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ABSTRACT: Airborne imaging spectrometers have a history of about 20 years starting with the operation of
AIS in 1982. During the following years, many other instruments were built and successfully operated, e.g.,
AVIRIS, CASI, DAIS-7915, and HyMap. 
Since imaging spectrometers cover a spectral region with a large number of narrow contiguous bands they are
able to retrieve the spectral reflectance signature of the earth allowing tasks such as mineral identification and
abundance mapping, monitoring of vegetation properties, and assessment of water constituents. An essential 
prerequisite for the evaluation of imaging spectrometer data is a stable spectral and radiometric calibration. 
Although a considerable progress has been achieved in this respect over the last two decades, this issue is still
technically challenging today, especially for low-to-medium cost instruments. 
This paper introduces a new airborne imaging spectrometer, the ARES (Airborne Reflective Emissive Spec-
trometer) to be built by Integrated Spectronics, Sydney, Australia, and co-financed by DLR German Aero-
space Center and the GFZ GeoResearch Center Potsdam, Germany. This instrument shall feature a high per-
formance over the entire optical wavelength range and will be available to the scientific community from 
2005 on. The ARES sensor will provide 160 channels in the solar reflective region (0.47-2.42 µm) and the 
thermal region (8-12.5 µm). It will consist of two co-registered optical systems for the reflective and thermal
part of the spectrum. The spectral resolution is intended to be between 13 and 16 nm in the solar wavelength
range and should reach 140 nm in the thermal. 
ARES will be used mainly for environmental applications in terrestrial ecosystems. The thematic focus is
thought to be on soil sciences, geology, agriculture and forestry. Limnologic applications should be possible
but will not play a key role in the thematic applications. For all above mentioned key application scenarios the
spectral response of soils, rocks, and vegetation as well as their mixtures contain the valuable information to
be extracted and quantified. 
The radiometric requirements for the instrument have been modelled based on realistic application scenarios 
and account for the most demanding requirements of the three application fields: a spectral bandwidth of 15 
nm in the 0.45-1.8 µm region, and 12 nm in the 2 – 2.45 µm region. The required noise equivalent radiance is
0.05, 0.03, and 0.03 Wm-2sr-1µm-1 for the spectral regions 0.45-1 µm, 1 – 1.8 µm, and 2 – 2.45 µm, respec-
tively. In the thermal region similar simulations have been carried out. Results suggest a required noise
equivalent temperature of 0.05 K for the retrieval of emissivity spectra in the desired accuracy. Nevertheless,
due to technical restrictions some of these requirements had to be reduced when transferred to system specifi-
cations.  

1 INTRODUCTION

At the DLR research center 'Oberpfaffenhofen', 
Germany, spectroscopic earth observation was es-
tablished in the late 1980s. Imaging spectrometer 
campaigns have been carried out in a European 
frame [1]. From 1996 to 1998 the DAIS 7915 in-
strument, the laboratory calibration facility and the 
pre-processing and calibration tools available for the

sensor have been appointed a European Large-Scale 
Facility supported by the EU in the frame of the 
TMR program (Training and Mobility of Research-
ers) [2]. In the ongoing EU-funded project 'HySens – 
DAIS/ROSIS Imaging Spectrometers at DLR' not 
only an additional sensor (ROSIS) but higher level 
data processing as well is offered to potential users 
[3]. Both sensors have been used for as different ap-
plications as geological mapping, determination of 
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soil properties, agricultural and forest applications, 
water quality assessment and the retrieval of snow 
parameters.  

In a number of joint research projects between 
DLR and GFZ the potential of airborne imaging 
spectrometry for environmental applications has 
been demonstrated [4][5] but as well the limitations 
of the existing airborne instrumentation have been 
documented [6]. Thus, in a joint effort to modernize 
the airborne imaging spectrometer capabilities in 
Germany, DLR and GFZ entered into a collabora-
tion to jointly procure a new state of the art instru-
ment dedicated to terrestrial applications: the air-
borne imaging spectrometer ARES. 

In the following the technical outline of ARES, 
the processing and archiving facility as well as the 
main application fields will be described. 

2 TECHNICAL OUTLINE OF ARES 

In a first stage of instrument procurement the system 
specifications had to finalised in a design and feasi-
bility study conducted by the manufacturer in close 
co-operation with DLR.  

The instrument will be designed as a wide-angle 
field of view whiskbroom scanner covering the visi-
ble to short wave infrared range of the electromag-
netic spectrum in contiguous spectral bands with a 
spectral sampling interval of approx. 15 nm. Addi-
tionally, the coverage of the thermal wavelength re-
gion between 8 and 12 µm with a bandwidth of 150 
nm is planned.  

To be able to meet the high performance re-
quirements given in Table 1 the instrument will be 
equipped with internal spectral and radiometric cali-
bration means for the reflective and the emissive 
part of the spectrum. ARES will be designed to fit in 
a standard aerial photography mount. The total 
weight of the sensor head should not exceed 110 kg. 
Thus, although mainly operated in a DLR Do228 the 
instrument could be installed in a wide range of re-
mote sensing aircraft as used for conventional aerial 
work.

The general geometric requirements of the sensor 
are summarised in Table 2. The sensor is defined as 
a wide angle instrument in order to be able to realise 
a high spatial coverage at relatively low flight levels. 
This reduces operating costs by allowing usage of 
cost effective aircraft. A further advantage of the 
wide range of observation angles is the simulation of 
multi-angular spectral measurements as requested 
for the simulation of future space missions [7]. The 
downside of this design is the need of BRDF correc-
tion algorithms under extreme illumination condi-
tions.

The variable scan speed of the sensor allows for 
the realisation of a ground pixel size between 2,5 
and 10 meters depending on the flight altitude of the  

Table 1. Spectral performance specifications of ARES 

 Spectral 
sampling 
interval 

Spectral
bandwidth 
(FWHM) 

Number of 
bands 

VNIR 
0.47 - 0.89 µm 15 nm 15 nm ~30

SWIR   

I 0.89 – 1.35 µm 16 nm 15 nm ~30

II 1.36 - 1.80 µm 16 nm 16 nm ~30

III 2.02 - 2.42 µm 14 nm 14 nm ~30
TIR   

8.5 µm - 12.5 µm 140 nm 125 nm ~30

Table 2. Radiometric performance specifications of ARES 

 NER Targeted 
[W m-2 µm-1 sr-1]

NER Worst 
[W m-2 µm-1 sr-1]

VNIR 

 0.47 - 0.98 µm  0.07  0.085 

SWIR   

I 0.85 – 1.35 µm  0.035  0.035 

II 1.36 - 1.80 µm  0.03  0.03 

III 2.02 - 2.42 µm  0.02 0.02 
TIR NEDT [K] NEDT [K] 

9 µm - 11 µm  0.05  0.1 
<9 µm; >11 µm  0.20 Best effort 

Table 3. Geometric performance specifications of ARES 

Total Field of View (FOV) 65° 
Pixel/Scanline 813 

Inst. Field of View (IFOV) 2.0 mrad 
Oversampling 1.5 

Ground Resolution (GSD) 2 -10 m2

Scan-Principle Whisk-Broom 
Co-Registration:  

reflective 0.05 pixel 
emissive: 0.05 pixel 

Reflective-emissive: 0.1 pixel 

carrier.
High demands are set for the geometric co-

registration of the individual spectral bands within 
the individual spectrometers and between the reflec-
tive and thermal module to assure minimum geomet-
ric distortion of the imagery. To compensate for the 
aircraft motion and allow for a later parametric geo-
coding the optical module will be mounted on a sta-
bilising platform and shall be additionally equipped 
with gyroscopes and differential GPS systems. 

3 RADIOMETRIC SIMULATIONS BASED ON 
SCIENTIFIC APPLICATION SCENARIOS 

ARES will be used mainly for environmental appli-
cations in terrestrial ecosystems. The thematic focus 
is thought to be on soil sciences, geology, agricul-
ture and forestry.

The quantitative derivation of geo-biochemical 
parameters and variables such as e.g. the canopy wa-
ter content in vegetation or the mineralogical com-
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position of soils will be in the focus of the thematic 
application of ARES. Limnologic applications with 
the determination of water constituents or the classi-
fication of submerged macrophytes should be possi-
ble but will not play a key role in the thematic appli-
cations. For all above mentioned key application 
scenarios the spectral response of soils, rocks, and 
vegetation as well as their mixtures contain the valu-
able information to be extracted and quantified. 

In order to be able to derive the radiometric and 
spectral performance requirements of ARES as 
summarised in Table 1 realistic spectral variations in 
the different application fields have been chosen 
from experience gained in previous and ongoing re-
search projects.

The spectral signatures of the main surface com-
ponents relevant for different application scenarios 
for flight campaigns with the ARES instrument have 
been identified. A selection of input spectra is shown 
in Figure 1 and 2. Amongst others these have been 

Figure 1. Simulated vegetation spectra with varying water and 
chlorophyll content: solid: Ca,b=45.0 µg/cm2, Cw = 0.036 cm, 
dotted: Ca,b = 40.0 µg/cm2, Cw = 0.038 cm, dashed: Ca,b = 
35.0 µg/cm2, Cw = 0.040 cm 

Figure 2. Soil spectra from different locations in Germany as 
input for the ARES simulations 

used to simulate at-sensor radiance values for differ-
ent atmospheric conditions by means of the MOD-
TRAN4 radiative transfer model [8]. Ground spectra 
have been transferred into at-sensor radiance values. 
Those simulated radiance spectra have been resam-
pled to the chosen spectral resolution of the to be de-
fined sensor. A noise model was developed consid-
ering different sensor noise characteristics. The 
simulated noise has been added to the at-sensor radi-
ance spectra. In a last step a retrieval of ground spec-
tra based on these noisy resampled radiance spectra 
has been performed. These results have been com-
pared to the input spectra. The entire simulation 
scheme is given in Figure 3. It could be shown that 
the spectral identification and quantification of the 
key surface components at a sufficient accuracy 
should be obtained by state-of-the-art sensor tech 
nology.

4 DATA PROCESSING AND ARCHIVING 

The quantitative analysis of imaging spectrometer 
data requires a dedicated pre-processing and calibra-
tion procedure. At DLR software packages exist, 
that fulfil the requirements of an operational and 
semi-automatic pre-processing of the DAIS 7915 
and ROSIS data. 

These software tools will be adapted to ARES 
and integrated in DLR's Data Information and Man-
agement System (DIMS), an automated processing 
environment with robot archive interface as estab-
lished for the handling of satellite data. With the 
Data Information and Management System (DIMS) 
DLR offers a new generation facility by DLR-DFD 
to handle earth observation products [9]. DIMS is a 
multi-mission ground system already used for the 
Shuttle Radar Topography Mission (SRTM) in 2000 
[10]. Currently the interfacing of airborne hyper-
spectral data to DIMS is ongoing [11], [12].

Upcoming programs/missions such as the 
EUMETSAT Polar System (EPS) or ENVISAT will 
be integrated. Besides the handling of automated  

Figure 3. Simulation scheme for the definition of the radiomet-
ric performance requirements of ARES 
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data pre-processing and archiving DIMS provides 
user information services such as on-line and off-
line delivery, post-processing, a product library, or-
dering control and production control. Key features 
offered by DIMS are: 

- Multi-mission facility, supporting products 
from many sensors/satellites/missions in 
parallel

- User information services including guide, 
directory, inventory, browse and ordering 

- Product library, including automatic robot 
archive and inventory with optimized spa-
tial access methods [13] 

- Robot archive, with an extendable capacity 
of 300Tbyte 

- Interfacing of local and remote processors 
- Product delivery on media or via Internet 
- Unified operating using Java/WWW-

technology
- Support of distributed sites based on 

interoperability with CORBA 

Due to the modular design of DIMS both the auto-
mated pre-processing (system correction, radiomet-
ric calibration, combined geocoding / atmospheric 
correction) and the integration of newly developed 
information products during the operation period of 
ARES can be assured. Quality checks will be carried 
out in every step of the processing chain (e.g. histo-
grams of bands, SNR computation for each channel, 
channel cross correlation analysis, etc.). Continuous 
monitoring of the radiometric and spectral perform-
ance of the instrument during the operational phase 
as established for previous airborne hyperspectral 
instruments will be carried out [14]. 

In the frame of model driven land degradation 
studies the combination of hyperspectral information 
with other remote sensing or ground information is 
essential. Thus, a precise geocoding of the imaging 
spectrometer data based on an parametric approach 
as described in [15], [16] is thought to be necessary. 
 Furthermore, the elimination of atmospheric in-
fluences has to be carried out. It is suggested to base 
the atmospheric correction on radiative transfer 
models taking into account BRDF models [17].

Figure 4. ARES automated processing chain 

Figure 4 gives a sketch of the ARES processing 
chain up to the standard ARES data product consist-
ing of geocoded ground reflectance data. 

All described processing steps will be integrated 
in the automated processing environment DIMS to 
assure a fast data delivery to the science community. 
An integration of new information extraction algo-
rithms and linkages to appropriate process models 
are foreseen. Thus, the automated production of sur-
face reflectance products as well as higher level in-
formation for all application scenarios is envisaged. 

5 CONCLUSIONS 

Recent years have seen a huge growth in the imag-
ing spectroscopy market; first commercial applica-
tions and providers can be seen on the international 
market. A wide and diverse scientific user commu-
nity exists covering a large variety of applications. 
Imaging spectroscopy as an operational tool for 
mineral exploration is established. Additionally in 
many process oriented research fields such as dry 
land monitoring and management the use of optical 
remote sensing is widely accepted and concepts and 
models exist which are mainly driven by remotely 
sensed data [18].

Possibilities and drawbacks of existing sensors 
for the ecological and environmental applications 
are well known and documented. 

The consortium between DLR and GFZ believes 
that ARES at the current stage will open new re-
search fields and application opportunities by com-
bining reflective and emissive spectral information 
about the Earth's surface at an accuracy level never 
established before.

The technical risk of such an endeavour is 
thought to be considerably low as a high standard in 
instrument development could be established during 
the past years.

Thus, from the year 2005 on a new European im-
aging spectrometer facility will be available to help 
improve the understanding and management of im-
portant land surface processes. 
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