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ABSTRACT 
SYSIPHE is an airborne hyperspectral imaging system and the result of a cooperation between 
France (Onera and DGA – Délégation Générale de l’Armement) and Norway (NEO and FFI (Fors-
varets forskningsinstitutt)). It is a unique system by its spatial sampling of 0.5 m with a 500 m 
swath at a ground height of 2000 m combined with its wide spectral coverage from 0.4 µm to 
11.5 µm in the atmospheric transmission bands. 

Its infrared component, named SIELETERS, consists in two high étendue imaging static Fourier 
transform spectrometers, one for the midwave infrared and one for the longwave infrared. These 
two imaging spectrometers are closely similar in design, since both are made of a Michelson inter-
ferometer, a refractive imaging system, and a large infrared focal plane array (1016×440 pixels). 
Moreover, both are cryogenically cooled and mounted on their own stabilization platform which 
allows the line of sight to be controlled and recorded. These data are useful to reconstruct and to 
georeference the spectral image from the raw interferometric images. 

The visible and shortwave infrared component, named Hyspex ODIN-1024, consists of two spec-
trographs for VNIR (Visible and Near InfraRed) and SWIR (Short Wave InfraRed) based on trans-
missive gratings. The latter share a common fore-optics and a common slit to ensure perfect regis-
tration between the VNIR and the SWIR images. The spectral resolution varies from 5nm in the 
visible to 6nm in the shortwave infrared. 

In addition, the STAD, the postprocessing and archiving system, is developed to provide spectral 
reflectance and temperature products (SRT products) from calibrated georeferenced and inter-
band registered spectral images at the sensor level acquired and pre-processed by SIELETERS 
and Hyspex ODIN-1024 systems. 

SYSIPHE was flown for the first time in September 2013, over Cazaux, a French military airbase 
for experiments, and over Fauga-Mauzac in France where Onera has installed ground targets. A 
description of the experiment and some initial results are presented.  

Keywords: Remote sensing, infrared, multispectral, hyperspectral, airborne, SYSIPHE, SIELE-
TERS, thermal infrared, spectroscopy, Fourier transform 

INTRODUCTION 
SYSIPHE (SYstème Spectro-Imageur de mesure des Propriétés Hyperspectrales Embarqué) is an 
airborne hyperspectral imaging sensor system and the result of a cooperation between France 
(Onera and DGA) and Norway (NEO and FFI). It is a unique system by its spatial sampling of 
0.5 m with a 500 m swath at a ground height of 2000 m, combined with its wide spectral coverage 
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from 0.4 to 11.8 µm in the atmospheric transmission bands. After a short description of the SYSI-
PHE system components, we will present a flight campaign held in France in September 2013. 
Then we will present some first results of the 2013 flight campaign. 

THE SYSIPHE SYSTEM 
System architecture 
SYSIPHE is an airborne hyperspectral imaging system, built in collaboration between France and 
Norway. It is unique by having a very wide spectral coverage, from 0.4 to 11.5 µm in the atmos-
pheric transmission bands, combined with a high spatial resolution: 0.5 m ground sampling dis-
tance over a 500 m swath. 

To achieve this unique performance, SYSIPHE is composed of three instruments, one dispersive 
spectrometer for the visible domain (VIS [0.4-0.8 µm]), Near InfraRed domain (NIR [0.8-1.4 µm]) 
and ShortWave InfraRed domain (SWIR [1.4-2.5 µm]), developed by Norsk Elektro Optikk in Nor-
way (NEO), and two Fourier transform spectrometers for the MidWave InfraRed domain (MWIR [3-
5.3 µm]) and the LongWave InfraRed domain (LWIR [8-11.5 µm]), developed by the French aero-
space laboratory Onera. These three instruments are integrated on the same aircraft, a DO-228 
operated by DLR in Germany (Figure 1). By having imagers for all bands in the same aircraft, as-
sociated to inertial measurement units, SYSIPHE can produce georeferenced images of spectral 
radiances acquired at the same time in the same environment with more than 500 spectral bands 
covering the whole spectral domain. 

Figure 1: The DO-228 of the DLR with the hatch opened (200 cm × 50 cm). The two circles (red 
arrow) are the LWIR and MWIR SIELETERS components, the black rectangle (green arrow) is the 
Hyspex ODIN instrument. 

The SYSIPHE system also integrates a real-time processing capability dedicated for target detec-
tion (1) developed by FFI, and a ground processing chain, the STAD, developed by Onera to regis-
ter the georeferenced hyperspectral images provided by each instrument and to produce outputs 
as spectral radiance, ground spectral reflectance, and surface temperature maps. All these prod-
ucts are georeferenced. 

The visible-near infrared instrument (HySpex ODIN-1024) 
HySpex ODIN-1024 (2) is the visible and shortwave infrared part of the SYSIPHE system. It has 
been developed by NEO. It consists of two pushbroom imaging spectrographs based on transmis-
sive gratings. These two modules share a common fore-optics and a common slit to ensure perfect 
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registration between the VNIR (Visible-NIR) and the SWIR images. The spectral resolution varies 
from 5.0 nm in the VNIR to 6.1 nm in the SWIR. 

The HySpex ODIN-1024 has an onboard spectral and radiometric calibration source. The VNIR 
channel is capable of higher spatial resolution than the other SYSIPHE bands by sampling 2048 
cross-track pixels. A picture of HySpex ODIN-1024 is shown in Figure 2. Hyspex ODIN-1024 will 
also be offered as a commercial product by NEO. Figure 3 shows a false colour georeferenced 
image extracted from the airborne hyperspectral cube acquired by HySpex ODIN-1024. 

 
Figure 2: The HySpex ODIN-1024 spectral imager installed into the aircraft. 

 
Figure 3: RGB georeferenced image acquired by HySpex ODIN-1024 represented on the 
GoogleEarth© map. 
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Table 1: Main technical specifications for HySpex ODIN-1024 (values are subject to change due to 
on-going development) 

Parameter VNIR SWIR 
Spectral range 400-1000 nm 950-2500 nm 
Spectral resolution 5.0 nm 6.1 nm 
Pixel FOV 0.25 mrad 0.25 mrad 
Total across track FOV 15° 15° 
Spatial resolution 1024 px 1024 px 
F-number F1.5 F2.0 

The MWIR/LWIR instrument (SIELETERS) 
SIELETERS (3) is the infrared component of SYSIPHE. It is composed of two distinct Fourier 
transform spectrometers, one for the MWIR and one for the LWIR. The spectral resolution (where 
the definition used is 1.2/(2·MPD), where MPD is the Maximum Path Difference of the interferome-
ter) is 11 cm-1 in the MWIR and 5 cm-1 in the LWIR.  

    
Figure 4, left: MWIR interferometric image from SIELETERS (note the interference fringes on the 
left). Right: LWIR panchromatic image for MTF estimation. This image was acquired during an-
other flight in different flight conditions. 
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Both instruments are cryogenically cooled to achieve high performance absolute measurements 
and both are imaging static Fourier transform spectrometers (ISFTS) (4,5): An imaging system is 
combined with a lateral shearing interferometer. Thanks to this interferometer, linear interference 
fringes are superimposed on the image of the scene (Figure 4): When flying over the scene, a 
ground point is seen through the various optical path differences. After optical path difference regis-
tration, we can thus reconstruct the interferogram (and therefore the spectrum) of each ground pixel. 

Table 2: Main technical specifications for SIELETERS (values are subject to change due to on-
going development) 

Parameter MWIR LWIR 
Spectral range 3.0-5.4 µm 8.1-11.8 µm
Spectral MWIR resolution 11 cm-1 5 cm-1 
Pixel Fov 0.25 mrad 0.25 mrad 
Total across track FOV 15° 15° 
Spatial resolution 1016 px 1016 px 
F-number F4.0 F3.0 

Each instrument is installed on a specific gyro-stabilized platform based on the Leica Geosystems 
(PAV80) to control the line of sight (LOS), normally in the Nadir direction during recording. The 
control loop system commands the different phases of the flight (take-off, landing, transit flight, and 
recording) and the coupling between the two stabilized platforms. On one stabilized platform, an 
independent high precision IMU (Inertial Measurement Unit PosPac 610 from Applanix) was in-
stalled, working in open-loop mode, to check the quality of the LOS control. Figure 5 shows the two 
SIELETERS instruments, each on their own stabilization platform unit. 

 
Figure 1: The SIELETERS spectral imagers. 

Each stabilization platform unit integrates several components, for a large part developed by Onera: 
 a motorized gimbal based on PAV80 from Leica Geosystem, 
 an integrated new generation inertial motion unit based on the µPos AP from Applanix, 
 a control electronic system based on a DSP (Digital Signal Processing) based on the µAu-

tobox II from dSPACE  
 a mechanical structure allowing a rigid integration of the optical systems of SIELETERS 

that enables the centre of gravity, inertial moment and mechanical deformation to be tuned. 
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In addition, the SIELETERS stabilization system integrates the "harmonization" between the two 
instruments in the close-loop control, the flight plan control and the attitude measurements  
(PosPac 610 from Applanix).  

Some important features of the stabilization system are: 
 Mass of one instrument : 110 kg (with 65 kg for instrument itself and 45 kg for the stabiliza-

tion solution) 
 Stabilization : < 90 µrad (during all the line) 
 Position accuracy (in WGS84) : <15 cm (with post-processing).  

The processing and archiving system (STAD) 
The last component of SYSIPHE is the processing and archiving system. It collects the products 
from ODIN and SIELETERS and verifies their completeness (presence or absence of files in the 
product and the presence or absence of specific information in the file headers like, for example, 
the definition of the projection system). The inter-instrument registration module of the STAD pro-
vides a single georeferenced hyperspectral radiance image covering the whole spectral domain. 
The STAD then performs atmospheric correction in order to produce an estimation of spectral re-
flectance, emissivity and temperature of the scene.  

Atmospheric correction is based on two modules, one to estimate the spectral reflectance in the 
VNIR and SWIR spectral domain and the other one to assess the spectral reflectance and tem-
perature of the surface in the thermal infrared spectral domain. 

 For the VNIR-SWIR domain, this module uses the Cochise software (6,7) supported by 
ONERA/DOTA  

 For the MWIR-LWIR domain, two dedicated autonomous methods (without need of addi-
tional atmospheric measurement) have been developed. The first one is based on a neural 
network (8,9) used to estimate the atmospheric thermodynamic parameters from the hy-
percubes acquired by the SIELETERS system. The radiative atmospheric terms are then 
assessed with the radiative transfer code MODTRAN (10) and the emissivity/temperature 
separation is done by a spectral smoothness algorithm. 

All the data are collected in a database searchable by a dedicated GUI based on GeoNetwork.  

The SYSIPHE system offers two product levels for the users: 
 Georeferenced spectral radiance images at the sensor level covering the whole spectral 

range (from visible to LWIR- band); 
 Target spectral reflectance/emissivity after atmospheric correction and the related tempera-

ture image. 

The STAD products include hyperspectral image, quality matrix image and optional temperature 
image. Each image is informed by a header file in the ENVI (Environment for Visualizing Images) 
format and an ASCII header file containing information supplemented by each module (version, 
data input, intrinsic parameter values, … ). The image format is the BSQ (Band SeQuential) for-
mat.  

Figure 6 illustrates the SYSIPHE post-processing scheme and the different product levels which 
could be offered to the users depending on their applications. 

AIRBORNE MEASUREMENT 
The September 2013 first airborne campaign 
A flight campaign was led on the French air base of Cazaux in September 2013. This site was 
chosen, because the DGA-EV (French military flight test center) has a large active infrared target 
which enables in-flight radiometric and imaging performances of airborne infrared systems to be 
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measured. This "Cobra" target is composed of independent panels to create controlled tempera-
ture patterns (Figure 7). 

 
Figure 6: SYSIPHE post-processing scheme and products levels. 

 
Figure 7: The Cobra target at Cazaux on the right (active infrared target), Black and white target 
reflective target on the left, different kind of material target in the middle.  

The performance of the stabilization platform is illustrated in Figure 8. The acquisition time is 45 
seconds (3 km length). The beginning of this graph (roll attitude) shows the platform alignment 
(with the first and second zero crossings) followed by the measurement phase. The stabilization 
accuracy is better than the requirements (<125 µrad over all the line) and we note a small static 
misalignment of about 30 to 35 µrad between the instrument and the platform. The other axes 
(pitch and yaw) present a performance similar to the roll attitude correction.  
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Measurement 
phase

Figure 8: Correction of the Roll axis with the SIELETERS stabilization platform.  

During this campaign, imagery was also recorded over the Onera site of Le Fauga-Mauzac, near 
Toulouse city, where passive targets had been deployed along with ground spectroradiometers in 
order to measure the ground truth. Only one flight was done over this site. 

Figure 9 depicts this flight with the georeferenced image of the LWIR band. Figure 10 illustrates the 
ground truth area with the different patterns on the ground. Table 3 gives the nature and the di-
mension of the ground patterns. 

 
Figure 9: Illustration of the SIELETERS georeferenced image on the Fauga line over the Google 
Earth© map 
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Table 3: Calibration patterns installed at Le Fauga centre. 

Pattern Dimension 
Concrete FERMAT 30 × 30 m2 
Asphalt FERMAT 30 × 80 m2 
White “Lima” pattern  4.5 × 4.5 m2 
Black “Lima” pattern 4.5 × 4.5 m2 
Sand 4.5 × 4.5 m2 
Linoleum dark grey 8 × 8 m2 

Linoleum light grey 8 × 8 m2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Ground truth measurement area and pattern positioning 
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ODIN and SIELETERS image registration 
The spectral images acquired over the Fauga-Mauzac center by the ODIN and SIELETERS sys-
tems are used to test the inter-instrument registration and to build the full wavelength hyperspectral 
product. Figure 11 shows the quicklook images of the ODIN and the SIELETERS flight lines. The 
image orientations are different: the Geographic North orientation for ODIN image and the flight 
line orientation for SIELETERS image. 

The two images are georeferenced in the WGS84 - UTM 31 North system coordinate, with a spa-
tial resolution of 0.5 m × 0.5 m for ODIN and 0.52 m × 0.489 m for SIELETERS. 

In order to globally assess the georeferencing precision, the images are compared to a reference 
georeferenced mosaic image based on BD ORTHO imagery provided by IGN, the French mapping 
agency. The BD ORTHO® includes colour orthophoto with spatial resolution of 0.5 m covering 



EARSeL eProceedings 14, Special Issue 2, 2015-16:  
9th EARSeL Imaging Spectroscopy Workshop, 2015 21 

France in the Lambert 93 projection system. The georeferencing precision of ODIN is about 1 to 2 
pixels. The georeferencing precision of SIELETERS is about 10 pixels, essentially because 
SIELETERS images are not yet orthorectified and the line of sight measurement was not yet used. 
The misregistration between ODIN and SIELETERS is illustrated in Figure 12. 

 

Figure 11: Quicklooks of ODIN image (left – north orientation) and SIELETERS image (right: flight 
orientation). 

 
Figure12: Misregistration illustration between the ODIN product and the SIELETERS product. The 
RGB (Red-Green-Blue) image is constructed with the corresponding spectral bands of the ODIN 
hypercube and the grayscale SIELETERS image representing a given spectral band is superposed 
on the RGB image. 
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The first stage of the STAD consists in the reorientation of the SIELETERS product according to 
the Geographical North and resampling at a spatial resolution of 0.5 m × 0.5 m which is the spatial 
resolution of the ODIN product. 

Then, the inter-instrument registration is done taking the ODIN product as reference. The registra-
tion process is applied on the 1.55 µm spectral image for ODIN and the 4.7 µm spectral image for 
SIELETERS. This method includes two stages: Estimation of the deformation model between the 
two products based on geometric correlation and application of the deformation model on the 
SIELETERS product with a resampling tool. The result is illustrated in Figure 13 and detailed re-
sults are given in Figure 14. 

The global evaluation of the inter-instrument registration performance on this data set indicates a 
precision better than one pixel, showing the good quality of the inter-instrument STAD registration.  

 
Figure 13: STAD registration result illustration by superimposition of the 4.7 µm spectral band over  
RGB composition obtained with three spectral bands of the ODIN image  

 
Figure14: Zoom on the STAD registration results. 
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Reflectance data first results from ODIN data 
The ODIN spectral image acquired on 25th September 2013 over the Fauga-Mauzac Onera center 
has been processed with the COCHISE tool (6) integrated in the STAD for atmospheric correction 
in the reflective domain.  

The first results are shown in Figure 15 for some parts of the ground truth measurement area 
shown in Figure 10. The black curves are the reflectance given by the COCHISE software (mean 
and standard deviation), compared with the red curve measured on the ground with an ASD Field-
Spec. Here, it must be noted that the measurements taken with the ASD were done a clear day 
before the SYSIPHE flight, which was lightly cloudy (cirrus). Due to this cloudy day, the calibration 
of the ODIN instrument could not be verified with this experiment. The COMANCHE propagation 
model (6) was validated only for clean sky conditions. Nevertheless, the ODIN data were per-
formed by the STAD to process the atmospheric correction. As for the COMANCHE model, the 
COCHISE code is validated only for clean sky conditions. The only thing to be outlined is that 
ODIN data could be processed by the STAD. The differences on reflectance between the CO-
CHISE output and ASD fieldspec spectrometer output cannot be explained today, mainly due to 
the cloudy day and the inflight calibration of ODIN data verification. Further investigations have to 
be carried out in order to assess the inflight radiometric calibration before giving a complete error 
budget for the reflectance product. Those investigations will be based on a clean sky measurement 
during a new airborne campaign scheduled for August 2015.  

 

Sand

Concrete

Asphalt 

Linoleum

Figure 15: First reflectance results on ODIN image with the COCHISE software. Red: ASD Field-
Spec measures, dark : COCHISE output reflectance (mean and standard deviation). 
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Spectral radiance first results on SIELETERS data 
The SIELETERS spectral image acquired on 25th September 2013 over the Fauga-Mauzac Onera 
centre has been processed and compared to spectral radiance measurements done on ground. 
The spectral radiance ground measurements were done as the Sieleters acquisition. The spectral 
radiance measurements are propagated to the entrance window of the Sieleters instrument 
through the atmosphere and convolved with the Sieleters instrument shape response. It has to be 
noted that this day was slightly cloudy (cirrus).  

Figure 16 presents monochromatic images obtained from the MWIR instrument at 4.8 µm and from 
the LWIR instrument at 10.2 µm. The images illustrate the ground truth area at Onera-Fauga cen-
tre where the patterns were deployed. The ground size of those images is 500 × 200 m2. The spa-
tial quality of the images is good, which was confirmed by MTF in-flight measurements (3). 

 
Figure 16: Monochromatic images from Sieleters hyperspectral cube (left: λ=4.8µm, right: λ=10.2 µm). 

Another way to display the information is to consider the spectrum obtained for one point of the 
scene. So, the spectra of two individual pixels are drawn in Figure 17. They correspond to a pixel 
lying inside a large polystyrene target which was set on the ground (green curve), to a pixel lying 
on a white target (blue curve), and to a pixel lying on a dark target (red curve). The bold curves are 
the spectra from the SIELETERS measurement and the normal curves are the ground truth meas-
urement propagated to the entrance window of the SIELETERS instrument. From these spectra, it 
appears that the signal-to-noise ratio remains to be improved. Various avenues are currently ex-
plored to enhance the SNR. Nevertheless, these spectra show a good agreement in terms of both 
spectral and radiometric calibration. Quantitative comparison, including an exhaustive error budget, 
is ongoing especially with a new airborne campaign scheduled for August 2015 where measure-
ments with clean sky will be done. 

 
Figure 2: Spectra of three individual pixels, respectively, placed in the polystyrene target (green), 
the white target (blue) and the dark target (red) compared to the ground spectral radiance measure 
propagated to the pupil of the SIELETERS instrument 
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CONCLUSION 
The SYSIPHE development programme has been completed. The two instruments have been 
successfully developed, together with the ground processing and archiving system (STAD), form-
ing a system with unparalleled capability and performance. The two instruments are flight certified 
and completed the acceptance campaign in September 2013. First results are encouraging and in 
accordance with the requirements. Some improvements are currently in progress, especially re-
lated to the SIELETERS data processing. 

The SYSIPHE programme is continuing with a new airborne campaign done in August 2015 in the 
south of France for French and Norwegian defence needs. The data acquired during this campaign 
will improve the knowledge of the calibration of the instruments and will test the atmospheric cor-
rection in the reflective and emissive domain. SYSIPHE will be open soon to the wider defence and 
scientific community as a unique tool for airborne data collection campaigns. 

ACKNOWLEDGEMENTS 
We would acknowledge all the persons involved in the SYSIPHE project out of the co-authors:  
V. Achard, P. Cymbalista, R. Domel, S. Fabre, P.Y. Foucher, R. Gouyon, L. Poutier, B. Rosier.  

We would also acknowledge the companies involved in the development of the system: Applanix, 
Leica Geosystems, Correlane technologies, Magellium, SDMS, Sofradir, Thalès Services, Winlight 
system.  

We also thank the French DGA and Norwegian FFI for their decisive technical and financial in-
volvement. 

REFERENCES 
 
1  Skauli T, T V Haavardsholm, I Kåsen, G Arisholm, A Kavara, T O Opsahl & A Skaugen, 2010. 

An airborne real-time hyperspectral target detection system. Proceedings of SPIE 7695, Algo-
rithms and Technologies for Multispectral, Hyperspectral and Ultraspectral Imagery XVI, 
76950A 

2  Blaaberg S, T Løke, I Baarstad, A Fridman & P Koirala, 2014: A next generation VNIR-SWIR 
hyperspectral camera system : HySpex ODIN-1024, 2014, Proceedings of SPIE 9249, Electro-
Optical and Infrared Systems: Technology and Applications XI, 92490Y 

3  Coudrain C, S Bernhardt, M Caes, R Domel, Y Ferrec, R Gouyon, D Henry, M Jacquart, A 
Kattnig, P Perrault, L Poutier, L Rousset-Rouvière, M Tauvy, S Thétas & J Primot, 2015: 
SIELETERS, an airborne infrared dual-band spectro-imaging system for measurement of sce-
ne spectral signatures. Optics Express, 23(12): 16164-16176 

4  Lucey P G, M Wood, S T Crites & J Akagi and al., 2012. A LWIR hyperspectral imager using a 
Sagnac interferometer and cooled HgCdTe detector array. Proceedings of SPIE 8390, Algo-
rithms and Technologies for Multispectral, Hyperspectral and Ultraspectral Imagery XVIII, 
83900Q 

5  Ferrec Y, J Taboury, H Sauer, P Chavel, P Fournet, C Coudrain, J Deschamps & J Primot , 
2011. Experimental results from an airborne static Fourier transform imaging spectrometer, 
Applied Optics, 50(30): 5894-5904 

6  Poutier L, C Miesch, X Lenot, V Achard & Y Boucher, 2002. COMANCHE and COCHISE: two 
reciprocal atmospheric codes for hyperspectral remote sensing. AVIRIS Proceedings 2002 
(NASA Jet Propulsion Laboratory) 9 pp. 

 

https://www.osapublishing.org/oe/abstract.cfm?uri=oe-23-12-16164
https://www.osapublishing.org/oe/abstract.cfm?uri=oe-23-12-16164
http://aviris.jpl.nasa.gov/proceedings/workshops/02_docs/2002_Poutier.pdf
http://aviris.jpl.nasa.gov/proceedings/workshops/02_docs/2002_Poutier.pdf
http://aviris.jpl.nasa.gov/proceedings/2002_toc.html


EARSeL eProceedings 14, Special Issue 2, 2015-16:  
9th EARSeL Imaging Spectroscopy Workshop, 2015 26 

 
7  Boucher Y, L Poutier, V Achard, X Lenot & C Miesch, 2002. Validation and robustness of an 

atmospheric correction algorithm for hyperspectral images. Proceedings of SPIE 4725, Algo-
rithms and Technologies for Multispectral, Hyperspectral, and Ultraspectral Imagery VIII, 459 

8  Lesage S, V Achard, A Chédin & L Poutier, 2006. Atmospheric correction of airborne infrared 
hyperspectral images using neural networks, 2006, Proceedings of SPIE 6362, Remote Sens-
ing of Clouds and the Atmosphere XI, 63620B 

9  Achard V, S Lesage & L Poutier, 2008. Neural nets enhance atmospheric data from infrared 
images. SPIE Newsroom, x23149 

10  Berk A, G P Anderson, L S Bernstein, P K Acharya, H Dothe, M W Matthew, S M Adler-
Goldena, J H Chetwynd, Jr, S C Richtsmeier, B Pukall, C L Allred, L S Jeong & M L Hoke, 
1999. MODTRAN4 Radiative Transfer Modeling for Atmospheric Correction. Aviris Proceed-
ings 1999 (NASA Jet Propulsion Laboratory) 7 pp. 

http://spie.org/x23149.xml
http://aviris.jpl.nasa.gov/proceedings/workshops/99_docs/6.pdf
http://aviris.jpl.nasa.gov/proceedings/1999_toc.html
http://aviris.jpl.nasa.gov/proceedings/1999_toc.html

	ABSTRACT
	INTRODUCTION
	THE SYSIPHE SYSTEM
	System architecture
	The visible-near infrared instrument (HySpex ODIN-1024)
	The MWIR/LWIR instrument (SIELETERS)
	The processing and archiving system (STAD)

	AIRBORNE MEASUREMENT
	The September 2013 first airborne campaign
	ODIN and SIELETERS image registration
	Reflectance data first results from ODIN data
	Spectral radiance first results on SIELETERS data

	CONCLUSION
	ACKNOWLEDGEMENTS
	REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 15%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Europe Prepress)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


