASTER e Supefspectral
h h 1. l 7] ETM resolution AVHRR
Very high spatia ] i
Y nig P PIe|s oS \ I J
resolution | h= . _ S
with frequent monitoring N ) ow spatial PQSOIUT'_OV‘ V‘_"Th
o igh frequent monitorin
° high frequent toring
O | Frrremn | Frriremn | P rrrmn | P rrrmn
i ‘Spatial resolution (Im)

Platform agility

enhances revisit 10 100 1 000 10 000
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CONCLUSIONS

Seven scientific/defence domains have been identified by a group of
science and defence users of imaging spectroscopy.

Scientific requirements have to be refined in Phase A to find a tradeoff with
existing technology

A phase 0 study conducted by CNES from 2009 to 2012 proved the
mission's feasibility. CNES decided then to pursue with a phase A study
but it was put on hold, pending on budget.

Phase A may restart in 2014, the growing scientific community is pushing.

High resolution hyperspectral imagery from space is foreseen to be a
powerful tool for numerous scientific applications in many different
areas, thus serving a wide scientific community

13/12



