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ABSTRACT:

This work is a review of the field experiments @udrout by the Institut Cartografic de Catalunya (I@Q)ing the last years and an
overview of the future work on this area.

Since 2004, ICC operates Digital Metric Camera (DM@sses, manufactured by Z/Imaging. These sensorgeaafectly integrated
in the ICC ortophoto and photogrammetric workflowsvisitheless, there are some characteristics ofriducts that could be
improved such us ortophoto colorimetric calibratiphysical interpretation of the digital numbera\(Dprovided by the camera,
atmospheric correction of the imagery, etc.

From the very beginning of DMC operation, ICC has beamcerned about these challenges. In order tacorner the difficulties
associated to the new DMC radiometric algorithmeais decided to support the some field experimématisibcluded the acquisition
of radiometric and atmospheric ancillary data stemgously with DMC flights.

The first field experience was performed on Jul®=2with the simultaneous acquisition of DMC and CaatpAirborne Spectral
Imager (CASI) images from an ICC aircraft. At the saime, ground reflectance measurements in the VIRS$fiectral range were
performed. Artificial radiometric targets were deygd and measured on the acquisition day in thdisdd.

Next experience was on July, 2008 in the frameéhefEuroSDR project entitled “Radiometric Aspects @ifal Photogrammetric
Images”. As in the previous experience, it includeMC and CASI airborne sensors and ground reflectaneasurements.
Moreover, an atmospheric LIDAR and a sun photomete present in the test field and radiometric eesblution targets were
deployed for the test.

Finally, the work makes a brief description of figfield experiments with these and/or new airbarnesatellite sensors. In this
sense, present and future airborne sensors opdratiZiC could be used to simultaneously acquire remsensing data from ICC
planes.

1. INTRODUCTION
i) Radiometric calibration of a Digital Metric CameiaMC).
In 2008 the European Spatial Data Research (EuroSDR)
organisation started a new collaborative applisgaech project i) Atmospheric correction of Compact Airborne Spakt
focused on Radiometric Performance of Digital Cameras Imager (CASI) and DMC imagery by using aerosol andewa
) . o vapour contents, derived by an inversion method and
The Institut Cartografic de Catalunya (ICC) leads finggect in - subsequent validation with radiometric targets dndield
collaboration with other cartographic institutiongiversities  atmospheric measurements.
and research centres in Europe. In order to sheperiences
with different institutions working in common ancelivknown jii) Colorimetric calibration of sensor towards Imational
data sets, different flight campaigns have beerigded in  Commission on lllumination (Commission Internationale
several European areas. ICC contribution has beeBahgoles  |'Eclairage, CIE) standard colour space and valatativith
2008 campaign. The flight campaign has been comgslézd  radiometric targets.
with measurements of different complementary sensor
obtaining atmospheric data and field radiometry. iv) Resolution studies by means of Siemens stars etuk
targets. Study of the relationship between atmaspbite and

All these images and complementary information@ag of a  resolution and comparison with radiative transfenugations.
complete dataset distributed to the institutiongigpating in

the EuroSDR activities. This communication will start describing the twommaigns
o o coordinated by ICC and the questions to be answargalation
The planned contributions of ICC to these activities to the photogrammetric cameras’ radiometry. Finalty will

present some open questions to be solved and gigndef a
future campaign to try to answer them.



2. THE FIRST CAMPAIGN

In 2004 the ICC decided to make a commitment to allyot
digital mapping workflow. Once the selection phigea digital

camera had been completed, a ZEISS/INTERGRAPH (Z/l)

DMC was delivered to the ICC. This camera has a famdb
multispectral frame sensor complementary to thetebet
resolution panchromatic four frames sensor.

ICC has a long experience applying classificatiomnéues to
satellite and airborne multispectral remote senginagery to
derive land cover maps so the first question was: @a apply
these very same techniques to get a land-use niag D8/C
images? If the area to be analysed were significhetanswer
would be negative. Digital values for the same lpote frames
of parallel tracks could have different illuminati@onditions
and the automatic camera aperture and time infegraduld be
different. Even in the same track the automatic eram

operation could modify the camera setting providdifferent

digital values. Even in the same picture a simdawer in

different locations could have totally differengdal values due
to camera vignetting effect, sun position and asitjan

geometry (Figure 2.1).

Figure 2.1. Classification of an agricultural areshwDMC
multispectral imagery and eCognition software

The main difficulty was the lack of a camera radibric

calibration because this is the first step in thecpss to get
pixel reflectance. Again, this radiometric calilioat would be
necessary if we liked to get the most “natural’otmé from the
original red, green and blue original bands (Matiret al.
2007).

With all this questions in mind a test campaign wained.
The main idea was to use the airborne hyperspestasor
CASI flying together with a DMC camera to get simotaus
radiance values and establish gain and offset peeas for
each of the camera apertures (Martinez and Arlii6B2.

After the solution of the calibration parameterstratep should
be to correct the atmospheric effects on the im@destinez et
al. 2006) in order to smooth the contribution of teun
illumination and the atmosphere.
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Figure 2.2. Banyoles 2005 DMC radiometric cross catibn
with CASI for Fstop 11.3

The right tools to do this correction are the radétransfer
models (Vermonte et al. 1997) but some knowledgauathe
atmosphere moisture content and the concentrafiafifferent
kinds of aerosols had to be obtained to get gosdlte Could
we get a good estimation of those parameters floensame
images? In order to answer this question some measmts
with a handheld radiometer were done on the graiigure
2.3).

(b)
Figure 2.3. Field radiometry acquisitions during #aes 2005
campaign. (a) SpectralonTM reflectance reference
target (b) Red canvas deployed on the test field

The campaign was carried out in Banyoles (Figurg. 23
tracks were flown in different directions and atffetient
altitudes obtaining simultaneous measurements thithDMC
and the CASI systems.



radiometric campaign with some complementary

instrumentation. On-flight instruments were the sabut the
CASI included the ILS device to measure the incigeliight at
the flight altitude. On the ground, two differenartdheld
radiometers were used concurrently and a full Eetstruments
to measure different atmospheric parameters (Fig3i®:
atmospheric Lidar, sun photometer, GPS stationeanetogical
station, etc.

Figure 2.4. ICC Banyoles (Spain) ICC test field with pnaade
canvases deployed (June 2005).

3. BANYOLES 2008

The adjustment of the DMC radiometric calibratiomgmaeters
was the main objective of the previous campaign eesilts
obtained were indeed satisfactory enough but tlersiry
objective concerning the determination of atmosicher
parameters to compensate that effect on DMC images w

(c)

Figure 3.3. Atmospheric measurements on the tedd fior
Banyoles 2008 campaign. (a) UB Sunphotometer (b)
UPC atmospheric Lidar (c) ICC GPS temporal

disappointing. Without real measurements the obthivalues
were could not be applied. Even worse, the hypdghbat the
CASI could be used as a calibration system wagdan feality

due to a poor knowledge on the detailed responsehef
hyperspectral sensor. The “smile” effect and thé&edint

bandwidth depending on wavelength demonstratee teriicial

to use the CASI images (Figure 3.2 and Figure 3.3).
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Figure 3.1. Spectral characterization of the CAShsse.
Smiling effect.

Nominal vs. Real Band Sensitivity. 32 Bands
CASI Configuration

——Band 27— Mominal Eand 27 —+—Eand 21 ——Nominal Band 31

Sensitivity

Wavelength

Figure 3.1. Spectral characterization of the CAShsse.
Spectral sensitivity and real bandwith

These two concerns and some doubts about theitstaifithe

reference station

A new question concerning radiometry arose aftee th
comparison of many different flights performed witite same
camera in different conditions: Is there a methodglto predict
the picture quality of a photogrammetric flightvile can get
some information on atmospheric conditions?

The campaign was done in Banyoles (Figure 3.4).Ithgacks
were flown in different directions and at differeattitudes
obtaining simultaneous measurements of the DMC é&md t
CASI systems.

Figure 3.4. ICC Banyoles (Spain) ICC test field with maade
canvases and Siemens stars deployed (July 2008)

4. SOME PENDING QUESTIONS

After the application of the radiometric calibratido DMC
images and the use of a radiative transfer modebtrect the
radiances using the atmospheric parameters defiead the
ground instruments and the adjustment on the imagesan
get finally a knowledge on image pixel reflectavedues. But
there are a few differences left on the values inbth on
different images looking at the same pixel. Diregtl effects
appear and must be considered in order to propbdyacterize

handheld radiometer measurements led to plan a netle land cover.



During the former 2009 Photogrammetric Week, ZAsented
(Ryan and Pagnutti 2009) a communication suggestiey
possibility to calibrate DMC cameras. But some qoestiarise:

How stable is this calibration? Some multispecaaborne
sensors need an annual calibration because somgehiong
time on radiometric parameters is observed.

5. CONCLUSIONS

Photogrammetry and Remote Sensing started dealinly wi
topics almost totally different but these last geare could
describe a convergence process sharing objectiedoaking
for common methodologies.

Many questions concerning radiometry of digitali@erameras
are still open but these test campaigns can canérito improve
our knowledge on those issues in order to build esom
operational solution.
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