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ABSTRACT:

This work is a review of the Digital Metric CamefaMC) calibration carried out by the Institut Cartdiigade Catalunya (ICC)
during these last months and an overview of the NRYer of Catalonia (Spain) area. From the veryitnr@gg of the DMC
operation, ICC has been concerned about colorimedtibration, physical interpretation of the digitaimbers (DN) provided by
the camera, atmospheric correction of the imaganyg, similar issues. In this sense, several fiefgegrments were performed, in
order to overcome the difficulties associated ®BEMC radiometric calibration. The next step wasdbeelopment and integration
of a new information layer seamlessly integratethin ICC ortophoto and photogrammetric workflowscdhsists of a Normalized
Difference Vegetation Index (NDVI) derived from leftance DMC imagery of Catalonia (32,000%at 25 cm GSD, involving a 8
bit-per-pixel raster “on the fly” orto-rectificatioof aerial photos without stitching. The seledi#dC imagery is LR4 (without pan-
sharpening) with absolute radiometric calibratieithier using camera manufacturer coefficients nreasat laboratory or an ICC
procedure by means of simultaneous acquisition MCDand CASI (Compact Airborne Spectral Imager sensnagery. At the
moment, no atmospheric correction is performedh® data. The layer is provided as a web map sefWidS) Geoservice
disseminated according to ICC data policy. This seri$ available for most SIG environments: ArcMifiramon, gvSig, etc.
Besides, there is a public interface to ICC WMS sexvitat will allow, in a very near future, accegdime NDVI layer information
at http://www.ortoXpres.cat. OrtoXpres provides g@dnymy layer and coordinate searching capabilityallows fast online
publication just a few weeks after the flight haeb carried out. Agriculture Department of the Galitat de Catalunya (Catalonia
regional government) is already using this NDVIdgit to verify agriculture policy on several crofineyards, cereal, etc.).

1. INTRODUCTION

The main difficulty in the move towards that aimsathe lack
In 2004 the Institut Cartografic de Catalunya (ICCided to  of a camera absolute radiometric calibration (Ryamd a
make a commitment to a totally digital mapping win. The  Pagnutti, 2009; Honkavaara et al., 2009). This soft
selection phase for a digital camera was complet#td the  calibration is a foremost prerequisite to find areot pixel
delivering of two Zeiss/Intergraph Digital Mappi@amera (Z/I  reflectance. In this sense, several field expertmewere
DMC) systems the ICC. The Z/I DMC camera includeswa-fo performed, in order to overcome the difficulties@sated to
band multispectral frame sensabitp://www.intergraph.com the DMC radiometric calibration (Martinez et al., 089

Martinez et al., 2010a). Nowadays, we also havabarhtory-
ICC has a long experience deriving information fromelite  measured absolute radiometric calibration for DM@vjated by
and airborne multispectral remote sensing imagefe  the manufacturer. Once we are able to perform asiphly
expertise areas include land cover maps, changectitet, interpretation of the digital numbers (DN) capturbd the
cartography of burnt forest, precision farming, cravater  camera, atmospheric correction of the imagery, rauketric
shortage management, crop water stress charatiemizetc. calibration and similar issues are real optionsIbtC imagery

(Martinez et al., 2007).
In this context, we wondered if it would be possibd derive
thematic information from DMC camera imagery. ICCulegly ~ The next step in the improvement of the use of DMG been
produces an ortophotomap layer of Catalonia (Spaih)s the development of a new information layer searfjess
means 32,000 kfmat 25 cm ground sample distance (GSD) ofintegrated into the ICC ortophoto and photogrammetric
regularly updated information that could feed théma workflows. It consists of a Normalized Differenceegétation
processors and vyield valuable information for terial  Index (NDVI): an index which provides a measureegetation
management. Then, there would be a chance to tran$MC  density and condition. It is influenced by the fracal cover of
imagery into functional and realistic new produststable for  the ground by vegetation, the vegetation density dis
research and development of new high quality Eabervation  greenness. It indicates the photosynthetic caparditihe land
products. surface cover (Rouse et al., 1973). This layer aviged as a



web map service (WMS) Geoservice disseminated dotpto
ICC data policy.

This communication will start describing the abselu
radiometric calibration of DMC imagery and its triorsation
into reflectance. Next we introduce the NDVI lays a WMS
OrtoXpres service. Finally we will present some rmpe
perspectives to be considered for future work.

2. ABSOLUTE RADIOMETRIC CALIBRATION OF
DMC IMAGERY

The implemented procedure to produce radiance fvC
imagery is based on manufacturer’'s calibrationhef tamera.
The suitable imagery for this process is the oagiDMC LR4
files (4 low resolution multispectral bands) exteat with the
DMC post processing software and the absolute edidr of
the camera. This means that pan-sharpening, gam
corrections, grey compensations or any other raeiom
manipulations of the radiance are not allowed.

Under these premises, we calculate DMC radiancestmguhe
Equation 1:
L= k-DN Q)
where:
L is the DMC radiance,

k is a calibration factor,
DN is the DMC 12-bit-per-pixel digital number.

To estimate the calibration factor k we follow DMC
manufacturer indications as in Equation 2:

2
teaiib factual

@

2
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where:
cis a calibration factor in the DMC tif file
teaip IS calibration exposition time,
tactal 1S IMage exposition time,
feaip is calibration diaphragm,
factual 1S iMmage diaphragm.

At this point we have transformed multispectral DM®4
digital numbers into genuine physical radiance.

3. REFLECTANCE DMC IMAGERY

Once we can express DN from DMC in terms of physical

radiance, it is possible to calculate reflectanme gach DMC
band. Reflectance (Equation 3) is a quotient betwten
incoming energy from the Sun and the reflectedg@néom the
cover, modulated by some geometric factors thaenémn the
location, date and time of the DMC imagery acquasiti

nL
KE,

p= 3
where:

pis the apparent reflectance,

L is the previously calculated radiance,

M is a geometric factor,

E, is the extraterrestrial solar irradiance.

To compute we use the Equation 4:

(4)

U= cos b

whered, is the solar zenithal angle.

Figure 1 and Figure 2 show a LR4 DMC image transfdrme
into reflectance with two classical band configimat RGB and
Infrared False Color (IRC), respectively. These imagéhelp
us to analyze the result of the NDVI images we wiitain in

the following sections.

B

N

Figure 1. DMC LR4 RGB image of apparent reflectanca. (L
Guineta d’Aneu 42°35'30”N 1°7'50"E WSG84)

4. NDVI DMCIMAGERY

Live green vegetation absorbs visible light (sakdiation) as
part of the photosynthetic process. At the samee tiplants
scatter (reflect) solar energy in the near infrafidds difference
in absorption is quite unique to live vegetation gmovides a
measure of its greenness. NDVI is calculated frbered and
near-infrared reflectancgs, andg,, as:

Pnir — Pred
Pnir + Pred

NDVI = (5)



Comparison of NDVI from
Reflectance vs. from Radiance

——NDVI from Reflectance -== NDVI from Radiance

Frequency

Figure 3 Comparison of DMC NDVI hiograms of La Guineta
d’Aneu calculatedrom radiance values vs. reflectance val

On the other hand, thanks to tlow altitude of the flight, the
atmosphere onlgmoothly impacts the values of the NL. So,

at the moment, reflectance at the sensor is corslidgrope

enough to perform arNDVI calculatior (Martinez et al.,
2010b).

By definition, NDVI values aralways betwee-1 and +1. Bare
soil NDVI ranges from 0.05 to 0.30 depending ofl
brightnessOn the other hand, pure vegetation NDs always
high and up to 0.7 or 0.8. NDVI decreases for migeels anc
also as leaves are subjectedviater stress, hecome disease:
die. Snow NDVI values are close to zero, while wdtedies
have negative NDVI values.

Therefore, the validrange of NDVI values is-1,1] and
consequently if we want to use a pp image to represent this
information, a transformation is requi. The proposed
transformation is to linearlyxpand the -1,1] range of real
numbersa the [0,200] range of integers, and store theesln
a 8 bpp image. See on Figur&lBVI data represented in a gr
scale.However this product is not velappealing or easy to
interpret by a general usefo overcome this difficulty w

. . define a simple legend (Tablethatcan help in interpreting the
Figure 2. DMC LR4 IRC imagef apparent reflectanc(La NDVI image.

Guineta d’Anew42°35'30”N 1°7’50”E WSG84

NDVI level colour | NDVI range
NDVI <0
0<NDVI<0.2

For many years, Equation Was used with DN instead
radiance or reflectance. That was justifigdthe hard work that
supposed the proper calibrationrefmote sensing sensors. T 0.2 < NDVI < 0.4
approximation is far from beingeasonale for monitoring 0.4 <NDVI <06
vegetated covebecause Equation 5 is based on reflect TR @ 0.6 < NDVI
spectrum of vegetation and bare soil. fapsolute calibratiol
is available physical magnitudes are better than DN to com
NDVI index. Furthermore, the use of radiance ead of
reflectance in DMC imagery leads to a bias in ND¥lues in
such a way that they become inoperative for quetivté studie:
(Figure 3). This is why equation 5 should alwaysused with
reflectance values.

Table 1.Legend of NDVI images for visual interpretati

Figure 5 shows the NDVI from La Guineta d’Aneu ausing
the proposed colours to support the general ustr the dat:
analysis.



Figure 4. DMC NDVI image from apparent reflectanta
Guineta d’Aneu 42°35°30”N 1°7'50"E WSG84)

5. ICC ORTOXPRESWMS SERVICES

The NDVI layer is provided as a WMS Geoservice. WS

standard protocol for serving georeferenced mapménaver
the Internet that is generated by a map serveronisists of a
doc-view architecture on the web that serves tliernmation

demanded by the user from a database that stoletheal
imagery, ancillary data and image metadata.

Until now, the database contained the imagery,ottientation
and a digital terrain model (DTM) and the produdayer had
on-the-fly orthorectification of a single 8 bpp igea without
stitching (then, not all zoom levels are availablE)e waiting
time between flight mission and data publishing goeliminar
geometric accuracy (nominal direct orientation)li® weeks,
while it takes 1-2 months for best geometric accyra
(aerotriangulation). Now, the database is fed whtb proper
data to perform the radiometric transformationscdbed so
that a NDVI layer is automatically available froniRg& DMC
imagery for both geometric accuracies. This WMSviser is
available for most SIG environments: ArcMap, Miramo
gvSig, etc.

Figure 5. DMC NDVI image from apparent reflectancd &ble
1 legend. (La Guineta d’Aneu 42°35'30”N 1°7'50"\ESG84)

ICC ortoXpres is a public service available on theerimet
devoted to publishing photogrammetric flights usi#gMS
services lttp://www.ortoXpres.cat The doc-view architecture
of the WMS service allows to serve cartography eadt of
create, store and distribute the cartography madittonal way.
This service reduces the customer waiting timenéw data and
adds the time line as an analysis element, alswisly data
comparison. In addition, ortoXpres provides a topon layer
and coordinate searching capability.

6. OPEN PERSPECTIVES

The incorporation of a radiometrically calibratebghuct into
the ICC ortophoto and photogrammetric workflows isrand-
new opportunity to derive thematic information froBbMC

camera imagery. The first NDVI cover of Cataloniaad®5 cm
GSD is now a true reality. Agriculture Departmerft the

Generalitat de Catalunya (Catalonia regional govemmis

already using the NDVI layer to assess its agnicalpolicy for
several crops (vineyards, cereal, etc.) After firig step, new
challenges are ahead for our group, such as thse1fi25,000
ortoNDVImap of Catalonia and other NDVI products ided

from satellite imagery.
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