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ABSTRACT: Over the past few years, a Swiss/Belgian consortium is designing and building the next genera-
tion airborne imaging spectrometer APEX (Airborne Prism EXperiment) under the authority of ESA’s
PRODEX programme. APEX is designed to be a dispersive pushbroom imaging spectrometer operating in the 
solar reflected wavelength range between 400 and 2500 nm. The spectral sampling interval is designed to be
better than 10 nm in the SWIR and 5 nm in the VNIR range of the spectrum. The total FOV will be 28 deg,
recording 1000 spatial elements across track at a maximum of 300 contiguous spectral bands simultaneously.
The final radiance data products will be well characterized and calibrated traceable to absolute standards. The
APEX consortium is subdivided into an industrial team responsible for the construction of the optical instru-
ment, the calibration home base and the detectors, and a science and operations team, responsible for the ac-
quisition, the processing and the archiving of the imaging spectrometer data, as well as for the distribution of
the calibrated and corrected data to the Scientific User Community. APEX is at the end of its design phase and
under partial breadboarding and will be fully operational in the year 2005. 

1 INTRODUCTION

The European Space Agency (ESA) expressed in 
1996 the need to set up precursor projects to the 
planned spaceborne imaging spectrometer based 
Land Missions. One of these preparatory projects 
aimed to design an airborne dispersive pushbroom 
imaging spectrometer (named ‘Airborne Prism EX-
periment’ (APEX)) to contribute to the preparation, 
simulation, calibration and validation of these future 
imaging spectrometer missions in space. APEX also 
needed to provide a testbed for the technological de-
velopments on behalf of these spaceborne missions. 
A third ESA incentive for APEX was to support the 
application developments for the Land Missions by 
contributing to the understanding of land processes 
and interactions at a local and regional (or national) 
scale. The APEX project became part of ESA’s 
PRODEX programme (PROgramme de Développe-
ment d’EXpériences scientifiques), which aims at 
improving the relations between scientific and in-
dustrial circles and at providing funding for the in-
dustrial development of scientific instruments pro-
posed by research institutes.

The project started in 1997 by performing a fea-
sibility study on the design of an imaging spec-

trometer [1] and resulted in a first performance defi-
nition [2] and a subsequent design phase [3]. 
Currently, various parts of APEX are being finalized 
in design, breadboarding and performance analysis; 
the subsequent construction of the instrument is 
planned to be finalized by early to mid 2005. 

2 TECHNICAL DESCRIPTION OF APEX 

Technically, APEX is designed to be a dual prism 
dispersive pushbroom imaging spectrometer using 
one ground imager with a slit in its image plane. The 
spectrometer consists of a collimator that directs the 
light transmitted by the slit towards the prisms, 
where a dichroic beam splitter separates it over two 
sensors: one sensitive in the VNIR (Visible/ NearIn-
fraRed, 380-1000 nm) and one sensitive in the 
SWIR (ShortWave InfraRed, 930-2500 nm) wave-
length range. Following the dispersion of the prisms, 
the spatially and spectrally resolved lines are re-
imaged on the detector arrays. The light is dispersed 
onto 1000 spatial pixels across-track for both sen-
sors, with 312 spectral rows in the VNIR and 195 
spectral rows in the SWIR. Flexible, reprogramma-
ble binning on-chip allows summarizing the spectral 
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bands into a maximum of 300 spectral rows for both 
detectors.

An integral part of the spectrometer is a built-in 
‘In-Flight’ Calibration facility (IFC), where a mirror 
is moved into the optical path of the spectrometer to 
reflect the light of an internal stabilized QTH 
(Quartz Tungsten Halogen) lamp / integrating sphere 
combination using also a filter-wheel, a fiber bundle 
and a diffuser. The filters are a set of quartz filters 
with rare earth doping elements for spectral calibra-
tion and a set of filters with different transmission 
properties without distinct spectral absorption fea-
tures for radiance calibration. This setup will be used 
immediately before and after a regular data take and 
will foresee in an in-flight secondary calibration 
standard.
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Figure 1. APEX spectrometer layout 

The front end electronics of APEX are designed 
to support frame rates up to 43.4 Hz, and are located 
as close as possible to the detectors. After the ana-
logue-digital conversion at the multiplexer of each 
spectral channel, the data is processed in an FPGA 
(Field Programmable Gate Array) to a stream of 16 
bit words, which are then serialized and transmitted 
over an optical high-speed link at 700 Mbit/s. This 
link connects the APEX optical and mechanical 
structure to the operator’s console and computers. 

The control and storage unit (CSU) of APEX is a 
dedicated rack in the aircraft, which hosts all the in-
strumentation required to operate APEX - in particu-
lar, the flight management system with an interface 
to the operator and the pilot, the INS (inertial navi-
gation system) and the GPS (global positioning sys-
tem) processors, and the computer that interfaces the 
optical unit (connected over the high-speed link) and 
the storage unit. Most of the components used in this 
setup are commercially available, apart from a dedi-
cated PCI card, which is needed to connect the opti-
cal unit through a PCI-bus interface to the CSU. 

The CSU is driven by control software that is de-
scribed elsewhere [4]. 

The technical performance resulting from the fi-
nal APEX specifications are listed in Table 1. 

Table 1. APEX specifications 

Specified parameter Value 

Field of View (FOV) ± 14° deg 
Instantaneous Field
of View (IFOV)  0.48 mrad 
Flight altitude  4 000 – 10 000 m.a.s.l. 
Spectral channels VNIR: approx. 140,  
  SWIR: approx. 145 
Spectral range  400 – 2500 nm 
Spectral sampling interval 400 – 1050 nm: < 5 nm,  
 1050 – 2500 nm: < 10 nm 
Spectral sampling width  < 1.5 * Spectral sampling  
 interval 
Center wavelength accuracy  < 0.2 nm 
Spectral sampling  
width accuracy  < 0.02 * Spectral sampling width 
PSF
(Point Spread Function)   1.75 * Sampling interval 
Smile  < 0.1 pixel 
Frown  < 0.1 pixel 
Bad pixels  None (requirement after  
 electronics) 
Scanning mechanism  Pushbroom 
Absolute radiometric  
calibration accuracy   2% 
Storage capacity on board
(online / offline) > 50 GByte / > 200 GByte 
Dynamic Range bit 12 … 16 

3 EXTERNAL FACILITIES TO APEX 

APEX will be supported by three major external fa-
cilities, namely a Calibration Home Base, an Opera-
tional Center and a Processing and Archiving Facil-
ity.

i) The Calibration Home Base (CHB) with dedi-
cated spectral, radiometric and geometric calibration 
facilities for full laboratory characterization and 
calibration of APEX is located at the DLR in 
Oberpfaffenhoffen near Münich (Germany). 

ii) The APEX Operational Center (OC) is located 
at VITO in Mol (Belgium). All user interactions 
(flight requests, flight planning, new data acquisi-
tions, archived data search, user support, etc.) are 
carried out at this location. 

iii) The APEX Processing and Archiving Facility 
(PAF) manages the data from acquisition and cali-
bration to processing and dissemination. Also the 
PAF is located at VITO. The processing chain soft-
ware is being developed at the Remote Sensing Labs 
(RSL) in Zürich (Switzerland) [4]. The data products 
made available to the Scientific User Community 
will not be limited to the straightforward radio-
metrically / geometrically / atmospherically corrected 
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Figure 2. Existing CTIV hardware infrastructure 

datasets, but will also include higher-level data, ie 
treated through eg datareduction algorithms or con-
verted to eg physical parameters in specified appli-
cation domains. Physically the processing chain(s) 
will be implemented in the existing CTIV (Centre 
de Traitement des Images Végétation) hardware 
architecture already in place at VITO and used to 
process and disseminate data from the Végétation 
instruments onboard SPOT 4 and SPOT 5 since 
1998.

Figure 2 shows the existing CTIV hardware 
infrastructure. The image processing kernel is the 
heart of the system. The on-line archive is stored 
on disks with a total capacity of 400 Gbytes. A ro-
bot automatically retrieves the DLT tapes from the 
off-line archive. Products are produced on either 
FTP, tape or CD-ROM. A Fire Wall separates the 
outside world from the 2 x 100 Mbit/s internal net-
work

APPLICATIONS

APEX has been designed to serve the needs of a 
broad palette of Scientific Users in the fields of 
simulation, calibration and validation of variables; 
atmospheric chemistry and physics; vegetation and 
ecology; geology, soils and minerals; coastal and 
inland waters; snow and ice; urban areas; algo-
rithm development. Application specific model 
scenarios were run to simulate radiometric at-
sensor signals when retrieving parameters relevant 
for such a diverse set of applications [5]. More in 

general, the contiguous sampling throughout the 
solar reflected wavelength range between 400 and 
2500 nm, allowing for classical analytical as well 
as advanced Spectroscopy techniques, combined 
with the rigorous sampling in the VNIR and 
SWIR, make APEX the ideal airborne workhorse 
for Earth Observation of Aqueous and Terrestrial 
ecosystems. 

As to the support of the application develop-
ments for the Land Missions by contributing to the 
understanding of land processes and interactions at 
a local and regional (or national) scale – one of the 
three assets as defined by ESA, APEX will easily 
team up with future spaceborne missions such as 
SPECTRA, being built on the same rationale and 
parallel technology. Terrestrial ecosystems have 
been identified as being a critical component of the 
variability of the global carbon cycle. Given the 
natural diversity of landscapes, the instrumented 
measurement and validation approach remains 
challenging. Earth observation from airborne and 
spaceborne platforms is the only observational ap-
proach capable of providing data at the relevant 
scales and resolution needed to extrapolate find-
ings of in situ (field) studies to larger areas, to 
document the heterogeneity of the biosphere at the 
regional scale and to connect these findings into a 
global view. Recent developments of Earth obser-
vation satellites and airborne platforms demon-
strate that imaging spectroscopy is a valuable addi-
tion to the quantification of relevant parameters 
describing processes within the carbon cycle. Even 
though a number of imaging spectrometers is 
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available in space (eg MODIS, MERIS, Hyperion, 
etc.), their performance relies on an integrated ap-
proach, including a sound instrument design, a 
well implemented calibration strategy and finally a 
processing chain capable of handling large 
amounts of spectral data in due time. The pre-
sented APEX system will be a significant contribu-
tion to the above said in a quantitative manner. 

4 CONCLUSIONS 

The design, breadboarding and construction of the 
airborne dispersive pushbroom imaging spectrome-
ter APEX (Airborne Prism EXperiment) is ongoing 
and will give the Scientific User Community ac-
cess to a state-of-the-art airborne instrument by 
early to mid 2005. Both RSL and VITO will sup-
port respectively the scientific and operational as-
pects of the APEX deployments from 2005 on-
wards. The data products made available to the 
Scientific Users will not be limited to straightfor-
ward corrected datasets, but will also include 
higher-level data. APEX has been designed to sup-
port R&D in a broad palette of Earth Observation 
applications of Terrestrial and also Aqueous eco-
systems. APEX will easily team up with future 
spaceborne missions such as SPECTRA, being 
built on the same rationale and parallel technology. 
Being also designed for the simulation and cal/val 
of spaceborne imaging spectrometers in general, 
APEX will be an engineering tool for future space-
borne missions and a means to service existing and 
future spaceborne multi-and hyperspectral instru-
ments. 
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