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ABSTRACT behaviors, has been revealed as powerful for deteaind
identifying surface materials and gases [4, 6].

The paper shows the TASI-600 thermal hyperspectral In particular the 8-12-mm TIR atmospheric windows ha
sensor acquired by the Italian National Researchn€ib- ~ been used in numerous remote sensing studies to map
Institute of Methodologies for Environmental Analys Vvariations in surface and mineral composition [@p to
(CNR-IMAA) and describes some of the checks cardati howadays imaging multi-channel airborne and sé&eelli
during the Commissioning phase_ Furthermore, st data radiometers such as Thermal Infrared Multispeﬂrainner
acquired during the test-flight on hot spots of tluécanic ~ (TIMS), Moderate Resolution Imaging Spectroradicenet
island of Ischia (Central Italy) are shown. (MODIS), Advanced Spaceborne Thermal Emission and

TASI-600 sensor has 32 spectral bands in the 85ym ~ Reflection  Radiometer (ASTER) have been used in
spectral range, with a swath of 300 pixels andR@®M of ~ numerous studies to characterize the Earth surface.

1.2 mRad. In the last years the advance in the Focal PlamayAr

The paper gives an overview of the principal TA8B6 industries has allowed the application of IR coadetectors

characteristics, the CNR IMAA performance requiratse for the deployment of IR spectrometer.
and an overview of the technical innovation. Within the deployments of the cooled prism specttam

Some of the outcomes of the tests performed in oupEBASS [8] that measures the MWIR/LWIR (2.42-5.33

laboratory in the Final Acceptance Test were foduse Hm and 7.57 —13.5gm) with a spectral resolution of 0.088
verify the linearity of the sensor up to higher paratures MM @ 11.25um, a number of IR spectrometers faced the
(i.e. up to 500 K). Preliminary analysis of thefiight and  research market. Among them the “Commercial Of The
lab functional tests demonstrated that TASI-600m&ANR  Shelf” pushbroom sensors are: the ITRES TASI-600tae

IMAA requirements and as regard the radiometriusmcy SPECIM AisaOWL. Moreover, in the same TIR intervals
it results higher than the requested. also interferometer technologies (e.g. TELOPS FIR&E

at present operating, while the ONERA SYSIPHE senso
Index Terms —TASI, hyperspectral thermal imager, Will be available in 2012.

pushbroom sensor, radiometric accuracy In this context, to track the most challenging fatu
research themes in EO systems, in 2009 the CNR IMA#\
1. INTRODUCTION decided to upgrade its observing facilities compobg

o ground hyperspectral and IR broadband sensorspraib
Visible ShortwWave InfraRed (0.4-2.fm; VSWIR)  ysSwIR hyperspectral sensors and a multi-missioelkitt
hyperspectral imagery has been applied in thedastades receiving station, with the TASI-600 hyperspectral

to address some of the problems inherent to Eaidnse spectrometer.

observation studies. Applications of such data haseided The paper describes the TASI-600 sensor requirament
numerous research themes, among them noteworthy affie sensor characteristics’ requested in the tenthes
accurate land cover mapping; remote measuremeptaot  commissioning test performed on the acquired seastie
physiology; target detection - identification andaeling of  time of the instrument final acceptance tests dred first

surface optical properties to retrieve physicalmlval  45ta collected on a test site are also presented.
parameters related to surface materials [1-2]

However, this spectral range can be not sufficient 2. LWIR SENSOR REQUIREMENTS
provide clearly distinctive signatures unique ofrface ) )
materials or individual plant species [3-5]. The system selection process has been driven b@niie

Thermal infrared spectral features in the LWIR mang IMAA requirements defined at the time of the tendeme
(8.0-14.0um) alone or combined with the VSWIR spectralmain sensor requirements are briefly reported ie th
following table (Table 1).



Sensor’'s minimal requirements

> 30
>300

Spectral channels

Across track pixels

FPA pitch 30x30 micron
FOV >40°
IFOV <2 mrad
Foreoptics <f/2.5
Total distortion 0.35 pixel
Sorsornear esporse NIt osoore
Digitalization 14 bit

max NEdR requested

NEdR @ 300K with a FOV of (MW m? srt pm?)

40°, for an across-track @ aum 40
dimension of at least 300 pixels}-
@ 1Qum 50
@ 1um 70

Table 1. List of the main sensor’s characteristeguested
by the CNR IMAA for the LWIR sensor.

In Table 1 the total distortion parameter, wasrufias:

D=+/ss +sk? Eg. 1

where, ss is the spectral smile andk is the spectral
keystone. The total distortion parameter was evatliao
take into consideration the optical distortions wcdong
inside the scan head both spectral and spatialthiee so
called spectral “smile” and “keystone” errors.

hard drives that are susceptible to vibrations ahdcks.
The ICU also contains a secondary real time Slave
processor, which minimizes the likelihood of drogpe
frames to better than 1 frame (scanline) every m,and
improves time synchronization to less than 1ms robre
between the navigation system and the image system.

The TASI-600 is controlled by ITRES’ control softwea
which incorporates a real time diagnostic system, the
Health Aperture Logic (HAL). HAL allows users to mitor
the system during data acquisition and also ctigyatem
temperatures, voltages and parameters and othewaorhy
housekeeping data.

The system includes licensed pre-processing sodtiar
radiometrically correct (RADCORR) and geometrically
correct (GEOCOR) TASI data. RADCORR removes system
offsets (i.e. dark current); data can be outputspsctral
mSRU radiance units (1 mSRU is equal to 1 nW cm-2 s
nm-1) or apparent temperatures. The GEOCOR is aodtw
specific for use with ITRES airborne sensor systeihs
incorporates photogrammetric bundle adjustmenttisois
to produce orthocorrected imagery utilizing premisi
IMU/GPS and terrain height data from the most commo
systems and sources.

4. SENSOR COMMISSIONING PHASE

The sensor acceptance was performed according to a
shared protocol (between CNR and ITRES) that hadel
to the definition of a Final Acceptance Test Praced
(FATP). FATP includes a set of trials based on fiomal
test and procedures finalized to verify the correensor

The sensor NEdR requirements shown in Table 1 afgnctionality and technical performances. The FATP

referred to: (a) a square pixel, (b) an emissiuityl, (c) a

included: a) hardware check for the ICU, HSU and

FWHM of 0.lum 5% and (d) an integration time peripherals; b) lab tests for verifying the teclahi@nd

compatible with a flight altitude of 1000m for aigfht
velocity of 120Knots.

hardware performances and c) airborne tests.
Just for the concision of this article, the papespnts the

The NEdR values reported in Table 1 correspondiéo t primary tests performed at the CNR IMAA lab in Rute

maximal values requested, nevertheless, in theiatrah of
the sensor performances, CNR has scored senssenfirg
more strict NEdR requirements (i.e. lower than 28, and
35 mW n¥® sr* um™ respectively @ 8, 10 and ).

3. TASI SENSOR BRIEF DESCRIPTION

TASI sensor is a composed hy:the Scan Head Unit

(SHU); ii) the Instrument Control Unit (ICU) anid) the
pre-processing software.

The SHU is provided with a custom Stirling Cycle

cooled MCT detector (HgCdTe) specifically desigrfed

the TASI-600 Sensor. TASI-600 is designed with cost
athermal optics which removes the need for intern

environmental control systems that can fail anddpoe
electronic noise. The optical design assures aagiibn-
limited sensor.

The ICU storage device is provided with a Compac
FLASH Card media that allows for a quick recoveny o

update in the field and removes the need for coimesl

(Italy) to verify the achievements of the main riggoents
of Table 1. In particular, the tests aim at verifyi a) the
system linearity response within 0-800°c and b) iedR
performed on the data acquired by ITRES and bygusie
CNR IMAA facilities.

4.1. System linearity response

As in ltaly active volcanoes are present and, foese
real sensor operational scenarios can be chamzsdeby
high temperatures (e.g. lava flows), we put ousrdibn on
testing the TASI-600 system linearity over the fiyhamic
range (from 100 to 280 °C). To demonstrate thealiitye
ver the TASI dynamic range, we use a calibratedtyca

¢
ablack body source (MIKRON-M310 certified for a

temperature range of +5 to 350°C and an emissivify99

at 8-14 um; aperture diameter of 76 mm, temperature
pccuracy 1°C). This cavity black body positionedront of

the slit, even though not optimal for image unifbrithe
entire FOV, allowed us to record TASI-600 imageny b



increasing the black body temperature (with a step The obtained values show that the instrument fulgets

procedure) and varying the integration time. Theedir

the more strict CNR IMAA requirements (i.e. @300R8ih

behavior of the sensor was recovered by plotting the = 1 and square pixel; 20, 25 and 35 mW ef* um?,

variance of a region of interest selected on thagieny of
the black body vs. the average values pertainingdesame
region of interest.
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Figure 1. Example of variance vs. average plotioee different
temperatures (blue-36°C, yellow-130°C, red-280%€xarded with
different integration times.

8000

The mean of the raw values (DN) and its varianceewe
calculated for a restricted, homogeneous area nithe
black body area covered by the TASI-600 imagery.

For this task, we've selected the integration tinaasying

from 190 to 370 msec and the black body temperature

ranging from 36 to 280 °C. As example, Figure lvehthe

mean (DN) values vs. variance plot as obtained drying

the integration times that allows to cover the TA80

dynamic range at different temperatures (i.e. 36°80°C,

280°C). The performed tests and the relative péssure
that the TASI-600 signal does not saturate and itsat
response is linear in the analyzed dynamic range.

4.2. Radiometric Accuracy

respectively @ 8, 10 and 1in; see Table 1).

Nevertheless, a cross check to validate the comesstof
the recorded radiance values with respect to therétical
radiance values as given by Planck’'s equation heen b
performed on the data collected at the CNR using th
temperatures and emissivity of the CNR BB (see fei@).

N
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Avg % error 2.1
Min % error 1.5 (at 9.916pm)
Max % error 2.5 (at 11449um)
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Figure 3. Comparison between the CNR BB radiamzkthe
calibrated to radiance values measured by TASI-600.

Figure 3 shows that the average error across thieeen
Spectral range, in retrieving the CNR BB radians,.1%.

4.3. Airborne tests

On January the 122011 we have performed the TASI-600
acceptance test flight. The instrument was mourted
Naples on a Partenavia P68 Observer airborne (Eigdy
and the flight test was on the Ischia island wherkeanic
activities take place an therefore different terapae
targets occur and, in particular, natural thernatl \Wwaters
gush into the sea.

The radiometric performance requirements in terths oThe test flight has demonstrated operatively thiag t
NEdR were verified on the radiance images acquaed instrument works well and properly and with an oyt
ITRES lab on its standard black body. The ITRESckla synchronization W|th the INS/GPS system.

body size is greater than the TASI-600 scan linesth ——

allowing to calculate the NEdR by using the staddar
deviation of the total radiance image. The NEdR was

Fig 4. TASI-600 sensor mounted on the PartenB6i8
Observer airborne.

calculated using three different configurations bifining _ i
(i.e. no binning, 4 and 16 pixels summed; see Ei@)r

120 ‘No binning

100

In Figure 5 is presented an RGB example imageryiaed|
during the test-flights over the Ischia island; Ufigs 5 (b)
and (d) show two details that highlight naturakatns of
spouting hot water gushing into the sea.
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5. DISCUSSION

0 ‘ ‘ ‘ ‘ With respect to the differences between the redidta the
data recorded at ITRES and at CNR with the CNR BB,
should be stressed that the CNR BB is not an optilenace
for the TASI-600 because of the BB cavity and beeaof
the dimension doesn’t assure the fully illuminatiohthe

Wavelenght (um)

Figure 2. NEdR calculated from imagery on a referenertified
black body @300°K



TASI field of view. Thus, in addition to the regulsources
of error that influence the accuracy of such mezrments
(such as the uncertainties of the uniformity, digbi
emissivity and temperature) there are to considéero
sources of error due to the setup. However, bydimguon
the small illuminated section of the TASI-600 imagél
hopefully help reduce some of the errors due tosttap or
other environmental factors (reflection, scatterkght,
background emission, etc.).

The “rad. file”, provided by ITRES, was used to gess the
CNR BB data to produce radiometrically correctediaace
files. These files were then compared to the thimle
radiance values as given by Planck’s equation ¢uia BB
temperatures and emissivity of the CNR BB) in ortter
verify these values with an independent sourceigiire 3

is shown the percentage error calculated on CNR BB

images, which is higher of one order of magnitufiehe
error obtained by using the ITRES certified extehdeea

showed that the same level of accuracy is achidatow

100 °C as above it (up to 280 °C) indicating tlme sensor
is linear and that the calibration file (rad fiils)adequate for
producing valid radiance results when viewing ttsgare

greater than 100 °C

6. CONCLUSIONS
The CNR IMAA TASI-600 resulted to be an advanced an
suitable EO tool, meeting all the goals required thg
commitment: radiometric performance and high spéctr
resolution. These optimal combine represent a very
powerful instrument providing excellent quality t@orne
thermal hyperspectral imagery to the science conityun
involved in the Earth’s environment.
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The validation check performed on the CNR blackyhod
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Figure 5. (a) Example of TASI-600 imagery (R-108d9 G-8492 nm; B-9587 nm) acquired over the Isé$lend, Italy (c) on January
the 12", 2011. (b) and (d) two zoom images of TASI-60@24n(10244 nm) color stretched highlighting natisseams of spouting hot
water (thermal waters) gushing into the sea.
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