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ABSTRACT: Airborne imaging spectroscopy developed to a powerful tool within remote sensing over the
last decades. The research community making use of hyperspectral data is increasing rapidly. 
The spectroscopic earth observation facilities at the DLR Cluster for Applied Remote Sensing are improving 
continuously in order to be able to provide reliable imaging spectrometer data to the scientific community. 
The facilities consist of the two imaging spectrometer sensors DAIS 7915 and ROSIS, the laboratory calibra-
tion facility (LCF) and the processing and archiving facilities. Additional to the spectroscopic facilities, DLR
has its own fleet of research aircraft (Dornier Do228, Cessna 208B Grand-Caravan, FALCON 20 E5 jet), 
which completes the possibility to perform airborne imaging spectroscopy within DLR. 
In recent years numerous imaging spectrometer campaigns all over Europe have been carried out. The Euro-
pean Commission has identified the two sensors DAIS 7915 and ROSIS as a major research infrastructure and
supported them from 2000 to 2002 in a project called HySens. This project allowed to acquire hyperspectral 
data sets over European test sites proposed by different research teams. 
In this paper the major aspect will be to review the HySens project. On top of that, the installation of the facil-
ity in a European research environment and the technical components are described. An outlook to future im-
provements including new sensor initiatives and projects is given. 

1 INTRODUCTION

DLR offers all necessary components to perform 
airborne imaging spectroscopy in Europe. Experi-
ence gained in numerous spectrometer campaigns in 
the last years led to a number of hard- and software 
developments. 

Until now, there are two airborne hyperspectral 
sensors available: DAIS 7915 and ROSIS. The op-
eration and calibration of the sensors is based on 
DLR's laboratory calibration facility (LCF). This fa-
cility allows the spectral, radiometric and geometric 
calibration of the two sensors. DAIS 7915 and RO-
SIS can be mounted together on one of the research 
aircraft. Apart from the hardware components, there 
are also the processing and archiving facilities, 
which allow to carry out the system correction, the 
atmospheric modeling as well as the geocoding of 
the data and archive the large sets of data on a 
ADSM tape robot. Additionally DLR offers the pos-
sibility to perform ground spectroscopy in the field 
or in the laboratory. New sensors can be defined 
with the use of models developed at DLR, German  

Remote Sensing Data Center to predict at-sensor 
radiance. These models are also used to validate the 
results of the DAIS 7915 and ROSIS overflights. 
The combination of all these components builds the 
infrastructure to perform successful research in im-
aging spectroscopy. The entire infrastructure is lo-
cated at DLR's research center in Oberpfaffenhofen 
within the center for "Applied Remote Sensing". 

From 1996 to 1998 the DAIS 7915 instrument, 
the LCF and the pre-processing and calibration tools 
available for the sensor have been appointed an 
European Large-Scale Facility supported by the EU 
in the frame of the TMR (Training and Mobility of 
Researchers) program [6]. The DAIS 7915 sensor 
has been used for various applications such as geo-
logical mapping, determination of soil properties, 
agricultural and forest applications, water quality as-
sessment and the retrieval of snow parameters. 

The new project "HySens - DAIS 7915/ROSIS 
Imaging Spectrometers at DLR" offers the additional 
sensor ROSIS and a higher level data processing fa-
cility to the users. The operating facility will take  
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Figure 1. DLR's hyperspectral facilities 

care of all sensor and system dependent processing 
steps, allowing the user to concentrate on the appli-
cation and interpretation of the imaging spectrome-
ter data. 

Figure 1 shows the DLR's hyperspectral facilities 
in an international frame. 

2 BASICS OF HYSENS 

Between 2000 and 2002 the project HySens, and 
therefore the two sensors DAIS 7915 and ROSIS 
and the hyperspectral processing facilities have been 
selected to be supported by the European Commu-
nity - Access to Research Infrastructures action of 
the Improving Human Potential Program under Con-
tract No.: HPRI-CT-1999-00075 [7]. 

The funding amount of HySens over the three 
years was 750,000 €, covering the following ex-
penses:
- Project management: During the flight periods, 

effective project management was necessary to 
coordinate flight activities according to the sci-
entific needs of the involved research teams 

- Spectrometer deployment: This included the 
calibration and the operating of DAIS 7915 and 
ROSIS and the data processing of the acquired 
data sets during the HySens campaign. 

- Flight operation: The flight operations included 
not only the cost of flight activities but also the 
planing stage including the optimising of the 
flight lines, the preparation of the flight naviga-
tion and the maintenance of the flight permits 
over the different European test sites 

- Training: User support was given during all 
stages of the project. The training was mainly 
concentrating on the annual preparation work-
shop a few months before the actual flight activi-
ties. Travel and subsistence was covered for all 
user groups by the project funding. 

The objectives of the HySens project were [7]: 
- to introduce airborne hyperspectral imaging 

techniques to environmental scientists 
- to familiarise scientists with optical calibration 

techniques
- to qualify scientists for hyperspectral data proc-

essing by means of training 
- to strengthen the user's ability to apply hyper-

spectral data in ecological research projects by 
performing joint airborne campaigns 

- to give users a common facility to perform imag-
ing spectroscopy in Europe 

A User Selection Panel (USP) has been composed 
from 9 European researchers from different Euro-
pean remote sensing institutions and universities, 
who reflect a wide expertise within the hyperspectral 
community. The panel evaluated the proposals 
where research groups applied for access to the Hy-
Sens project. 

The following general eligibility criteria are given 
by the Commission of the European Communities 
regulating the Application for Access to Research 
Infrastructures: 

"Only research teams (User Groups) conducting 
their research in the Member States of the Commu-
nity and Associated States are eligible to access Hy-
Sens. The researchers must be entitled to publish the 
results of their work at the Facility in the open litera-
ture. Proprietary research shall not be supported. 
Priority should always be given to users that have 
not already benefited under the Access to Research 
Infrastructures Program and those coming from 
countries where similar facilities do not exist. Indi-
vidual researchers within the selected User Groups 
are eligible to receive reimbursement of travel and 
subsistence expenses. User Groups from Germany 
may not benefit from the HySens funding." 

All eligible proposals have been evaluated for 
their scientific merit by the USP. A number of crite-
ria for the evaluation of proposals have been set up 
together with the HySens management. 

The selected proposals fulfil the following pri-
mary criteria: 
- make use of the VIS-TIR hyperspectral and 

wide-angle scanning features of the DAIS 7915, 
or

- the high spectral resolution of ROSIS 
- work is performed in an interdisciplinary manner 

by a co-ordinated user group 
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3 THE HYSENS COMPONENTS 

DLR's hyperspectral facilities consist of the two air-
borne hyperspectral sensors DAIS 7915 and ROSIS, 
a laboratory calibration facility and the data process-
ing and archiving facilities. Additionally, field spec-
trometers used for ground truthing and laboratory 
measurements are a part of the hyperspectral facili-
ties.

During all HySens overflights, both sensors have 
been mounted on the same Do 228 aircraft. 

3.1 DAIS 7915 - Digital Airborne Imaging 
Spectrometer

Since 1995 the airborne imaging spectrometer DAIS 
7915 is used in remote sensing for all different kind 
of applications within the following topics: 
- Vegetation analysis 
- Geology and mining 
- Terrestrial ecosystems 
- Agriculture and forestry 

Figure 2. The DAIS 7915 

The spectral coverage of the 79 channel of the 
DAIS 7915 sensor ranges from the visible to the 
thermal infrared wavelengths and therefore covers 
almost all atmospheric windows [1][5]. For the re-
trieval of temperature and emissivity of land surface 
objects, there are six spectral channels in the 
8000nm - 12000nm region. One channel between 3 
and 5 µm has been added for the characterisation of 
high temperature events. The spatial resolution var-
ies from 3m to 20m depending on the carrier aircraft 
flight altitude. 

The main parameters of the DAIS 7915 are: 
- field of view      52° 
- inst. field of view   3.3mrad 
- no of pixels per line  512 
- scan principle     Kennedy 
- scan frequency     6Hz - 24Hz 
- radiometric resolution  15 bit 
- NER VIS/NIR     < 0.025 mW/cm²sr µm 
- NER SWIR      < 0.025 mW/cm²sr µm 
- NE T MIR/TIR    < 0.1K 

The following table shows the characteristic of 
the different spectrometers. 

Table 1. The DAIS 7915 spectrometers 

Wavelength
[nm] 

Channels Sampling 
[nm] 

Detector

400-1000 32 20 Si 
1500-1800 8 45 InSb 
2000-2500 32 20 InSb 
3000-5000 1 2000 InSb 
8000-126000 6 900 MCT 

Figure 3. ROSIS, Principle of the optical module 

3.2 ROSIS - Reflective Optics System Imaging 
Spectrometer

The main application for which ROSIS was build is 
the detection of the spectral fine structures especially 
in coastal and inland waters. This task led to the se-
lection of the spectral range, the bandwidth, the 
number of channels, the radiometric resolution and 
the tilt capability for sun glint avoidance. Neverthe-
less ROSIS is also used for monitoring spectral fea-
tures above land or within the atmosphere. 

ROSIS makes use of a two-dimensional CCD ar-
ray. The first dimension is used to scan a narrow 
cross track line on the ground, the second one is for 
acquiring the spectral information of each scanned 
pixel. This gives the possibility for imaging simulta-
neously 115 spectral bands of 512 picture elements 
perpendicular to the flight direction. 

The main characteristics of the ROSIS-03 used 
within the HySens project are given below [2][3]: 
- field of View      16° 
- inst. Field of View    0.56mrad 
- no of pixels per line  512 
- scan principle     Pushbroom 
- ground resolution    1m - 6m 
- radiometric resolution  14 bit  
- tilt capability      ± 20° 
- spectral range      430-860nm 
- spectral sampling   4nm 
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3.3 Laboratory Calibration Facility 

A Laboratory Calibration Facility (LCF) has been 
developed for both instruments to assure the re-
quired radiometric and spectral accuracy for quanti-
tative remote sensing [8]. The units of the LCF are 
used in the laboratory. 

The LCF for the DAIS 7915 calibration consists 
of the following three main parts [13][14][15]: 
1. Spectrometric / radiometric calibration part (SCP):  

The SCP comprises a mirror collimator with a 
flat folding mirror at the parallel-light output of 
the collimator. At the focus position of the mir-
ror collimator can be installed: 
- the output slit of a monochromator for the 

400nm - 2500nm spectral region 
- the interference filter arrangement 
- different illuminated point or slit targets (for 

geometric calibration) 
The flat folding mirror at the collimator output 
allows different illumination directions of the 
parallel light from the collimator output to the 
sensor entrance. 

2. Absolute radiometric calibration part (ARCP): 
The ARCP is used for the absolute on-ground 
calibration of the sensor in the VIS-SWIR spec-
tral region (400nm - 2500nm) by means of an in-
tegrating sphere (IS). 

3. Thermal absolute calibration part (TACP): 
The TACP is mobile and consists of 2 water-
conditioned blackbodies and the supply module. 
The TACP is used for the radiometric calibration 
of the mid-infrared and the thermal channels of 
the sensor in the laboratory and in the han-
gar[16].

ROSIS is calibrated radiometrically on its own 
laboratory integrating sphere. The radiometric cali-
bration of the instrument is done before and after 
each flight period. The dark current is recorded dur-
ing the flight. Based on these measurements, dark 
currents and residual charges within the detector are 
corrected for, and a correction matrix is then pro-
duced for each channel and for each detector ele-
ment. The spectral behaviour of the instrument is 
checked during the flight by recording the spectral 
line of a mercury lamp, because of the possible shift 
of the centre wavelength due to the temperature 
variations during the aircraft operation. Additionally, 
based on typical spectral features within the atmos-
phere (e.g. oxygen absorption bands) the correct re-
lationship between centre wavelengths and the RO-
SIS channels can be determined. 

3.4 Data processing and archiving facility 

Before any quantitative analysis, the sensor data 
must undergo a special pre-processing and calibra-
tion procedure. The pre-processing can be divided 
into three levels: Level 1 with the system correction 
and the calibration of the data, level 2a for the geo-
coding and level 2b for the atmospheric correction 
(or vice versa). 

Level 1 pre-processing for the DAIS 7915 takes 
place in four steps [17]: 
1. Raw data are read from tape, converted to BSQ 

format and written to hard disk 
2. Data are automatically archived to an ADSM 

tape robot 
3. Bad lines are detected and removed before per-

forming the dark current subtraction and the cor-
rection of the AC-coupled channels 

4. The calibration coefficients are applied as the 
last step of the radiometric calibration. 

Additional by-products of the different steps are a 
raw data report, JPEG quicklook images and a 
browseable HTML catalogue. During all steps of the 
processing chain, quality checks are carried out. 

For the direct georeferencing of DAIS 7915 im-
ages a parametric approach is carried out. During the 
overflight the necessary auxiliary data of the flight 
attitude and DGPS position of the sensor are re-
corded. Additional a digital elevation model is 
needed to perform the geometric correction of the 
data. The program PARGE, which was developed by 
the Remote Sensing Laboratories (RSL) of the Uni-
versity of Zurich, is used to perform the geocoding 
of the images [12]. After the synchronisation of the 
flight attitude and the position data with the optical 
remote sensing data all recorded imagery can be pa-
rametrically geocoded. 

The software tool ATCOR4 allows the combined 
correction of atmospheric and topographic effects 
for wide field-of-view airborne imagery and is based 
on the MODTRAN radiative transfer code [9] [11]. 
This interactive, user-friendly software was recently 
developed at the DLR, German Remote Sensing 
Data Centre. Image data in the reflective wavelength 
range are converted to ground reflectance. Surface 
temperatures can be derived from the DAIS 7915 
emissivities of the thermal channels. Only a resam-
pling with the channel-specific spectral response of 
the selected instrument is required in these cases be-
fore processing the image data. 

The ROSIS processing is similar to the DAIS 
7915 processing. The difference is only in the soft-
ware tools and the processing environment. 
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4 FLIGHT CAMPAIGNS 2000 - 2002 

The forerunner of the HySens project, the DAIS 
7915 Large Scale Facility carried out from 1996 to 
1999 [6], has created a huge awareness of the hyper-
spectral activities in the European remote sensing 
community. Thus, during all three years of HySens 
55 proposals have been received. Out of these 55 the 
USP selected 22 proposals, with the corresponding 
research groups from 9 different European countries, 
namely 
- 2 groups of Belgium 
- 3 groups of France 
- 2 groups of Great Britain 
- 1 group of Hungary 
- 5 groups of Italy 
- 2 groups of the Netherlands 
- 2 groups of Poland 
- 4 groups of Spain 
- 1 group of Switzerland 

Figure 4. Distribution of test sites (circle: 2000, diamond: 
2001, star: 2002) 

The 22 projects cover all kind of environmental 
topics, which shows a huge interest into the HySens 
project within all different fields of Earth observa-
tion applications. The projects can be assigned to the 
following fields of research: 
- coastal zone monitoring 
- climatology 
- forestry
- land cover monitoring 
- limnology 
- land degradation methodology 
- mine waste rehabilitation 
- urban cover monitoring 
- vegetation signal analysis 

The project duration was three years. The annual 
project plan started in autumn with the call for pro-
posals, which was published in different European 

remote sensing journals and on the HySens home-
page. The selection of the proposals followed two 
months later. During winter, the laboratory calibra-
tion of DAIS 7915 and ROSIS took place. For train-
ing and preparation purposes, a workshop was held 
at DLR two months before the actual flight cam-
paign. The overflights were usually carried out 
within 6 weeks during summer. To assure the correct 
operation of the sensors, test flights were performed 
right before each HySens campaign. As soon as the 
data has been acquired, the data processing started 
and a few months later data could be delivered to the 
users.

4.1 HySens campaign 2000 

In the first year of HySens 17 proposals have been 
received requesting DAIS 7915 and/or ROSIS 
flights in 2000 [7]. From these eight user groups 
have been selected and scheduled for flight activities 
in summer 2000. Representatives of the selected 
groups were invited to a preparatory workshop held 
at DLR prior to the flight activities. A list of the se-
lected proposals is given in Table 2. The geographic 
distribution of the respective test areas can be found 
in Figure 4. 

During the flight campaign from 26 June to 14 
July 2000 data over six testsites have been recorded. 
Due to undesirable weather conditions no valuable 
data could be recorded for two test areas. At the 
Venice lagoon in Italy where a complex schedule 
taking into account the tidal situation only allowed 
three days for data acquisition and in Belgium a 
complete overcast was observed during the time of 
the overflight. Most of the geocoded and atmos-
pherically corrected data could be delivered to the 
users within three month after the data takes. 

Especially the geocoding process proved to be 
dependent on the quality of the input data (i.e. flight 
path, attitude data, maps, and digital elevation 
model) and thus required more processing time then 
originally estimated. 

This led to a delay in data delivery for some test 
areas. The data delivery could be completed by Feb-
ruary 2001. 

4.2 HySens Campaign 2001 

From a total of 16 proposals retrieved for 2001 
seven were selected. As a preparation for the 2001 
flight season a workshop was held at DLR Oberpfaf-
fenhofen bringing together research groups from the 
2000 campaign and remote sensing teams new to the 
HySens project [7]. Thus, experience made and dif-
ficulties encountered during the previous campaign 
and processing period could be discussed between 
the different application groups and the HySens 
team. 

Despite the difficult weather situation in some of 
the test areas during the summer of 2001 all planned 
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data acquisitions could be carried out under good to 
perfect atmospheric conditions. In Figure 4 the geo-
graphic distribution of the test areas can be seen, 
Table 3 lists the thematic applications and the re-
spective prime investigators. 

In total 35 flight lines with DAIS 7915 and        
ROSIS have been recorded summing up to 38Gbyte 
of raw data. The radiometric calibration of the data 
has been started immediately after the campaign and 
was finished two weeks later. The geometric and 
atmospheric processing continued until February 
2002, where the last user groups received the proc-
essed data. 

4.3 HySens Campaign 2002 

The highest interest was expressed in 2002: 22 pro-
posals have been received, and eight have been se-
lected. The two new states of the EU Poland and 
Hungary joined in with three projects. In April 2002 
the preparatory workshop took place at DLR 
Oberpfaffenhofen, where the user groups of 2002 
and 2001 had the opportunity to discuss the upcom-
ing and former campaign together with the DLR 
HySens team. The first results of the 2001 campaign 
could be presented and the flight lines of the 2002 
campaign were planned together with the flight de-
partment of DLR. 

The flight campaign took place in the period in 
between week 27 and week 34. Almost all user 
groups could be satisfied with data acquired during 
perfect weather conditions. One area in Poland could 
not be covered with DAIS 7915 and ROSIS due to a 
closed cloud cover over the research site. The geo-
graphic distribution of the different test sites is 
shown in Figure 4. 

Table 2. Research groups selected in 2000 (Project name, home 
institution, prime investigator, project title) 

Since some of the test areas had to be recorded 
twice because of the unfavourable atmospheric 
situation during the first overflight, in total 66 flight 
lines with DAIS 7915 and ROSIS have been re-
corded and archived. The processing of the DAIS 
7915 images was finished in January 2003, where 
the ROSIS processing could not be finished until 
now. This is due to a technical problem during the 
acquisition of the ROSIS data. All user groups did 
receive the Level 1 data of ROSIS, but the geocod-
ing and the atmospheric correction could only be 
performed for a limited number of data sets. A list 
with the research groups and the corresponding pro-
ject title is given in Table 4. 

5 CONCLUSIONS AND OUTLOOK 

The HySens project from 2000 - 2002 is considered 
a very successful airborne hyperspectral imaging 
campaign, which widened the European hyperspec-
tral user community. 

DAIS 7915 and ROSIS image data have been ac-
quired in 9 European countries, and 20 out of 22 se-
lected research teams have received data of their 
proposed test site. The effective flight management 
achieved to serve 7 more user groups than planned. 
The close co-operation between the user groups and 
the DLR HySens team during all project phases re-
sulted in the high percentage of successful data 
takes.

The scientific value is reflected by the high num-
ber of publications coming out of the project. One 
example was the 3rd workshop on imaging spectros-
copy in Herrsching 2003 with more than 30 presen- 

Table 3. Research groups selected in 2001 (Project name, home 
institution, prime investigator, project title) 

GB1, Centre of Ecology and Hydrology, Dr. G. Smith: 
"Assessing the stability of mudflat surfaces by mapping 
sediment characteristics and extremely sparse vegeta-
tion and algae cover with hyperspectral imaging"
BE1, Katholieke Universiteit Leuven, Prof. P. Coppin: 
"Identifying indicators for forest ecosysem health and 
complexity assessment" 
ES2, Autonomous University of Madrid, Prof. J. Gu-
muzzio: "Synergetic Use of Multispectral and Hyper-
spectral Data in Characterizing Change in Semi-Arid 
Wetlands in Spain" 
NL3, Free University Amsterdam, S. Peters: "HYDU-
WET - Hyperspectral Remote Sensing of Dutch Wet-
lands" 
ES1, Instituto Tecnológico Geominero de España, Dr. 
A. Riaza: "Evaluation of Degradation Processes and in-
duced Changes on Wetlands using DAIS 7915 Airborne 
Hyperspectral Imagery" 
IT1, Università di Venezia, S. Silvestri: "HySens over 
the Venice Lagoon" 
IT3, National Research Council, Dr. E. Zilioli: "Rosis 
for algal mapping in lacustrine environments 
(ROSALMA)" 
IT4, CNR-ISDGM, Dr. L. Alberotanza: "Water Quality 
and Ocean Biogeochemistry Evaluation" 

BE2, Katholieke Universiteit Leuven, Prof. J. Monbaliu: 
"Identification of different suspended sediments and al-
gae types using the ROSIS hyperspectral sensor" 
FR1, Université du Littoral, Prof. V. Carrere: "Mapping 
sediment characteristics and morphodynamics and as-
sessing micorphytoplancton concentration with relation 
to primary production in a tide dominated estuary (Baie 
d'Authie, France) using hyperspectral data" 
IT2, National Research Council, P. A. Brivio: "DAIS 
and ROSIS for forest ecosystems monitoring" 
NL2, TU Delft, Dept. Applied Earth Sciences, Prof. F. 
van der Meer: "Integrating field and hyperspectral data 
for soil parameter estimation and landuse mapping: 
scaling to the MERIS and ASTER resolutions" 
ES4, University of Extremadura, Dr. P. A. Martinez 
Cobo: "Generation of a test image to validate the per-
formance of endmember extraction and hyperstpectral 
unmixing algorithms" 
BE1, Katholieke Universiteit Leuven, Prof. P. Coppin: 
"Development of mulitspectral and hyperspectral indi-
cators" 
GB1, University of Dundee, Prof. H.G. Jones: "Combi-
nation of thermal infrared and visible/near infrared im-
agery for estimation of evapotranspiration from hetero-
geneous vegetation"
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Table 4. Research groups selected in 2002 (Project name, home 
institution, prime investigator, project title) 

tations based on HySens. Approximately 50 PhD 
and master theses rely on the data gathered with Hy-
Sens. These numbers are expected to increase with 
the progress of data evaluation over the next years. 

The experience over the 3 years of the project has 
shown the most limitations to be: 
- Variations of data quality according to the 

weather situation and sensor status during the 
overflight

- Technical limitations of both instruments re-
vealed by challenging application cases 

- Geometric limitations due to: 
- Technical difficulties in the synchronisation 

of navigation and image data in the geomet-
ric processing chain 

- Non-standard map projections and data for-
mats 

- The spatial resolution of the digital elevation 
model

Based on the experience gained in hyperspectral 
flight campaigns, the HySens team will continue to 
optimise the efforts in flight planning, campaign 
management and data processing to be able to sup-
ply imaging spectrometer data of a similar quality to 
the European user community. A continuation of the 
HySens project is proposed in the frame of the EU 
FP6 also including new sensors and a fully auto-
mated processing chain. This new software devel-
opment will allow to reduce processing cost and 
time. 

Several campaigns carried out with an Australian 
spectrometer system (HyMap) revealed the superior 

spectral resolution, spectral coverage as well as 
higher data quality of commercially available sys-
tems in the reflective part of the electromagnetic 
spectrum as compared to the DAIS 7915.  

The increasing demand for high quality imaging 
spectrometer data during HySens has led to the 
ARES initiative, a joint initiative of DLR and GFZ, 
(GeoResearchCenter Potsdam). It is intended to of-
fer this new instrument to the scientific community 
by mid 2005. As a precursor of ARES DLR and 
HyVista Corp. are jointly organising a HyMap air-
borne campaign called "HyEurope" in summer 2003 
and 2004. 

The increasing demand for IS data to quantify 
and monitor dynamic land surface processes has led 
to a proposal to the German Space Agency by a 
broad consortium of German and international EO 
institutions.
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