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ABSTRACT support, given the elements described above, amallyfi
This paper synthesizes the technical requiremeatterby a propose appropriate solutions.
group of French scientists and defence users expert This paper summarizes the study performed by thél GS
hyperspectral imagery to design a new space banaging group [5] in six different science/defence domaivisere
spectrometer. This project called HYPXIM is curhgrin  imaging spectroscopy is considered to bring sigaift
phase 0 mission study and two French aerospace @oiep advances. It gives an overview of the at-sensoranaéd
have proposed solutions that are analysed by th&%N specifications in each domain and a first desaiptf the
These technical requirements are converted inteseasor HYPXIM sensor, the phase A mission study of whish i
radiance specifications for each scientific apptioa and planned by the end of 2011.
the final radiance set used for the instrument giesis

defined 2. SCIENCE REQUIREMENTS
Index Terms —kmaging Spectroscopy, At-Sensor Radiance,The following sub sections describe the fundamest&nce
Optical Sensor Specifications and societal applications in six domains that pidéy use
hyperspectral data: vegetation, coastal and intaaters
1. INTRODUCTION geoscience and solid Earth science, urban envirofme

atmospheric sciences, and defence. The targetdidatpms
Imaging spectroscopy lately emerged as a veryieffic are reminded for each domain and converted in tesfns
remote sensing technique to improve the understgndi instrument requirement in Table 1.
Earth’'s functioning. Present space borne sensdws i
Hyperion [1] have opened the way for new studiesunface 2.1. Vegetation
diversity and chemistry. Furthermore, future proggaike
EnMAP [2], Prisma [3] and HyspIRI [4] prove thateth Vegetation provides foundations for life on Eartinough
scientific community is highly motivated to extetiet range ecological functions: regulation of climate and evatabitat
of applications using such techniques. for animals, supply of food and goods. Increaseshm
In parallel, in France, an ad hoc group of sciemacel world’s population expand the volume of consumptiow
defence users of hyperspectral imagery named G$bUf@ production, which results in land degradation, $bre
de Synthése sur I'Hyperspectral) has been set upNiBS  destruction, and plant biodiversity loss. The reotation of
initiative to address several objectives: to esthldn up-to- current economic models toward sustainable devetopis
date view of all possible applications and spedifie  a challenge. The assessment of vegetation heaith, &t
spectral, spatial, and temporal sampling charatiesiof the local and regional scales, using biological indicatsuch as
required data to analyse the needs of the user coityn leaf pigment and water content, may provide useful
and identify current and future systems that akelji to  information for environmental applications suchfias risk
answer them; to provide this community with systeons assessment, climate change studies, or deseitificalhe
estimation of vegetation dry matter content enahites
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determination of the soil C:N ratio in a forest,ighhis species based on variations in their chemical caitipa
related to the decomposition rate of organic mdayemicro- derived from hyperspectral imagery is a future majo
organisms. This in turn is an indicator of £f@lease into application in ecosystem studies, since their diaiuunder
the atmosphere, providing new inputs to the stuflyhe climate change and anthropogenic forcing (invagilts)
carbon cycle. Finally, the ability to distinguisketiveen is still a question at issue.

Table 1. Summary table of mission requirements exgssed by the five science user groups and defensens wheredA
is the spectral resolution, GSD the ground sampleimhension, RP the revisit period and SNR the signab-noise ratio,
the spectral range is [0.4, 2.5um] (see [5] for merdetails).

Domain O\ (nm) | GSD (m) | Swath (km) RP SNR
Geoscienc / solid Earth sciece <10 10 50-10C Non critica >100:1 in SWIF
Inland and coastal waters <10 <10 Variable Critical for inter tidal monitoring 00:1
Vegetatiot <10 <10 Variable Critical duringthegrowing seaso > 1000::
Urban area <10 5-10 20-50 Critical during crisis >250:1 iN\R
>100:1 in SWIR
Atmosphere <10 20 10-50 Variable >250:1in VNIR
>150:1 in SWIR
Defence <10 5-10 20 24 — 60 hours >250:1 in VNIR]
>100:1 in SWIF
2.2. Inland and coastal waters development of this technology. In addition to sleal

tectonic information, hyperspectral sensors prowuiitect
Coastal zones are at the interface between thedaddhe access to the mineral composition of exposed rauic
sea. Nowadays about half the world’s populatioa lwthin ~ soils. This unique capacity constitutes a majorre®wf
100 km of a coastline. The increasing use of cbastaes information for mining and oil companies for prosfieg,
results in major problems. Following the Europeamiod but also for the rehabilitation of abandoned miiess(EU
Water Framework Directives 2000/60/EC and 2006/7/ECdirective 2006/21/EC), recently extended to indabsites.
the assessment of water quality in coastal anddhkreas Important science applications for which imaging
became a priority. While much progress has beerenmed spectroscopy has proven to be of use include famgie
the measurement of ocean colour using sensorsmgesigr  monitoring of land degradation/desertification (UN
this purpose, the study of coastal and inland wathat Convention to Combat Desertification), soil qualiBC Soil
include a complex mixture of suspended mineral enatt Thematic Strategy, 2006) and quantity monitoringjl s
dissolved organic matter, organic and inorganitupehts, is  function (water and carbon storage) and threats
more challenging. It is complicated by a high gpati (acidification, erosion) identification, mapping of
temporal variation. Imaging spectroscopy can hedpivé  environmental hazards related to swelling-shrinkahays,
water quality variables such as the type and sifte il spills, etc.
suspended particles, toxic algal blooms, and other
phytoplankton species that serve as a marker d.4. Urban area
eutrophization. It is also used to complete largges maps
of macro or microscopic benthic communities, and isAs more than half of the world's people live iniest
effective in clear water to resolve bathymetry tlglo a scientists took an interest in urban areas to imgrour
better characterisation of the sea bottom. Besittes knowledge of such a medium for applications in hama
research activities and mainly due to legal coim#8aa health, urban growth management, biodiversity, &ahd
significant market recently emerged to set up aibo or hydrology. The study of such areas is not stitfagward
campaigns involving hyperspectral images to addredsecause of the strong surface heterogeneity thetpined
questions associated with the management of thragilef by the presence of various materials in a smafasararea.

ecosystems. The availability of high spatial resolution imagesens the
way for new applications to map such targets. Higéctral
2.3. Geoscience / solid Earth science and spatial resolution data will definitely improwhe

classification of urban areas both at the stredtlarilding
Right from the beginning the Geoscience communig h levels, for applications in urban growth or heddns. Some
been, and continues to be, a major proponent ofjimga recent studies showed that useful information colél
spectroscopy and, as such, the driver behind thebtained on aerosols to estimate anthropic emissam
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characterise the air quality in urban environmehtsally,

such sensor will contribute to improve the cartpysa of

urban vegetation, as described above. Since tmmahand
pollution-reducing effect of vegetation canopiesries
according to the species, their spatial distribuigof great
interest in the modelling of specific urban aredse size of
most of these patterns of interest is less than, Svhich

justifies an instrument like HYPXIM that combineshigh

spatial resolution imaging spectrometer with a pammatic
sensor. It will permit the analysis of very fineustures and
open the way to a new range of applications.

2.5. Atmosphere

The GSH identified several innovative researchdepihich
originate with the atmospheric corrections neces$ar a
correct use of hyperspectral images. Note thatdbisain is
richly endowed with specific satellite missions, clea
targeting one or several variables of interestatonospheric
scientists. Our objective was to identify potentidin-off”
applications that may emerge and benefit from arrstudy
taking advantage of the high spatial and speotislutions.
First, the detection and the characterization oélsurface
phenomena such as fires or sources of methane bwill
accessible. Further, while significant informatmmaerosols
and clouds can be derived from multispectral imageth a
much lower spatial resolution, some original amgtliens are
attempted like the measurement of aerosol altitbge
combining the measurement of gas absorption and
diffusion properties, or aerosol-cloud interactiotisat
require a high spatial resolution. Finally, monitgr of low
level atmospheric pollution (e.g. NOand NO) could
potentially be interesting provided the spectrabfation is
high enough.

Table 2: Main HYPXIM characteristics.

2.6. Defence

The defencdields of interest described by the GSH report
mainly derive from a hyperspectral working grouptime
French Defence Sector. The potential use of imaging
spectroscopy for defence applications has beeneliarg
investigated in the past 10 years. A number of key
applications have been identified and hyperspectalksor
requirements have been derived for space based
applications. Among these, three are worthy of :ntie
contribution to traficability analysis; the detexti and
characterization of objects of interest and theect@&in of
anomalies. SAGEM DS and BRGM demonstrate, under
DGA contract that, with suitably selected spectrahds,
objects such as buildings and roads can be chawmatte
using hyperspectral imagery. Anomaly detection gisin
simple processing strategies has been demonsttayed
ONERA under DGA contract.

3. AT-SENSOR RADIANCES SPECIFICATIONS AS
DEFINED BY THE SCIENTIFIC / DEFENCE GROUP

Following the publication of the GSH report at ttved of
2008 [5], the Strategy and Programs Directorat€NES
has decided to proceed with a phase 0 mission stfidy
space borne hyperspectral sensor after the useireatgnts
listed in Table 1. The latter provides a sound ddsi a
satellite system capable of extending the obsenvati
itapacities of the first generation of hyperspecseatkllites
currently under development (e.g. ENMAP, Prismdjte€
main systems corresponding to micro- and mini-begglare
currently designed in the present phase 0 misstadys
(Table 2).

HYPXIM-C (Challenging) HYPXIM-CA HYPXIM-P (Performance)
(HYPXIM-C “Advanced”
Spatial resolution Hyperspectral: 15 m Hyperspectral: 15 m Hyperspectral: 8 m, Panchramatm
Panchromatic: 3,8 TIR: 100 nr
Spectral coverage 0.4 — 2 0.4-2.5m&8—-12um
Spectral resolution <14 nm <14 nmin VIS <10 nm
<10 nmin NIR and SWI <150 nmin TIF
Satellite mass <250 kg <250 kg <650 kg
Satellite volum 600x 600x 1350 mn® 1400x 1200x 2600 mn®
Swath 15 km | 30 km 16 km

Acquisition capacit

Not available ye

In the following we present some observable spectrd 2 radiances are computed according to a more @mpl
radiances: mean radiance (L2) and maximum observabscheme that corresponds to a favorable case (tiidele

radiance without saturation (L4). To simulate thesensor
radiances, the following conditions are fixed: hmud, nadir
viewing angle, target at sea level, and Julian t2§. The
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winter atmosphere and 60° solar zenith angle) and a
unfavorable case (mid-latitude summer atmosphede3ar
solar zenith angle). For each case, an averagetrapec



reflectance is computed over a specific dataseheldfby the most favourable and most unfavourable casess Bh
the science/defence group (see [7] for more dgtdilse L4  global L2 (favourable and unfavourable) and L4 aade set
at-sensor radiances are computed using MODTRAN4 built. Each of these radiances is obtained leyaging the
considering a flat Lambertian scene with the inriables corresponding radiances over all the themes.

listed in Table 3. For defence applications, thectia come

from a dedicated database. The estimation of Lianaé for Table 3. Input variables used to compute LA4.

the atmosphere is achieved using two Hyperion istagee Reflectance (clouds) 1.00

with a white plume acquired over the World Tradentge Solar zenith ang 0°
(September, 1% 2001) and the other exhibiting a black Atmosphere model Subarctic winter
plume acquired over the Eyjafidll volcano (April;7" Water vapor content,O 0.42g/cm:
2010). A homogeneous area of the plume is seléatedch Aerosol type_ Rural
image, and the mean radiance is computed. The niPetjc Horizontal visibility 50 km

radiance is estimated by averaging all the meaiamads for

L2 faverable

L4 {clouds raciance)

LZ unfavorchle

a5 1.0

a5 1.0

5 15
Wavelength {wm) Wavelength {rem)

Fig. 1. L2 (favorable and unfavorable) and L4 specal radiances as specified by the science / Defergmup.
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