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The Thermal Airborne Spectrographic Imager 600 (T8®) is a hyperspectral infrared sensor manufesdu
by the Canadian company ITRES© which started beimgaded by the Institut Cartografic de Catalunya (ICC)
at the end of 2009. The system works in a pushbroanfiguration and provides the user with 32-band
hyperspectral data obtained through a spectral miigent operation in the nominal 8-11.5 um rangethis
work, the effects of spectral interpolation on pikehdiance balance are shown to yield pixels’ abs®l
temperature uncertainties proportional to emisgivit nominal atmosphere compensation is carried. out
Accordingly, an alternative processing chain to €opith this issue is put forward. The estimation lodcdute
temperature is carried out using ARTEMISS techn{@azel, 2008) Results are finally assessed using ground-
truth measurements obtained with multiband fieldoatkters.

1 The TASI Sensor

The Thermal Airborne Spectrographic Imager
(TASI) by ITRESO® is a pushbroom hyperspectral
sensor with a 40° Field-Of-View (FOV) operating in { o
the thermal infrared (TIR) spectral region. It noadip A X
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acquires 32 bands to provide continuous spectral TR W TRT T

coverage in the wavelength range of 8-11.5um (ItrgSg 1: Incorrect atmospheric compensation due tharae
2010). Thermal IR photons emitted from the scene aggectral interpolation.

focused_ on a plane t_hrough t_wo curved _slits, Accordingly, an atmospheric compensation

generating hyperspectral images with 640 acros$ctrg, ;e on the nominal position of sensor's bandéimig
. L o -

plxels_mtgl6ﬂa ovErIappln_g. di inf .. turn out to incorrect. The error in terms of tengere

55-band actually ac]:ch|res6ra5 lance in ormatltl); Ns proportional to scene’s emissivity itself, innay
-bands ranging rom SUm up to urTthat, the lower the emissivity, the higher the

approximately. Bands qt the shorter Wa}vglengths a(@?nperature uncertainty. This is shown in Fig. 2 fo
employed to estimate pixels’ spectral shift indubgd o issivity ¢ values spanning within the [0.2, 0.7]
temperature variation within airborne platforminterval

Remaining bands are radiometrically calibrated

(Rad(_:orr blqck), spectrally aligned (Specorr block} tag) Processing Chain

and filtered in space or frequency by user as reede

for blinking pixels removal. At the end of the ITRES A novel processing chain was developed by

traceable processing chain, 32-band hyperspedital diCC for an accurate retrieval of absolute temperature

at the system nominal wavelengths are provided. and emissivity information from TASI acquisitions.
Hyperspectral energy is sampled by TASI at a fixed

2 Spectral Interpolation Drawbacks frequency equal to 200 Hz. Energy frames are then

rouped and time-normalized in order to provide

Spectral Interpolation carried out at radlalncgquared-pixel radiance information. A first radidriee

Iﬁveldmf;ght lead ;o temperature. mliscalgulatioln te calibration is carried out using the ITRES®© procedur
the ditterence between nominal and real central  ap aqgitional calibration block callédadCapp

wavelength of TASI's filters and, consequently,aio develo : : ;
; - T ped by ICC is then applied. Essentially,
incorrect MODTRAN-based atmospheric contribution iy, -o+ion polynomials are used in a pixel-by-pixe

removal. This is stressed in the example of Fig. pproach to make up for hyperspectral radiance

where it can be seen that the transmissivity gygtematic underestimation caused by calibration

characterizing the interpolated radiance (red rﬁlteblackbody emissivity uncertainties (Quatrocchi, @00
from real measurements (blue filters) differs Afterwards, the problem of atmo,sphere

appreciably fromk the lvalue estimated  bY.,ngipution is tackled. Geometrical parameters
MODTRANS.0 (Berk A. at al.. 2005). characterizing each pixel are first estimated.
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Fig. 2 : Absolute temperature error due to radiaspetral interpolation far spanning from 0.2 to 0.7.
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Fig.3: Example of pixels’ segmentation based ondbservation anglé (a) and Fig.4: Example ofr estimation based on
vertical distance to the senso(b) with A6=1.5° andAh=30m (Vandell6s). segmentation of Fig. 3a-b (Vandell6s).

Denoting withl andp the image line and FOV's geometries in the [6um,12um] spectral range. Note
pixel indices, the observation angtl,p) and the that a wavelength range wider than the nominal [8um
vertical distance to the sendut,p) are calculated for 11.5um] span is required to deal with possible tspec
each point of the hyperspectral image in the sensghifts of the 55 bands actually acquired by TASI.
reference system. Then, height minimum incremént The last step is to match the spectral properties
and angular step@ are fixed to group pixels into of FOV’'s pixels to the corresponding observation
subsets, as it is shown in Fig. 3a and Fig. 3b. Tigeometry, which slightly changes at each line & th
number of angular sectors and height intervals angperspectral image. The hyperspectral filtenaging

equal to pixel p of the FOV in a specific banl is Gaussian-
3 shaped. Then, it is fully-characterized by the @nt
Np = Omal 46 @ wavelengthiy(p) and the spectral bandwidti(p) and
N, = hypaf 40 (2) can be expressed as
where Oa is fixed to 30° (>FOV/2) to take into f(p,.B)=G (20(p),A4(P))- @)

account turbulence effects. whereG stands for the normalized Gaussian function.
At this point, MODTRANS.0 (Berk A. et al, It follows that the three atmospheric

2005) is employed to estimate atmospheric dowRgnyinutions affecting the radiance information

welling radianceL'(3), upwelling radiancd.’(2) and provided by pixelp of TASI images at lind in the
transmissivity z(A) profiles for the NyxN, possible 5ndb can be modeled as
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Fig. 5: Example of the distribution of central wharggtho
(a) and bandwidtiA) (b) of FOV'’s pixels among the 55

bands acquired by TASI.
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Fig.6: Temperature map dandellésretrieved from TASI
hyperspectral
standard model and ARTEMISS technique.
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where [..] denotes the floor function and definks t

data using MODTRANS5.0 atmosphere

compensated for. The discontinuity between left and
right halves ofr in Fig.4is due to spectral differences
between the two slits imaging the incoming radiance
This is shown in Fig.5a and Fig. 5b, where an examp
of the distribution ofig(p) and A4(p) among the 55
bands acquired by TASI is given.

The last step of the processing chain is the
separation of emissivitye(A) and temperatureT
information. Among the alternative techniques
available in the literature (Borel, 2008) (BoreQ03)
(Gillespie, 1998), the Automatic Retrieval of
Temperature and EMIssivity using Spectral
SmoothnesARTEMISS) algorithnis used.

In contrast to the first version of the
ARTEMISS technique proposed in (Borel, 2003),
which essentially findsT,,; by maximizing the
smoothness of emissivity profilgb), the radiance
fitting-based approach described in (Borel, 2008) is
more suitable for TASI acquisitions. According to
simulations, this minimization approach needs aelow
number of hyperspectral bands to converge to the
correct temperature information. Then, it bettealsle
with the 32-band data provided by TASI for
guantitative parameters estimation.

It is acknowledged thail) andT are coupled
in the equation describing the radiation measused b
hyperspectral TIR sensdrS(%), which is generally
expressed as

L3(2)= [L'(D) (1e(@)+ e@BT A+ L), (5)

where B is the Planck’s function. The rationale of
ARTEMISS is that thermal-infrared spectra of solids
are much smoother than gases'.

By defining a reference emissivity (usually
£~0.95), a reference temperat(ig is first obtained
at pixel level as

TrelP)=
=B™H[(L%(,p,bo)- L*(1,p,bo) (L-renl/ren Ao(P,bo)} (7)

whereB? is the inverse Planck’s function abglis a
TASI spectral band where atmosphere is highly
transmissive. ThenT . is used as input seed to an
iterative function fitting the measured and estidat
radiances. The optimum temperature is finally gjven
pixel-by-pixel, by

Top=min[o{ L3(1,p,b)- L(1,0,b, Topugopd}] ®)

subset pixep at the specific lind belongs to. Fig.4 Where

shows an example of the spatial distribution the
transmissivityr corresponding to a TASI acquisition in
Vandelldos (south Cataloniayhen b=25. Note that

L3(..) = [LY(1,p.b)(L-opd b)) -£0pD)B(Topb)]
(Lpo)+L'(Lpb)}l, 9)

differences in filters’ spectral properties as waddl in . . o .
pixels’ observation geometry turn into changeshia t and g, is the low-pass filtered emissivity profile
estimation of the atmospheric attenuation to bealculated fronT,.
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Fig.7: Time evolution of in-situ mean temperatuned a
. ] standard deviation versus TASI estimation concerrire
Fig. 6: Temperature map es‘tlmated from TASI datghefarea pare soil (a) and low-vegetated (b) areas seldoEe@ASI
close to Sant Carles de la Rapita. assessment.
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In order to match TASI and in-situ
4 TASI Real Measurements measurements, a 5x5 boxcar around UVEG field-GPS
coordinates was used to average the temperature

First flights with TASI sensor were carried out_, . :
by ICC in the areas of Vandellds and Ebre delta, t[ﬁg'i\é%d tt:iya:/glil ?: t?:'i;- h%g u;cnodmtla:;;?rs prﬁsggzedb e

south Catalonia (Spain). Datasets were acquired b :
. : served a very good matching between the TASI-
11/03/2010 qt.two. dlfferent.helghts. - 1§00m aNfased and in-situ temperature information, with an
3200m- providing images W.'th a pixel S|ze.ab0.u rror of 0.4K and 0.3K for bare soil and low-

2mx2m and 4mx4m, respectively. For the es‘t'm"’lt'q;bgetaltion, respectively. The results constitutirst

of the atmospheric parameters in the TIR region, t -
mid-latitude winter model was used. Hyperspectr%:;essmem of the quality of hyperspectral data

data were processed as explained in Section 2 Cuired by the .TASI Sensor as well as of the augur

geocoded temperature map retrieved by ARTEMIS the processing chain implemented by ICC for
L solute temperature retrieval.

for the area of Vandellos is shown as an example in

F|g_.__5. The two zoomed _subareas correspond to @%onclusions

facilities of a power station over which the TASI

sensor was flown. A novel processing chain for TASI

In order to perform a first assessment of TAShyperspectral data has been proposed and assessed

hyperspectral acquisitions, in-situ measurement® wausing ground-truth measurements.  Absolute

also carried out in the framework of a collabonatiotemperature information was retrieved with an eafor

between the Institut Cartografic de Catalunya (IC).3K/0.4K using standard atmospheric profile

and the Universitat de Valencia Estudi Generavailable in MODTRANS5.0 software. In the near

(UVEG). For this purpose, two test-areas werkiture, improvements provided by in-situ radio-

selected close to Sant Carles de la Rapita village, csounding will be assessed and comparisons between

corresponding to bare soil and another one tetrieved and ASTER-based emissivity profiles @l

meadows. In-situ measurements were acquired duriaigo performed.

TASI passage using two multiband field radiometers,
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