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Abstract:

In 2008 the European Spatial Data Research (Eurd®bfanisation started a new collaborative applessarch
project focused on Radiometric Performance of Rlgtameras. The project has these main objectives:

a) Improve knowledge on radiometric aspects oftdigithotogrammetric cameras.

b) Review existing methods and procedures for radidc image improvements.

¢) Compare and share operative solutions througledimparison of these techniques on the samedtssel.

d) Analyse the benefit of radiometric calibrationdrder to open new applications (quantitative rensensing,
change detection, etc.).

The Institut Cartografic de Catalunya (ICC) ledus project in collaboration with other cartographistitutions,
universities and research centres in Europe. lero share experiences with different institutiovrking on
common and well known data sets different flighnhpaigns have been designed in different EuropesasatCC
contribution has been the Banyoles 2008 campaipga.rfiain part of this campaign performed on July 78108
has been the simultaneous acquisition of Z/I Digitéapping Camera (DMC) and Compact Airborne
Spectrographic Imager (CASI) at different oriemat and flight altitudes. The flight campaign haser
complemented with the measurements of differentptementary sensors obtaining data of the atmospdisite
the incident radiometry. All this images and commpdmtary information will be part of a complete da¢d to be
distributed to the institutions participating iretBuroSDR activities.

The planned contributions of ICC to these actisitee:

i) Radiometric calibration of a DMC.

if) Atmospheric correction of CASI and DMC imagéyy using aerosol and water vapour contents, detyean
inversion method and subsequent validation witloradtric targets and in-field atmospheric measurégme

i) Colorimetric calibration of sensor towards C$Eandard colour space and validation with radioimédrgets.
iv) Resolution studies by means of Siemens statlsedige targets. Study of the relationship betwemosphere
state and resolution and comparison with compuatdiative transfer simulations.

This communication is an overview of the Banyol€@9& campaign, the measurements and a descriptitmeof
airborne imagery and ground-truth data collectelde ®ataset from this experiment is introduced arutief
description of the expected results will be alsespnted.

1. The Spatial Data Resear ch organisation

The Spatial Data Research organisation is a ngmfoiit organisation linking National Mapping andadastral
agencies with Research Institutes and Universiteshe purpose of applied research in spatial gataision,
management and delivery.

EuroSDR (formerly OEEPE) is a European spatial dedaarch organisation that undertakes collabaratpplied
research projects, hosts focussed workshops, peklian official series of reports, delivers an ahiseries of
short distance learning courses, contributes taléhvelopment of specifications and standards by QSO and
CEN and patrticipates in the drafting of the INSPIR®plementing rules.



Membership consists of organisations representiatipmal Gl (Geographical Information) productiondor
research throughout Europe with seventeen courdgueently represented. Its strength lies in itsctioning as a
network of delegates, commission chairs and prdgzaters from production and research organisgtisasking
together on a common research agenda. Researthiestiundertaken through international co-operatserve
the European Geoinformatics community and addreeswhole chain of reference spatial data produgction
management and delivery.

Digital imaging is becoming the main photogramneetiata capture procedure. The advantage of théadigi
technology is the radiometric properties, includmgltispectral imagery, linear response, large dyinaange,
great radiometric resolution, and low noise le\Rhdiometry opens great prospects for the utiliratid the
photogrammetric imagery for classical photogramimetasks and also in many new application areash s1$
change detection, classification and environmewgtange monitoring. Accurate radiometric processisng
necessary for both visual and quantitative appticat The rigorous treatment of image radiometrg iew issue
in photogrammetric processing lines [1-18].

In 2008 EuroSDR organisation undertook a collalvegatpplied research project focused on Radiometric
Performance of Digital Cameras. The EuroSDR radtogmeroject has two main stages: Review and Enmgliric
study. The joint project leaders are Eija Honkaaaaauri Markelin (Finnish Geodetic Institute (FGBinland)
and Roman Arbiol (Institut Cartografic de Cataluiff@C), Spain). The project has these main objestiv

a) Improve knowledge on radiometric aspects oftdigihotogrammetric cameras.

b) Review existing methods and procedures for radidc image improvements.

¢) Compare and share operative solutions througingarison of these techniques on a same testefata
d) Analyse the befit of radiometric calibrationdpen new applications.

The first phase is to be completed in the firstrtgraof 2009, and based on these results the exgettives for
the second phase will be set. For the empirical, gaveral campaigns took place in summer/autung8 20
provide state-of-the-art image materials in Spkinland and Germany. In this presentation we rephartresults
of the Banyoles 2008 campaign results and the efafiasn this experiment will be also introduced.

2. Banyoles 2008 field experiment

On July 15th, 2008 a multisensor acquisition ony®des (Spain) ICC test field was performed. Airb®I@ASI
and DMC images were simultaneously acquired witbeasna Caravan B20, in the morning. The ILS (Indide
Light Sensor) of the CASI system was installedfentbp of the plane (Figure 1).

The airborne acquisition included flight lines adifferent altitudes (820, 1125, 2250 and 4500Lmjver altitude
(820 m) flight lines were depicted to resolution @MC. Therefore, the camera acquired RGB, Nir aath P
images, and several exposition time and f-numbeith, a nominal pixel size of 7.5 cm. The rest of tifight
altitudes (1125, 2250 and 4500 m) were designethfosimultaneous acquisition of DMC and CASI. Friese
flight lines, the DMC acquired RGB, Nir and Pan gea, and several exposition time and f-number, wittv a
nominal pixel size of 10, 20 or 30 cm. Consequer@}SI images were acquired on Enhanced SpectraleMo
and 32, 74 or 144 spectral bands between 410 afAdn@6 and a nominal pixel size of 1.5, 3 and 6 m,
simultaneously with the camera.

@) (b)

Figure 1. DMC sensors on board Cessna Caravan B2DBMC camera (b) CASI sensor head (c) ILS sensor



The ICC test field is a flat uniform football diield inside Banyoles (Spain), located at 42° 04’ N 2° 45’43”
E (WGS84) where man-made covers were already iedtat 2005 for a previous radiometric data acdjoisi

(Figure 2).

Figure2. ICC Banyoles (Spain) ICC test field withmrmade covers and Siemens stars deployed (12008).

Now, Siemens stars were also deployed for reseiuteasurement (Figure 3). Besides, many artifiarzd
natural stable covers with spatial homogeneity spekctral reflectance range are available aroundetsiefield
including a lake. Almost simultaneously to the liliga field campaign was developed to install mauen
radiometric and geometric covers to perform thédfi#00-1000 nm reflectance measurements using ledchdh
radiometers. In addition, the atmosphere was schnvith an atmospheric Lidar, a Sun-photometer a GPS
temporal station and a meteorological station.

(@ (b)
Figure 3. Resolution targets deployed on test fietdBanyoles (Spain) campaign.
(a) 10*10 meters full Siemens star. (b) 10*5 10xfunarter of Siemens star plus grey scale.

Two groups from Centre de Recerca Ecologica i Aglions Forestals (CREAF) and Instituto de Desarroll
Regional (IDR) from Universidad de Castilla-La Maac (UCLM) performed radiance and reflectance
measurements with PPSystems Unispec and GER VISthdiRometers. Atmospheric state was measured by
several groups, instruments and techniques frontesiefield. An atmospheric Lidar developed by lémgrtat
Politecnica de Catalunya (UPC) provided aerosofilpgowhile an automatic suntracking photometer Z1B-
(AERONET like) provided column integrated values Aérosol Optical Thickness (AOT) for the optical
spectrum. Additionally a temporal GPS station dgptbby ICC on the adquisition day measured GPS iata
derive Zenital Troposheric Delay that is used taasuee atmosphere moisture (Figure 4). Atmospheuntl@s

and meteorological data were provided by Serveelietiogic de Catalunya (SMC).



(a)
Figure 4. Atmospherical measurements from thefigst for Banyoles 2008 campaign.
(a) UB Sunphotometer (b) UPC atmospheric Lidal@€} GPS temporal station.

(©)

2.1 Digital Mapping Camera, Airborne Compact Ainb@iSpectrographic Imager and Incident Light Sensor

The CASI, ILS and DMC sensors performed a totaldflight lines at different altitudes. From thdkght lines,
the total amounts of DMC acquisitions were 156 pad VIS-Nir images and 12 CASI images. Regardirg th
optical characterization of the DMC acquisitione t/an images have f-numbers 11.3 or 16, the Nigéwdave
f-numbers 7.8 or 5.5 and the RGB always works utieg-numbers triplets: “5.4, 6.2, 5.5" or “7.7787.8". The
CASI images were calibrated with laboratory coédiits to radiance units. All the images were orbtfied
with DGPS and INS data, with a nearest neighbooicgufure in order to maintain the original radiometr

2.2 Field reflectance ground-truth data

In order to test the atmospheric correction of CASdges, to develop and test the algorithms thhaece the
radiometric performance of the DMC and geometriarahteristics of the CASI data, the UCLM and CREAF
groups performed radiance and reflectance measuatemeéth handheld radiometers along the acquisitata
day (15th July) almost concurrently the flight-tirtree flight-time. The target sites consisted of iaat surfaces
for the acquisition time as well as five man-madeers deployed by ICC. The selected invariant seavere:
bare soil and man-made covers, vegetable greem,ctilewater, cereal stubble, fine gravel bed asghalt. The
measuring sequence included a Spectralon refesan€ace to obtain the solar spectrum. This way,sihectral
radiance was calibrated into 400 — 1000 nm spegbsblute reflectance.

2.3 Atmosphere data acquisition

A UB sunphotometer measured sun and sky radiandetive total column water vapor, ozone and aesosol
properties using a combination of spectral fil{@40, 675, 870, 936, 1020, 340 and 380 nm). Thelmtometer
data yield the optical mass, the aerosol opticapltiudor each wavelength, the Angstrom parameteds tatal
column water vapour for the beginning of the airteoimages acquisition. The aerosol optical deptwslow
values. The air mass during the campaign was a polanass characterized by low turbidity. This me¢hat the
day had good conditions for optical remote senf20g

Aerosol vertical distribution over Banyoles sitaidg plane overpasses was derived from LIDAR. Ectton and
backscatter coefficients computed by UPC elastiDAR single scattering equation and Single inversion
algorithms. Measurements were realized at 532 &6d tm for 30 min integration time periods. Ressalisw a
stable atmosphere at the beginning and some maoigbilily by the end, in concordance with sunphoében
measurements and considerations [21-25].

Total column water vapour related parameter was r@sasured with a temporal ICC - GPS station ilestebr
the acquisition day. The GPS data recorded at @deahfrequency of 1Hz were processed with the @ana
Centre for Remote Sensing online global PrecisetHRositioning service. Estimated Troposheric Zeiielay
calculated from the data ranges from 2.34 to 2.4These values are useful to characterize atmospheter
vapour during the airborne acquisition [26].



Additionally, a near automatic SMC weather stagoovided temperature, moisture and atmosphericspresor
the airborne acquisition interval. This data waspteted by SMC forecasted vertical profiles of theperature,
moisture and atmospheric pressure for the test site

3. Banyoles 2008 main goals and expected results

Banyoles 2008 experiment is depicted to serve dingpaign participants and any other additional giiatgrested
in the objectives of EuroSDR radiometry project.this frame, Banyoles 2008 participant’s main goatsl
expected results are described next.

First objective is the spectral characterizatioradCompact Airborne Spectrographic Imager (CAStjarding
bandwidth and smiling effect. Comparison with ohdeatory results will be also done. Atmosphericrection
will be performed taking advance of airborne mudight acquisition strategy and radiometric radioioet
homologous areas [27]. Atmospheric correction ofSCAnagery (Figure 5) with aerosol distribution dodd,
and water vapour derivation by an inversion methdtibe validated with radiometric targets and asploeric
measurements.

Compararison of field reflectance, CASI reflectance (TOA)
and atmosphericaly corrected reflectance (BOA).
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Figure 5. CASI atmospheric correction example f[@]

Next objective is the study of resolution by meahSiemens star and edge targets [28]. Study ofetaionship
between atmosphere radiative transfer simulatiodsrasolution lost is expected. DMC resolution Wil extend
to pan and multispectral bands along and acrosS @i2 axes thanks to the lower flight lines confagion.

Following objective is the radiometric calibratioha Z/I Digital Mapping Camera (DMC) by the radi@nand
the reflectance methods. Radiance method will ifopeed thanks to the simultaneous acquisition bfMand
CASI data. As DMC images are not radiometricallijozated in absolute terms, they will be processederive
a simple relationship between DMC digital numbensl £ASI well calibrated digital numbers, so DMC alat
could be read in terms of physical units (radiarji28]. See an example of the relationships at eiguand some
calibrated images using the described procedureate 7.
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Figure 6. DMC radiometric cross calibration with Sllexample from [29]



Figure 7. DMC radiometric calibration example omBales area from [30]. (Up) DMC images after sensor
radiometric calibration. (Down) DMC images aftesalute calibration derived from simultaneous CAB&ges.

Next objective is the colorimetric calibration oM sensor towards CIE standard colour space. Plagem
products are desired to reproduce the proper tames physical models and hypotheses [30] that in®rov
empirical radiometric normalizations of the imagél be developed and applied to the images. Seexample

of colorimetric calibrated images using the destiprocedures at Figure 8.

Finally, the last objective is the Atmospheric eation of DMC images by using CASI derived atmosphe
parameters. Radiometric targets will help to vakdéhe results yield by the methodologies. DMC iptag
atmospheric correction will enhance the number pgdliaations for DMC radiance and reflectance imafyes
remote sensing studies such us land use and aasisifi, change detection, water quality, foresd sagetation
analysis, etc

Banyoles 2008 is part of a collaborative applieseegch project. All the collected data is fullyeséd to all the
experiment participants. Moreover, any other adddl group interested in the use or the particjmatn the
process and analysis parts of the experimentsgited to collaborate. In order to do it, an apgiien (ask for a
digital form) might be submitted by email to Bamg®l 2008 experiment management (authors of this
communication) with a brief description of the r@s# group, and an extended abstract of the obgti
procedures and expected results. Results are expicbe presented at EuroCow Workshop to be heldnuary
2010.



Figure 8. DMC colorimetric calibration example oarBoles area from [30]. (Up) DMC images after abtsol
calibration derived from simultaneous CASI imag&own) DMC images after colorimetric calibration.

4, Conclusions.

In the frame of European Spatial Data ResearchofEDR) radiometry project ICC-Banyoles 2008 expenine
was scheduled and developed on July 2008. Airbomages, atmospheric measurements and ancillary
radiometric data were acquired on Banyoles tedd.fiehe dataset from this experiment was introduaed a
description of the expected results was also ptedeffrinally, an offer to all the research groupst tshare the
EuroSDR objectives is done to join the initiativelaxploit the dataset.
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