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Article

Towards a National 3D Spatial Data Infrastructure:

Case of The Netherlands

JanTIEN STtoTER, Delft/Apeldoorn/Amersfoort, Georce VosseLman, Enschede,
Joris Goos, Rotterdam, Sisi ZLataNova, EbwaRD VERBREE, Delft, Rick KLOOSTER,
Apeldoorn & MarceL Reuvers, Amersfoort

Keywords: national 3D standard, 3D GIS, 3D SDI, CityGML

Summary: This paper presents a research project
in The Netherlands in which a large number of
stakeholders collaborated on a 3D test bed, use
cases and a test area to push ahead 3D develop-
ments and applications in The Netherlands. The
pilot has realised a proof of concept for a 3D Spatial
Data Infrastructure that addresses issues ranging
from 3D data acquisition, definition of a 3D stand-
ard, maintenance of 3D data and use of the 3D data
in specific applications. An important result is the
3D standard NL, compatible with international (i. e.
CityGML) and national standards on 2D and 3D
geo-information. The major contribution of this re-
search is that the main building blocks of a 3D SDI
(needs, data, test bed and standards) are studied in
coherence to ultimately realise a shared approach to
3D for a whole country.

Zusammenfassung: Auf dem Weg zu einer 3D-
Geodateninfrastruktur: Der Niederldndische An-
satz. Dieser Artikel stellt ein Forschungsprojekt
aus den Niederlanden vor, bei dem sich eine grof3e
Zahl von interessierten Gruppen zusammengefun-
den hat, um tber ein 3D-Testbed, viele Anwen-
dungsfille und ein gemeinsames Testgebiet die
Untersuchungen zu 3D-Geodaten und den darauf
aufbauenden Anwendungen voranzutreiben. Das
Projekt hat die Machbarkeit einer 3D-Geodatenin-
frastruktur nachgewiesen und dabei die 3D-Daten-
erfassung, die Definition von 3D Normen und Stan-
dards, Fortfiihrung von 3D-Daten und Nutzung
von 3D-Daten in unterschiedlichen Anwendungen
untersucht. Ein wichtiges Ergebnis war die 3D-
Norm-NL, die auf internationalen, d.h. konkret
CityGML, und nationalen Normen und Standards
fiir die 2D- und 3D-Geoinformation aufbaut. Der
iberragende Beitrag des Forschungsprojekts ist
aber die gleichzeitige Analyse der wichtigsten Bau-
steine einer 3D Geodateninfrastruktur, namlich
Anforderungen, Datengrundlage, Testbed sowie
Normen und Standards, um auf dieser Grundlage
spiter die 3D-Geodaten fiir einen ganzen Staat auf-
zubauen.

1 Introduction

In the past ten years technologies for creating
and managing 3D geo-information have ma-
tured while costs of generating 3D geo-infor-
mation have significantly been reduced. Yet
many (governmental) organisations hesitate to
introduce 3D into their everyday processes.
This is partly because there is no common ap-
proach for 3D geo-information and partly be-
cause knowledge of 3D technologies is still
very scarce and not easily accessible to new-

© 2011 E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, Germany
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comers. Much relevant knowledge is only
available at data providers and software ven-
dors level which make it difficult to get an in-
dependent advice. On the other hand, the de-
mand is not always clear which makes it hard
for data providers and software vendors to of-
fer demand-oriented products and services.
Despite the slow progress of 3D in practice,
it is clear that 3D applications are important
and will become even more important in the
near future. The world is 3D and consequently
a 3D approach has better potentials for manag-
ing and planning public spaces (for example
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underground and aboveground data can be in-
tegrated). Also a 3D approach allows better
environmental predictions such as flood-, air-
and noise-simulations (see STOTER et al. 2008).
Therefore, the Kadaster (Dutch national ca-
dastre and mapping agency), Geonovum (the
National Spatial Data Infrastructure executive
committee in The Netherlands which develops
and manages the geo-standards), the Nether-
lands Geodetic Commission (initiates funda-
mental and strategic research in geodesy and
geo-information in The Netherlands) and the
Dutch Ministry of Infrastructure and Envi-
ronment initiated a pilot to advance the use of
3D in The Netherlands. In this pilot (run be-
tween March 2010 and June 2011), more than
65 private, public and scientific organisations
collaborated to analyse and push ahead 3D de-
velopments in The Netherlands.

Being an absolute necessity to realise such a
push-ahead, a 3D standard NL based on con-
tributions from many different 3D experts and
stakeholders was established. For this purpose
use cases were defined and executed on a 3D
test bed. In addition large amounts of test data
were made freely available for all participants
in the pilot. Finally the established Dutch 2D
standardisation framework was studied for ex-
tension into 3D while aligning to the interna-
tional OGC CityGML standard, driven by ex-
periences of the use cases and the test bed.

The establishment of a national standard for
3D geo-information can be considered as one
of the main results of the pilot. However, the
ultimate aim was to realise a proof of concept
for a 3D Spatial Data Infrastructure (SDI) by
studying the main building blocks of a 3D SDI
(needs, data, information architecture and
standards) in coherence, to define a common
3D approach for a whole country. This is the
topic of this paper. The technical details of the
development of the national 3D standard are
reported in VAN DEN Brink et al. (2011). It
should be noted that the research did not focus
on the individual techniques for generating,
handling and exchanging 3D data, which has
received considerable attention in past re-
search.

A proof of concept (POC) for a national 3D
SDI may be seen as a solution limited to one
specific country. However, the process that es-
tablished this POC, which includes a national

3D standard extending CityGML, contains
many generalities which are of interest for
other countries. In particular, because experi-
ments on CityGML extensions and on the in-
tegration with existing 2D data sets are new.
Therefore, other countries can learn from the
process that led to the proof of concept of the
3D SDI as described in this paper.

This paper is organised as follows. The
methodology of the research is described in
section 2. Section 3 summarises the main find-
ings and conclusions per Work Package. Sec-
tion 4 closes with the main findings and con-
clusions and formulates recommendations to
further push ahead 3D developments in prac-
tice.

2 Methodology of 3D Pilot NL

The pilot had quite ambitious goals: The crea-
tion of a test bed based on use cases related to
a predefined test area in order to find consen-
sus on a 3D standard NL which should lead to
a breakthrough in 3D. This required a 3D
standard NL that optimally relates provided
3D information and technology to the demand.
Therefore, well-defined 3D requirements were
needed from the start. However, (new) users
may not be aware of all potentials of 3D tech-
niques. Therefore, they may be better capable
of formulating their requirements when ‘con-
fronted’ with the technical possibilities during
the research process. This has been a guiding
principle of the methodology of the 3D pilot,
which is further described in this section.

The motivation to establish a 3D standard
NL in a pilot setting is twofold. Firstly, a test-
ing environment was required to structure the
knowledge in the wide domain of 3D and to
show to new users the potentials of 3D tech-
niques. This was driven by the notion that 3D
techniques are more developed than currently
applied in practice. Secondly, establishing a
3D standard NL requires wide support of
many stakeholders. The involvement of those
stakeholders in the development process of the
standard within a pilot setting would be essen-
tial to obtain this support.

In January 2010 more than 45 organisations
responded to the call for participation. Be-
cause the pilot received a lot of attention dur-
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ing its course, the number of participating or-
ganisations grew to about 65 (the list of par-
ticipants is available at Geonovum 20l11e).
Those organisations consisting of (large) mu-
nicipalities, provinces, universities, main GIS
and DBMS vendors, 3D data suppliers, engi-
neering companies etc. have played a major
role in the pilot. The 3D pilot participants are
not limited to The Netherlands, e. g. there are
participants from Germany and Belgium. In
addition several organisations work beyond
the Dutch borders and included their interna-
tional counterparts. Also, the (interim) results
of the pilot have been discussed at various in-
ternational workshops. See for example StoT-
ErR et al. (2010a), VErBREE et al. (2010), and
StoTER et al. (2011).

In order to realise the pilot objectives with
so many contributing organisations four re-
lated work packages (WPs) were defined, each
one equipped with its own WP leader (see
Fig. 1). In this way all participants could con-
tribute their expertise while pursuing their in-
dividual interests and, at the same time, jointly
realising the aims of the pilot. An optimal
alignment of the participants’ interests was
also driven by the fact that no budget was
available for individual contributions. Inter-
mediate results were exchanged and aligned
during plenary sessions which were organised
every six to seven weeks.

The four WPs that have run in parallel and
in an integrated manner are:

Fig.1: Overview of the four work packages in
the 3D pilot.

WP 1. Generation of 3D Information

Being the purpose of this WP, an inventory of
the available 3D data as well as techniques for
(automatically) generating 3D information
from different sources such as 2D under-
ground and aboveground data, laser point
clouds, airborne and terrestrial measurements
and 3D models created for construction appli-
cations (CAD/AEC/IFC) was created. This
inventory would allow newcomers to learn
what data is already available as well as how
much it takes to build a 3D dataset conformant
to the standard with available techniques. Fur-
thermore, this activity made all test data on
the selected test area (Kop van Zuid, Rotter-
dam) available for the other WPs.

WP 2. 3D Standard NL

The aim of the WP “3D standard NL” was the
development of the national standard on 3D
geo-information driven by the findings of the
other WPs and also by aligning to both nation-
al and international standards. The interna-
tional standards of interest are both CAD and
GIS standards. The national standards of in-
terest are the domain information models de-
fined by the Dutch model of base geo-infor-
mation (NEN3610), for example IMRO (spa-
tial planning), IMKL (cables and pipelines),
IMBOD/IMBRO (soil and subsoil), IMWA
(water), TOP10NL (mid and small scale topog-
raphy) and IMGeo (large scale topography),
see (StToTer et al. 2010b, GEonovuMm 2011a).

WP 3. 3D Test Bed

The goal of the test bed was to provide a test-
ing environment for conducting experiments
with 3D technologies to all participants and to
disseminate the experiences of the test bed
within the pilot. Ultimately, the experience of
the test bed should provide insight into what
works, what is missing and what developments
are still needed to implement 3D geo-informa-
tion architectures.
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WP 4. Use Cases

The core of the 3D pilot was the requirements
analysis of 3D geo-information and corre-
sponding techniques by specifying and exe-
cuting use cases. This has been done in close
consultation with 3D data providers (WP 1)
and the 3D test bed (WP 3). The experiences
of the use cases were used to further develop
the 3D standard (WP 2).

3 Main findings of the work
packages

This section summarises the main findings
per WP.

3.1 Generation of 3D Information

Many data suppliers have provided their (of-
ten specifically for the pilot acquired) 2D and
3D data of the test area ‘Kop van Zuid’ in Rot-
terdam. Examples are: 2D topographical data
at scale 1:500 and 1:10k, 3D geological data of
the subsurface (voxels of 100m x 100m x
0.5m), two high density laser point datasets
(the Height Model of The Netherlands, called
Actueel Hoogtebestand Nederland (AHN2),
with a point density of 10 pts per m? and a da-
taset with 30 pts per m?, acquired by Fugro for
the Municipality of Rotterdam), a 2.5D large
scale topographical dataset contributed by
Rijkswaterstaat, Cyclomedia orthophotos and
panoramic imagery, high resolution point data
of terrestrial laser scanners integrated with
panoramic photographs (Topcon Sokkia), pan-

All 3D pilot test data integrated in one environment, by
Bentley

Assigning z-values to TOP10NL vertices by Kadaster

3D City model from laser point data, by IT-Pro-People
(with Bentley software Terra Solid)

3D TOP10NL as integration of TOP10NL and laser point
data, by ITC U Twente (Oube ELBERINK & VOSSELMAN
2009)

CityGML buildings and trees by iDelft and Alterra

CityGML-LOD2 including trees by Toposcopie

Fig.2: Examples of further processed data in the 3D pilot.
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oramic video (Horus Surround Vision), re-
cordings by Imagem etc.

These input datasets formed a rich starting

point for 3D modelling activities of the test
area. Several pilot participants have further
processed these data in different types of 3D
models. Some examples are shown in Fig. 2.

The main findings of this WP on 3D infor-

mation generation can be summarised as fol-
lows:

The 2D and 3D source data already availa-
ble in The Netherlands in combination with
data that can be obtained by additional ac-
quisition offer rich potentials for building
3D geo-information.

Currently no successful techniques exist for
a fully automated generation of 3D infor-
mation, other than using existing (2D) data
and their semantics. It is expected that along
with the establishment of a 3D standard the
domain of 3D geo-information generation
will change because people will stronger
focus on the generation of 3D information.
Laser scanning is a fast emerging technol-
ogy, which contains a lot of potentials for
building detailed 3D models (either in com-
bination with existing 2D data sets or as an
individual approach).

The generation of relatively simple 3D mod-
els from 2D core spatial databases is the
best starting point because of four technical
reasons:

o connection to existing datasets means
connecting to existing application do-
mains which provides a justification for
the 3D information

o existing datasets often contain rich se-
mantics, which is difficult to obtain from
automated acquisition techniques

o existing datasets contain information
about objects that increases the possibili-
ties to automatically generate 3D models

o the update process (or at least the update
information) of existing datasets can be
used for updating the 3D datasets

From the perspective of a governmental or-

ganisation, the positioning of 3D geo-infor-

mation in the organisation is not easy. The
following guidelines may help:

o seek contact with application domains

o base the generation of 3D information on
the intended uses which should also dic-
tate the quality required (detailing, clas-
sification, semantics, geometry)

o find a balance between acquisition of
new data and use of existing datasets

o acknowledge the file formats existing in
the various application fields and realise
interoperability through specific ex-
change formats

o the need for a standard exchange format
is evident and makes multiple use of sin-
gle-acquired 3D information possible

Tab. 1: Comparison of 3D standards in CAD and GIS domains.

Standard/Criterion | DXF | SHP | VRML | X3D | KML | Collada | IFC | CityGML | 3D PDF
Geometry ++ + ++ ++ + ++ ++ + ++
Topology - - 0 0 - + + + -
Texture - - ++ ++ 0 ++ - n +
LOD - - + + - - - n _
Objects + + + - - + + +
Semantic + + 0 0 0 0 4t 4t +
Attributes - + 0 0 0 - + +
XML based - - - + - - + R
Web - - + ++ ++ + - +

Georef. + + - + + - - + +
Acceptance ++ ++ ++ 0 ++ + 0 + Tt

- not supported; 0 basic; + supported; ++ extended support
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3.2 3D Standard NL

The need for a 3D geo-information standard
was evident throughout the whole pilot. This
standard should align to available national and
international 3D standards. After a compari-
son of the main 3D CAD and GIS standards
(DXF, SHP, VRML, X3D, KML, Collada,
IFC, CityGML and 3D PDF) the OGC stand-
ard CityGML (OGC 2008) proved to be the
best starting point for a national standard on
3D geo-information, see Table 1.

CityGML provides the best support in terms
of semantics, objects, attributes, georeferenc-

ing and operation via the Web. The OGC
standard CityGML originated from the
academia in Germany (University of Bonn,
Technical University Berlin) and is often seen
as an exchange format. But CityGML is also
—and in particular — an information model for
representing 3D spatial objects. CityGML dis-
tinguishes between thematic concepts, e.g.
buildings, vegetation, water, land use, etc., at
the geometric and at the semantic level. This
conceptual model regards the features on eve-
ry level of detail (LOD). A building object can
vary from a simple block model (LODI), a
model including roof shapes (LOD2), a model

Fig. 3: Example — IMGeo modelling of Wegdeel as subclass of CityGML-TrafficArea (VAN DEN BRINK

et al. 2011).
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including windows, doors and other exterior
features (LOD3) to a fully detailed interior
model (LOD4) with or without texture infor-
mation.

At the beginning of the pilot, participants
were reluctant to use the CityGML standard. It
was claimed that the standard would be too
generic, that it does not contain detailed object
definitions and that it does not support com-
plex geometries supported in the CAD do-
main. Other problems are the focus on above
ground objects, ambiguity about the LOD def-
initions (geometry- or semantic-based), the
lack of relationship between the different
LOD-representations and the lack of rules that
ensure valid 3D geometry. Moreover, com-
mercial systems had limited support for
CityGML although this support improved
during the pilot.

However, after a year of running the 3D pi-
lot it became clear that, despite of these short-
comings, the connection to this standard en-
sures interoperability: that is, when Dutch
geo-information is encoded in CityGML, this
data is available to CityGML compliant cli-
ents.

Following the decision to use CityGML as a
base for the standardisation of 3D geo-infor-
mation in The Netherlands, the next step of
this WP was to establish a CityGML imple-
mentation profile for The Netherlands. The
realisation of this profile first focused on the
Dutch Information Model on large scale Geo-
information (IMGeo), since this model resem-

bles CityGML the most. The main principle of
the profile is the reuse of CityGML concepts
as much as possible. Therefore, the agree-
ments laid down in IMGeo were encoded in
CityGML and additional classes, attributes,
and attribute values were added if needed. See
Fig. 3 for an example of the class Wegdeel (i. e.
Road Parts; road segments that constitute a
road). IMGeo Wegdeel class is modelled as a
specialisation of the CityGML class Traffic-
Area, thereby inheriting its properties. The
generic attributes of IMGeo are modeled via
the stereotype <<interface>>, to avoid multi-
ple inheritance. The stereotype <<BGT>> in-
dicates the parts that are part of the legally
established authentic registry of large scale
geo-information (Basisregistratie Grootscha-
lige Topografie, BGT). As can be seen, the
only part which is not mandatory is Wegdeel.
lodOSurface. The attribute Wegdeel.functie is
equivalent to TrafficArea.function; the at-
tribute Wegdeel.fysickVoorkomen is equiva-
lent to TrafficArea.surfaceMaterial. Further
details of the CityGML implementation pro-
file are described in (VaN DEN BRINk et al.
2011).

The CityGML implementation profile also
contains further agreements of how to use
CityGML for the Dutch context. These agree-
ments solved most of the above mentioned
shortcomings of CityGML (e. g. the lack of a
precise LOD-definition and the lack of rules
for the object definition). The model is de-
signed in such a way that it supports both the

a

b

Fig. 4: Visualisation of CityGML-IMGeo encoded data: LOD2 (a) and 2D LOD (b).
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2D LOD’ (a term that we have introduced for
the integrated model) as well as the different
LODs of CityGML. In May 2011 the proposed
approach has officially been approved for the
information model for large scale topography
in The Netherlands. This close integration be-
tween an existing information model for 2D
geo-information and CityGML is a major step
for the use of 3D information and a unique
achievement for standardisation in 3D.

To test the CityGML-IMGeo implementa-
tion profile IMGeo data and laser point data
were combined to generate CityGML-IMGeo
encoded data of the pilot test area. The result
is shown in Fig. 4.

During the establishment of the model and
sequential testing, deficiencies were identified
both for IMGeo and CityGML which were
used to formulate Change Requests (CRs) for
both models. Examples of CRs for CityGML
(submitted in August 2011) required to model
every class at least in LODO (in current
CityGML some classes only start at LODI
such as Building, CityFurniture, TrafficArea)
and to distinguish between function and phys-
ical appearance of Land Use (the current codes
for ‘function’ is a mixture of both) (VAN DEN
Brink et al. 2011). Also a proposal for support
of voxels in CityGML is under study based on
the experiences of the 3D pilot. This proposal
builds on the works of TEGTMEIER et al. (2009)
and ZoBL & MARSCHALLINGER (2008).

Besides the IMGeo specific aspects, City-
GML-IMGeo contains generic aspects that
can be reused for extending other Dutch do-
main models into 3D when appropriate. To get
a feeling for the possibilities, the WP 3D
standard NL finally carried out a study regard-
ing the matching of the concepts of the other
Dutch domain models with CityGML. For this
matching also several Application Domain
Extensions (ADE) were considered, such as
the extensions for Utility Network, Tunnel and
Bridge. In the future, the planned ADE for ca-
bles and pipelines may be relevant (BECKER
2010, Huazi 2010).

3.3 The 3D Test Bed

The 3D test bed examined the techniques to
support 3D information in general and

CityGML in particular, based on the data
made available by the participants of the Rot-
terdam test area. The Section GIS technology
of the TU Delft implemented a specially de-
signed test bed environment which could be
used by all participants. Apart from a file-
based data server for the test data, the test bed
offered a DBMS implementation, i.e. the
3DCityDB. This database is an open source
3D geo-database, developed by the TU Berlin,
that implements the CityGML data model in a
relational database (Oracle Spatial 11g in our
case) (TU BerriN 2011). The database was
(and is still) available for all pilot participants
to upload, validate and export CityGML data.

The feedback of the test bed experiences to
the participants during the 3D pilot led to a
better understanding of CityGML, as did the
free CityGML course that this WP offered in
March 2011 (recorded and available at (TU
Derrr 2011)). Therefore, the use of the
3DCityDB increased during the 3D pilot,
which was also stimulated by better CityGML
support by systems provided by companies
such as Bentley, Esri and Intergraph.

The experiences of the test bed confirmed
that a free interpretation of the use of CityGML
LODs for both geometric and semantic level is
possible and that the 3D standard NL should
therefore make further arrangements in a
CityGML implementation profile for the Dutch
context. The WP 3D standard NL has taken
over this suggestion, as described above.

Because CityGML does not directly enforce
the validity of the 3D geometries, the test bed
also studied a geometric validation tool (de-
veloped by the TU Delft) and the validation
possibilities of Oracle Spatial. The tools check
whether a 3D object is valid. This means that
the faces of a volume do not intersect, the vol-
ume is waterproof (no openings) etc. (LEpoux
et al. 2009).

Another important activity of the WP 3D
test bed was the study of methods to generate
CityGML encoded data (see also examples in
Fig.2). The experience with the 3D test bed
showed that CityGML is increasingly sup-
ported in commercial software. This support
allows to generate and export CityGML data.
Several different approaches were demon-
strated by the companies participating in the
pilot. For example, Bentley Map is able to ex-
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port CityGML files via an FME-based inter-
operability component, and recently a specific
mapping of CityGML to Bentley XML Fea-
ture Modelling scheme has become available.
With this scheme it is possible to build seman-
tically and geometrically valid 3D CityGML
objects from scratch and to manipulate them
afterwards.

Another method for generating CityGML
encoded data of buildings was the extrusion of
2D building “footprints” based on a height at-
tribute of the LODI objects. A good example
of this approach is the 3D data conversion tool
from the company iDelft that was developed
during the pilot. Other examples include Arc-
GIS and Toposcopie that offer tools to gener-
ate 3D building block models by a combina-
tion of 2D topography (large or midscale) and
point clouds from laserscan data or photo-
grammetry. If the footprints of the buildings
connect, it is also possible to generate topo-
logically correct CityGML LODI data accord-
ing to the method described in (MEUERS &
Lepoux 2011).

Most roof types for LOD2 data could be
generated (semi-) automatically from laser
point data by matching laser points with pre-
defined roof shapes (see Fig. 2, example lower
left by iDelft and Alterra) or by applying sur-
veying methods combined with images (Topo-
scopie). A fully automatic generation of any
LOD2 and LOD3 building objects from point
clouds was not shown in the test bed for two
reasons: The many complex roofs require in-
ternal lines for a border-definition. Those lines
are not yet available. Combined buildings such
as terraced houses require an a-priori object-
definition to perform a correct processing of
the laser data such as merge, split, and estima-
tion.

Models of trees for LOD2 and LOD3 could
also be derived from laser point data as done
by Alterra, and ITC University of Twente (for
examples see Fig. 2 and 5).

Another way demonstrated to generate
CityGML data (manually) was the application
of SketchUp (software for creating 3D models
for use in Google Earth and other systems).
This software has a plugin for CityGML, al-
though this link is still not fully operational.
The validation test on CityGML structure and
scheme definitions usually happens when the

CityGML data is imported into one of the
available viewers, for example LandXplorer of
FZK (Forschungszentrum Karlsruhe) (as in
Fig. 4). If this visualisation looks good, then
the CityGML data is deemed acceptable. Un-
fortunately, our tests have shown that
CityGML viewers do not check for topologi-
cally and geometrically correct CityGML
data. Such data is accepted and visualised
though many of it was incorrect, for example
some volumes were not waterproof, meaning
that, the files sometimes had overlapping
planes or gaps between objects that should
connect to each other.

The 2.5D representations of CityGML
(LODO), i.e. Land Use objects were also test-
ed. They can be generated through a con-
strained triangulation from laser points where
the polygon boundaries are used as breaklines.
In this way also the height variance within the
polygon surfaces are represented.

3.4 Use cases

The use case studies were important in the 3D

pilot: What applications need 3D information?

Which 3D information is needed? What is the

state-of-the-art of 3D techniques in relation to

3D needs? In order to answer these questions,
six use cases were defined and executed in this

WP. These are:

® 3D cadastre: recording of property items
located above each other (see also STOTER &
PrLoeGErR 2003, STOTER & SaLzmanN 2003,
StoTER & O0sTEROM 2005),

® generation, maintenance and distribution of
3D topography,

® applying voxel data for GIS analyses,

O integration of voxels (3D grids) with 3D

objects,

O integration of surface and subsurface data,
® 3D data integration in construction proc-

esses: How to use design data (IFC/CAD/

Collada) in GIS applications and how to use

3D geo-information in building informa-

tion models (BIM)?

e 3D for spatial planning: generating 3D vir-
tual environments based on architectural
models for communication with citizens,

® 3D change detection (see also VOSSELMAN et
al. 2005).
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Several 3D pilot participants have experi-
mented with the use cases, see Fig. 5. To make
the use cases easily available for the wide pub-
lic, demos of the use cases are published on
YouTube (see GEonovum 2011b).

Experience with the use cases confirmed
that lacking knowledge about generating and
using 3D data and techniques is often a bigger
problem for 3D applications than the lack of
technology itself. Technical problems did oc-

3D Kadaster (Dutch Kadaster and Bentley) Tree model generated by Alterra for use case 3D topography

of a planned tunnel, by Esri and TNO

Calculation of soil volumes (voxels) at the location | Realtime interactive airstream simulation with voxels, Alterra

Spatial planning objects in CityGML, Crotec

3D change detection, NEO BV

Gemeente Apeldoorn

Integrating design models in virtual environments , 3D Change detection based on differences between two

point clouds, U Twente

Fig. 5: Selection of the executed use cases.
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cur during the exchange of 3D data between
software, because not always the original in-
formation (geometry and semantics) was
maintained. Thus, the importance of an ex-
change format for 3D geo-information again
proved to be evident.

Many of the use cases addressed the con-
version from BIM information to 3D geo-in-
formation and vice versa (not shown in Fig. 5).
These conversions go beyond the technical
conversions as studied in BErLo & DE LaAT
(2010), BormanN (2010) and EL-MEekawy
(2010). Instead, the efforts were focussed on
the semantic issues of the conversions: How
do concepts from the BIM domain relate to
concepts in the GIS domain? Which informa-
tion is specific for the two domains? How can
the relevant characteristics be preserved in the
conversion? How shall differences in the con-
ceptual models in both domains be dealt with?
How shall the different geometries in both do-
mains, 1. e. simple geometries in GIS and com-
plex, parameterized geometries in BIM, be
dealt with? These questions extend the work
of IsikpAG & ZiraTtanova (2009).

The experiences of the use cases on the
BIM/GIS topic reinforced the different char-
acteristics between BIM and GIS data. The
integration of both types of data via a common
exchange format is beneficial because BIM
data can feed GIS data and GIS can serve as a
reference for BIM data. However, integration
should acknowledge the differences between
both types of data. To start with, the object de-
scription of BIM and GIS, e.g. CityGML
LOD4, differs significantly. In addition, GIS
is characterised by the coverage of large areas,
e. g. acomplete city, and lower precision, while
BIM is characterised by its local and very de-
tailed approach, a limited number of construc-
tion models usually available in a city and
high precision necessary for reliable construc-
tion calculations. Assuming that original BIM
files may serve specific applications in the fu-
ture, it is important to maintain both the origi-
nal BIM source file and the simplified
CityGML representation of the BIM file (in
the city model).

4. Conclusions, main findings
and recommendations

The aim of the research project presented in
this paper was the advancement of 3D devel-
opments in The Netherlands by studying and
applying 3D technologies on use cases and us-
ing these experiences to establish a national
3D standard to support a 3D SDI. After a year
of collaboration with many stakeholders it can
be concluded that the objective is achieved.
The 3D pilot has shown the added value of 3D
and what it takes to exploit this value. A typi-
cal example is the integrated planning and
management of space above and under the
surface. The findings of the pilot have shown
that it is no longer the question if, but how 3D
in The Netherlands should be organised and
implemented in a 3D SDI. These conclusions
can be drawn from several main findings.
These will be summarised in Section 4.1. Sec-
tion 4.2 formulates recommendations that fol-
low from these findings.

4.1 Main findings of the 3D pilot

3D is needed and feasible

The 3D pilot has accomplished a focus on 3D
geo-information developments in The Nether-
lands. At the beginning of the 3D pilot a small
group of experts was aware that 3D technolo-
gy is further developed than currently used in
practice. But specific knowledge on how 3D
could be applied in common applications was
lacking. The extensive exchange of 3D knowl-
edge and experiences between a large number
of participants resulted in the consciousness of
the feasibility of 3D within a wide public. The
field of 3D geo-information has therefore be-
come tangible and manageable, which is im-
portant for further 3D developments. The
changing perception of the standard CityGML
over time may illustrate the strong increase of
awareness. The 3D pilot participants consid-
ered this standard as exotic at the start; at the
end of the pilot there was a widely supported
3D CityGML-IMGeo profile. Also it became
clear that 3D geo-information not only belongs
to the traditional field of geo-information. In-
stead it requires close cooperation with other
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disciplines such as planning, design, and con-
struction management to make 3D feasible
and use its added value.

3D standard NL is important and has been re-
alised

According to another finding the lack of a 3D
standard considerably inhibits the use and ex-
change of 3D geo-information. Therefore, for-
malised agreements on a standard such as
CityGML are essential. Even if this standard
is not being considered 100% optimal it equips
governmental organisations with the kind of
3D geo-information that they can build upon.
At the same time it provides private industry a
stable platform for innovative developments.
The pilot provided a suitable environment to
formulate user specific requirements for a di-
verse group of users which eventually led to
the CityGML-IMGeo standard. This standard
solved some of the issues of the generic stand-
ard CityGML. Without the pilot it would have
been much harder to establish such an extend-
ed 3D standard.

3D base dataset is required and feasible

The pilot has shown the need for a nationwide
3D base (or reference) dataset. This dataset is
needed for referencing (new) 3D information
in the virtual model of the world and for pro-
viding a basis for 3D planning and manage-
ment of public space. Many large municipali-
ties have 3D datasets, which unfortunately are
often restricted to the territory of the city and
available in different formats and resolutions.
Currently, only Google Earth is available on a
country-wide scale, but has a limited repre-
sentation of subsurface features - among other
restrictions such as an unknown update status
and an undisclosed accuracy. The pilot
achieved promising results for generating 3D
topography to be used as such a reference da-
taset, i. e. by a combination of 2D IMGeo data
with AHN2 (both soon available nationwide) a
3D topographic base dataset can be quite eas-
ily generated. Also,acombination of TOP10NL
and AHN2 showed potentials to rapidly and
efficiently build a nationwide 3D base dataset
at midscale.

3D NL is organised
One of the main results of the 3D pilot is the
generation of an informal network in The

Netherlands. This is valuable because further
3D developments ask for wide support as well
as for an integrated approach of various exper-
tises. The network is active on Twitter and
LinkedIn (more than 400 members) which
makes it easy to exchange and publish specific
and generic 3D achievements within the 3D
network of The Netherlands. This networking
environment has appeared to be very power-
ful.

The pilot approach was successful

The collaboration of a large number of partici-
pants without any financial compensation can
be considered as a good indication of the suc-
cess of the pilot. It was also valuable that com-
panies with more or less the same, and there-
fore competing, “businesses” were willing to
share their knowledge. A major reason for the
strong commitment of the participants was the
overall goal being beneficent for all partici-
pants: pushing ahead 3D developments in The
Netherlands. The result-oriented approach led
to a close connection with practitioners and to
a stimulating and motivating environment for
collaboration.

The 3D pilot also received national and in-
ternational attention, e.g. OGC has awarded
the 3D Pilot NL with the OGC 3D award in
September 2010. This was partly due to the
various national and international publications
and presentations.

The lack of 3D knowledge is the severest bot-
tleneck

The execution of the use cases showed that a
lack of 3D knowledge is a bottleneck for ap-
plying 3D. This is true for governmental or-
ganisations because they suffer from a lack of
knowledge in the new domain of 3D. In addi-
tion, the pilot showed that 3D has many differ-
ent fields of expertise. Structuring the knowl-
edge within the broad field of 3D has been
important for a wide support of 3D in The
Netherlands. The intensive knowledge ex-
change resulted in several small partnerships
among pilot participants (sometimes behind
the 3D pilot scenes). Those partners have
evoked 3D innovations (such as a better sup-
port of CityGML in commercial GISs and im-
proved automatic object construction op-
tions).
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In line with this finding, the five final re-
ports of the pilot (one for each WP and an ad-
ditional executive summary, see GEONOVUM
2011c) specifically aimed at filling knowledge
gaps within the wider public. The reports are
intended both to inform outsiders about what
has been achieved in the pilot, but also to make
various aspects of 3D accessible for newcom-
ers to the field of 3D. In addition the pilot
closed with a national symposium on 3D at
which the acquired knowledge was presented
to a wide public (GEoNnovum 20011d).

Besides generating new knowledge and
merging existing knowledge, the findings of
the 3D pilot identified a number of issues for
further research. Examples include further de-
velopments in automatic generation of 3D in-
formation, updating 3D datasets, and main-
taining 3D information. However, 3D topology
and validation of 3D geometry needs further
research attention. More attention should be
drawn to the kind of 3D spatial operations that
should be implemented, and to the broader use
of the 3D information. As mentioned above,
most of the use cases were focussed on the in-
tegration of data.

4.2 Recommendations

An important next step is the search for fur-
ther agreements about the way of implement-
ing and organising 3D in The Netherlands. In
line with the findings and conclusions, some
recommendations have been formulated. On
one hand they cover aspects that can be picked
up by the initiators of the 3D pilot (Kadaster,
Geonovum, Ministry of &M and NCG). On
the other hand, some topics need further in-
vestigation and therefore require a similar col-
laborative and experimental environment as
the 3D pilot.

Recommendations for the initiators of the
pilot to take over the results and findings are:
® The established 3D standard NL needs

maintenance and further testing on usabili-

ty and technical aspects. In addition, expe-
rience with 3D IMGeo should be used to
extend also other domain models with a no-
tion of 3D if appropriate.

® The extention of the existing national 2D
large and midscale reference datasets to-

wards 3D requires further attention. This
covers both, the implementation of success-
ful 3D pilot results into practice as well as a
business case study for providing such a 3D
reference dataset supporting the Dutch
SDIL

® The commercial companies should be en-
couraged to provide importers/exporters for
the 3D standard NL.

® The accomplished network is important for
further 3D developments in The Nether-
lands. Therefore, the network should be
maintained and further expanded by a con-
tinued facilitation of the 3D test bed, main-
tenance of the Twitter and LinkedIn envi-
ronment and organisation of regular knowl-
edge sessions (as was done during the pi-
lot).

The issues that require further elaboration
in a pilot environment were derived directly
from the observation that relevant knowledge
is often lacking at the relevant organisations
and that this hinders 3D developments. There-
fore, more knowledge is needed to let govern-
mental organisations as well as data-, technol-
ogy- and service-providers better direct their
3D developments. Sometimes, this includes
existing knowledge that still requires structur-
ing in a collaborative environment. Sometimes
it involves (new) knowledge that needs to be
built in an experimental setting.

For several aspects the 3D pilot has built
new capacities and organised existing knowl-
edge, e. g. regarding the generation, manage-
ment and implementation of 3D geo-informa-
tion. But the pilot also identified capacity gaps
that require additional knowledge building.
Some topics that need further research atten-
tion in a pilot setting are:

Successful 3D strategies for governmental or-
ganisations

The introduction of 3D in governmental or-
ganisations is relatively new. The study of suc-
cessful (technical) 3D strategies based on
“good practices” may support the introduction
of 3D in those organisations. These strategies
regard the generation, update and manage-
ment of the 2.5D and 3D data. In addition, ex-
ample specifications for outsourcing 3D geo-
information generation may be helpful as well
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as (more) examples of added value of 3D in
governmental processes.

Aligning to other disciplines

An important part of a successful 3D strategy
is the technical alignment with other disci-
plines such as design-, construction- and facil-
ity management-domains. Insight is required
on how to balance between strict agreements
on one hand and sufficient flexibility in the
separate domains on the other hand.

Organisational issues of 3D geo-information
It is obvious that 3D requires a specific organ-
isational approach within a governmental or-
ganisation, but the way how this best can be
achieved remains open. Defining and execut-
ing use cases for municipal tasks may provide
guidance how to best organise a 3D informa-
tion infrastructure in such an organisation.
How can optimal collaboration be accom-
plished between disciplines such as geo-infor-
mation, planning, design, management and
BIM? Often the benefits of 3D occur in other
departments than those where the bill has to
be paid. This causes another obstacle for or-
ganisations which plan to introduce 3D. This
uncertainty about costs-benefits may be an ob-
stacle and thus requires organisational solu-
tions that can be studied with the help of dedi-
cated use cases.

A new project group is currently working on
these topics in a next phase (planned for Sep-
tember 2011 till June 2012). More than 100
participants have subscribed. The new project
group will further work on the results of the
first phase to make them ready for use in prac-
tice. Addressing the still open 3D issues in a
collaborative and experimental setting where
expertise of universities, industries and gov-
ernmental parties are brought together, offers
the optimal conditions for 3D being actually
picked up by practice, as it was shown by the
3D pilot presented in this paper.
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Antarctic Coastline Detection using Snakes'’
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selection

Summary: In this paper we present an approach
for automatic coastline detection from images
based on snakes (parametric active contours) and
apply it to Landsat images from Antarctica. Snakes
require the definition of an energy functional that
reflects the underlying coastline model. For Ant-
arctica the coastline appearance in the images is
heterogeneous. Therefore, it is not possible to use a
single model only. After inspecting the images to
be used we formulate three different transition
models that match a large part of the Antarctic
coastline: (a) from ice shelf to water, (b) from ice
shelf to sea ice and (c) from rocky terrain to water.
For each of the three models the energy terms are
optimised based on the radiometric properties of
the adjacent regions as well as the curvature and the
potential change-rate of the coastline itself. A su-
pervised classification for the three classes ice, wa-
ter and rocky terrain controls the whole process by
selecting the most applicable model for a given im-
age region along the coastline. We present results
for the extraction of approximately 12 % of the Ant-
arctic coastline from an up-to-date Landsat mosa-
ic.

Zusammenfassung: Kiistenliniendetektion in der
Antarktis mit Hilfe von Snakes. In diesem Artikel
prisentieren wir einen Ansatz zur automatischen
Erfassung von Kiistenlinien mit Hilfe von Snakes
(parametrische aktive Konturen) und verwenden
diesen fiir die Detektion der Antarktischen Kiisten-
linie in Landsat-Bildern. Snakes erfordern die De-
finition eines Energiefunktionals, welches das zu-
grunde liegende Kiistenlinienmodell beschreibt. In
der Antarktis ist die Erscheinung der Kiistenlinie in
optischen Bildern inhomogen. Daher ist es nicht
hinreichend, mit einem einzelnen Modell zu arbei-
ten. Wir formulieren drei verschiedene Ubergangs-
modelle, die einen groflen Teil der Antarktiskiiste
abdecken: (a) von Schelfeis zu Wasser, (b) von
Schelfeis zu Meereis und (c) von felsigem Geldnde
zu Wasser. Fiir jedes dieser Modelle optimieren wir
die Energieterme auf Grundlage der speziellen ra-
diometrischen Eigenschaften im Bereich der Kii-
stenlinie sowie deren jeweils zu erwartender Kur-
vigkeit und Verdnderungsrate. Eine iiberwachte
Klassifizierung dieser Regionen fiir die Klassen
Eis, Wasser und Felsen kontrolliert den Prozess.
Wir zeigen Ergebnisse der Extraktion aus einem
aktuellen Landsat-Mosaik fiir circa 12 % der ant-
arktischen Kiistenlinie.

1 Introduction

Mapping a coastline is a comprehensive task,
traditionally carried out by manual digitiza-
tion from images. Exploiting remotely sensed
imagery by means of automatic image-
processing techniques is an increasingly im-
portant approach, especially where the need
for frequently updated coastline data is high.
Considering the coastline in a temporal sense,

the update cycle of the coastline data is limited
by the revisit time of the imaging sensor, and
the accuracy of the coastline is influenced by
the ground sample distance of the images. The
availability of space borne imagery has in-
creased in recent decades due to a larger
number of related satellites, including Radar-
sat-1, Landsat ETM+ or MODIS on board
Aqua/Terra.
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In Antarctica, the coastline attains particu-
lar attention, as it constitutes the border of the
vast ice sheet, influencing our climate and sig-
nificantly contributing to sea level rise when
melting (HoucHToN et al. (eds.) 2001). The
mass balance of the Antarctic ice sheet chang-
es due to surface and basal melting related to
climate change, resulting in many floating ice
shelves around the periphery of the continent.
The link between the break-up of ice shelves
and climatic effects such as global warming
and sea level rise is discussed e.g. in (BinD-
SCHADLER 1998, ScamBos et al. 2000). In order
to quantify such effects accurate and up-to-
date coastline information is necessary.

During the last 15 years, imagery of three
high/medium resolution satellites has been
used to create image mosaics of the Antarctic
continent. Two SAR image mosaics have been
generated from Radarsat-1 data in 1997 and
2000, i.e. the Radarsat Antarctic Mapping
Mission 1 (AMM-1) and its modified counter-
part (MAMM-2) (Jezex et al. 2002). The
MODIS Mosaic of Antarctica (MOA) has been
derived from images of the MODIS sensors
acquired from 2003-2004 (ScamBos et al.
2007). A Landsat Image Mosaic of Antarctica
(LIMA) with a ground sample distance of
240 m, with images taken from 1999 to 2003,
has been released in support of the Interna-
tional Polar Year in 2007/2008 (BINDSCHADLER
et al. 2008). Due to orbit inclination, LIMA
covers Antarctica only from 82.5° southern

latitude northwards. Two coastlines have been
extracted from the Radarsat Antarctic Map-
ping Project (RAMP) mosaic in a semiauto-
matic way and another one from MOA com-
pletely manually. To our knowledge, no com-
plete coastline has been extracted yet on the
basis of LIMA.

With respect to the fractal nature of coast-
lines (MANDELBROT 1967), the length of the
Antarctic coastline as detected in modern high
resolution satellite imagery reaches the size of
the Earth’s equator (cmp. Liu & Jezex 2004),
thus frequently mapping the coastline is a for-
midable task. As mentioned before, visual in-
terpretation of the imagery is still often being
applied in modern mapping projects (e.g.
ScamBos et al. 2007). This process yields a
seamless and unique realization of the coast-
line, but suffers from the immense time con-
sumption and the subjectivity of the observer.
In the spirit of map updating we consider the
existing coastline as an additional input when
automatically creating an up-to-date version.
Fig. 1 visualizes our idea of taking advantage
of a given coastline for detecting the up-to-
date position. We employ snakes (active con-
tours) introduced by Kass et al. (1988), with
the extended external force field by Xu &
PrINCE (1997), referred to as Gradient Vector
Flow (GVF) snakes.

The remainder of the paper is structured as
follows. In the next chapter we discuss related
approaches that deal with coastline detection

Fig. 1: Coastline detection for the Antarctic context. Initialisation of the snake with a polygon of
eight supporting points connected by the red line (left); result of the coastline detection using
snakes: the result is shown as a green line and every 10™ iteration is symbolized by a green

dashed line (right).
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in digital imagery. Chapter 3 specifies our
model definition for the different types of
coastlines we deal with. In chapter 4 we de-
scribe the incorporation of these different
model types into our snake algorithm. Chapter
5 contains some results of our approach in-
cluding a quantitative evaluation of complete-
ness, correctness and geometric accuracy. We
conclude the paper in chapter 6.

2 Related Work

In the following, we give an overview of ap-
proaches that have been proposed towards au-
tomated coastline extraction in remotely
sensed images. Basically, the methods can be
divided into region-based classification tech-
niques and methods based on edge detection.

RyaN et al. (1991) applied texture classifica-
tion to scanned aerial photographs based on a
neural network. The coastline is defined as the
boundary between different homogeneous re-
gions. Templates for the calculation of the
neighbourhood information of the selected
texture features lead to smoothed results but
reduce the geometric accuracy. MusLM et al.
(2006) utilize soft classification methods in
coarse resolution images for predicting the
proportion of land and water coverage in a
super-resolution mapping step. Soft classifica-
tion yields sub-pixel accuracy, but may fail for
land-cover classes excluded from the training
sites. Liu & Jezek (2004) classify regions adja-
cent to the Antarctic coastline based on grey
values of Radarsat-1 images, which usually
provide better contrast for the Antarctic con-
text than available optical sensors. The classi-
fication strategy exploits the bimodal charac-
ter of the SAR image histogram in coastal re-
gions. Locally adaptive contrast ratio thresh-
olds are determined to separate image regions.
After the classification step several shape de-
scriptors are employed to generate plausible
regions, whose boundaries are the basis for
coastline extraction. The practical applicabil-
ity of the approach was proven when the com-
plete Antarctic coastline was extracted from a
SAR image mosaic of 25 m and 100 m resolu-
tion with a relative precision of approximately
one pixel.

Methods based on automatic edge detection
have been applied to detect coastlines in re-
motely sensed images, but to the best of our
knowledge not yet for the Antarctic context.
MasoN & Davenport (1996) presented a hier-
archical strategy that combines a region-based
classification and an edge-based strategy. In a
first step a SAR image of reduced resolution is
used to detect an approximate position of the
coastline by classification of the adjacent re-
gions. Subsequently, an active contour model
(Kass et al. 1988) is applied to find a geometri-
cally accurate solution in the image of original
resolution. A further development of this idea
is described in DeLLA Rocca et al. (2004)
where the initial contour is derived from the
output of a wavelet operation. NIEDERMEIER et
al. (2000) detect edges in SAR images by seg-
menting the image into land, water and coastal
areas using a block tracing algorithm. The
vectorized water-coastal region boundary of
the blocktracing is utilized as initialisation of
a snake algorithm.

Region based techniques for coastline de-
tection in Antarctica using optical imagery is
stated to be less appropriate due to lower con-
trast than in SAR imagery. In fact, it remains
difficult to separate regions like annual sea ice
and ice shelf by classification because of their
spectral similarity. Therefore, none of the re-
gion based methods can be expected to handle
the occurrence of the ice-to-ice constellation
as frequently observed in Antarctica with op-
tical images as input. It was also found that
using global statistics for training may provide
an inappropriate description of the classes to
be distinguished locally and hence decrease
the accuracy of coastline prediction (MusLiM
et al. 2006). When using the traditional snake
approach, the initialisation must be very close
to the salient feature for obtaining the correct
result. Furthermore, without local adaptation
the snakes would fail in the Antarctic context,
since the coastline appearance varies broadly
from one area to the next.

3 Model Definition

The spectral and geometric characteristics of
the Antarctic coastline in optical imagery are
heterogeneous, so that no single coastline
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model can adequately reflect the different ap-
pearance. On the basis of the Landsat mosaic
LIMA we therefore formulate three different
models that match a large part of the Antarctic
coastline, i.e. the transition from ice shelf to
water, from ice shelf to sea ice and from rocky
terrain to water (Fig. 2), where “ice shelf” in-
cludes grounded as well as floating ice shelf,
and “sea ice” is not older than one year, and is
frequently covered by snow, which makes it
hard to distinguish from ice shelf. The fourth
model in this row would be the transition from
rocky terrain to sea ice. This model, however,
is not regarded further, since it appears only
very seldom. The following characteristics are
considered with regard to the definition of the
snake energy terms (see also chapter 4).

3.1 Ice Shelf to Water

The transition from ice shelf to water is ex-
pected to always show a clear contrast due to
the much lower albedo of water than the one of
snow or ice. The adjacent regions are mostly
homogeneous, except for the existence of floes
preloaded to the offshore side. Hence, for this
model a high edge response in the image indi-
cates the location of the coastline. Except for
rifts, the shape of the coastline is mostly
smooth. Floating and calving ice shelves can
cause planimetric movements of the coastline
of up to 1 km per year (BrRunT et al. 2010).

3.2 Ice Shelf to Sea Ice

The transition from ice shelf to sea ice exhibits
little contrast in intensity, colour and texture
(see Fig.2, centre). Sharp changes of slope
perpendicular to the coastline direction often
causes the thick ice shelf fronts to cast shad-
ows on the sea ice or to appear very bright,
especially at low sun angles. In the image
these effects result in a thin line that usually
does not exceed a width of one pixel. Shadows
cause the coastline to appear as a dark line
while the illumination at low sun angles re-
sults in a bright line. The coastline is mostly
smooth and undergoes the same geometric
changes over time as the ice shelf to water
coastline.

3.3 Rocky Terrain to Water

The transition from rocky terrain to water is
difficult to recognise in the image (see Fig. 2,
right), while the contrast between rock and ice
further inbound the continent, which often oc-
curs in the vicinity of rocks, is rather high.
Nevertheless, there is a noticable difference in
terms of colours between the rocks and the
water, which results in characteristic differ-
ences in the HSI (hue, saturation, intensity)
space (see Fig. 3). The coastline is not expect-
ed to significantly change its geometric posi-
tion over time. In contrast to the previously
discussed models, the coastline is rather curvy
due to rifts and bays.

Fig. 2: LIMA subsets with instances of the transitions from ice shelf to water (left); ice shelf to sea
ice (centre; the coastline extends from bottom left to the upper right corner as pointed out by the

red arrows); and rocky terrain to water (right).
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Fig. 3: Histograms of normalised hue, saturation and intensity values for the classes water (top),
ice (centre) and rock (bottom).



426

Photogrammetrie o Fernerkundung « Geoinformation 6/2011

4 Strategy

We follow MasoN & Davenport (1996) and
present a method which uses snakes as the
core algorithm. It is known that snakes require
a sufficiently good initialisation to yield an ac-
curate and reliable solution. In our approach
the initialisation is derived from the RAMP
coastline, which is represented as a polygon.
We define a new coastline model for optical
data consisting of three individual and differ-
ent snake models. For this purpose representa-
tive regions on both sides along the initial
coastline are classified so that the appropriate
snake model can be selected automatically.
The related snake algorithm then computes
the position of the coastline. By incorporating
the Gradient Vector Flow (GVF) into our im-
age energy description, we achieve a higher
attraction range for initialisations further
away from the final coastline. In the following
the automated selection of the model and the
strategy for employing the model within a
snake algorithm are described in detail.

41 Pre-processing

Due to the heterogeneous coastline character-
istics as well as the immense data volume it is
not reasonable to process the complete Ant-
arctic coastline simultaneously. Instead, the
Landsat mosaic is segmented into a number of
tiles of equal size (here: 460 tiles of 2402 km?
each), and snakes are placed over each tile that

contains a section of the given coastline. Out
of the 460 tiles, only those are considered fur-
ther, which overlap with the given RAMP
coastline.

4.2 Model Selection

An automated analysis is carried out for each
image tile to find the best-matching model.
For this task we subdivide the coastline into
line-segments with an equal number of poly-
gon points. This idea seems to be more prom-
ising than choosing equally long sections since
the distance between the polygon points is
smaller where the coastline is more structured
leading to more frequent transitions within
different object types. The line-segments are
classified into one of the three models de-
scribed in chapter 3 using features from re-
gions on both sides of the line-segment, shift-
ed by a certain offset in off- and onshore di-
rection (see Fig.4). We set the offset with re-
spect to the highest speed expected for the
floating ice shelf (1km per year) and the time
interval between the acquisition of the previ-
ously and currently used imagery (two years
in our case) to be 2 km.

For classification we used a simple nearest
neighbour algorithm. We trained the classifier
using features from manually selected areas
from different tiles of the LIMA mosaic (Note
that for mosaic generation the different origi-
nal images were radiometrically adjusted to
each other. Therefore it was possible to select

Fig. 4: Classification results: line segments coloured in relation to the classification result, i.e.
green for water-ice and magenta for ice-ice boundary. The analysed regions are coloured in ac-
cordance with the detected object type: yellow for water and blue for ice.



Tobias Klinger et al., Antarctic Coastline Detection using Snakes

427

the training areas from different parts of the
coastline without problems due to multi-tem-
poral data acqusition etc.). First tests with fea-
tures from RGB space yielded unsatisfactory
results. We therefore used features from HSI
space. In this colour space water has a charac-
teristic distribution of saturation values com-
pared to ice and rock (see Fig. 3 and discussion
above), whereas ice is significantly brighter
than the other classes with regard to the inten-
sity channel and rock appears slightly redish/
brownish leading to a low angle of hue. We
found the best classificaton results with the
following three features: the average region
values of saturation and intensity and the per-
centage of pixels with hue values in the range
of [0;m/2]. The last feature is able to detect
rocks also in the presence of ice (see again
Fig. 3). The classification results for the corre-
sponding regions on either side of the given
coastline are then combined to select the cor-
rect snake model. Hence, we consider the
coastline types according to the correspond-
ing regions as ice shelf to water, ice shelf to
sea ice or rocky terrain to water and select the
related snake model for further processing.

4.3 Parameterisation of Snakes

Snakes require the definition of an energy
functional that reflects the underlying coast-
line model. For each of the three different
models the energy terms and related parame-
ters are optimised based on the radiometric
properties of the adjacent regions as well as
the curvature and the potential change-rate of
the considered coastal region. Traditionally, a
snake is considered as a curve v(s) = (X(s),y(s))
parameterised with the arc length s € [0,1],
that iteratively moves in the image domain
1(x,y) until its energy functional E* is min-
imised (Kass et al. 1988):

Snake

Eoue= | EnVeD+ E., (V6N + E,, (V(s)ds

M

The internal energy E,  controls the shape
of the snake and thus varies with every defor-
mation of the curve. Typically the bending and
stretching of v are the considered internal

snake characteristics, modelled by the first
and second derivatives of v with respect to s:

ELo6)=3 [NVl +p el ] @
where E, = internal energy
v', v'" = derivations of v with respect
tos
o = elasticity parameter
f = rigidity parameter

The elasticity and rigidity parameters o and
[ act as weighting factors of the first and sec-
ond order term of eq. 2. The first term controls
the length of the snake. Large values for o
stretch the coastline and smooth the effect of
local disturbances in the image energy. The
second term controls the snake curvature: f
allows to adapt the shape properties of the
coastline models, e.g. large values for 3 lead to
a straighter coastline while small values allow
a high curvature coastline.

The constraint energy E_ and the image
energy B, of eq. 1 are considered as context
dependent external influences that affect the
snake’s position, being responsible for itera-
tive movements and deformations. E_ can
make the snake move towards or away from
fixed points or lines. In our current implemen-
tation constraints are not considered, however,
they could be easily added, e.g. for pulling the
snake towards manually selected points.

The image energy affects the position of the
snake with respect to the features in the im-
age. B, can be considered as a scalar poten-
tial energy that is defined for each pixel as a
function of the grey value I(x,y) so that it
adopts smaller values at salient features. E,
can hence be calculated once in advance be-
fore starting the iterative optimisation proce-
dure.

Since for the present approach we distin-
guish different types of coastline, we use dif-
ferent image energy definitions that attract the
snake to lines or edges in the image according
to the associated model. In the literature, the
image energy for lines is often simply the im-
age function itself (Kass et al. 1988), with the
sign indicating if the snake is to be attracted to
light (-) or dark lines (+). As explained above,
for the detection of coastlines that match the
line model, the snake must be attracted to
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both, light and dark lines. For line detection
we employ the Steger line operator (STEGER
1998). The image energy for the line model
results from a binary decision as

{ Lif (x,y)e (L_vL,)

E.(x»)= ©)

0 otherwise

with L_being the set of light lines and L, the
set of dark lines, respectively, detected by the
line operator. For edges, the energy term is
traditionally defined as the negative squared
magnitude of the gradient image. We apply
the Canny operator (CANNY 1986) for edge de-
tection yielding image gradients V(x,y) and
binarisation with respect to an edge threshold
tas

Eedge(x y) _ {1, lf ‘V(.X,y)‘ >t

The capture range of the traditional image en-
ergy is limited with respect to the width of the
template of the gradient operator (see Fig. 5a).
As soon as the distance to the initialisation is
only slightly larger than the capture range of
the image energy, convergence is not assured.
To overcome this limitation, Xu & PRINCE
(1997) have extended the energy field by ap-
plying a generalised diffusion equation to the
response of the image energy term called Gra-

Q)

0 otherwise

a)

dient Vector Flow (GVF) field. The increased
capture range is visualized in Fig. Sb. More-
over, the capture range of the GVF related
snake also enables the contour to progress into
concave parts of the boundary.

In order to minimise the snake energy

E*_ .. the related Euler equation (eq. 5) must
be solved:
a-v'(s)=p-v"-VE, =0 )

which leads to:

V() =(A+y D[y (-1 K~ﬁ,(v(t—1()g)]

where v(t) = snake representation at time t
A = design matrix
y = step size (viscosity factor)
I = identity matrix
« = weight factor for external energy
f, = gradient values from image
energy

In eq. 6 the snake is made dynamic by de-
scribing v as a function of time. The matrix
A+yel is a pentadiagonal banded matrix and y
controls the step size that influences the vis-
cosity of the snake (for details of snake opti-
misation see Kass et al. (1988), Fua (1995),
and ButenutH (2008)).

b)

Fig. 5: Vector field marked by yellow arrows: a) standard vector field with vectors pointing towards
the edges; the snake cannot converge to the correct solution from a poor initialisation (red) yield-
ing a wrong result (green); b) GVF field, where the snake can be initialized anywhere in the GVF
field for being pulled towards an edge, thus the result is correct.
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5 Experiments and Results

In this chapter we report the results achieved
with the described coastline extraction ap-
proach. Until now, we have processed approx-
imately 5000km or 12% of the Antarctic
coastline around the Weddell Sea (see Fig. 6).
As data source we use the ETM+ true-colour
composite LIMA, the RAMP coastline (ac-
quired shortly before the images) was used as

initialisation for the snakes. The coastline was
subdivided into 703 sections for classification
out of which 353 were labeled as water-to-ice,
338 as ice-to-ice and 12 as water-to-rock.
Upon visual inspection we found 659 sections
(94 %) to be correctly classified, only 44 sec-
tions (6 %) had to be manually corrected prior
to further processing. The classification of ad-
jacent regions may lead to false decisions for
the type of coastline, if the initialisation is fur-

Fig.6: Chart of the Southern Ocean sea bed topography from the General Bathymetric Chart of
the Oceans (GEBCO) in the background and LIMA (centre filled with MODIS data). We have proc-

essed the green part of the coastline.

Tab. 1: Parameter settings for the different coastline models.

Parameter Ice shelfto water | Ice shelf to sea ice | Rocky terrain to water
Internal Energy: | o 0.01
B 0.1 0.01
Image Energy: image Canny edge Steger line HSI transformation
pre-processing | detection detection Canny edge detection
Optimization Y 1.0 0.1
Term: K 1.0 10
max. iterations | 40
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ther away from the correct solution than ap-
prox. 2km (see section 4.2). With regard to a
practical application we found a manual in-
spection and correction of the classification
results to be a reasonable solution for this
problem, since checking is very fast, especial-
ly within the interactive software environment
we had created for this task.

According to our model description (see
chapter 3) we applied a set of default parame-
ters for the snake optimisation. A qualitative
explanation of the selected parameters is given
in the following subsections. The whole list of
default parameters is shown in Tab. 1.

5.1 Ice Shelf to Water

Fig. 7 depicts a subset of LIMA that contains a
coastline of the type water-to-ice. The red line
marks the initial RAMP coastline. For the dis-
played example the initial line differs by up to
6 pixels (1.4 km) from the position indicated
by the image. The high intensity contrast be-
tween the adjacent object types led to the se-
lection of the edge model (eq. 4) as image en-
ergy. We applied the default parameters speci-
fied in Tab. I: an intermediate value for § and
a small value for k that both lead to a relatively
smooth coastline without harsh bendings still

Fig.7: Ice shelf to water model: a 2810 km? subset of LIMA showing an ice shelf next to open
water with the corresponding RAMP coastline (red) and the result of the coastline detection
(green).

a) b)

Fig. 8: Ice shelf to sea ice model: a 10210 km? subset of LIMA showing ice shelf next to sea ice with
a) the energy field based on Steger line detection; b) the corresponding RAMP coastline (red) and
detection result (green). This result is identical to what we consider as ground truth.
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allowing the snake to manoeuvre into concave
regions. The effect of an adeqate parameter 3
is also notable in the extraction result of
(Fig. 5b) where at the tip the upper side of the
initialisation is placed below the lower side of
the ice shelf, and still correctly pulled towards
the upper side, kept in shape by the internal
energy. The optimisation term is parameter-
ised by a large value for y (step size) that leads
to a fast convergence of the snake.

5.2 Ice Shelf to Sea Ice

Fig. 8 shows a typical constellation of annual
sea ice on the upper left above an ice shelf on
the lower right of the green line. The initial
coastline differs by up to 10 pixels (2.4 km)
from the coastline in the image, visible partly
as a bright line and partly as a dark line along
the rift (centre part). The parameter settings
for the energy terms and the snake optimisa-
tion are set similarly to those for the separa-

Fig. 9: Rocky terrain to water model: example shown in a 2028 km? subset of LIMA (top); 2¢0.8 km?
ETM+ saturation image superimposed with the derived energy field (centre) and in RGB represen-
tation with the corresponding RAMP coastline (red) and the result of the coastline detection (green,
bottom). The yellow box in the top image indicates the position of the ETM+ subset.
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tion of ice and water, see section 5.1. For the
image energy the line model is chosen.

Most of the problems that arise in this con-
figuration are related to the lack of line-like
appearance of the border line. Smaller gaps
can be successfully bridged by the internal en-
ergy of the snake. Such an example can be
seen in the lower left corner of Fig. 8.

5.3 Rocky Terrain to Water

Based on the model defined in section 3.3 the
initialisation does not differ much from the
coastline in LIMA. In fact, using the medium
resolution image mosaic possibly downgrades
the accuracy of the given coastline acquired
from higher resolution data, if the coastline
position has not changed over time. For the
LIMA test scene (Fig.9, top) we achieved a
convergence of the snake towards the rocky
coast. The coastline has moved by 1-2 pixels
from the initial position, which is in fact a de-
gration of the positional accurancy for the ma-
jor parts of that coastline type. However, the
result is still within the accuracy requirements
for the task.

For demonstrating the payoff of the model
definition we repeated this experiment with
the original Landsat ETM+ image with 30 m

a)

ground resolution (see Fig.9, bottom). Here,
the initialisation (red) and detection result
(green) show differences of up to 10 pixels
(0.30km), which could be removed by our
method. The rocks that only show a weak con-
trast to the water in the intensity channel ap-
pear in a high contrast in the saturation chan-
nel, which was used in this model for defining
the image energy. The saturation channel of
the test area is depicted in Fig. 9 (middle), su-
perimposed with the energy field that is ori-
ented well towards what we consider ground
truth. We assign a small value to B and a high-
er weight for k due to the potentially high cur-
vature of the coastline.

5.4 Quantitative Evaluation of the
Results

For the evaluation of the proposed method, a
reference dataset was extracted manually from
the LIMA imagery for the coastline segment
shown in Fig.5. We then calculated the cor-
rectness (the percentage of extracted data
matching the reference) and completeness (the
percentage of the reference data matching the
extracted data) in accordance with HEIPKE et
al. (1997). With an expected geometrical ac-
curacy for the processed coastline of 1000 m

b)

Fig. 10: Detection results using a) the edge model and b) the line model. The underlying image
energy is depicted as blue vector field. The red line indicates the initialisation (identical in both
cases), the green line the result. The correct choice for the final result consists of a combination of
the individual results with the solution from a) for the coastal parts and from b) for the onshore.
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we achieved a completeness of 87.9% and a
correctness ratio of 86.3 %. In other words,
12.1 % of the manual reference cannot be de-
tected by the approach (false negative) and
13.7 % of the obtained result is incorrect (false
positive). Thus, interactive post processing is
still necessary, but the human effort is signifi-
cantly reduced compared to a completely
manual digitisation of the coastline. The RMS
error of the true positives accounts for 380 m
or approximately 1.5 pixels, which is sufficient
for our purpose.

Three major issues explain the 12.1% of
omitted detection. Firstly, the image energy
that is selected in accordance with a local clas-
sification result may not be adequate if the ini-
tialisation lies further away from the solution
than expected in the model definition due to
special coastline geography like long narrow
bays. Hence the snake is not assured to con-
verge to the correct solution. Secondly, in case
of ice-to-ice transition, the line response is not
high along the entire scenario (see Fig. 8). This
is related to the large pixel size which damp-
ens some of the information content required
for our model assumption. Thirdly, problems
occur if the coastline type changes within one
of the polygon segments used for classifica-
tion. A scenario as in Fig. 10 requires process-
ing with the edge model where the initial
coastline (red) runs from the upper side down-
wards closely along the correct result in a)
(green), and with the line model further down
where the actual coastline is visible as a se-
quence of dark and bright pixels, heading to-
wards the inbound of the ice shelf. If the sam-
pling interval of the classification segments is
too large, an inappropriate snake model might
be applied within that segment leading to par-
tially wrong solutions.

6 Conclusions

The developed approach is capable of extract-
ing the Antarctic coastline with a high degree
of automation. Satisfying quality values can
be achieved if the set of free parameters is op-
timised for each employed model. The pro-
posed method of coastline extraction com-
bines classification and updating of a given
coastline in a combined scheme. The classifi-

cation supports the model selection by analys-
ing the spectral properties of the local vicinity
of the coastline and significantly reduces the
effort of manually assigning the correct snake
model to each section of the coastline. Up to
now, our classifier was based on manually se-
lected training areas and the snake parameters
were chosen empirically. We strive to incor-
porate more sophisticated parameter selection
schemes from machine learning in future
work.

In order to achieve a higher detection rate
one has to further investigate the issues dis-
cussed in section 5.4. That is, on one hand, if a
larger absence of image energy is encountered
within the area that we consider as relevant
(using an offset of 2km in section 4.2), one
could improve the classification strategy for
finding the next appropriate model, e.g. by ap-
plying a stepwise increasing search radius in-
stead of using regions at constant distance
from the initialisation. On the other hand, the
impact of inappropriately chosen snake mod-
els that we experienced around transitions be-
tween different coast types, can be reduced by
further decreasing the sampling intervals or
by incorporating additional knowledge about
land cover from other sources. Lastly, the ab-
sence of image energy encountered for the ice-
to-ice model can often be circumvented by
using higher resolution imagery, which al-
ready proved promising results for the rocky-
terrain-to-water-model.
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Summary: This article describes a Modular Air-
borne Camera System (MACS), which is based on
industrial grade components. The camera system
has been developed by the Department of Optical
Information Systems of the German Aerospace
Center (DLR). Several versions have been in use
since 2009 in order to acquire experimental aerial
image data.

The aim was to develop a system capable of ac-
quiring image data with ground resolutions in the
centimeters range easily and at low costs. These
data should help to develop and to define photo-
grammetric methods and products. High emphasis
was put on high frame rates as well as on short inte-
gration times in order to achieve a high overlap and
low motion blur. This is essential for exact 3D mod-
eling, especially when using fast airplanes flying at
low altitudes.

The article describes the principles and the lay-
out of the camera system together with its flight-
specific accessories as well as the software devel-
oped for operating the system. Finally, the article
delineates current and future fields of application.

Zusammenfassung: MACS — Modulares Luftbild-
kamera-System fiir die Erzeugung hochauflésender
photogrammetrischer Produkte. Der Artikel be-
schreibt den Aufbau eines Modularen Luftbild-
Kamerasystems (MACS) auf Basis von Industrie-
kameramodulen und Industrieoptiken. Dieses Sys-
tem wurde in der Einrichtung Optische Informati-
onssysteme des Deutschen Zentrums fiir Luft- und
Raumfahrt e.V. (DLR) entwickelt und wird in ver-
schiedenen Ausbaustufen und Varianten seit 2009
zur Erhebung experimenteller Luftbilddaten ver-
wendet.

Zielstellung war die einfache und kostengiinstige
Erzeugung von umfassend verarbeitbaren Bildda-
tensdtzen mit Bodenauflosungen im Zentimeterbe-
reich. Damit sollen photogrammetrische Verfahren
und Produkte weiterentwickelt und demonstriert
werden. Besonderer Wert wurde auf hohe Aufnah-
mefrequenzen und kurze Integrationszeiten der
Kameramodule gelegt. Die damit erzielbaren ho-
hen Uberlappungen und geringen Bewegungsun-
schérfen sind Voraussetzung fiir exakte 3D-Model-
lierungen, auch aus schnell fliegenden Trigerflug-
zeugen sowie aus geringen Flughohen.

Prinzip und Aufbau des Kamerasystems mit den
flugspezifischen Zusatzgeriten werden ebenso vor-
gestellt, wie die selbst entwickelte Software zum
Betrieb der Kamera. Eine abschlieBende Betrach-
tung zeigt die derzeitigen und zukiinftigen Einsatz-
moglichkeiten.

1 Introduction

This article introduces a set of photogrammet-
ric cameras (MACS) which were developed at
the German Aerospace Center (DLR) in Ber-
lin since 2009. Although already used suc-
cessfully, the camera system is still being un-
der development. The article gives a general
overview of the camera system.

© 2011 E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, Germany
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1.1 Motivation

The output from commercial aerial cameras is
not always suitable for developing and enhanc-
ing photogrammetric concepts. These camer-
as are often turnkey systems designed for
standard applications. This leads to less flexi-
bility when configuring them for the acquisi-
tion of experimental aerial image data.
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Therefore a camera system — based on matrix
image sensors — was needed which provides
high flexibility at low costs. This includes the
architecture of the camera system as well as
its capability to deliver optimal results under
various operating conditions.

The goal of the development is not a re-
placement of common aerial imaging systems
but the creation of a tool for developing new
concepts and methods. The camera system is
intended to be a prototype version but can be
developed further for commercial or industrial
applications.

1.2 Requirements

The key requirement for the system is to de-
liver aerial image data which can be processed
into high-quality 3D data. Experience in 3D
processing of images from commercial aerial
cameras (LEHMANN et al. 2011) has shown that
if the frames overlap 80 % and more in flight
direction, accurate 3D information can be de-
rived efficiently. In order to gain this overlap
when flying at low altitudes and using fast air-
craft the camera system had to deliver high
frame rates and thus handle large amounts of
data.

Another requirement was the flexibility of
the camera system. In order to set different
configurations the camera modules had to
work autonomously and be compact. Besides
being used in especially equipped aircraft, the
camera system should also be usable in exter-
nal pods, which means that volume and weight
of the system had to be as low as possible.

The costs for each camera system configu-
ration had to be significantly below the costs
for commercial systems. This was achieved by
re-using key parts — including camera mod-
ules and lenses — for different system layouts.

Because of these requirements industrial-
grade camera modules, lenses, and peripheral
equipment were used as basic components for
the set of cameras described.

2 System Layout

In the following paragraphs the layout, com-
ponents and features of the camera system

Fig.1: MACS 50/70.

will be described. The focus will be put on the
MACS 50/70 configuration (Fig. 1), which is
set for the acquisition of aerial image data in
the centimetres range when using commercial
airplanes and helicopters.

Six MACS configurations including the
MACS 50/70 have been successfully used in
different projects so far. Examples are given
below and some will be described in detail in
following publications.

MACS 50/70 consists of three camera mod-
ules and three lenses connected by a body
structure. When configuring this system ver-
sion, our aim was to test its suitability as an
aerial imaging camera in low flying altitudes
and to test the processing methods of com-
bined image fields of several camera modules
as described below. The key technical specifi-
cations of the MACS 50/70 configuration are
shown in Tab. 1.

Other camera systems using standard com-
ponents have also been brought to the market
over the last years (GRENZDORFFER 2008). Most
of the medium format camera back-plains de-
veloped for high-quality photography are
combined with mechanical shutters and off-
the-shelf optics. Sometimes standard photo-
graphic cameras and lenses are used for map-
ping applications, for instance CAIMS (Mc-
CartHY et al. 2008), or for oblique imaging
like MIDAS by Track’AIR (2011). The MACS
concept mainly differs from these systems in
its flexibility of the configuration and its focus
on high frames rates rather than on pixel quan-
tity.
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Tab.1: MACS 50/70 camera head data sheet.

Geometric 5084 x 4008 Pixels true colour
resolution (RGB, Bayer pattern)

4008 x 2672 Pixels

near infrared (NIR)
Pixel Size 9 um
Focal length / | 70 mm (RGB) / f: 5.6 (open)
Aperture 50mm (NIR) / f: 5.6 (stopped

down)

app. 40° % 27° (RGB)
app. 35° x 29° (NIR)

Field of view

Radiometric | 14 bit

resolution

Frame rate max. 5 Hz

Operational 0°C to 35 °C ambient air
conditions temperature

Ground 10 cm at 780 m flight altitude
resolution (RGB)

Weights and | app. 45cm % 25¢cm x 40cm
measures (length x width x height), 8 kg

2.1 Camera Modules

The pco.4000 camera modules, which have
been used for the Modular Airborne Camera
System, were developed by PCO AG Kehl-
heim (PCO 2011). Originally designed for in-
dustrial applications like traffic and quality
control, the modules were adapted for aerial
imagery applications. The features of these
modules are relatively high geometric and ra-
diometric resolutions, high frame rates, high
sensitivity as well as short integration times,
which are realized electronically. A mechani-
cal shutter, which is prone to wear, is omitted.

The PCO modules are equipped with
KODAK Interline CCD image sensors (KAI-
11002) (Kopak 2011). The light sensitive area
is about 36 mm x 24 mm and has 4008 x 2672
active pixels with a pixel size of 9 um. Each
photo diode is equipped with an additional mi-
crolens, which expands the photo effective
area up to 80 % of the surface of one pixel.

A special characteristic of the sensor is an
asymmetric peripheral light fall-off. This is
caused by the Interline principle in connection
with the microlens structure. In order to mini-
mize the general light loss of the camera sys-
tem the camera modules of the MACS 50/70

were arranged in a way that the long sides of
the sensor planes are aligned.

Due to thermoelectrical cooling down to
45 °C below ambient temperature the camera
module features low noise down to 11 elec-
trons (RMS at 8 MHz, manufacturer informa-
tion) and has therefore an excellent signal-to-
noise ratio.

The pco.4000 modules are available with or
without colour filters. Sensor modules with
Bayer RGB filters have been used for the
MACS 50/70. An integrated primary image
memory guarantees data rates of up to 128
MB/s and enables the system to transfer this
amount of data to the measuring computer via
‘Camera Link’.

The exposure times of the electronic shutter
can be set as short as 5 ps. In the field of aerial
imaging integration times between 500 ps and
3 ms are common.

2.2 Lenses

The lenses for the MACS cameras were cho-
sen according to the field of view needed for
each individual application. So far lenses with
focal lengths of 35, 50, 70 and 100 mm have
been used. The requirements for the image di-
agonal and resolution are given by the camera
modules’ specifications.

For the MACS 50/70 two different types of
industrial-grade lenses are used. As two of the
lenses are shifted in relation to the sensor, a
longer image circle is needed for these mod-
ules. This is why large format lenses (Roden-
stock Digaron-W 70 mm, 1:5.6) have been se-
lected. For the third module with a concentri-
cally arranged lens, a Zeiss Planar T* 50 mm,
1:1.4, has been used.

The Digaron lenses were especially devel-
oped for the application with digital sensors
and are available in the required range of focal
lengths (QiopTiQ 2011). Because of its shorter
image diagonal the construction of Zeiss SLR
lenses (Zeiss 2011) is more compact.

2.3 Camera Layout

The core of the camera head is a body which is
customized for each application. The body of
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the MACS 50/70 is milled from aluminium.
The camera modules and lenses are attached
to this structure. The shift of the sensor planes
in relation to the optical axes is realized by the
way the modules and lenses are attached to the
body. The body structure also provides space
for required filters as well as suspension points
for attaching the camera to the aircraft. When
changing the configuration for a different ap-
plication the body has to be newly constructed.
After each modification, the interior orienta-
tion of each camera module has to be re-cali-
brated.

Two of the MACS 50/70 modules are
equipped with identical 70-mm-lenses. Their
optical axes are shifted in relation to the centre
of the respective image sensor. Fig.2 shows
the 70-mm-lenses and RGB camera modules
in the foreground. The sensors are arranged
alongside on one plane. This results in two im-
age fields with only minor overlap.

In the standard application configuration
they point in nadir direction. As the sensor
plane and the image plane are parallel, the ge-
ometry of the image is orthogonal despite of
the oblique viewing angle. This results in a
constant ground sample distance as opposed
to systems with tilted camera modules like the
Z/1Imaging Digital Modular Camera (TANG et
al. 2000).

The lens of the third module is arranged
concentrically to the centre of the image sen-
sor. Because of its shorter focal length it has a
wider angle of view. Thus, this sensor approx-
imately covers the combined image field of the
other two camera modules (see Fig. 3).

In contrast to common aerial imaging sys-
tems it is not intended to generate a ‘virtual
negative’ from the individual image fields, as
described in LaDpSTADTER & GRUBER (2011).
The generation of a ‘virtual negative’ would
have tightened up the requirements for the
geometric stability of the camera layout, lim-
ited its flexibility and resulted in higher costs.

In order to guarantee correct colour rendi-
tion by the sensors, infrared band-elimination
filters are used for the other two modules,
which — due to the narrower angle of view —
have a higher ground resolution. For the third
module a band-elimination filter for visible
light is used. The module therefore provides a
near infrared image.

2.4 Control and Data Acquisition Unit

The image data from the camera modules is
transferred to one or several computers, which
store the data and control as well as synchro-
nize the cameras with GNSS or GNSS/INS-
Systems. A ‘Flight Image Acquisition Panel’
(Fig.4) is used with the MACS 50/70 which
comprises all components needed to operate
the camera system.

The panel is equipped with a PCO proprie-
tary interface, which controls power and event
handling. Up to four camera modules can be
connected. The image data is obtained via
‘Camera Link’ interfaces. In addition, data
from two gigabit Ethernet interfaces can be
processed. A server board provides capacity
for minor pre-processing and stores the data
on a removable hard disk RAID. Important in-
formation such as error messages or status in-
formation is displayed on a graphic touch dis-
play.

UTC time is the basis for synchronizing the
sensor data with further information, e.g. nav-
igation data, temperature and flight protocols.
The panel is equipped with a timer board
which enables flexible handling of the syn-
chronisation. By (temporarily) connecting a

Fig.2: Layout of the MACS 50/70 (sensor mod-
ules and lenses).
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GPS antenna, an absolute time reference can
be established within the board. Thus, sensors
can be triggered and events can be time
stamped. Whereas in common approaches a

navigation system with GNSS receiver is nec-
essary for triggering and event logging — due
to the timer board — the MACS can be config-
ured and tested without a navigation system.

Fig. 3: Image fields of the MACS 50/70 showing Santiago de Chile (right image semi-transparent).

Fig. 4: Flight Image Acquisition Panel.
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2.5 Position and Orientation
Measurement

As there are no relevant space and weight re-
strictions imposed by the aircraft operated for
aerial imaging, for most applications an IGI
AEROcontrol system is used as the combined
inertial and GNSS system for the MACS
50/70. The horizontal attitude determination
of the INS has a specified RMS of 0.004 de-
grees. The positioning data has RTK quality,
which is common for aerial imaging applica-
tions.

The Modular Airborne Camera System en-
ables scalability and modularity also with re-
spect to geo-referencing. In all MACS layouts
one camera module is included that points in
nadir direction. This module does not only
generate image data, but it also produces ap-
proximations of the exterior orientation for all
camera modules. Therefore, in contrast to the
orientation of e.g. laser scanners or linear sen-
sor cameras, high accuracy in direct georefer-
encing is not necessary. This is also a major
advantage when using pods, which have space

Fig.5: MACS 50/70 on board an aircraft with
data acquisition unit, GNSS/INS system, stabi-
lized platform and peripheral equipment (with-
out wiring).

and weight restrictions, or when processing
low-grade navigation data (non-replaceable
L1 GPS antenna, ‘low grade’ or no IMU).

2.6 Peripheral Equipment

A modular set of electronics made of several
19-inch rack cartridges was developed for the
use in aerial imaging aircraft. Each cartridge
can be operated individually. The cartridges
consist of different auxiliary devices such as
GNSS receivers, antenna splitters and ampli-
fiers, computer and network hardware. A
‘Flight Power Distribution Panel’ converts and
stabilizes the electrical power provided by the
aircraft.

Thus different configurations of camera
systems and external sensors can be realized.
For most cases application-specific solutions
are no longer necessary. Fig. 5 shows a layout
with camera system, IMU, gyro-stabilized
mount and specially modified 19-inch rack
with cartridges.

2.7 Other MACS configurations

Besides the MACS 50/70, other configurations
using one to five camera modules have been
tested to date. Four variants have been used in
specialized aircraft for aerial imaging. They
mainly differ in the configuration of the cam-
era head. Two highly integrated camera sys-
tems have been designed for the use inside
pods.

The MACS that will be described in the fol-
lowing was successfully used in 2010 and
2011. Its camera head layout is similar to the
one of the MACS 50/70. However, different
optics are used. It was configured for use in-
side a pod without GPS signal. The function-
ality of the ‘Flight Image Acquisition Panel’
had to be integrated into the pod as well.

For initializing the system a GPS antenna
was connected and then removed shortly be-
fore take-off. Thus an integrated timer board
was synchronized to GPS time. It had a speci-
fied free-run time accuracy of +1.6 s/a. Even
if, due to non-ideal conditions, the time varies
by £10 s/a, the variation in event time is as low
as 2.3 ms during a two-hour flight. The images
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were time-stamped during the flight using the
timer board. After the flight 10 Hz navigation
data from an external GPS pod was assigned
to the image data through temporal interpola-
tion. The expected time stamp error of the
timer board thus was below the resolution lim-
it of the navigation data by a factor of 43,
which is considered to be acceptable.

This configuration, which was used with a
high-speed aircraft flying at 750 km/h, pro-
duced images with a ground sample distance
of 15cm. These images were successfully
processed to 3D models.

Another MACS has been used in a pod car-
ried by a motor glider (Fig. 6). It is equipped
with a relatively inexpensive INS Novatel
SPAN-CPT (specified horizontal accuracy
RMS = 0.02 deg., L1/L2 GPS). Image data
from this Modular Airborne Camera System
has been processed successfully, too.

In order to meet the environmental condi-
tions when flying at high altitudes partly heat-
ed casings have been constructed for some
MACS configurations, especially for those
used in pods.

3 Camera Software

The software operates the camera as well as
peripheral devices. It was especially devel-
oped for the camera modules used and meets
the requirements for different applications.
The modular design of the software is a pre-
requisite to the adjustments that have to be

made for the different versions of the Modular
Airborne Camera System.

3.1 Software Architecture

The MACS software is based on a client-serv-
er architecture (Fig. 7). Essential functionality
— communication, operating and monitoring
the camera, frame grabbing as well as storing
the image data on a hard disk — can be found in
the server, the so called MACSServer. This
software module is implemented as a service.
When booting the computer, the operating
system boots and monitors the service auto-
matically. One MACSServer instance can op-
erate up to four PCO cameras.

Several layers of buffers provide the basis
for consecutive data storage even at high data
rates (over 300MB/s). This requires special
provisions concerning the responsiveness of
the concurrent subsystems. All image data is
stored as raw data with 16 bit colour depth.

3.2 Control Software

The MACSServer is equipped with a remote
control interface (based on TCP/IP) via which
the service can be configured and operated.
The respective client software MACSRemote-
Control (MRC) can operate and monitor one
or more MACSServer instances and is the
main control module of the camera system.
The MRC has the following functions:

Fig.6: MACS variant inside a glider pod (CAD model).
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Fig.7: Client-server architecture of the MACS software (sample configuration).

Fig. 8: MACSRemoteControl (MRC) interface.
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® Display connected camera modules

® Display temperatures (CCD, camera cas-
ing, power supply)

® Set and display frame-rates of each camera

® Control parameters necessary for data ac-
quisition (integration time in ms, recording
files)

® Display live images of all cameras (incl. in-
dication of under- and overexposure)

® Display buffer space of all buffers

® Display used/free hard disk space (for each
data folder)

® Optional: Controlling further services

(GNSS/INS  sensors, trigger generators,

etc.)

Furthermore, the MRC is built in this mod-
ular way in order to be able to operate and
monitor other remote services, too. Services
that control different GNSS/INS sensors and
timer boards already exist.

The modular client-server architecture ena-
bles cascading of any sensor service, e.g. the
MACSServer. With this any number of cam-
eras can be connected and controlled as well
as monitored simultaneously by the MRC as
the central unit (Fig. 8).

4 Data Products

The direct output of the Modular Airborne
Camera System comprises the individual im-
ages of the camera modules. They are in raw
integer format with the 14 actual bits per pixel
expanded to 16 bits, and contain — in addition
to the image information — an image number
and a time stamp.

For photogrammetric processing each indi-
vidual image is converted into baseline TIFF
format using an advanced raw converter — de-
veloped in-house at the DLR — that retains the
images’ original colour depth. Using this soft-
ware, radiometric corrections (Dark Signal
Non-Uniformity and Photo Response Non-
Uniformity) are applied adaptively to each
Bayer component (red, green and blue). Then,
in order to obtain true RGB triplets, the pixels
are passed on to the de-mosaicking algorithm.
Subsequently, remaining geometric errors,
particularly radial and tangential distortion,
are eliminated using high-quality subpixel in-
terpolation.

Calculations are executed in floating-point
space throughout preprocessing in order to
minimize the influence of round-off errors.
The result is a set of homogeneous images that
comply with the pinhole camera model and
can therefore be directly used for further high-
level processing.

By adding orientation information to the
preprocessed images — in form of geographic
coordinates — an instant product for time-de-
pendant applications can be generated.

4.1 Photogrammetric Products

After image orientation, for which usually
photogrammetric standard software is used,
the individual images can be processed into
different photogrammetric products. Among
other applications, the image data is also used
to test new approaches to automated orienta-
tion.

Subsequently, a digital surface model
(DSM) is processed using the ‘Semi-Global
Matching’ approach (HirscHMULLER 2008).
An accurate DSM with only minor gaps is the
basis for creating a homogenous true ortho
image mosaic from the high resolution image
data (HIRscHMULLER & BucHER 2010). Samples
of a DSM and true ortho image are shown in
Fig.9.

Because of the camera system’s flexibility it
is possible to generate more products than the
standard true ortho image and digital surface
model, for example point clouds, geometri-
cally corrected oblique aerial photos or 3D
models (Fig. 10). Current developments will
lead to fully texturised 3D models.

4.2 Sample Project

The science and technology park in Berlin-
Adlershof has been used as a test field and
sample area for image flights. Hundreds of
check points have been geodetically surveyed
with an accuracy of about 2 cm in planimetry
and height.

One image flight over Berlin-Adlershof was
carried out in March 2011. Altogether, data for
seven parallel strips and two cross tracks at a
flight altitude of about 700 m above ground
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Fig. 9: Digital surface model and true ortho image processed from MACS data (showing the Ger-
man Aerospace Center site in Berlin-Adlershof).

Fig. 10: Interactive 3D model without fagade textures (Furth im Wald).

were acquired. A nominal ground sample dis-
tance of about 13 cm and 9 cm for the NIR and
RGB camera modules, respectively, were ac-
quired.

An overlap of approximately 98 % along-
track and 78 % across-track was achieved for
all images. Fig. 11 depicts each fifth image —
respectively its outline — of one RGB camera
module.

The triangulation of the image data ac-
quired by the NIR and RGB camera modules

Fig. 11: Overlap along-track of one RGB cam-
era module (reduced to 88 % for visualization).
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Tab. 2: Height differences between check points and DSM generated from MACS image data.

Sensor GSD DSM grid | RMS Mean Max/Min Check Points
[cm] [cm] [cm]* [cm] [cm] [#]

NIR 13 15 8.8 5.0 13.9 -17.5 87

RGB 1 9 10 7.2 0.3 11.4 -9.1 54

RGB 2 5.7 -0.7 9.1 -10.7 53

*) gross error elimination

was carried out separately. For the RGB mod-
ules a high resolution DSM and true ortho im-
age was generated by Semi-Global Matching.
Subsequently, the accuracy of the generated
DSM was checked by comparing DSM pixels
with check points located in the target area.
Tab. 2 lists the height differences between the
height values of the check points and the re-
spective DSM pixels. The results show that the
MACS 50/70 can generate high-resolution
data that meets current photogrammetric re-
quirements with respect to accuracy.

5 Conclusion and Outlook

The Modular Airborne Camera System is
mainly used for large scale experimental im-
age flights. One of the key interests is high-
resolution and high-accuracy 3D modelling of
urban areas. Many campaigns thus focus on
densely built-up urban areas. In contrast to ex-
isting camera systems as described in JacoB-
SEN (2007) current MACS configurations are
not intended for small-scale mapping.

The key difference between the MACS and
other digital camera systems is the high frame
rate of up to 5 images per second. Because of
this frame rate and the resulting high overlap
along flight of up to 98 %, complete and pre-
cise models of narrow structures, e.g. in urban
areas, can be processed using Semi-Global
Matching. Gapless surface models in particu-
lar enhance the classification of three-dimen-
sional structures, for example when detecting
corners and other attributes of buildings auto-
matically (Fig. 12).

Another distinction to similar camera sys-
tems is the electronic shutter of the camera
modules. It adds to the flexibility of the MACS
and ensures stable radiometry and very short
integration times.

Because of its small outline and low weight
the camera system can be used in small aircraft
or in pods. It is also possible to use the system
for oblique aerial imaging. The MACS 50/70
layout, for example, was used in a helicopter to
acquire oblique aerial photos (GUNTHNER 2010).

For the use in pods, control concepts have
been developed so that adaptations during the

Fig. 12: High overlap reduces obscured areas and minimizes interpolation artefacts around elevat-
ed objects. The roof structures are 2m apart, 3.7 m high and cover 4 x4 m.



446

Photogrammetrie « Fernerkundung « Geoinformation 6/2011

flight are unnecessary if the system is config-
ured before take-off.

By using a camera module which is equipped
with a matrix image sensor and points into na-
dir direction, the requirements for direct ori-
entation measurement techniques can be re-
duced. The use of high-quality INS systems
can therefore be avoided; the results are still of
high quality. However, when high-quality ori-
entation is available in real-time, on-board
processing is possible.

The camera system is constantly being opti-
mized. Because of its modular layout new and
updated sensor modules can be integrated into
the Modular Airborne Camera System. The
camera system is not limited to panchromatic,
RGB and NIR sensors. This opens up new
fields of work, for example multi-frame ther-
mography (LunmANN et al. 2011), as well as
data fusion.

Publications on various aspects of the cam-
era system and its products, for instance about
the orientation of the images of the camera
modules, the use of the system for special ap-
plications or regarding derived products are
currently under preparation.
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Summary: Orthoimageries may have a specific
role which comprises the extraction of thematic in-
formation, as well as mapping and monitoring of
the environment. Therefore, the related data theme
has been included in the Annex II of the INSPIRE
directive. Data specifications are currently devel-
oped for 34 INSPIRE data themes. Based on the
data specifications INSPIRE will develop legally
binding implementing rules. A review process has
been launched to allow stakeholders to submit com-
ments to the drafts in order to achieve reasonable
requirements for implementation (INSPIRE 2011).
The review process ended at the end of October
2011. This paper briefly introduces the main princi-
ples and objectives of the INSPIRE initiative. Then,
the data specification for the data theme Orthoim-
agery is explained in detail.

Zusammenfassung: /INSPIRE Datenspezifikation
fiir Orthophotos. Orthophotos spielen eine wichti-
ge Rolle beim Extrahieren von thematischen Infor-
mationen, zur Aktualisierung von topographischen
Karten und zum Monitoring der Umwelt. Aus die-
sem Grund wurde dieses Datenthema in den Annex
II der INSPIRE Rahmenrichtlinie aufgenommen.
Derzeit werden zu insgesamt 34 Themen die ent-
sprechenden Datenspezifikationen erarbeitet. Auf
Grundlage der Datenspezifikationen werden recht-
lich verbindliche Durchfithrungsbestimmungen
erstellt. Um praxisnahe und umsetzbaren Vorga-
ben festzulegen, wurde im Rahmen eines Reviews
die Fachoffentlichkeit zur Kommentierung der Da-
tenspezifikationen aufgerufen (INSPIRE 2011).
Das Reviewverfahren lief bis Ende Oktober 2011.
Dieser Beitrag erldutert kurz die Grundlagen und
Ziele von INSPIRE. Anschliefend wird die Daten-
spezifikation fiir Orthophotos im Detail vorge-
stellt.

1 Introduction

Currently most of the high quality spatial in-
formation is available at local and regional
level and is therefore difficult to exploit in a
broader context for a variety of reasons. The
situation on spatial information in Europe is
characterized by fragmentation, gaps regard-
ing the availability of geographical informa-
tion, duplication of data collection and prob-
lems of identifying, accessing or using the
data that is available.

The data often has unsatisfactory or unde-
fined quality, is based on proprietary geo-
graphic information systems and not accessi-
ble to the public or other users at the local, re-
gional, national or international level. Policies
need to be put in place to reduce the duplica-
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tion of data collection, to promote harmonisa-
tion efforts and to facilitate a wide dissemina-
tion of the data. By passing the INSPIRE di-
rective, also orthoimagery are addressed in
order to establish interoperable datasets across
Europe.

2 The European Spatial Data
Infrastructure (INSPIRE)

Good policy relies on quality information. The
increasing complexity and interconnectedness
of issues that affect the quality of life today is
recognized by the policy-makers and influ-
ences the way new policies are being prepared
today. INSPIRE (Infrastructure for Spatial In-
formation in Europe) (INSPIRE 2007) is a Eu-
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ropean directive currently being implemented
by the EU member states to support the avail-
ability of spatial information for the formula-
tion, implementation and evaluation of Euro-
pean Union policies. It intends to set the legal
framework for the gradual creation of a spatial
information infrastructure. INSPIRE will ini-
tially focus on the environmental policy needs
but will as a cross-sectoral initiative gradually
be extended to other sectors such as agricul-
ture and transportation, in order to let other
interested Commission services participate.

The INSPIRE initiative intends to trigger the
creation of a European spatial information in-
frastructure that delivers integrated spatial in-
formation services to the users. These services
shall allow the users to identify and access spa-
tial or geographical information from a wide
range of sources, from the local level to the glo-
bal level, in an inter-operable way for a variety
of uses. The target users of INSPIRE include
policy-makers, planners and managers at the
European, national and local level and the citi-
zens and their organisations. Possible services
are the visualisation of information layers,
overlay of information from different sources,
spatial and temporal analysis, and alike.

The spatial information infrastructure ad-
dresses both technical and non-technical is-
sues, ranging from technical standards and
protocols, organisational issues, data policy
issues including data access policy and the
creation and maintenance of geographical in-
formation for a wide range of themes starting
with the environmental sector.

The INSPIRE implementation will follow a
step-wise approach, starting with unlocking
the potential of existing spatial data and spa-
tial data infrastructures and then gradually
harmonising data and information services al-
lowing eventually the seamless integration of
systems and datasets at different levels into a
coherent European spatial data infrastruc-
ture.

The first step will focus on the harmonisa-
tion of documenting existing datasets (meta-
data) and on the necessary tools to make this
documentation accessible. Harmonization is
defined as providing access to spatial data
through network services in a representation
that allows for combining it with other harmo-
nised data in a coherent way by using a com-
mon set of data product specifications. This
includes agreements about coordinate refer-
ence systems, classification systems, applica-
tion schemas, and other components (IN-
SPIRE Drafting Team 2007).

The second step will primarily aim at pro-
viding common ways to access the spatial da-
tasets themselves allowing easy analysis of
data on different themes coming from differ-
ent sources. An example of such analysis is
visual inspection of spatial relations between
phenomena by the overlay of datasets.

The third step will target at the establish-
ment of common models of the environmental
objects for which spatial data is collected, such
as transport networks, forests, orthoimagery
This will allow the mapping of existing data-
sets to a common set of models, meaning the

INSPIRE Principles

The INSPIRE initiative will improve the current situation by triggering the creation of a
European Spatial Data Infrastructure for the access and use of spatial information built on the
basis of the following principles (INSPIRE 2011):

® Data should be collected once and maintained at the level where this can be done most

effectively.

® It must be possible to combine seamlessly spatial information from different sources across
Europe and share it between many users and applications.

® [t must be possible for information collected at one level to be shared between all the differ-
ent levels, e. g. detailed for detailed investigations, general for strategic purposes.

® Geographic information needed for good governance at all levels should be abundant and
widely available under conditions that do not restrain its extensive use.

® |t must be easy to discover which geographic information is available, fits the needs for a
particular use and under what conditions it can be acquired and used.

® Geographic data must become easy to understand and interpret because it can be visualised
within the appropriate context and selected in a user-friendly way.
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start of the creation of a really harmonised
spatial data infrastructure that will facilitate
the combination of information of various
sources and more advanced analysis work.
The fourth and last step will build upon the
previous steps and concentrate on completing
the common models and on providing the
services to fully integrated data from various
sources and various levels, from the local to
the European level into coherent seamless da-
tasets supporting the same standards and pro-
tocols. This step will allow real time access to
up-to-date data across the whole of Europe.
These steps will partly be carried out in
parallel, depending on user needs and degree
of availability and harmonisation of existing
information. All these steps involve actions of
standardisation, of harmonisation and integra-
tion of data and services (Fig. 1). In this con-
text standardisation is understood as the de-
velopment of solutions for INSPIRE-compo-
nents based on International Standards pub-
lished by the International Organisation for
Standardisation (ISO) or by the Comité Eu-
ropéen de Normalisation (CEN). Integration is
defined as the linkage of two or more software

systems by the use of a common data and
method base (ISO 19132:2007).

Recognising the specific role that orthoim-
agery for extracting thematic information,
mapping, and monitoring the environment,
the related data theme has been included in
Annex II of INSPIRE. Data specifications are
currently being developed for 34 data themes
specified in the annexes of the INSPIRE direc-
tive. These annexes are published as draft ver-
sions at INSPIRE (2011). The specifications
cover all relevant issues for the harmonisation
of datasets. The Orthoimagery data theme in-
cludes imagery from the infrared to ultraviolet
region of the electromagnetic spectrum, de-
rived from scanning of film positives and neg-
atives, as well as digital airborne and satellite
imagery.

3 Data Specification for
Orthoimagery

Photographs and other images taken from air-
borne or space borne platforms are important
means for documenting the surface of the
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Earth and the state of the environment. How-
ever, these images have geometrical distor-
tions caused by the optics and the camera/sen-
sor tilt, as well as the differences of the eleva-
tions of the Earth’s surface. Orthorectification
is the process of removing these distortions
resulting in a specific product: orthoimagery
(Kraus 2007).

The INSPIRE data specification on or-
thoimagery has been prepared following the
participative principle of a consensus building
process. The stakeholders, based on their reg-
istration as a Spatial Data Interest Community
(SDIC) or a Legally Mandated Organisation
(LMO), had the opportunity to bring forward
user requirements and reference materials,
propose experts for the specification’s devel-
opment, and participate in reviewing and test-
ing the data specifications. The Thematic
Working Group responsible for the specifica-
tion development was composed of experts
from Belgium, Finland, France, Germany,
Norway, Spain, UK, and the European Space
Agency. The specification process took place
according to the methodology elaborated for
INSPIRE respecting the requirements and the
recommendation of the INSPIRE Generic
Conceptual Model. This INSPIRE Generic
Conceptual Model has been developed as a
baseline for the themes defined in the annexes
in the INSPIRE directive and specifies the ge-
neric aspects of geometry, topology, time, the-
matic information, identifiers and relation-
ships between spatial objects. As Orthoim-
agery is one of the themes documented in the
INSPIRE annex this model applies (INSPIRE
Drafting Team 2007).

Since orthoimagery can be defined as regu-
lar sampling of radiation values continuously
varying in space, the grid coverage as defined
in ISO 19123 Schema for coverage geometry
and functions (ISO 19123:2005) has been se-
lected for the spatial representation. The or-
thoimage coverage is the key concept of the
data model that may refer to a single orthoim-
age or a mosaic of orthoimages. Moreover, an
orthoimage coverage itself can be composed
(aggregated) of other orthoimage coverages.
The properties describing the geometric basis
(i.e. the grid) are inherited from the Generic
Conceptual Model and the ISO 19123. This al-
lows the inclusion of technical properties such

as the range and the allowed values of the cov-
erage according to ISO 19123, the interpola-
tion method, and the way of assigning the
records to the grid points like the observed
light spectrum. In fulfilling the requirement of
the Directive each orthoimage coverage car-
ries a unique identifier enabling its unambigu-
ous identification within the INSPIRE-com-
munity. In addition, other well defined infor-
mation can be attached to each orthoimage
coverage, comprising name, footprint, and
temporal characteristics.

Since an orthoimage coverage may consist
of orthoimages that are based on images cap-
tured at different times, the Orthoimagery
data model provides the possibility to express
the data acquisition time of the images that are
part of the coverage. By including the seam-
lines of the mosaic it is possible to address
every image of the coverage and attach an in-
dividual time stamp. The feature type Seam-
lines informs the user which part of the or-
thoimage collection has been derived from
which input image. It consists of a discrete
coverage that returns a reference to an input
image (data type ImageSource) for any direct
position within the single polygon identifying
the contribution of this image. Aggregated or-
thoimage coverages have to be aligned, i. e., fit
to a common grid. In addition, alignment is
also necessary when orthoimage coverages
are integrated at the European level. In order
to do so, a pan-European grid is necessary.
The data specification recommends the usage
of the Grid_ETRS89-GRS80, which is based
on geographical coordinates. Storing orthoim-
agery data in geographical coordinates also
helps to bridge the difficulties caused by the
diverse projection systems in use within Eu-
rope. Whenever a specific projection is need-
ed, it can be obtained by an on-the-fly trans-
formation of the area of interest. Interopera-
bility is further supported by harmonised
metadata elements and an agreed encoding.
The INSPIRE specification for orthoimagery
provides a compact, purely conceptual presen-
tation of the data theme; therefore it does not
deal with file-based tiling, which is considered
as a practical implementation for data storage
and delivery.

Being independent of particular production
methods and platforms the INSPIRE orthoim-
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agery data specification provides an imagery
base data that constitutes value not only in Eu-
ropean, but also in local, regional and global
contexts.

For the purposes of this INSPIRE data
specification, orthoimagery shall include or-
thorectified imagery from the infrared,
through the visible, to the ultraviolet region of
the electromagnetic spectrum derived from:
® scanned film positives or negatives,

e digital airborne sensors (such as frame
cameras or push-broom sensors),
® satellite imagery of the Earth.

The scope of the Orthoimagery data speci-
fication does not include:
® Data from the microwave, X-ray, radio or

gamma ray areas of the electromagnetic

spectrum,
e LIDAR data (light detection and ranging),
® Unrectified oblique aerial photography.

Note: orthorectified imagery produced from

oblique photography — e. g. as a mosaic — is

included,

® Terrestrial imagery (e.g. from cameras
based on the ground or on road or rail vehi-
cles),

® Aecrial video imagery. Note that orthorecti-
fied images created from video frames is
included,

® Imagery of the sea bed from underwater
sensors (only air-borne and satellite sensors
are covered by the specification),

® Meteorological satellite imagery (such data
is not primarily concerned with imagery of
the Earth’s surface).

This does not prevent data providers from
delivering such datasets in conformity with
this INSPIRE data specification if they feel
the need to do so.

This INSPIRE data specification does not
place restrictions on the spatial resolution giv-
en by the heterogeneity of data sources and the
wide range of use cases across Europe. All
levels of resolution are affected: the European
level, the national level, the regional level and
the local level. However, a minimum spatial
resolution is not required. Orthoimagery data,
which is a kind of raster data, is a simple form
of geographic information. It consists of a set
of values measuring a radiant energy, organ-
ized in a regular array of points or cells to-
gether with associated metadata and georefer-

encing. The coverage approach specified in
the ISO 19123 is particularly well-suited for
modelling such a data structure. Coverage is a
type of feature describing the characteristics
of real-world phenomena that vary over space.
In contrast to other types of features, its non-
spatial attributes are strongly associated with
its spatial attributes (i. e. its geometry). It acts
as a function to return attribute values from its
range for any direct position within its spatio-
temporal domain.

Since it depicts continuously-varying phe-
nomena, an orthoimage is inherently a con-
tinuous coverage. An associated interpolation
method (regular quadrilateral grid) enables
the evaluation of the coverage at direct posi-
tions between the elements of its domain (e. g.
points). The attribute values of an orthoimage
are arranged using the geometry of a regular
quadrilateral grid in two dimensions. Such a
grid is a network composed of two sets of
equally spaced parallel lines that intersect at
right angles. The intersection points are called
grid points. The areas delimited by the grid
lines are called grid cells. The grid cells are
rectangles.

A grid coordinate system is defined by
means of the origin and the axis of the grid,
that are expressed in a coordinate reference
system. Grid coordinates are measured along
the axes.

Furthermore, the grid of an orthoimagery
coverage is geo-rectified in the sense of ISO
19123. 1t is related to the Earth through an af-
fine relationship that makes a simple transfor-
mation between the grid coordinates and the
coordinates in the associated Earth-based ref-
erence system. The transform parameters are
determined by the location of the grid origin,
the orientation of the axis and the grid spacing
in each direction within the external coordi-
nate reference system.

3.1 Concept of mosaicking

In this data specification, mosaicking is de-
fined as the production process that allows the
creation of a single orthoimage from several
original orthorectified images. It usually in-
volves thorough radiometric processing to
give a homogeneous seamless polish to the re-
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Fig.2: Mosaicked orthoimage with seamlines (ile d’Yeu, France, scale appr. 1:68.000).

sulting mosaicked orthoimage. An example is
shown in Fig. 2.

The temporal extent of a mosaic can only be
stated as a time interval, because the original
images are almost always acquired at different
dates and times. However, a use case survey
has identified a clear requirement of some user
groups regarding the exact date of each pixel
of the mosaic. That is the reason why the or-
thoimagery application schema provides an
approach to spatially indicate acquisition dates
through linking orthoimage pixels to the im-
age sources temporal attributes. In practical
terms, it is based on the use of the seamlines
that have been created to perform mosaicking
process (Fig. 2).

3.2 Concept of tiling

Different motivations can lead data producers
to break orthoimagery data into smaller parts.
This process is usually known as “tiling”.
However, this term may encompass different
meanings depending on the abstraction level
of the description. Three main levels of tiling
need to be distinguished:

Firstly, tiling may be internally implement-
ed in file formats (e. g. tiled TIFF). By rear-

ranging image content into roughly square
tiles instead of horizontally-wide strips, this
method improves performances for accessing
and processing high-resolution images. Since
it basically reflects the storage structure of
data, it does not appear in the application sche-
ma which is restricted to the conceptual level.
Secondly, high-resolution orthoimages cover-
ing broad territories represent large volumes of
data that can often not be stored reasonably in
a single image file. Data producers usually cut
them out into separate individual files to facili-
tate their storage, distribution and use. The
most common tiling scheme used in orthoim-
agery is a simple rectangular grid where tiles
edge-match without image overlaps or gaps
(Fig.3a). However, it is sometimes required
that the individual tiles overlap with their
neighbours to ensure a certain spatial continu-
ity when handling them (Fig.3b). The tiling
scheme may also have a less regular geometry
with a varying density of tiles (Fig. 3c).

This file-based data structure is artificial
and has no real logical meaning on its own
even though it is usually based on grid ele-
ments. Therefore it is addressed in the encod-
ing part of this data specification.

Finally, large orthoimages can also be di-
vided into subsets that have a thematic mean-
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ing as they describe logical structures (e.g.
mapsheets, administrative units like regions
or districts, etc.). Unlike the previous case,
this type of file-independent tiling is fully
within the scope of the conceptual model. But
pragmatically, an aggregation (a reverse view
on tiling) may offer more possibilities and
should increase data harmonization. So, a col-
lection of orthoimage coverages can be aggre-
gated to make up a larger single coverage.

This has the advantages that:

® The input orthoimages may just partially
contribute to the aggregated coverage.

e Consequently, the input orthoimages may
spatially overlap whenever necessary.
This mechanism is called “orthoimage ag-

gregation” and also covered by the data mod-

el.

3.3 Data structure

A first data structure level is provided through
the concept of coverage. In addition, the Or-

thoimagery application schema offers a sec-
ond level that consists of grouping of cover-
ages themselves in another logical structure.
In other words, subsets from several homoge-
neous orthoimage coverages can be combined
so that they build a new orthoimage coverage.
The aggregated coverage does not hold direct-
ly its own pixel values. It just makes reference
to its input coverages, thereby avoiding data
duplication. The range set of the coverage is
computed on the fly by a service or an applica-
tion when requested by users.

For applicability, input and aggregated or-
thoimage coverages shall be part of the same
Orthoimagery dataset (Fig. 4).

This mechanism is fully recursive so that an
orthoimage coverage can itself be a composi-
tion of already-aggregated orthoimage cover-
ages. The data structure is defined in a UML
data model that graphically explains the struc-
ture and the content of the orthoimagery data
specification including all feature types at-
tributes and associations between the features

(Fig. 5).

a) b)

©)

Fig. 3: Various configurations of tiling schemes, e. g. in support of different map-series.
a) Simple grid with edge-matching tiles, b) Overlapping tiles, c) Varying density of tiles.

Fig. 4: Orthoimage aggregation principle: overlapping orthoimage coverages A, B and C compose
the aggregated orthoimage coverage D, the bounding box of which is dotted.
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Fig.5: UML class diagram: class Orthoimagery-Overview, Orthoimagery application schema.

3.4 Feature type
OrthoimageCoverage

The feature type OrthoimageCoverage is the
core element of the Orthoimagery application
schema. It is defined by the INSPIRE Direc-
tive as “geo-referenced image data of the
Earth’s surface, from either satellite or air-
borne sensors”. It may be derived from one
single input image acquired by a sensor or
from different input images that have been
mosaicked together.

The class OrthoimageCoverage specializes
the type RectifiedGridCoverage and inherits
properties necessary to process the coverage.
The type RectifiedGridCoverage is defined in
the INSPIRE Generic Conceptual Model. The
original definition can be found in the ISO
19123. A RectifiedGridCoverage is a continu-
ous quadrilateral grid coverage. This is cover-
age with a rectangular grid pattern and an un-
interrupted coverage of the Earth’s surface —
like an orthophoto. The attributes domainSet

and rangeType describe the geometry and the
range of the coverage. These elements are ex-
plained in ISO 19123 for coverages. A further
attribute named RangeSet contains the feature
attributes values. In the case of orthophotos
they denote the colour and grey values of each
pixel. Finally, the coverageFunction explains
how to assign the records to the points of the
grid according to ISO 19123. For a more de-
tailed description of these inherited attributes,
see the section 9.9.4 of the GCM [DS-D2.5]
(Generic Conceptual Model). The domainEx-
tent and interpolationType (regular quadrilat-
eral grid) attributes stemming from ISO 19123
complete the description of the coverage char-
acteristics.

4 Next steps
All INSPIRE data specifications will be part

of the INSPIRE implementing rules which
covers all mandatory elements to be delivered
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by the data providers. Implementing rules are
legal acts which have to be implemented by
the EU member states. Technical details of the
data specification will be moved to the Techni-
cal Guidance Documents. Although these
guidance documents are not part of the legal
framework their requirements and recommen-
dation should be also considered in order to
achieve interoperability of data in Europe. A
review process has been launched to allow
stakeholders to submit comments to the drafts
in order to achieve reasonable requirements
for implementation (INSPIRE 2011). The re-
view process ended at the end of October 2011.
The implementing rules as well as the techni-
cal guidance documents for all data themes
will be ready by the mid of 2012.
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53. Photogrammetrische Woche,
5.-9. September 2011, Stuttgart

Multiray Photogrammetry Meets Advanced
LIDAR: Unter diesem Motto stand die 53.
Photogrammetrische Woche (PhoWo) 2011
und bot ein spannendes Forum, auf dem ge-
stritten wurde, welches der beiden Verfahren
bei der detaillierten dreidimensionalen Objekt-
rekonstruktion die Nase vorn hat. Ein Hohe-
punkt war sicher die mit exzellenten Protago-
nisten beider Seiten besetzte Podiumsdiskus-
sion am Donnerstag.

Die Schwerpunktthemen dieses Jahres waren

e Weiterentwicklung digitaler Luftbildkame-
ras

® Erzeugung von Punktwolken und deren
Verarbeitung

® Schritte zur erweiterten Realitét in 3D-Wel-
ten

Die PhoWo wird im zweijdhrigen Rhythmus
veranstaltet. In diesem Jahr konnten die Ver-
anstalter etwa 340 Géste aus rund 45 Léndern
(ohne Veranstalter) begriifien. Dieses sind fiir
Photogrammetrie und Fernerkundung beein-
druckende Zahlen. Ein weiteres herausste-
chendes Merkmal war wie auch schon in der
Vergangenheit ein Programm ohne Parallel-
vortrdge. Das einheitlich in englischer Spra-
che gehaltene Symposium war auch diesjahr
wieder ausgezeichnet organisiert. Den Veran-
staltern gebiihrt ein herzlicher Gliickwunsch.

Als Auftakt zu den Fachvortrdgen sprach
ALLAN CaRSWELL. Er ist der Griinder der kana-
dischen Firma Optech Inc. und gab einen
groBartigen Uberblick iiber LIDAR-Anwen-
dungen gestern und heute, beispielsweise bei
der Wassertiefenbestimmung bis 20 m Tiefe
und der Analyse der Marsatmosphére mit ei-
nem Optech-Gerét auf einem Mars-Rover.

Am Ende des ersten Vormittags sprach
SusanNE BECKER zur automatisierten Vervoll-
stindigung von LOD3-Gebdudemodellen im
Fall von lLickenhaften Ausgangsdaten, z.B.
bei Verdeckungen.

OpenPhowo-Partner

Die OpenPhowo-Partner haben einen wesent-
lichen Anteil an der Attraktivitdt der PhoWo.
Die traditionellen Gerétevorfiihrungen an den
Nachmittagen bieten einen direkten Kontakt
zu den Geréteherstellern und einen unmittel-
baren Vergleich der Systeme, welchen es sonst
nur selten gibt. Die spannendste Frage aber
betraf die Verortung der neuen Firmengrup-
pen nach der Konsolidierung der Firmenland-
schaft im vergangenen Jahr, denn die PhoWo
bot einen der ersten groBen 6ffentlichen Auf-
tritte in neuer Konstellation.

Die OpenPhowo-Partner waren im einzel-
nen Hexagon Geosystems in Heerbrugg,
Trimble Germany Geospatial Division in
Stuttgart, Ingenieurgesellschaft fiir Interfaces
(IGI) in Kreuztal, Vexcel Imaging/Microsoft
in Graz und BAE Systems als JuniorOpen-
Phowo-Partner.

Hexagon Geosystems besteht unter ande-
rem aus den fritheren Firmen Z/I Imaging und
Leica Geosystems und war in Stuttgart durch
Jack IckEs, vertreten. Vorgestellt wurden die
ADS 80 mit dem zugehdrigen Softwarepaket
XPro (Zeilenkamera), die neue Z/I DMC II
mit einem speziellen fiir Luftbildanwendun-
gen von DALSA entwickelten Flichenarray
(140, 230 und 250 MPixel) und die Leica RCD
30 (Flache, Mittelformat, modularer Aufbau).
Die Présentation von Hexagon gestalteten
RueDI WAGNER und Kraus NEUMANN. Trimble
Germany Geospatial Division besteht unter
anderem aus den fritheren Firmen INPHO and
Definiens. Rarpu D. HUMBERG zeigte Neue-
rungen in der Software. HUBERT MINTEN stellte
fiir die Firma IGI u.a. den RailMapper vor, ein
schienengebundenes Messsystem zur effizien-
ten Bestimmung von Lichtraumprofilen. Das
System ist aus dem StreetMapper entstanden
und basiert auf IGIs AEROcontrol/ TERRA-
control. Vexcel Imaging/Microsoft stellte das
neue Flaggschiff der UltraCam-Familie vor,
ndmlich die UltraCam Eagle (Fldache, 260
MPixel). Fiir Vexcel sprach MicHAEL GRUBER.
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Podiumsdiskussion: Graham, Dold, Carswell, Fritsch, Haala, Hirschmdiller, Hyyppa

Podiumsdiskussion

Das Thema der Podiumsdiskussion entsprach
dem Motto der PhoWo, Multiray Photogram-
metry Meets Advanced LIDAR. Zur Runde ge-
horten ALLaN CarsweLL, Optech, LEwis Gra-
HAM, GeoCue, HEeiko HIrRSCHMULLER, DLR,
JurGen DoLp, Hexagon Geosystems, NORBERT
Haava, ifp Stuttgart und Juna HyvyppA, Fin-
nish Geodetic Institute. Die Leitung hatte DiE-
TER FRITSCH.

Noch wiahrend der letzten Photogrammetri-
schen Woche 2009 erlebten die Besucher eine
sehr kontroverse Diskussion iiber die Bedeu-
tung von LIDAR Punktwolken im Vergleich
zu den mit bildbasierten Verfahren erzeugten
dichten Punktwolken. In diesem Jahr bestand
Konsens im Podium dariiber, dass beide Ver-
fahren nicht nur ihre Daseinsberechtigung ha-
ben, sondern vielmehr die Chance einer ge-
genseitigen Fusion bieten.

Carl Pulfrich Preis

Der Carl Pulfrich Preis wurde 1968 von der
Firma Carl Zeiss, Oberkochen, gestiftet. Carl
Pulfrich hatte die Photogrammetrische Woche
1909 ins Leben gerufen, damals unter dem Ti-
tel Ferienkurs zur Stereophotogrammetrie.
Mit grof3er Freude haben die Veranstalter der
PhoWo die Zusage des Firmennachfolgers,
Hexagon Geosystems, entgegengenommen,
den Preis auch weiterhin zu stiften. In diesem
Jahr wurde er an Heiko HIRSCHMULLER fiir die
Entwicklung des Semi-Global Matching ver-
liehen.

Carl Pulfrich Preistrdger Heiko HIRSCHMULLER
(rechts) mit Jack Ickes, Hexagon Geosystems

1. Schwerpunkt: Weiterentwicklung
digitaler Luftbildkameras

Der Themenkomplex Weiterentwicklung digi-
taler Luftbildkameras wurde mit einem Leit-
vortrag von MICHAEL CRAMER unter dem pro-
vokanten Titel Geometry perfect — Radiome-
try unkown eingeleitet.

Vor dem Hintergrund der zu erwartenden
80-100 GNSS Satelliten gab BERND EISFELLER
einen Uberblick iiber die weltweit wichtigsten
Systeme zur Genauigkeitssteigerung der
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GNSS-Positionsbestimmung. Zwei daran an-
schlieBende Vortrage behandelten den Einsatz
von UAVs (Unmanned Aerial Vehicles). WER-
NER MAYR stellte eine Blom-Firmenldsung vor.
Henri EisensEiss bilanzierte das heutige Po-
tenzial unter Beriicksichtigung der verfiigba-
ren Plattformen und Navigationskomponen-
ten.

Jens KREMER zeigte danach die IGI-Losung
zur Kartierung von Hochspannungsleitungen.

Ein weiteres Thema waren die Hohenmo-
delle. MAarco WEBER demonstrierte das Ge-
nauigkeitspotenzial des weltweiten Hohenmo-
dells auf der Basis des Satellitenpaares Terra-
SAR-X und TanDEM-X. KONRAD SCHINDLER
erlduterte die Genauigkeitssteigerung von Ho-
henmodellen durch den Einsatz von Methoden
der Datenfusion, beispielsweise bei der Ver-
kniipfung von existierenden Hohenmodellen
mit neuen Messdaten.

2. Schwerpunkt: Erzeugung von
Punktwolken und deren Verarbeitung

Der Themenkomplex Erzeugung von Punkt-
wolken und deren Verarbeitung wurde mit
dem Leitvortrag von HElko HIRSCHMULLER ge-
startet. Das von ihm entwickelte Verfahren
des Semi-Global Matching hat die automati-
sche Bildauswertung auf eine vollig neue
Grundlage gestellt, da dabei nicht mehr {iber
kleine Bildflachen interpoliert werden muss,
sondern jedes einzelne Pixel einen Objekt-
punkt im Raum liefern kann. Damit sind die
erzeugten Punktwolken dichter als diejenigen,
die von LIDAR-Messungen her bekannt sind.
Darauf aufbauend erlduterte NorRBERT HAALA
Filterverfahren bei hoher Bildiiberlappung
(multiple Stereopaare, multiray photogram-
metry) zur weiteren Genauigkeitssteigerung
des erzeugten Hohenmodells. ToBias HEUCHEL
stellte Weiterentwicklungen in Match-T DSM,
dem Trimble-Softwarepaket zur Hohenmo-
dellerzeugung, vor.

Mit LIDAR-Verfahren beschéftigten sich
vier Beitrdge. Juna HyyppA begann mit einer
Darstellung des State-of-the-Art beim La-
serscanning basierend auf den Erfahrungen
am Finish Geodetic Institute und verwies auf
die ndchste Gerétegeneration, z.B. hyperspek-
trale Laserscanner. ANDREAS ULLRICH schlug
eine Klassifikation von Full-Waveform La-

serscannern vor, eines Instrumententyps, der
unter anderem von Riegl in Horn (Osterreich)
gebaut wird. LEwis Granam schlug ein Ver-
fahren zur Integration von Punktwolken un-
terschiedlicher Herkunft vor, z. B. von Flug-
zeugen und Fahrzeugen aufgenommenen. Ro-
NALD RotH erlduterte das Verfahren zur Ver-
dichtung von Laserpunktwolken, das im Leica
ALS70 verwendet wird.

3. Schwerpunkt: Schritte zur erweiter-
ten Realitét in 3D-Welten

Auf den dritten Themenkomplex Schritte zur
erweiterten Realitdt in 3D-Welten wurden die
Besucher mit dem Leitvortrag von JaN-MI-
CHAEL FranM, einem Fachmann fiir Computer
Vision, eingestimmt. Er stellte Crowd Sour-
cing in den Mittelpunkt und zeigte, dass es
schon heute riesige Bildsammlungen frei zu-
génglich im Internet gibt, die mit geeigneten
Tools verarbeitet wertvolle Produkte erzeugen
lassen wiirden, beispielsweise zur Tourismus-
forderung, fiir den Denkmalschutz und fiir die
innere Sicherheit, wenn die Konzepte ausge-
reift und in betriebsbereite Systeme umgesetzt
wiren. Lyn WiLson stellte eine virtuelle 3D-
Rekonstruktion der Rosslyn Chapel in Schott-
land vor, und zwar mit Innen- und Auflenan-
sicht. BART BEERS prisentierte ein Aufnahme-
verfahren fiir Panoramabilder aus einem bis
zu 80 km/h schnell fahrenden Auto. Der Ein-
satz von UAVs fiir den Aufbau von 3D-Model-
len war Thema des Beitrags von CHRISTOPH
STRECHA. FLORIAN SIEGERT iiberzeugte mit sei-
nem Verfahren zum Aufbau von hoch aufge-
16sten 3D Landschaftsmodellen und deren
schneller Darstellung im Internet. Die Vor-
tragsfolge schloss mit einer Untersuchung
zum Einsatz von low-cost Geréten fiir die Er-
zeugung von sehr dichten Punktwolken, vor-
getragen von DIETER FriTscH. Dabei wurden
Smartphones, Amateurkameras, einfache
GPS-Empfénger und dhnliche Systeme disku-
tiert.

Rahmenprogramm

Wie gewohnt bot die PhoWo ein groBartiges
Rahmenprogramm. Am Montag luden die
Veranstalter zu einem Empfang im Foyer des
groflen Horsaals ein. Am Dienstag waren die
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Gruppenphoto 53. Photogrammetrische Woche 2011

PhoWo-Teilnehmer Giste im Stuttgarter Rat-
haus und wurden von KARLHEINZ JAGER, dem
Leiter des Stadtmessungsamtes Stuttgart als
Vertreter der Stadt, begriifit. Den Hohepunkt
bildete das festliche Dinner am Donnerstag.

Es fand in gemiitlicher Atmosphére bei Dixi-
land und schwéibischem Wein in der Alten
Kelter in Fellbach statt.

WoLrGaNG KRrEsSSE, Neubrandenburg

Personliches

Hans-Karsten Meier zum
Gedachtnis

Am 5. August 2011 verstarb unerwartet im 86.
Lebensjahr Prof. Dr.-Ing. HANS-KARSTEN MEI-
ER, Ehrenmitglied der Deutschen Gesellschaft
fiir Photogrammetrie, Fernerkundung und
Geoinformation und auch der britischen Re-
mote Sensing and Photogrammetry Society.
Nur zwei Tage bevor er nach einer gut verlau-
fenden zweiten Hiiftoperation aus der Rehabi-
litation mit Optimismus nach Hause zuriick-
kehren wollte, war er am frithen Morgen
friedlich eingeschlafen. Ein engerer Familien-
und Freundeskreis war eingeladen und am 12.
August zum Itzelberger Friedhof seiner Hei-
matgemeinde Konigsbronn gekommen, um
»in liebevoller Verehrung™ von einem Ehe-
mann, Vater, Grofvater und ehemaligen Kol-
legen und Freund Abschied zu nehmen.

Der Verstorbene war den dlteren Lesern der
PFG mit seiner unverwechselbaren Art des
Humors und der Diskussionsfreudigkeit sehr
vertraut und den etwas jiingeren unter uns
noch bekannt, da er auch nach seinem schritt-
weisen Riickzug aus dem Berufsleben Mitte
der 1980er Jahre sein Engagement fiir unser
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Berufsfeld fortsetzte. Seine Verdienste fiir die
Photogrammetrie sind in dieser Zeitschrift
mehrfach und ausfiihrlich gewiirdigt worden,
so 1986, 1990, 1995, und 2000. Deshalb sollen
hier nur die wichtigsten Meilensteine und T&-
tigkeiten seines Lebens wiederholt werden.

Am 10. Oktober 1925 geboren, wuchs H.-K.
MEIER in Cuxhaven auf und musste noch als
Schiiler in den Krieg ziehen, so dass er erst
nach dem Abitur 1948/49 das Vermessungs-
studium in Hannover aufnehmen konnte, zu
einer Zeit, als die Studienbedingungen noch
alles andere als wieder normal zu bezeichnen
waren. Nach dem Diplom Ostern 1953 wurde
er Assistent bei RICHARD FINSTERWALDER in
Miinchen und promovierte bereits nach zwei
Jahren iiber Lotabweichungen im Hochgebir-
ge. Im Juli 1955 holte ihn KURT SCHWIDEFSKY,
damals Leiter der Bildmess-Abteilung, zu
CarL Zgiss nach Oberkochen. Keine andere
Personlichkeit hat die Entwicklung von Luft-
bildmesskammern nach dem Krieg so sehr
beeinflusst und vorangetrieben wie MEIER.
Die stdndige Verbesserung von Bildgeometrie
und Abbildungsqualitit, auch im Hinblick auf
grofere Bildwinkel und Colorfilme, stand da-
bei im Vordergrund und schlug sich u.a. in
seinen wissenschaftlichen Verdffentlichungen
nieder. Die Entwicklung des Prézisionskom-
parators PSK und des Orthoprojektors Gigas-
Zeiss wurde ebenfalls primdr von ihm ge-
prégt.

Als technischer Leiter der Abteilung fiir
Geodisie und Photogrammetrie ab November
1968 musste er seine geliebte wissenschaftli-
che und laborméBige Arbeit jiingeren Kolle-
gen Uberlassen und sich auf die Fiihrungsauf-
gaben konzentrieren. Es gelang ihm, die erfor-
derlichen strategischen Entscheidungen der
1970er Jahre erfolgreich zu treffen: den Aus-
bau der elektronischen Tachymeter bei ,,Geo",
den Einstieg in die analytischen Systeme bei
,»Bms*“ und die Komplettierung der Kleinrei-
henbildner fiir die Aufklarung. Ab Februar
1981 tibernahm HANS-K ARSTEN MEIER, zusam-

men mit KARLHEINZ VOGEL, die unternehmeri-
sche Gesamtverantwortung fiir den Geschéfts-
bereich Vermessung, also auch fiir Vertrieb
und wirtschaftlichen Erfolg. Neben dieser
Fiihrungsaufgabe blieb H.-K. MEIER als Wis-
senschaftlicher weiterhin der Fachwelt ver-
bunden. Von 1969 bis 1987 leitete er zusam-
men mit FRIEDRICH ACKERMANN die von Uni-
versitdt und Zeiss gemeinsam veranstaltete
Photogrammetrische Woche. Seit 1972 mit ei-
nem Lehrauftrag betraut, wurde er 1978 an
der Universitét Stuttgart zum Honorarprofes-
sor ernannt. Die Mitarbeit in Gremien von
u.a. DIN/ISO, FIM, DLR, ESA, ITC und fiir
die DGPF belegen seinen begehrten Sachver-
stand, der sich dariiber hinaus in iber 100
Veroffentlichungen niederschlug. Diese Aner-
kennung driickte sich auch in verschiedenen
Auszeichnungen aus, u. a. der ALBRECHT-MEY-
DENBAUER-Medaille und den beiden eingangs
erwiahnten Ehrenmitgliedschaften.

Im April 1986 hatte er sich entschlossen,
freiwillig sein berufliches Engagement schritt-
weise zuriickzufahren, und mit dem 63. Ge-
burtstag trat ,,Mei*, wie er von den Kollegen
genannt wurde, endgiiltig in den so genannten
Ruhestand. Dennoch engagierte er sich wei-
terhin fiir die Normungsarbeit und erfiillte
sich dariiber hinaus einen lang gehegten
Traum: nachdem er bisher in den Urlauben
seiner Segelleidenschaft auf dem Wasser ge-
front hatte, erwarb er die Privatpilotenlizenz.
Und es war ihm noch bis vor wenigen Jahren
vergdnnt, sein langjdhriges Hobby mit einem
eigenen Motorsegler nun auch auf die ihm
vertraute dritte Dimension auszuweiten.

Alle die ihn kannten, schitzten seinen Hu-
mor, seine Diskussionsfreude, seinen gesun-
den Menschenverstand und seine treffenden
Kommentare zum Zeitgeschehen. Wir trauern
mit seiner Ehefrau und den Familien seiner
zwei S6hne und werden uns immer angenehm
und mit einem Schmunzeln an den Kollegen
HanNs-KARSTEN MEIER erinnern.

Dierk Hossig, Konigsbronn
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Hochschulnachrichten

Martin-Luther-Universitat Halle-
Wittenberg

Herr Dipl.-Geogr. CHRISTIAN GOTZE promo-
vierte am 16.12.2010 am Institut fiir Geowis-
senschaften (Fachgebiet Geofernerkundung
und Kartographie) der Martin-Luther-Univer-
sitdt Halle-Wittenberg mit der Arbeit ,,Detek-
tion von Schwermetallkontaminationen in den
Elb- und Muldeauen mittels Parametrisierung
des spektralen Verhaltens der Vegetation®
zum Dr. rer. nat.

1. Gutachter: Prof. Dr. CorRNELIA GLASSER,
Martin-Luther-Universitit Halle-Wittenberg.
2. Gutachter: Prof. Dr. GUNTER MENzZ, Rheini-
sche Friedrich-Wilhelms-Universitdt Bonn.

Kurzfassung: Die natiirlichen Auendkosyste-
me unterliegen einer hohen Dynamik durch
die Hochwasserereignisse. In intensiv genutz-
ten Flusseinzugsgebieten werden diese Oko-
systeme erheblich anthropogen beeinflusst.
Zusitzlich zu vielfiltigen Nahrstoffeintragen
durch Siedlungen und Landwirtschaft unter-
liegen die Einzugsgebiete von Elbe und Mulde
hohen Stoffeintragen, die von Altindustrie
und Altbergbau verursacht werden und hohe
Schwermetallgehalte in den Auen verursa-
chen. Die in den Bdden akkumulierten
Schwermetalle gelangen iiber die Wurzeln
letztendlich in die Pflanze. Ziel der Arbeit ist
es, mit Hilfe von spektrometrischen Labor-
und Feldmessungen den Einfluss der 6kotoxi-
kologischen Effekte der Boden auf die Auen-
vegetation mittels der spektralen Eigenschaf-
ten abzuleiten.

Die Ergebnisse der vorliegenden Arbeit ba-
sieren auf einer dreijahrigen GefdlBversuchs-
reihe zur Entwicklung einer neuen Methode
zur Bestimmung von Schwermetallstress bei
Auenpflanzen und der Trennung von Schwer-
metallstress von anderen Stressoren. In der
Versuchsstation des Helmholtz-Zentrums fiir
Umweltforschung (UFZ) Leipzig-Halle in Bad
Lauchstddt wurden in einem standardisierten
GefaBversuch die spektralen Reflektionsei-
genschaften ausgewihlter typischer Pflanzen-
arten auf drei unterschiedlich Schwermetall

belasteten Boden innerhalb der phéanologi-
schen Phase der Auenvegetation untersucht.
Ziel war es, in Abhdngigkeit vom Kontamina-
tionsgrad Schwermetallstress bzw. -schidi-
gungen der Vegetation mittels spektrometri-
scher Messungen zu detektieren und zu para-
metrisieren. Dabei wurden durch standardi-
sierte Bewiésserung und Nahrstoffzufuhr an-
dere natiirliche Einflussfaktoren ausgeschlos-
sen, um die Zusammenhénge zwischen dem
spektralen Verhalten und der Schwermetall-
kontamination spezifisch zu ermitteln. Mit
verschiedenen Methoden wie Vegetationsin-
dizes, Red-Edge Position und Continuum Re-
moval wurden die gemessenen Spektraldaten
der Vegetation normiert, um das Potenzial der
Methoden zur Detektion von Schwerme-
tallstress an den Auenpflanzen zu untersu-
chen. Die Ergebnisse der Arbeit zeigen, dass
der Einfluss von Schwermetallen im Boden
und deren Transfer in die Pflanze in bestimm-
ten phénologischen Phasen charakteristische
Verdnderungen im Spektralsignal verursacht.
Mit Hilfe eines entwickelten Algorithmus zur
Parametrisierung der Spektralkurve zeigten
sich signifikante Beziehungen zu den Schwer-
metallbelastungen. Die neu entwickelte Me-
thode CR1725 zeigte hohe Korrelationen zum
Schwermetallgehalt und gleichzeitig niedrige
Korrelationen zu den untersuchten Pflanzen-
parametern wie Nahrstoff- und Chlorophyll-
gehalt.

Die Ubertragbarkeit der Methode auf hy-
perspektrale Fernerkundungsdaten des Sen-
sors Hymap zur Ausweisung rdumlich diffe-
renzierter Belastungsareale innerhalb der Aue
schloss sich an. Im Ergebnis erfolgte eine Ge-
fahrdungsabschiatzung fiir das Gebiet der
Muldeaue anhand eines Schwellwertverfah-
rens, das sich als robustes Verfahren zur fla-
chendeckenden Ausweisung belasteter bzw.
kontaminierter Auenstandorte erwies.

Fachhochschule Mainz

Im Rahmen eines kooperativen Promotions-
verfahrens mit der Universitdt Burgund legte
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Herr AsHisH KArRMACHARYA M.Sc., wissen-
schaftlicher Mitarbeiter am Institut fiir Raum-
bezogene Informations- und Messtechnik
(i3mainz) der FH Mainz, am 30.6.2011 in Di-
jon mit der Arbeit “Introduction of a spatial
layer in the Semantic Web framework: a pro-
position through the Web platform Ar-
chaeoKM” die Dissertationspriifung zum
PhD ab.

1. Gutachter: Prof. Dr. FRANCK MARzANI, La-
boratoire Electronique, Information et Image
(Le2i), Université de Bourgogne.

2. Gutachter: Prof. Dr. FRANK Boocns, Institut
fiir Raumbezogene Informations- und Mess-
technik (i3mainz), Fachhochschule Mainz.

3. Gutachter: Dr. CuristopHE CRruUz, Labora-
toire Electronique, Information et Image
(Le2i), Université de Bourgogne.

Kurzfassung: Database systems are an impor-
tant prerequisite for the advancement of spa-
tial technology. In addition, there has been
done a significant amount of research in the
field of the geospatial ontology domain in or-
der to achieve the semantic interoperability
between different data sources. Although,
data interoperability is one of the main objec-
tives of Semantic Web technologies, the po-
tentiality of the underlying knowledge tools
and techniques have not been completely iden-
tified. With the growing influence of the Se-
mantic Web technologies towards the applica-
tion based on knowledge management and in-
telligent systems, the geospatial application
benefits from this influence. This thesis em-
phasizes the use of knowledge to manage spa-
tial data within spatial information systems
through the Semantic Web framework.

This research activity is carried out with the
backdrop of the case study of the industrial ar-
chaeology. It sets up an ideal environment for
the application of knowledge to manage the
huge and heterogeneous dataset. The use of
knowledge to manage the diversity of infor-
mation was well executed through the applica-

tion prototype named ArchacoKM (Managing
Archaeological data through Archaeological
Knowledge) which is based on the Semantic
Web. The ArchaecoKM framework follows the
4Ks processing steps: Knowledge Acquisition,
Knowledge Management, Knowledge Visual-
ization and Knowledge Analysis. The same
processing principle of 4Ks was implemented
during the spatial knowledge processing. A
top level ontology was developed in order to
serve as the background representation of the
case study in order to adjust the spatial com-
ponents. Keeping the usual procedure, the
spatial knowledge processing begins with ac-
quiring spatial signatures of the identified ob-
jects. The spatial signatures are stored within
the spatial database system with proper map-
ping to the objects in the knowledge base. The
spatial knowledge of these objects is managed
through executing the spatial functions at the
database level and enriching the knowledge
base with the results. This spatially enriched
knowledge base is used again to analyze the
spatial knowledge. This research thesis bene-
fits from the Semantic Web Rule Language in
order to infer knowledge. In addition, the spa-
tial built-ins proposed during the course add
up spatial dimension to the SWRL for spatial
inferences. Similarly, a spatial extension of
the query language SPARQL is proposed in
order to query spatial knowledge from the
knowledge base.

Actually, this research thesis provides the
initial steps in integrating spatial components
within the Semantic Web framework. This in-
tegration process is important for both tech-
nologies. Regarding the Semantic Web, the
integration of non-typical semantic informa-
tion within this framework opens up doors to
other data pattern making the transformation
of technologies easier. Likewise, geospatial
technologies and GIS systems benefits through
the inclusion of knowledge in the analysis
process making the analysis much closer and
efficient to human interpretation.
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Veranstaltungskalender
2011 7-9. Mai: GEOBIA 2012: 4th International

7.—8. Dezember: Wo?-Kongress 2011 — Geo-
Mobility in Gelsenkirchen. http:/www.ikt.
nrw.de/veranstaltung/

2012

23.-25. Januar: GIS Ostrava 2012 — Surface
models for geosciences in Ostrava. http://gis.
vsb.cz/gisostrava/

23.-26. Januar: Defence Geospatial Intelli-
gence (DGI) 2012 in London. www.dgieu-
rope.com

25.-26. Januar: GIS & GDI in der Wasser-
wirtschaft in Kassel. www.dwa.de

1.-2. Februar: 11. Oldenburger 3D-Tage.
www.jade-hs.de/fachbereiche/bauwesen-und-
geoinformation/abteilung-geoinformation/ol-
denburger-3d-tage/

14.-16. Mairz: 32. Wissenschaftlich-Techni-
sche Jahrestagung der DGPF in Potsdam.
http://www.dgpf.de/neu/jahrestagung/infor-
mationen.htm

28.-30. Mérz: GEOINFORMATIK 2012 —
Mobilitdit und Umwelt in Braunschweig.
http://www.geoinformatik2012.de

17.-18. April: 6th International Satellite Na-
vigation Forum — NAVITCH 2012 in Mos-
kau. http://eng.glonass-forum.ru

23.-27. April: Geospatial World Forum 2012
in Amsterdam. www.geospatialworldforum.
org

Conference on Geographic Object Based
Image Analysis 2012 in Rio de Janeiro. www.
inpe.br/geobia2012

8.—10. Mai: 11. Osterreichischer Geoditen-
tag in Velden am Worthersee. www.ogt2012.
at

14.-15. Juni: 8. GIS-Ausbildungstagung in
Potsdam. http://gis.gfz-potsdam.de/index.
php?id=238

24. August—3. September: XXII ISPRS Con-
gress 2012 in Melbourne, Australien. www.
isprs2012-melbourne.org/

9.-11. Oktober: INTERGEO 2012 und 60.
Deutscher Kartographentag und 3. Europé-
ischer Kongress der CLGE (Comité de
Liaison des Géométres Européens) in Hanno-
ver. www.intergeo.de

2013

30. April — 2. Mai: 8th International Sympo-
sium on Mobile Mapping Technology 2013
in Tainan. http:/conf.ncku.edu.tw/mmt2013/

25.-30. August: 26th International Carto-
graphic Conference (ICC) in Dresden. http://
www.icc2013.org/

2-6. September: XXIVth CIPA Heritage
Documentation Symposium in Strasbourg.
http://cipa.icomos.org
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Neuerscheinungen

CHRISTINA ANDRAE, CHRISTIAN GRAUL, MARTIN
OVER & ALEXANDER ZIPE, 2011: Web Portrayal
Services. OpenGIS Web Map Service, Styled
Layer Descriptor, Symbology Encoding und

ISO 19117 Portrayal vorgestellt und erldutert.
381 Seiten, ISBN 978-3-87907-502-7, Wich-
mann, VDE Verlag GmbH, Berlin-Offen-
bach.

Vorstand der DGPF

Prasidentin

Prof. Dr. CORNELIA GLASSER
Martin-Luther-Universitdt Halle-Wittenberg,
Institut fiir Geographie, Von-Seckendorff-
Platz 4, 06120 Halle, Tel.: 0345 / 55-260 20,
Fax: 0345 / 55-271 68, e-mail: praesident@
dgpf.de

Vizeprésident

Prof. Dr. rer. nat. THomas H. KoLBE
Technische Universitdt Berlin, Institut fir
Geodisie und Geoinformationstechnik, Fach-
gebiet Methodik der Geoinformationstechnik,
Stralle des 17. Juni 135, Sekretariat H 12,
10623 Berlin, Tel.: 030 / 314-23274 oder
23205, Fax: 030/ 314-21973, e-mail: thomas.
kolbe@tu-berlin.de

Sekretar

Dr.-Ing. MANFRED WIGGENHAGEN

Leibniz Universitit Hannover, Institut fiir
Photogrammetrie und Geolnformation, Nien-
burger Strale 1, 30167 Hannover, Tel.: 0511 /
762 3304, Fax: 0511 / 762 2483, e-mail: sekre-
taer@dgpf.de

Schatzmeister

Dr.-Ing. HERBERT KRAUSS

Rodenkirchener Strafie 47, 50997 Koln, Tel.:
02233 /22514, Fax: 032 222 / 427 178, e-mail:
mh.krauss@t-online.de

Hauptschriftleiter

Prof. Dr.-Ing. WOLFGANG KRESSE

Hochschule Neubrandenburg, Fachbereich
Landschaftsarchitektur, Geoinformatik, Geo-
désie und Bauingenieurwesen, Brodaer Stra-
Be 2, 17033 Neubrandenburg, Tel.: 0395 /
5693-4106, Fax: 0395 / 5693-4999, c-mail:
kresse@hs-nb.de

Beirat

Dr. rer. nat. Kraus-ULricH Komp

EFTAS Fernerkundung, Technologietransfer
GmbH, Oststralle 2-18, 48145 Miinster, Tel.:
0251 / 1330-70, Fax: 0251 / 1330-733, e-mail:
klaus.komp@eftas.com

Beirat

Prof. Dr.-Ing. Hans-GErD Maas, Technische
Universitdt Dresden, Professur fiir Photo-
grammetrie, Helmholtzstrafe 10, 01062 Dres-
den, Tel.: 0351 / 463-32859, Fax: 0351 / 463-
37266, e-mail: hans-gerd.maas@tu-dresden.
de

Beirat

Prof. Dr.-Ing. MoNIkA SESTER
Leibniz Universitit Hannover, Institut fir
Kartographie und Geoinformatik (ikg), Ap-
pelstrafie 9a, 30167 Hannover, Tel.: 0511 / 762-
3588, Fax: 0511 / 762-2780, e-mail: monika.
sester@ikg.uni-hannover.de
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Beirat

Dr.-Ing. ECKHARDT SEYFERT
Landesvermessung und Geobasisinformation

Brandenburg, Heinrich-Mann-Allee 103,
14473 Potsdam, Tel.: 0331 / 8844-506, Fax:
0331 / 8844-126, e-mail: eckhardt.seyfert@
geobasis-bb.de

Ehrenmitglieder der DGPF

Prof. FRIEDRICH ACKERMANN, Stuttgart
Prof. HEinz DraHEIM, Karlsbad

Prof. GErD HILDEBRANDT, Freiburg
Dr.-Ing. Otto HormANN, Brunnthal

Prof. GotTrrIED KONECNY, Hannover
Direktor Fritz ErRicH KRAUSE, Miinster
Dipl.-Ing. HorsT ScHOLER, Stadtsteinach
Prof. KLAUS SZANGOLIES, Jena

Arbeitskreise der DGPF

Aus- und Weiterbildung

Dr.-Ing. GORRES GRENZDORFFER

Universitdt Rostock, Agrar- und Umweltwis-
senschaftliche Fakultdt, Bereich: Professur
Geodidsie und Geoinformatik, Justus-v.-Lie-
big-Weg 6, 18051 Rostock, Tel.: 0381 / 498-
3206, Fax: 0381 / 498-3202, e-mail: goerres.
grenzdoerffer@uni-rostock.de

Bildanalyse und Bildverstehen

Dr.-Ing. UWE WEIDNER
Karlsruher Institut fiir Technologie, Institut
fir Photogrammetrie und Fernerkundung,
Englerstrafie 7, 76131 Karlsruhe, Tel.: 0721 /
608-43945, Fax: 0721 / 608-48450, e-mail:
uwe.weidner@kit.edu

Geoinformatik
Prof. Dr. rer. nat. habil. JURGEN DOLLNER

Hasso-Plattner-Institut fiir Softwaresystem-
technik, Computer Graphics Systems, Prof.-

Dr.-Helmert-Stralle 2-3, 14482 Potsdam, Tel.:
0331 / 5509-170, Fax: 0331 / 5509-172, e-mail:
doellner@hpi.uni-potsdam.de

Hyperspektrale Fernerkundung

Dr. ANDRAS JUNG

SphereOptics GmbH, Remote Sensing Tech-
nology, Bergstraf3e 36, 88690 Uhldingen, Tel.:
07556 / 9299666, Fax: 07556 / 50108, e-mail:
ajung@dgpf.de

Radarfernerkundung und
Flugzeuglaserscanning

Prof. Dr.-Ing. UWE SORGEL

Leibniz Universitdt Hannover, Institut fiir
Photogrammetrie und Geolnformation, Nien-
burger Strafie 1, 30167 Hannover, Tel.: 0511 /
762-2981, Fax: 0511 / 762-2483, e-mail: soer-
gel@ipi.uni-hannover.de, www.ipi.uni-hanno-
ver.de/us.html
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Auswertung von Fernerkundungs-
daten

Dr. habil. HorsT WEICHELT

RapidEye AG, Molkenmarkt 30, 14776 Bran-
denburg a.d. Havel, Tel.: 03381 / 8904-311,
Fax: 03381/ 8904-101, e-mail: dgpf-akfe@h-
weichelt.de

Standardisierung und Qualitéatssi-
cherung

Dipl.-Ing. SVEN BaLTRUSCH

Landesamt fiir Innere Verwaltung Mecklen-
burg-Vorpommern, Amt fiir Geoinformation,
Vermessung und Katasterwesen, Liibecker
Strafle 289, 19059 Schwerin, Tel.: 0385 / 588-
56322, e-mail: sven.baltrusch@laiv-mv.de

Optische 3D-Messtechnik

Prof. Dipl.-Ing. THomAs KERSTEN

HafenCity Universitdit Hamburg, Labor fiir
Photogrammetrie & Laserscanning, Hebe-
brandstraBe 1, 22297 Hamburg, Tel.: 040 /
428-27 5343, Fax: 040 / 428-27 5359, e-mail:
thomas.kersten@hcu-hamburg.de, www.hcu-
hamburg.de/geomatik/kersten

Dr.-Ing. DANILO SCHNEIDER

Technische Universitdt Dresden, Institut fiir
Photogrammetrie & Fernerkundung, Helm-
holtzstraBe 10, 01062 Dresden, Tel.: 0351 /
463-33144, Fax: 0351 / 463-37266, e-mail: da-
nilo.schneider@tu-dresden.de, www.danilo-
schneider.de

Fernerkundung in der Geologie

Dr. Hans-ULricH WETZEL
GeoForschungsZentrum Potsdam (GFZ), PB
1.5, Telegrafenberg, 14473 Potsdam, Tel.:
0331 / 288-1194, Fax: 0331 / 288-1192, e-
mail: wetz@gfz-potsdam.de

Dr. FriEDRICH KUHN

Bundesanstalt fiir Geowissenschaften und
Rohstoffe, Stilleweg 2 ,30655 Hannover, Tel.:
0511 / 643-3007, Fax: 0511 / 643-3664, e-mail:
friedrich.kuechn@bgr.de

Sensoren und Plattformen

Prof. Dr. NoRBERT HaALA

Universitdt Stuttgart, Institut fiir Photogram-
metrie, Geschwister-Scholl-Stralle 24d, 70174
Stuttgart, Tel.: 0711 / 685-83383, Fax: 0711 /
685-83297, email: norbert.haala@ifp.uni-
stuttgart.de

3D-Stadtmodelle

Dipl.-Ing. BETTINA PETZOLD

Landesbetrieb Forst Baden-Wiirttemberg, Ge-
schiftsbereich FGeo, Bertoldstral3e 43, 79098
Freiburg, Tel.: 0761 / 208-1339, e-mail: betti-
na.petzold@rpf.bwl.de, www.forstbw.de

Dipl.-Ing. EKKEHARD MATTHIAS

Freie und Hansestadt Hamburg, Landesbe-
trieb Geoinformation und Vermessung, Sach-
senkamp 4, 20097 Hamburg, Tel.: 040 / 428-
26-5750, Fax: 040 / 428-26-5966, e-mail: ek-
kehard.matthias@gv.hamburg.de, www.geo-
info.hamburg.de
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Berichterstatter fiir ISPRS und CIPA

Kommission | — Image Data Acqui-
sition — Sensors and Platforms

Dr.-Ing. FraNz Kurz
D-82230 Oberpfaffenhofen
e-mail: franz.kurz@dlr.de

Kommission Il — Theory and Con-
cepts of Spatial Information Sci-
ence

Prof. Dr.-Ing. MONIKA SESTER
D-30167 Hannover
e-mail: monika.sester@ikg.uni-hannover.de

Kommission Il - Photogrammetric
Computer Vision and Image Analy-
sis

Prof. Dr.-Ing. STEFAN HiNnz
D-76128 Karlsruhe
e-mail: stefan.hinz@kit.edu

Kommission IV — Geodatabases
and Digital Mapping

Dr.-Ing. VOLKER WALTER
D-70174 Stuttgart
e-mail: volkerwalter@ifp.uni-stuttgart.de

Kommission V — Close-Range
Sensing: Analysis and Applica-
tions

Dr.-Ing. DANILO SCHNEIDER
D-01062 Dresden
e-mail: danilo.schneider@tu-dresden.de

Kommission VI — Education and
Outreach

Dipl.-Inf. GERHARD KONIG
D-10623 Berlin
e-mail: gerhard.koenig@tu-berlin.de

Kommission VIl - Thematic Pro-
cessing, Modeling and Analysis of
Remotely Sensed Data

Dr.-Ing. Uwe WEIDNER
D-76128 Karlsruhe
e-mail: uwe.weidner@kit.edu

Kommission VIIl - Remote Sensing
Applications and Policies

Prof. Dr. IRMGARD NIEMEYER
D-09599 Freiberg
e-mail: irmgard.niemeyer@freiberg.de

CIPA - Internationales Komitee fiir
Architekturphotogrammetrie

Prof. Dr.-Ing. MICHAEL SCHERER
D-44780 Bochum, e-mail: michael.scherer@
rub.de
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Gutachter der PFG im Jahr 2011

Der Wert einer wissenschaftlichen Zeitschrift
hiangt wesentlich von der Qualitét der Gutach-
ten ab. Die Schriftleiter der PFG mdchten sich
hiermit bei den Gutachtern des Jahres 2011
herzlich bedanken, die neben dem Editorial
Board ihre Arbeitszeit der Begutachtung der
PFG-Artikel gewidmet haben:

Clemens Atzberger, Wien, Osterreich
Sven Baltrusch, Schwerin

Emmanuel Baltsavias, Ziirich, Schweiz
Ellen Banzhaf, Leipzig

Lutz Bischoff, Greven

Christian Briese, Wien, Osterreich
Heinz Briiggemann, Remagen
Tilman Bucher, Berlin

Matthias Butenuth, Miinchen
Christopher Conrad, Wiirzburg
Michael Cramer, Stuttgart

Martin Drauschke, Neubiberg

Henri Eisenbeiss, Ziirich, Schweiz
Roland Go6tze, Bonn

Gerhard Groger, Bonn

Norbert Haala, Stuttgart

Volker Hochschild, Tiibingen
Michael Hovenbitzer, Frankfurt/Main
Viktor Kaufmann, Graz, Osterreich
Fredie Kern, Mainz

Birgit Kleinschmit, Berlin

Tobia Lakes, Berlin

Ioannis Manakos, Chania, Griechenland
Ulrich Michel, Heidelberg

Matthias Mdaller, Berlin

Jeremy Morley, Nottingham, GroBbritannien
Stephan Nebiker, Muttenz, Schweiz
Maik Netzband, Bochum

Klaus Neumann, Aalen

Konstantinos Nikolakopoulos, Acharnae,
Griechenland

Norbert Pfeifer, Wien, Osterreich
Heinz-Jiirgen Przybilla, Bochum
Camillo Ressl, Wien, Osterreich

Ribana Roscher, Bonn

Carl-Thomas Schneider, Braunschweig
Danilo Schneider, Dresden

Hannes Taubenbdck, Oberpfaffenhofen
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Zum Titelbild

Hochgenaue True-Orthobilder und
Oberflachenmodelle einer modula-
ren Luftbildkamera (Modular
Airborne Camera System — MACS)
am Beispiel Berlin-Adlershof

Das Titelbild zeigt den Standort des Deutschen
Zentrums fiir Luft- und Raumfahrt e.V. (DLR)
am Wissenschafts- und Technologiestandort
Berlin-Adlershof. Es handelt sich um eine
2,5D Ansicht ohne Seitenfassaden. Dafiir
wurde ein Digitales Oberflichenmodell mit
drei verschiedenen Bildinformationen textu-
riert: Einer Farbkodierung der Hohenstufen,
True-Orthobildern in Echtfarben (RGB) und
und einem geringer aufgeldsten Farbinfrarot-
bild (CIR).

Aufgenommen wurden die Bilddaten mit
einem modularen Luftbildkamerasystem
(MACS), welches in der Einrichtung Optische
Informationssysteme des DLR auf Basis von
Industriekameramodulen und Industrieopti-
ken entwickelt und in verschiedenen Ausbau-
stufen seit 2009 zur Erhebung experimenteller
Luftbilddaten verwendet wird.

Zielstellung der MACS-Entwicklung war
die einfache und kostengiinstige Erzeugung
von Bilddatensdtzen mit Bodenaufldsungen
im Bereich weniger Zentimeter, die sich zu
hochgenauen photogrammetrischen Produk-

ten bis hin zu 3D-Punktwolken verarbeiten
lassen. Mit den Daten des Kamerasystems sol-
len die dafiir notwendigen photogrammetri-
schen Verfahren demonstriert und weiterent-
wickelt werden. Besonderer Wert wurde auf
eine hohe Geschwindigkeit der Datenverar-
beitung in den Kameramodulen gelegt. Die
damit erzielbaren hohen Uberlappungen und
geringen Bewegungsunschirfen sind Voraus-
setzung fiir exakte und dichte 3D-Modellie-
rungen auch aus schnellfliegenden Trigerflug-
zeugen sowie aus geringen Flughdhen.

Die Daten wurden im Mérz 2011 auf einer
stabilisierten Plattform aus 700 m Flughdhe
bei einer Fluggeschwindigkeit von 200 km/h
erhoben. Es wurden 7 Flugstreifen geflogen
und Bilddaten mit einer GSD von 13 cm (CIR-
Kamera-Modul) und 9 cm (RGB-Kamera-
Module) aufgenommen. Die Uberlappung der
Bilder betrug dabei ungefahr 98% lidngs und
78% quer zur Flugrichtung.

Die gesamte Prozessierung (Postprozessie-
rung der Navigationsdaten, Aerotriangulation,
Semi-Global Matching und True-Ortho-
bilderstellung) erfolgte am DLR. Durch die
schnelle Bildfolge werden sichttote Réume
vermieden. Insbesondere in urbanen Rdumen
stehen damit auch fiir enge Sichtgeometrien
geniigend Bilder zur Bildzuordnung zur Ver-
fiigung.

Die MACS kann aufgrund ihrer kompakten
Bauweise und ihres geringen Gewichts in
kleinen Flugzeugen und in Auflenbehéltern
eingebaut werden. Auch eine Konfiguration
als schrégblickendes System wurde schon er-
probt und erfolgreich ausgewertet.

Dipl.-Geol. FRANK LEHMANN

Abteilungsleiter Sensorkonzepte und Anwen-
dungen, Einrichtung Optische Informations-
systeme am Institut fiir Robotik und Mecha-
tronik, Deutsches Zentrum fiir Luft- und
Raumfahrt, Rutherfordstr. 2, D-12489 Berlin,
Tel.: +49-30-67055-425, Fax: +49-30-67055-
385, e-mail: frank.lehmann@dlr.de, www.dlr.
de/os/
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mbH
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TerraVista Umweltdaten GmbH
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Trimble Germany GmbH

trimetric 3D Service GmbH

Wichmann, VDE Verlag GmbH

Z/1 Imaging Ltd.

Behorden

Amt fiir Geoinformationswesen der Bundes-
wehr

Bayerische Landesanstalt fiir Wald und
Forstwirtschaft

Bundesamt fiir Kartographie und Geodisie
Bundesmin. fir Erndh., Landw. u. Verbrau-
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DB Netz AG

Hess. LA fiir Bodenmanagement und
Geoinformation

Innenministerium NRW, Gruppe Vermes-
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LA fiir Geoinformation u. Landentw.,
Baden-Wiirttem.

LA fiir Vermessung und Geoinformation,
Bayern

LB Geoinformation und Vermessung,
Hamburg

LB f. Kiistenschutz, Nationalpark u. Meeres-
schutz, SH

Landesvermessung und Geobasisinformation
Nieders.

Mirkischer Kreis, Vermessungs- und
Katasteramt

Regierungspris. Tiibingen, Abt. 8 Forstdirek-
tion

Regionalverband Ruhr

Staatsbetrieb Sachsenforst Pirna

Stadt Bocholt, Fachbereich 31

Stadt Diisseldorf, Vermessungs- und
Katasteramt
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Stadt Koln, Amt fiir Liegensch., Verm. und
Kataster

Stadt Wuppertal, Verm., Katasteramt und
Geodaten

Thiiringer LA fiir Vermessung und Geoinfor-
mation

Hochschulen

BTU Cottbus, Lehrstuhl fiir Vermessungs-
kunde

FH Frankfurt a.M., FB 1, Studiengang
Geoinformation

FH Mainz, Inst. f. Raumbez. Inform.- und
Messtechn.

FH Oldenburg, Inst. fiir Angew. Photogr. und
Geoinf.

HCU HafenCity Universitit Hamburg,
Geomatik

HfT Stuttgart, Vermessung und Geoinforma-
tik

HS Bochum, FB Vermessung und Geoinfor-
matik

HS Karlsruhe, FB Geoinformationswesen
HTW Dresden, FB Vermessungswesen/
Kartographie

Karlsruher Institut fiir Technologie, KIT,
Inst. fiir Photogrammetrie und Fernerkun-
dung

MLU Halle, FG Geofernerkundung
Ruhr-Uni Bochum, Geographisches Institut
RWTH Aachen, Geoditisches Institut

TU Bergak. Freiberg, Inst. f. Markscheid. u.
Geodésie

TU Berlin, Computer Vision & Remote
Sensing

TU Berlin, Inst. fiir Geodéasie und Geoinfor-
mationstechnik

TU Braunschweig, Inst. fiir Geoddsie und
Photogr.

TU Clausthal, Inst. fiir Geotechnik und
Markscheidew.

TU Darmstadt, Inst. fiir Photogrammetrie
und Kartogr.

TU Dresden, Inst. fiir Photogrammetrie und
Fernerk.

TU Miinchen, FG Photogrammetrie und
Fernerk.

TU Wien, Inst. fiir Photogrammetrie und Fer-
nerk.

Uni Bonn, Inst. fiir Photogrammetrie

Uni Géttingen, Inst. fiir Waldinv. und
Waldwachstum

LUH Hannover, Inst. fiir Kartogr. und
Geoinformatik

LUH Hannover, Inst. fiir Photogrammetrie
und Geolnf.

Uni Heidelberg, IWR Interdis. Zentr. f. Wiss.
Rechnen

Uni Kassel, FB Okologische Agrarwissen-
schaften

Uni Kiel, Geographisches Institut

Uni Stuttgart, Inst. fiir Photogrammetrie
Uni Wiirzburg, Geographisches Institut

Uni zu Koln, Geographisches Institut



PFG - Jahrgang 2011, Heft 1-6
Inhaltsverzeichnis Jahrgang 2011

KRresse W.: Verdnderungen in der Schriftleitung . ......... ... .. ... .. ... .. ... .... 323
Maver, H. & KerstTen, T.: Editorial — Vier Jahre und 25 Ausgaben . .................. 201
MicHeL, U. & EHLERS, M.: Editorial ... ... ... . ... . . i 203

Originalbeitrage, alphabetisch nach Autoren
BecHTEL, B.: Multisensorale Fernerkundungsdaten zur mikroklimatischen
Beschreibung und Klassifikation urbaner Strukturen ......... ... ... ... ... .... 325

BERNHARD, E.-M., TWELE, A. & GAHLER, M.: Rapid Mapping of Forest Fires
in the European Mediterranean Region — a Change Detection Approach Using X-Band

SAR-DALA. . . oottt 261
BeramanN, F. & Lunmann, T.: Kleinste-Quadrate-Zuordnung mit erweiterten

geometrischen Transformationen . ........... ... .. .. ... .. i 57
Buck, O., PETER, B. & BUKER, C.: Zwei-skaliger Ansatz zur Aktualisierung

landwirtschaftlicher Referenzkulissen (LPIS) . ....... ... .. .. ... ... . ... ... ..... 339
CHAABOUNI-CHOUAYAKH, H. & REINARTZ, P.: Towards Automatic 3D Change Detection

inside Urban Areas by Combining Height and Shape Information ................. 205

Frick, A., STEFFENHAGEN, P., ZERBE, S., TIMMERMANN, T. & ScHuLrz, K.: Monitoring of the
Vegetation Composition in Rewetted Peatland with Iterative Decision Tree
Classification of Satellite Imagery ... ...... ... ... . 109

GUNTHERT, S., WIELAND, M. & SiEGMUND, A.: Change Detection Analysis for Assessing the
Vulnerability and Protective Effect of Beach Forests in Case of the Tsunami 2004 in

Thailand. . . ... e 247
Jacogsen, K.: Geometric Property of Large Format Digital Camera DMCI1 140 ... ..... 71
KLINGER, T., Ziems, M., HErPKE, C., ScHENKE, HW. & OTT, N.: Antarctic

Coastline Detection using Snakes. . ...t 421

Kronus, S., EHLERS, M., Tomowskl1, D., MicHEL, U. & REINARTZ, P.: Detektion von
zerstorten Gebduden in Krisengebieten aus panchromatischen Fernerkundungsdaten . 219

LenmMAaNN, F., BERGER, R., BRAUCHLE, J., HEIN, D., MEISSNER, H., PLESS, S., STRACKENBROCK,
B. & WiepeN, A.: MACS — Modular Airborne Camera System for Generating

Photogrammetric High-Resolution Products . ........ ... ... ... .. ... ... . ... 435
LisTNER, C. & NIEMEYER, I.: Object-based Change Detection. . ....................... 233
Lunmann, T., Oum, J., PIEcHEL, J. & ROELFs, T.:

Geometrische Kalibrierung von Thermografiekameras. . ........................ 5

RICHTER, R. & DOLLNER, J.: Integrierte Echtzeit-Visualisierung von massiven
3D-Punktwolken und georeferenzierten Texturdaten . .......................... 145

RuTZINGER, M., HOFLE, B., OUDE ELBERINK, S. & VosseLMAN, G.: Feasibility of Facade
Footprint Extraction from Mobile Laser Scanning Data . ........................ 97

SAMADZADEGAN, F. & Dabras Javan, F.: New Object Level Strategy for Image Fusion
Quality Assessment of High Resolution Satellite Imagery ....................... 123

Scumipt, K.: Analyse hyperspektraler Signaturen mit doppelten Weibull-Funktionen . ... 349



474 Photogrammetrie « Fernerkundung « Geoinformation 6/2011

Sui, W. & Ding, H.: A Probability Model-based Method for Land Cover Change Detection
Using Multi-Spectral Remotely Sensed Images .. .............................. 271

STOTER, J., VOSSELMAN, G., G0o0s, J., ZLATANOVA, S., VERBREE, E.,
KrLoosTER, R. & REUVERS, M.: Towards a National 3D Spatial Data

Infrastructure: Case of The Netherlands. . ....... ... .. .. ... ... .. ... ... ..... 405
THEILEN-WILLIGE, B.: Remote Sensing and GIS Studies of the Hegau Volcanic

Area in SW GeIrmany . .. ...ttt ettt et e 361
Workr, N.: Feature Evaluation for a Transferable Approach of Object-based Land

Cover Classification Based on Ikonos and QuickBird Satellite Data. .. ............. 135

XiE, H., HerekE, C., LonMaNN, P., SoerGeL, U., Tong, X. & SHi, W.:
A New Binary Encoding Algorithm for the Simultaneous Region-based
Classification of Hyperspectral Data and Digital Surface Models. . ................ 17

Aus Wissenschaft und Technik

KELLER, F., SANGER, J., KERSTEN, T. & ScHIEWE, J.: Historisches 4D-Stadtmodell
der Freien und Hansestadt Hamburg — Automatisierte Generierung und
Darstellung innerhalb der Google Earth Engine ................. .. ... ... ... ... 155

SetrerT, M.: INSPIRE Data Specification for harmonised Orthoimageries ............. 447

Berichte und Mitteilungen

Berichte von Veranstaltungen

ISPRS Commission IIT Symposium »Photogrammetric Computer Vision,
1. — 3. September in Paris, Frankreich............ ... .. ... .. ... .. ... ..., 35

10™ International Scientific and Technical Conference “From imagery to
map: Digital photogrammetric technologies”, 20. — 23. September 2010

inGaeta, [talien .. ... ... . 36
47. Tagung der Arbeitsgruppe Automation in Kartographie, Photogrammetrie

und GIS (AgA), 27. — 28. September 2010 in Dresden . ........................ 39
Enviroinfo2010 — Umweltinformatiktagung in Kooperation

mit der INTERGEO, 6. — 8. Oktober 2010 in Kélnund Bonn. .. ................. 41
Workshop der ISPRS WG 1/4, 11. — 13. Oktober 2010 in Istanbul,

TUIKET .« o .o 42
Seminar ,,Optische Messtechnik fiir Anwendungen im Maschinenbau®,

14. Oktober 2010 am Karlsruher Institut fiir Technologie ...................... 81
1** European LiDAR Mapping Forum (ELMF), 30. November— 1. Dezember 2010

in Den Haag, Niederlande .......... .. .. .. . .. .. . . . . .. 82

ISPRS Kommission IV Symposium: ,,Geospatial Data and Geovisualisation:
Environment, Security, and Society”, 15.—19. November 2010

in Orlando, US A ... . 171
TLS 2010 — Terrestrisches-Laserscanning mit TLS Challenge,

6.—7.DezemberinFulda ....... .. ... ... . . 172
Range-Imaging Sensors and Applications Workshop (RISA),

26.-27. Januar 2011 in Trient, Italien . .. ... ... ... ... ... .. 174
10. Oldenburger 3D-Tage, 1.-3. Februar 2011 . ...... ... ... ... ... ... ... .... 174

Fachtagung Mobile Mapping 2011, 16. Februar 2011 in Muttenz, Schweiz . ........ 181



Jahresinhaltsverzeichnis 475

3D-ARCH, 1.-5. Mérz 2011 in Trient, Italien . ... ..... ... .. ... .. ... ......... 183
Tagung ,,Geomonitoring*, 3.—4. Mérz 2011 in Clausthal-Zellerfeld............... 302
GRSS/ISPRS Joint Conference — Joint Urban Remote Sensing Event

(JURSE 2011), 11.-13. April 2011 in Miinchen . ........... ... ... ... ....... 303

5™ International Conference on 3D Geoinformation, 3.—4. November 2010 in Berlin 374
ISPRS Hannover Workshop 2011 ,,High-Resolution Earth Imaging

for Geospatial Information®, 14.—17. Juni 2011 in Hannover .................... 382
Symposium Konigslutter der DGfK-Kommission Angewandte

Kartographie — Geovisualisierung, 30. Mai— 1. Juni 2011 in K&nigslutter . . ........ 383
4. Hamburger Anwenderforum fiir Terrestrisches Laserscanning, 23. Juni 2011 in
Hamburg . ... 386
10. Internationales 3D-Forum Lindau, 29.—30. Médrz 2011 in Lindau ............. 388
53. Photogrammetrische Woche, 5.-9. September 2011 in Stuttgart. .............. 457

Kurzfassungen der ausgezeichneten Arbeiten des Karl Kraus-Nachwuchsférderpreises 2011

Michael Denk (Universitiat Halle-Wittenberg) . ............ ... ... .. ... ... 284
Stefan Cavegn (Fachhochschule Nordwestschweiz Muttenz) ................... 285
Catia Real Ehrlich (TU Darmstadt) . . .......... ... . 286

Berichte der Arbeitskreise der DGPF

3D-Stadtmodelle . ... ... e 288
Aus-und Weiterbildung . ........ . ... 289
Auswertung von Fernerkundungsdaten ............ ... ... .. ... ... ... ... .... 290
Bildanalyse und Bildverstehen .......... .. ... .. .. . .. .. . 292
Fernerkundung inder Geologie . .. ....... .. it 293
Hyperspektrale Fernerkundung ......... .. .. . .. . . . 294
Optische 3D-Messtechnik . ........ ... . . 295
Radarfernerkundung und Flugzeuglaserscanning ............................ 297
Sensoren und Plattformen . ...... ... . ... 298
Standardisierung und Qualitdtssicherung .. ......... ... ... . ... .. . .. 299
Mitteilungen der DGPF
Renaissance der Stereoauswertung von Luftbildern ....................... ... 83
TU Miinchen bescheinigt Aquivalenz mit Master und
verleiht wieder erste Diplomingenieur-Urkunden ............ ... ... ... ..... 184
32. Wissenschaftlich-Technische Jahrestagung der DGPF in Potsdam 2012 .. ...... 300
Ausschreibung des Karl Kraus-Nachwuchsforderpreises 2012 .................. 300
Photogrammetrisches Worterbuch. . ..... ... .. .. . . L 390
Personliches
Dr.-Ing. Wolfgang Brindopke T ...... ... .. . 44

Ehrenprésident Prof. Dr.-Ing. Jorg Albertz f........ . ... ... . ... . ...... 45



476 Photogrammetrie « Fernerkundung « Geoinformation 6/2011

Nachruf auf Hans-Giinter Gierloff-Emden .. .................. ... ... ........ 391
Hans-Karsten Meier zum Geddchtnis .. ... . 460
Neue Mitglieder der DGPF . ... ... 302

Hochschulnachrichten 85, 86, 185, 186, 187, 188, 189, 190, 306, 307, 309, 310, 311, 392,
393, 394, 462

Buchbesprechungen 87, 88, 191, 313

Neuerscheinungen 48, 193, 396, 465

Vorankiindigungen/Veranstaltungskalender 47, 90, 192, 314, 396, 464

Zum Titelbild
Heft 1: Groformatige digitale Luftbildkamera DMCIL . .......................... 49
Heft 2: Visualisierung von massiven 3D-Punktwolken ... .......................... 91
Heft 3: Global Monitoring for Food Security Stage 3(GMFS3)...................... 194
Heft 4: Change Detection ... ........ ittt 315
Heft 5: Satelliten- und flugzeuggestiitzte Oberflichenparameter zur Klassifikation

von stadtklimatisch relevanten Stadtstrukturen in SAGA ........... ... ... .... 397
Heft 6: Hochgenaue True-Orthobilder ......... .. .. . ... ... . ... .. 470
Korporative Mitglieder 50, 92, 195, 316, 398, 471
Vorstand der DGPF . . .. ..o 465
Ehrenprésident/Ehrenmitgliederder DGPF . ... ... ... ... .. ... .. ... . ... 466
Arbeitskreise der DGPF . .. ... . 466
Berichterstatter flir ISPRSund CIPA . ... ... . . 468

Gutachter fiir die PFG im Jahr 2009 . . . ... ... .. 469



TECHNISCHE
UNIVERSITAT
DARMSTADT

Am Fachbereich Bauingenieurwesen und Geodasie der Technischen Universitat Darmstadt ist zum
Sommersemester 2012 eine

Universitatsprofessur (W3) fiir Fernerkundung und
Bildanalyse/Remote Sensing and Image Analysis (Kenn-Nr.: 418)

zu besetzen.

Der/die Inhaber/in dieser Stelle soll insbesondere bei der Ausbildung von Bau- und Umweltingenieuren,
Geoditen und Geowissenschaftlern mitwirken. Die Bewerberin/der Bewerber ist durch hervorragende For-
schungsleistung auf mindestens einem der Teilgebiete von Fernerkundung und Bildanalyse ausgewiesen.

Schwerpunkt sollte die Forschung im Bereich von satellitengestiitzten Methoden (z. B. SAR, INSAR),
hyperspektralen Bilddaten und die Aspekte der Datenfusion mit anderen Raum- und Geodaten sein.
Nachgewiesene ingenieurwissenschaftliche Expertise in der Kombination und Integration dieser Teilgebiete
ist erwiinscht.

Die Stelleninhaberin/der Stelleninhaber wird sich an den Lehraufgaben der Bachelor- und Masterstudien-
gédnge des Fachbereichs Bauingenieurwesen und Geodisie sowie fachbereichsiibergreifender Studiengénge
beteiligen.

Zudem wird von der zukiinftigen Stelleninhaberin/dem zukiinftigen Stelleninhaber die Fahigkeit und
Bereitschaft zur interdisziplindren Zusammenarbeit und die Mitarbeit in der universitdren Selbstverwal-
tung erwartet.

Neben einer hervorragenden Befidhigung zu eigensténdiger wissenschaftlicher Arbeit, nachgewiesen durch
eine qualifizierte Promotion, Habilitation oder habilitationsdquivalente Leistungen, wird eine entsprechen-
de padagogische didaktische Eignung vorausgesetzt. Wiinschenswert sind Erfahrungen in der Einwerbung
von Drittmitteln und eine internationale Vernetzung.

Die Einstellung erfolgt im aufertariflichen Angestelltenverhéltnis mit einer qualifikationsabhédngigen
Vergiitung in Anlehnung an die W-Besoldung. Diese wird zwischen Bewerber/in und Hochschulleitung
verhandelt. Professorinnen und Professoren, die bereits in einem Beamtenverhéltnis stehen, konnen in
einem solchen weiterbeschéftigt werden. Es gelten ferner die Einstellungsvoraussetzungen der §§ 61 und
62 Hessisches Hochschulgesetz.

Die Technische Universitdt Darmstadt strebt eine Erhohung des Anteils der Frauen am Personal an und
fordert deshalb besonders Frauen auf, sich zu bewerben. Schwerbehinderte werden bei gleicher Eignung
bevorzugt.

Bewerbungen sind mit den iiblichen Unterlagen, insbesondere Lebenslauf, Schriftenverzeichnis, Ubersicht
iiber die bisherige Lehrtétigkeit (inklusive Lehrevaluationen) und Darstellung wissenschaftlicher Aktivité-
ten unter Angabe der u. g. Kenn-Nummer zu senden an den Dekan des Fachbereichs Bauingenieurwesen
und Geodisie, Technische Universitdt Darmstadt, Petersenstral’e 13, 64287 Darmstadt.

Bewerbungsfrist: 15.01.2012









