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Abstract

The Institut Cartogafic de Catalunya (ICC) regylamberates a Compact Airborne Spectral Imager (C8&tsor. For
this system an atmospheric correction algorithm éegeloped to simultaneously correct multiple cwgping images
taken from different heights. First, the algorithestimates the main atmospheric parameters withnaersion
procedure using either radiometric ground measuntsner image homologous areas plus a single ground
measurement. Then, the code is applied to the isnmgebtain atmospherically corrected hyperspeatiabery. The
algorithm was applied in the frame of ICC-BanyoB805 experiment (Spain) using multi-height imageng field
simultaneous reflectance measurements. In theat&id step, the standard deviations obtained witth linversion
methods were similar. In order to improve theseultes the smiling effect (spectral shift) for thensor is
characterized by locating,@bsorption bands in the NIR for each CASI loolediion. Additionally, a more accurate
spectral sensitivity for each band has been catilarhese improvements are applied to EuroSDR-@asy2008
experiment's (Spain) imagery. These results shosulzstantial improvement on the atmospheric cooactt the
absorption regions when compared to field reflexameasurements. This behaviour advises the inolusi these
developments in the inversion system.

1. Introduction

Hyperspectral remote sensing data are a commonfdao@pplications such as agriculture, forestryteraguality,
environment, etc. The acquisition of these datasigit spatial resolution has been possible for maays by means of
airborne sensors and more recently from satellites. ICC-CASI configuration is a CASI 550 systemdyronized
with an Inertial Navigation System (INS) and a Bifintial Global Positioning System (DGPS). Thegrdéed system
is designed to convert the sensor imagery captoyatie CASI into high quality orthoimages, useful €artographic
purposes [6].

The radiometric quality of the remote sensing datssential to obtain reliable results. Radianeasured by a sensor
depends on the illumination geometry and on thieetince characteristics of the observed surfaoweier, several
atmospheric processes disturb this measuremenébgasption and both Rayleigh and Mie scatterifg [3

The best results in atmospheric correction areioédathrough a radiative transfer approximationwideer, radiative
transfer approaches need an accurate prior estimafi different atmospheric constituents such asemeaapour,
aerosols and ozone concentration. Aerosols and wap®ur concentrations are extremely space anetdiependent.
While simultaneous field measurements can be usad inversion of the radiative transfer code ideorto obtain the
optimal atmospheric parameters, an alternativetisolis presented in this communication. It reliesthe fact that in
a multi-height and overlapping set of images ofierdame area small homogeneous targets are capturedifferent
angles and heights. These areas can also contiibua¢émospheric parameters estimation in the inwersf the
radiative transfer code. Then, these parameterbearsed to perform the atmospheric correctiomefwhole set of
images by using a radiative transfer code.

The smoothness of the recovered spectra depertthe @ecuracy of the sensor radiometric characterisalrhe 1CC-
CASI system is periodically maintained and re-qalibd at laboratory by the manufacturer and a icldm report is
delivered. The calibration report does not incladeurate information about the smiling effect ($p@cshift in the
relationship between bands and wavelengths whersured at different CCD columns) or the detailedcspé
sensitivity of the 288 individual bands of CASI MRlIsensor. To overcome this difficulty, the spectalibration
provided by the manufacturer is enhanced with énateto match the £absorption region (765nm) in the NIR for all



the system look directions. Moreover, the nominacsral resolution (FWHM) reported at the CASI 58fbduct
Brochure of 2.2nm is an optimistic estimation fantral wavelengths. Real bandwidth of the individctaannels
increases up to 6nm, as reported by the manufactdemce a modelization of the spectral respongbenfndividual
CASI bands is proposed to avoid miss- and overections in the atmospheric correction system.

In the following sections we make a descriptiortte proposed algorithms and present the resultsreat from its
application to a dataset acquired over Banyolesi(§gn two campaigns: ICC-Banyoles 2005 [5] anddSDR-

Banyoles 2008 [1]. In situ reflectance measuremeaken almost simultaneously to CASI flights, héemn used to
test these methodologies, validate the atmosphigricarrected reflectances, and assess the impfaah accurate
radiometric characterisation on the atmosphericecbion.

2. M ethodology
2.1 Manufacturer radiometric sensor calibration

The CASI 550 standard manufacturer sensor caldirgirocedure includes the so-called g-coefficiamis a measure
of the spatial and spectral spectrograph alignmigm. g-coefficients are polynomial coefficientstthelate the sensor
CCD lines to the band central wavelength for adl kbok directions. The spectrograph alignment éheck to verify
that the sensor complies with its calibration sfieaions. Neither the spectral sensitivity of 88 bands nor the
dependencies of the g-coefficients with the loakdion are provided.

2.2 Inversion procedure

The objective is to retrieve the atmospheric optizaameters -Aerosol Optical Thickness (AOT) aratew vapour
content- for the whole area where the atmospheriection is performed. For these estimationsatheospheric state
is considered invariant within the area coveredhgyimage.

Two methodologies are proposed for parameter estim@d]. First, in an approach similar to that@tianter et al.
[2], the inversion procedure is performed by mimimg a cost functiod,.Z that measures the difference between
atmospherically corrected reflectances and fieldsneements
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where prelq IS the spectral reflectance measured on the figlghecteq IS the atmospherically corrected spectral
reflectance calculated with the radiative transfede and\; is the equivalent wavelength for each sensor bbmd.
second approach, the inversion procedure is peefdtoy minimizing a more complex cost functi®g,? that consists
of the difference between atmospherically correcéfldctances calculated on homologous areas oddenv different
images, plus one field measurement.
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Both cost functions are weighted Ay to take into account the strong wavelength depecyl of the atmospheric
effects and increase the significance of low wavgtle values.

The 6S radiative transfer code [8] was selectedatoulate the atmospherically corrected reflectandée standard
continental model was selected to represent thesakitypes and the standard US62 atmosphere peessit
temperature profiles were selected as inputs ferdbde. Total water vapour amount and AOT wereasethe
parameters to be calculated.



2.3 Inversion procedure

Taking into account the interaction phenomena desdrin Staenz and Williams [7], it is possibledrpress the
radiance at the sensor, when observing a horizentfdce, as
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wherep, is the corrected reflectance of the surfage><s the corrected reflectance of the neighbourh®&®és the
atmospheric albedo, La is the radiance backscdtter¢he sensor and A, B are coefficients relatethé direct and
diffuse radiance.

Therefore, the corrected reflectamzeor BOA reflectance- for the observed surface is
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The parameters A, B, S and, tharacterize both observation and illumination ngetries and the atmospheric
conditions. Their values do not depend on the olesersurface reflectance, or the neighbourhood'ssyTare
calculated from the magnitudeg, lwhich is the radiance entering the sensor froendbserved surface, ang, lthe
radiance entering the sensor from the neighbourladathe observed surface and backscattered bytthesaphere
towards the sensor.
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Both Ly and L, can be obtained by means of radiative transfeegebrking in direct form. The values of A, B, Slan
L, are directly obtained by solving the correspondeguation systems. The radiative transfer simulatiare
performed using the synchronous atmospheric datairga in the inversion procedures and stored lroak-Up
Table system. Then, atmospheric correction is ptessin the images by using equation 4.

The neighbourhood’s corrected reflectangg><is obtained during the atmospheric correctioreng the whole
neighbourhood in equation 4 as if it were a hyptittengle pixel located in a uniform reflectance/ieonment. So, in
that expression pe> will be equal top.. Also, its radiometry Lis calculated using the whole neighbourhood pixels
radiometry. From these hypotheses, the valuepgf will be

= L* _.La N (6)
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2.4 Spectral shift characterization

Spectral shift characterization is based on thethgsis of global g-coefficients that need to tentitally shifted for
all the wavelengths for each look direction. Thegmsed methodology exploits the presence of that@ospheric
absorption band (765nm) over a high reflectanceecav that wavelength. To determine the spectrét shnon-
ortorectified hyperspectral image over a vegetaesh is aggregated in the along-track directions Tirtocess
generates a one-line image with 550 across-traglctisgg samples (look directions). Then, a subpiRehrson
correlation is computed for each one of the 55Q@tspevith a vegetation spectrum processed witt6Bieode [8] to
take into account the effect of the &bsorption band. The estimated spectral shiftaa ipplied to the original image
and the radiometric bands are spectrally resamfiefit the CASI channel nominal limits described the g-
coefficients.



2.5 Spectral shift characterization

The first approximation to the sensitivity of thanols was a rectangular response between the bingach channel.
This simple estimation works fine to correct frotmaspheric scattering but proves insufficient ttvedhe absorption
regions. The manufacturer was then asked abowethgtivity of the bands and we received a polyabnglationship
between FWHM and wavelength that shows values Botimes the nominal FWHM of the sensor (Image 1).
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Image 1: CASI 550 relationship between FWHM and elerngth provided by the manufacturer.

To take into account this effect, a Gaussian respdor each individual CASI band is considered. Wihe sensor is
configured to add bands, individual responses laeaded to generate the spectral response.

3. Dataset

3.1 ICC Banyoles 2005 experiment

On June 29th CASI images were acquired between 1a@ilon Banyoles (Spain) radiometric test field.
Simultaneously, a field campaign was developedeidopm field reflectance measurements using an A&dSpec
Pro radiometer [5]. For the second inversion medhagly, 23 areas with adequate spatial homogeneityspectral
reflectance range were manually selected. As d fredasurement, a bare soil ground target was used.

3.1 ICC Banyoles 2005 experiment

On July 15th CASI images were acquired between @vllon the same Banyoles radiometric test field.
Simultaneously, a field campaign was developed édopm the reflectance measurements using GER ZiraD
UNISPEC UNIO03 radiometers [1].

4. Results

The minimization of the cost functions in (1) a2 was performed by a Simplex method, with climagi@dal data for

the initialization of the algorithm. Table 1 shothe total water vapour contents and the climatalmgiisibilities from
6S code, related to AOT for ICC Banyoles 2005 expent CASI imagery.

Inversion data Water vapour Visibility
source (g/cm2) (km)
Field measurements 2.50 8.4

Homologous areas &

1 field measuremen 2.42 12.4

Table 1: Inversion parameters obtained (Banyoles2iia).



The atmospheric parameters were then used to petf@ atmospheric correction of the whole set afy®ées 2005
images. After that, the corrected images were coatpwith field reflectance measurements to as$esadcuracy of
the procedure. Table 2 shows the results of tHeation for both methodologies in terms of globiftsand o for alll
the images.

Inversion data Reflectivity Reflectivity
source shift o
Field measurements 0.000 0.008
Ho_mologous areas + 0.001 0.008
1 field measurement]

Table 2: Validation of atmospheric correction (Baleg2005 data).

Image 2 shows the results of the smiling effectwdation on EuroSDR Banyoles 2008 CASI imagery. Tamge of
the spectral shift is 2.75nm and the maximum albsolalue is 1.5nm. These results have the same ofdeagnitude
as the spectral width sampling of the sensor: 1.9wmn the spectral shift of the CASI 550 sensaroisnegligible if
accurate radiometric results are desired.
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Image 2: ICC CASI 550 Spectral Shift (Smiling efjeia nm computed by Pearson correlation gfa@sorption bands
(765nm) with absorption profiles modelled with &8liative transfer code.

The atmospheric correction system, when appliea @ASI image from Banyoles 2008, yields the spesii@vn in
Image 3. On the other hand, when the software idifirad to take into account the spectral sensitiat the CASI
bands and the correction is applied to the samgéampareviously corrected from smile effect, theulssshown in
Image 4 are obtained. In both cases the atmosphar&meters used in the radiative transfer calounladre just
climatological standard atmospheric parameters {lagid not derived from any inversion procedure).
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Image 3: Banyoles 2008 atmospherically correcte&Qage without smiling and with nominal specsanhsitivity.
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Image 4: Banyoles 2008 atmospherically correcteh(&rd atmospheric parameters) CASI image witlirgmand
proposed spectral sensitivity.

The results indicate that, when smiling effect apdctral sensitivity are taken into account, timeoapheric correction
yields fewer artifacts on the atmospherically cored spectra, even when only standard atmospharameters are
used. The small artifacts still remaining arounel dbsorption bands could be explained by a frequeéependence of
the smiling effect, signal-to-noise ratio too weetg. This point is currently being investigated.

4, Conclusions

Two methodologies for retrieval of atmospheric pagters by means of an inversion procedure have c@apared.
Compatible atmospheric parameters are obtaineldeintversion process using both methodologieshénvalidation
step, similar standard deviations are also obtaindubth cases. We can then conclude that an iilmrepmocedure
using homologous areas plus a single field measmeryields accurate atmospheric parameters with desund
information. Non-negligible values for the spectshiift are obtained for the CASI 550 sensor. Moegpwhen
smiling effect and spectral sensitivity are taketo iaccount, the atmospheric correction yields feavéefacts on the
spectra. This behaviour advises the inclusion e¢hdevelopments in the inversion system.
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