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Editorial: DeSecure —

Article

Satellitengestiitzte Kriseninformation fiir Deutschland

Monika GAHLER, Oberpfaffenhofen & Steran Hinz, Karlsruhe

Mit der weltweiten Zunahme von Naturkata-
strophen, humanitdren Notsituationen und zi-
vilen Gefahrenlagen steigt auch der Bedarf an
zeitnaher, préziser und flichendeckender
Lageinformation. Diese aktuellen und umfas-
senden Informationen konnen inzwischen
zum grof3en Teil durch Analyse von satelliten-
gestiitzten Fernerkundungsdaten bereitgestellt
werden und wertvolle Informationen im Be-
reich der Naturkatastrophen-Vorsorge, -Friih-
warnung und -Ausbreitung sowie auch zur
Schadensabschétzung nach Katastrophen, zur
schnellen Ubersicht akuter Ereignisse und
zum Beobachten von Wiederaufbaumafinah-
men liefern. Hierfiir sind Strukturen und Ka-
pazititen notwendig, die eine schnelle Auf-
nahme und verléssliche Aufbereitung der Sa-
tellitendaten ermoglichen.

Dieses Themenheft der PFG gibt einen Ein-
blick in die Ziele und Ergebnisse des Projektes
DeSecure. DeSecure ist ein Verbundprojekt
initiiert durch die DLR Raumfahrtagentur mit
dem {iibergeordneten Ziel der Verbesserung
der operativen Bereitstellung von satellitenge-
stiitzten Krisenlageinformationen durch eine
Starkung der in Deutschland verfiigbaren me-
thodisch-technischen Notfallkartierungska-
pazitdten und geht einher mit dem Ausbau der
GMES (Global Monitoring for Environment
and Security) Aktivitdten auf europdischer
Ebene. Hierfiir wurde aufbauend auf einer
Nutzeranalyse der gesamte Produktionszyklus
von satellitengestiitzter Information (Satelli-
tendatenempfang, -prozessierung, Informati-
onsextraktion und -bereitstellung) im Projekt-
zeitraum (2007-2010) analysiert, Optimie-
rungspotentiale identifiziert und fiir diese
konzeptionelle und praktische Losungswege
erarbeitet und umgesetzt. Die erzielten Ver-
besserungen werden exemplarisch in den Bei-
trdgen dieses Heftes dargestellt.

© 2010 E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, Germany

DOI: 10.1127/1432-8364/2010/0064

Neben dem Deutschen Fernerkundungsda-
tenzentrum (Projektleitung) waren das Insti-
tut fiir Methodik der Fernerkundung des DLR
sowie die Industriepartner Definiens AG,
GAF AG, Infoterra GmbH, PRO DV AG und
RapidEye AG sowie die Technischen Univer-
sitdten Berlin und Miinchen beteiligt.

n 7 e

frerrir

—RapidEye infoterra
PRODVW  GAFAG

DEFINIENS

Fig. 1: DeSecure Konsortium.

Durch DeSecure wurden die operativen
Notfallkartierungskapazititen insbesondere
beim Zentrum fiir satellitengestiitzte Krisen-
information (ZKI) des Deutschen Fernerkun-
dungsdatenzentrums (DFD) im DLR sowie
bei den Projektpartnern gesteigert und weiter-
entwickelt. Aufgabe des ZKI ist die schnelle
Beschaffung, Aufbereitung und Analyse von
Satellitendaten bei Natur- und Umweltkata-
strophen, fiir humanitére Hilfsaktivitdten und
fir die zivile Sicherheit sowie die Bereitstel-
lung der extrahierten Krisenlageinformation
in aufbereiteten Produkten. Die bei den Ana-
lysen verwendeten Daten, werden zurzeit liber
verschiedene Mechanismen bereitgestellt,
z.B. die ,,International Charter on Space and
Major Disasters® oder iiber den Auf- bzw.
Ausbau der GMES Aktivitdten auf europé-
ischer Ebene.

www.schweizerbart.de
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GMES ist eine gemeinsame Initiative der
Europédischen Kommission und der europé-
ischen Raumfahrtagentur ESA fiir Globale
Umwelt- und Sicherheitsiiberwachung. Ziel ist
es bis zum Jahr 2012, durch eine arbeitsteilige
Zusammenarbeit in Europa eine eigenstindi-
ge, dauerhaft verfiigbare, kosteneffiziente und
nutzerfreundliche Beobachtungskapazitét fiir
politische Entscheidungstriger und Behorden
zu schaffen. Nach dem Aufbau der européd-
ischen GMES Kapazititen bis zum Anfang
2012 sollen die GMES Dienste in den opera-
tionellen Betrieb sowie eine evolutiondre Wei-
terentwicklung tibergefithrt werden. Dies wird
zundchst durch GMES Kerndienste fiir Land,
Ozean und Notfallkartierung geschehen. Um
die europédischen GMES Aktivititen und na-
tionale Kapazititen in der Informationserzeu-
gung und -bereitstellung besser koppeln zu
konnen, wurden die nationalen Projekte De-
COVER, DeMARINE und DeSecure ini-
tiiert.

Ein Schwerpunkt von DeSecure war es
demnach auch, die deutschen Anforderungen,
Bediirfnisse sowie Kapazitdten fiir den Be-
reich der satellitengestiitzten Krisenlageinfor-
mation zu identifizieren, zu definieren sowie
weiterzuentwickeln und so die deutschen In-
teressen gebiindelt in die GMES Aktivitéten
auf europdischer Ebene einflieBen zu lassen.
Dabei stand neben der Sammlung der spezifi-
schen Nutzeranforderungen die Integration
der deutschen Sensoren TerraSar-X und Rapi-
dEye in Krisenkartierungen im Fokus. Hier-
durch sollten diese Sensoren den deutschen
und europidischen Nutzern besser bekannt ge-
macht werden. Dariiber hinaus wurden durch
Universitdten und Industriepartner technisch
operative Analysemethoden geschaffen, die
u.a. die Anwendungsentwicklung sowie Ver-
marktung der Daten und Informationsproduk-
te, auch iiber den Krisensektor hinaus, star-
ken.

Das vorliegende Themenheft beleuchtet v.a.
die methodischen Weiterentwicklungen der
gesamten Prozessierungskette von der Bild-
aufnahme iiber die Informationsextraktion als
Schwerpunktthema bis hin zur Dissemination
der Ergebnisse. Der Artikel von Hosa et al. be-
schiftigt sich mit der Effizienzsteigerung der
Bilddatenakquisition und -Vorverarbeitung
unter Beriicksichtigung der speziellen Nahe-

Echtzeit Anforderungen in Krisensituationen.
Die Herausforderungen und Ldsungsansitze
werden anhand der beiden deutschen Ferner-
kundungssysteme TerraSAR-X und RapidEye
dargestellt. Ebenfalls unter dem Blickwinkel
der hocheffizienten Auswertung fokussiert die
Arbeit von KERSTEN et al. auf die semi-auto-
matische Klassifikation von Objekten. Das auf
hierarchischen Markov-Zufallsfeldern basie-
rende Verfahren ist generisch angelegt und
kann an unterschiedliche Objektklassen und
Aufgabenstellungen der krisenrelevanten In-
formationsextraktion adaptiert werden. Spezi-
ell mit Straen beschéftigt sich dagegen der
Artikel von Frey et al. Das modulare System
integriert Information aus Geodatenbanken
wie Digitale Geldndemodelle oder (u. U. nur
grob) digitalisierte Straenachsen und ist in
der Lage, das Stralennetz zu bewerten, zu
vervollstindigen, geometrisch zu verfeinern
und schlieflich mithilfe aktueller Satelliten-
bilddaten auf Befahrbarkeit hin zu analysie-
ren. Das anschlieend vorgestellte Verfahren
von ScHMITT et al. beinhaltet einen generi-
schen Ansatz zur Anderungserkennung in
multitemporalen SAR-Bildern. Methodisch
stiitzt sich das Verfahren auf die sog. Curvelet-
Transformation — grundlegend eine der Fou-
rier-Transformation &dhnliche Reprisentation,
die jedoch multiskalige curvilineare Struktu-
ren als Basisfunktionen verwendet. Im folgen-
den Artikel von HERRERA et al. wird die inzwi-
schen beinahe weltweit relevant gewordene
Thematik der schnellen Uberflutungskartie-
rung behandelt. Das vorgestellte Verfahren ist
grundsitzlich generisch aufgebaut und kann
multiple Datenquellen verarbeiten. Aufgrund
der Allwettertauglichkeit von Radar-Ferner-
kundungssystemen steht in der Arbeit das
Flut-Monitoring mit TerraSAR-X im Vorder-
grund. Der das Themenheft abschlieBende
Artikel von ANDRESEN & STRACKE beschiftigt
sich schlieflich mit der Thematik der nutzer-
gerechten Darstellung und Dissemination
(Verbreitung) der Ergebnisse. Besonderes Au-
genmerk liegt dabei auf der 3D Visualisierung
unter quasi-Echtzeit Bedingungen.

Die Editoren haben das Themenheft einer-
seits initiiert, um der interessierten PFG-Le-
serschaft einen Uberblick iiber die neuesten
Entwicklungen, die Herausforderungen sowie
die Komplexitdt der satellitengestiitzten Er-
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fassung und Analyse von Kriseninformation
zu geben, andererseits soll durch die selektive
Auswabhl der priasentierten Arbeiten auch Ein-
blick in methodische Weiterentwicklungen im
Bereich der Bildverarbeitung, Bildanalyse und
Visualisierung gegeben werden. Daher wurde
auch auf eine gewisse inhaltliche Eigenstén-
digkeit der Artikel geachtet. Wir wiinschen
viel Freude beim Lesen!

Anschriften der Autoren:

Dr. Monika GAHLER, Deutsches Zentrum fiir Luft-
und Raumfahrt e.V., Deutsches Fernerkundungsda-
tenzentrum, Abteilung Zivile Sicherheit & GeoRi-
siken, Oberpfaffenhofen, D-82234 Welling, Tel.:
+49-8153-28-3309, Fax: -1445, e-mail: Monika.
Gachler@dlr.de

Prof. Dr.-Ing. Steran Hinz, Karlsruher Institut fiir
Technologie (KIT), Institut fiir Photogrammetrie
und Fernerkundung, D-76128 Karlsruhe, Tel.: +49-
721-608-2314, Fax: -8450, e-mail: stefan.hinz@kit.
edu
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Optimised Near-Real Time Data Acquisition and Pre-
processing of Satellite Data for Disaster Related Rapid

Mapping

DANIELLE HouA, MaxiMILIAN ScHwINGER, ANNA WENDLEDER, Oberpfaffenhofen; PETER
Lowe, HARALD KonsTanski, HorsT WEicHELT, Brandenburg an der Havel & NADINE

KierL, JURGEN JaNOTH, Friedrichshafen

Keywords: RapidEye, Infoterra, TerraSAR-X, DLR, Rapid Imaging, Rapid Mapping, Rapid

Ordering Process

Summary: In its first part this paper describes ex-
emplarily optimisations of the satellite systems
RapidEye and TerraSAR-X. For this purpose a short
insight into processes, relevant for data production,
will be given. Focus of this will be time constraints
typical for disaster related rapid mapping.

Optimisations of geometric pre-processing of
satellite data are described in a second part of this
paper. For this purpose different software packages
available for radar and optical data were compared
and analysed respectively. Results were as far as
possible optimised.

Zusammenfassung: Optimierte Nahe-Echtzeit Ak-
quisition und Vorverarbeitung von Satellitendaten
zum Zweck der Krisenkartierung. Dieser Artikel
beschreibt im ersten Teil exemplarisch die Opti-
mierung der Satellitensysteme RapidEye und Ter-
raSAR-X. Hierzu wird ein kurzer Einblick in die
zur Datenlieferung notwendigen Abldufe bei den
Satellitendatenanbietern gegeben. Der Fokus liegt
auf den zeitlichen Anspriichen der schnellen Kri-
senkartierung. Die Optimierung der Vorverarbei-
tung der vom Satellitendatenanbieter erzeugten
Daten mit dem Schwerpunkt geometrische Entzer-
rung wird im zweiten Teil des Artikels beschrie-
ben. Hierzu wurden auf dem Markt verfiigbare
Programme fiir Radar- und optische Bilder jeweils
verglichen, analysiert und soweit moglich Ergeb-
nisse optimiert.

1 Introduction

During a typical disaster-related rapid map-
ping process several requirements have to be
fulfilled by a satellite data provider. As an ex-
ample, Fig. 1 shows communication and ac-
tions during a rapid mapping process between
a satellite data provider and the ZKI (Centre
for Satellite Based Crisis Information). It does
not include actions performed within an enti-
ty.
Within the blue highlighted area the follow-
ing actions are performed:
® The customer, in this case ZKI, communi-
cates an order to the satellite data provider.

© 2010 E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, Germany

DOI: 10.1127/1432-8364/2010/0065

® The satellite data provider decides if the or-
der can be answered with catalogued data
or if new data has to be acquired.
o If catalogue data is needed, the data can
be served without further actions.
o If data has to be acquired, the satellite
data provider has to
= Create a schedule for the satellite
which includes the ordered data;
= Command the satellite(s);
= Satellite(s) acquire(s) the data;
= Data is down linked to a ground sta-
tion;
= Data is transferred to satellite data
providers catalogue.

www.schweizerbart.de

1432-8364/10/0065  $ 2.50
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mct  rapid mapping )

P =
. { Identity location { Communicale area of interest lo

satellite data provider

newly acquired data

Parform analysis PrOprocessing
of satellita data

Fig. 1: Rapid Mapping Process as activity diagram. The blue highlighted area describes content

which is discussed in this article.

® Data is pre-processed and delivered to the
customer.

A rapid mapping process is differentiated
from a normal mapping process mainly by its
time constraints. To deliver information about
a disaster in near real time (NRT) is vital to
save lives of people involved. Near real time
means the whole process only takes the time
needed for processing and transfer. For satel-
lite application this includes the time con-
straint arising from the satellites visibility by a
ground station, which is limited by the number
of used ground stations and the satellites orbit.
Only if a satellite is visible to a ground station
it can be commanded and data can be down
linked from the satellite.

2 Typical Rapid Mapping
Products

To find the right focus, typical products have
to be identified and requirements which lead
to this product to be devised.

After a disaster comes into focus a first pro-
duct need is a reference map. Requirements
for this map which are of importance within
our focus are scale (1:200000 to 1:25000)
and availability (worldwide within 6 hours),
also the maps have to include a timestamp and
geo-reference. In Fig.2 the steps needed for
creation of a reference map are depicted. The
map has to be created from pre-damage data
acquired prior to the disaster.

sd  Overall_Scenario_Reference_Map )
DataRequester QrderHandler SatelliteDataProvider DeliveryPackageAssembler DataDeliverer
T T T T T
| | |
| | |
| | |
| |
| |
| |
—————— _ | |
CreatePackage(Sate'IiteData, ProductOptions) o | |
g |
Data!Package

—————— - |
DelivgrPackage(DeliveryOptions, DatgPackage) . |

| [ >

DqtaPackage |

| | | | |

Fig.2: Interactions typical for generation of a reference map for disaster scenarios.
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sd  Overall_Scenario J

atelliteDataProvider

DeliveryPackageAssembler

DataRequester | | OrderHandler |

| DataDeliverer |

getProdust(ProductOpt :

Q)

| )
1 1
! DatdPackage !
. \

| |

3

Fig. 3: Interactions typical for generation of a damage map.

A map concerning the special circumstan-
ces of a disaster is the next map needed. This
map shall be called damage map. In Fig. 3 the
much more complex actions needed for crea-
tion of a damage map are depicted. The differ-
ences from requirements of a reference map
are scale (1:50000 to 1:10000) and availa-
bility (24 hours after ordering).

The main difference between a reference
map and a damage map is the data needed to
produce these maps. A reference map is a
standard map of the area of interest. It has
been created prior the disaster and is not disas-
ter specific. The damage map uses satellite
images created after the disaster. It is disaster
specific and is analysed in detail (as depicted
in Fig. 3).

The implementation of the scenarios lead-
ing to a damage map shall now be described
for the satellite data providers RapidEye and
Infoterra.

3 RapidEye

The effective and rapid imaging of large area
disasters as applied in the DeSecure project
requires imaging activites immediately fol-
lowing the disaster event. The RapidEye satel-
lite constellation of five identical satellites is
well suited for disaster mapping tasks as it
provides multispectral imaging in 6.5 m reso-
lution, a swath width of 77 km and a high area

revisit rate. The capability of RapidEye‘s im-
age acquisition workflows to successfully
handle distaster-related special imaging or-
ders were verified and repeatedly demonstra-
ted within the DeSecure project.

3.1 The RapidEye Mission

The RapidEye Satellite constellation was suc-
cessfully launched in August of 2008. All five
satellites were successfully deployed and are
in phase. Detailed information about the
RapidEye system is given in (Tyc et al. 2008).

3.2 Standard RapidEye Image
Ordering and Processing
Workflow

RapidEye uses a flexible ordering and process-
ing workflow. The workflow begins when an
image order is entered by a Customer Service
Representative (CSR) into the RapidEye Or-
der Handling System (OHS). The OHS pro-
vides the order information for the following
processing steps.

Following a positive decision during the
next planning session, the tasked imaging
schedule is uploaded to the satellite constella-
tion from the RapidEye facility in Branden-
burg an der Havel, Germany. After image ac-
quisition, the collected data is downloaded via
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a receiving station located in Spitsbergen,
Norway. The image data is transferred to the
Brandenburg facility for further processing.
Derived image products are in turn generated
and provided via a ,,drop-box* for FTP access
to the customer.

Special Order Requests for Disaster
Imaging for DeSecure

To enable the rapid imaging on short notice,
such as to map natural disasters, a dedicated
workflow was defined (RapidEye Special Or-
der Request) to enable the processing of short
term image orders of high priority. For this, at
the beginning of each planning session the
stack of incoming orders is checked for Spe-
cial Orders. If this applies, the acceptance and
prioritisation of the Special Orders is ensured
by the (human) operators.

The originally scheduled trials and subse-
quent evaluation of the Special Order Process
were rendered obsolete by real world scenari-
os: The Special Order Process underwent its
first successful application in February 2009
for the mapping of bush fires in Australia.

Daily Imaging Tasking Planning
(Fig. 4)

After initially starting out with a single daily
planning cycle, RapidEye conducts planning
sessions twice every day since 2009 to sched-
ule the imaging tasking of the satellite fleet.
The daily planning schedule is as follows:

06:00 UTC: The planning of imaging from
13:00 UTC to 24:00 UTC is done, based on
existing image orders and global cloud fore-
casts. This planning focuses on the imaging
activities covering both South and North
America.

14:00 UTC: Planning of imaging from 00:00
UTC till 13:00 UTC on the following day,
based on image orders and the latest cloud
forecasts. This planning phase focuses on
Australia, Asia, Europe and Africa.

The results of each planning are subsequently
handed to the satellite control centre to be up-
loaded to the individual satellites via the
RapidEye facilities in Brandenburg an der
Havel, Germany.

Daylight orbits

i 1

America and North Amenca

[Evehing |
Plarining
Cldsd  sesmion

Cloud
Forecast |
——

Fig. 4: RapidEye daily image acquisition planning workflow. Each planning phase (6:00 UTC and
14:00 UTC) is followed by the upload of an updated imaging schedule to the satellites. Upon suc-
cessful image acquisition, the imagery data is downloaded via a ground station on Spitzbergen

(Svalbard), Norway.
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Time Constraints

The time span between the “go” decision to
image an area of interest and the actual imag-
ing event can range between 90 minutes to 13
hours. The reason for this is the time differ-
ence in universal time between the overpass of
the tasked satellite over the ground station in
Brandenburg and the next overpass over the
area of interest.

Fig.5 gives the times in universal time
(UTC) when the satellite constellation passes
areas of interest during the daylight hours. Af-
ter successful image acquisition, the data
download via Spitsbergen and transfer to the
RapidEye facilities in Brandenburg, Germany,
can take up to 60 minutes.

3.3 Test Cases

The Special Order Request workflow was suc-

cessfully applied to provide imagery for the

following six worldwide disaster imaging ac-

tivities within the scope of the DeSecure

project.

® 2009 February, Australia: Bush Fires

® 2009 April and 2010 April, Namibia:
Caprivi flooding events

® 2009 June, Greece: Bush Fires

® 2010 March, Haiti: Earthquake

® 2010 April, Chile: Earthquake / Tsunami

® 2010 April, Gulf of Mexico: Oil spill

Legend
B 2230 - 01.30 UTC

I 0130 -04.30 UTC

04,30 - 07.30 UTC
B 07.30 - 10.30 UTC
I 10.30 - 1330 UTC
I 1330 - 16.30 UTC
I 16.30- 19.30 UTC
I 1950 - 22.30 UTC

3.4 RapidEye Conclusion

RapidEye‘s Special Order Request work flow
for rapid imaging for large disasters has been
successfully tried and tested within the DeSe-
cure project. Instead of a planned test run, the
work flow performance was confirmed in real
world situations due to sudden demand.
Caused by system design constraints, minimal
response/turnaround times from placing an
order until imagery delivery (for special order
completion) exist. It was confirmed that the
system can successfully provide imagery data
to the Svalbard station within a time frame
from 90 minutes to 13 hours after a positive
planning decision. Within additionally up to
60 minutes the image data were available in
RapidEye for processing and delivery to the
customer. The specified response times were
always met when the Special Order Process
was used for six different disaster imaging
tasks on several continents in the DeSecure
project.

The work flow for Special Order Requests
was and still is under permanent review and
optimisation. Improvements could be achieved
in the order submission to RapidEye, the im-
plementation of orders into the planning sys-
tem, the improvement of processing speed and
the delivery process of image data to the cus-
tomer.

Fig.5: Daily timeslots for satellite passes: Schematic overview of the daily imaging times by the
the RapidEye satellite constellation. Example: The imaging of central and western Europe can
only occur between 10:30 und 13:30 universal time. The imaging of Haiti (Caribbean) or the Gulf
of Mexico only occurs between 13:30 to 16:30 hours universal time.
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4 TerraSAR-X

In case of a crisis situation rapid delivery of
remote sensing data is of utmost importance
to serve the user community with early infor-
mation to support crisis intervention. Terra-
SAR-X due to its weather independent SAR
instrument is well suited for disaster mapping
applications and offers different imaging
modes ranging from very high resolution
SpotLight mode (1 m) to StripMap mode (3 m)
up to medium resolution ScanSAR mode
(18.5m). In the frame of the DeSecure project
the near-real time data acquisition capability
of the combined TerraSAR-X Ground Seg-
ment operated by DLR and the Commercial
TerraSAR-X Service Segment operated by In-
foterra were analysed in order to identify and
implement potential improvements to provide
customers more rapidly with data and first re-
sults. The focus was on optimising the entire
processing chain from data ordering up to de-
livery to the final customer.

41 The TerraSAR-X Mission

TerraSAR-X is a German radar satellite. It
carries a high frequency X-band SAR sensor
which can be operated at different imaging
modes including high resolution SAR imagery
that had not been available by commercial
missions from space before. The mission has
been implemented as a Public Private Partner-
ship (PPP) between the German Ministry of
Education and Science (BMBF), German

32577
Weilheim Uplink Window
—

Acrospace Centre (DLR) and EADS Astrium
GmbH.

DLR operates the satellite control system
and the payload ground segment for receiving,
processing, archiving and distribution of the
X-band SAR data. DLR is also responsible for
instrument calibration, the operations and the
scientific use of TerraSAR-X data.

Infoterra holds the exclusive commercial
exploitation rights, operates the commercial
service segment and provides all commercial
customers access to TerraSAR-X data. Due to
its high resolution TerraSAR-X data are sub-
ject to a sensitivity check according to the
German Satellite Security Act (SatDSiG).
This law aims to protect the foreign policy and
security interests of Germany.

4.2 TerraSAR-X Overall Response
Time

TerraSAR-X overall system response times
for tasking, sensing, reception and delivery of
SAR Image Products are presently determined
by a system architecture composed of one
spacecraft in orbit and two ground stations,
one dedicated for data reception located in
Neustrelitz, Germany, and one station dedi-
cated for command uplink, located in Weil-
heim, Germany. Therefore, orbital geometry,
geographic latitude of area of interest and
nominal incidence angle ranges of TerraSAR-
X dictate the frequency with which an area of
interest can be imaged by the satellite, with
variations ranging from 1.5 to 11 days. Once

15:16-18:01
Weilheim Uplink Window
—

Tasking Opportunity between 7:17 and 18:01

Tasking Opportunity between 0:00 and
717

Tasking Opportunity between 18:02 and
0:00

830UTC

DLR Submission Deadline
for Partners @ITD

Customer Service (signed

proposal from Partner must
be received at ITD)

Examples:

An Acquisition at 12:00 needs to be submitted to DLR 21:30
An Acquisition at 21:00 needs to be submitted to DLR 8:30
An Acquisition at 03:00 needs to be submitted to DLR 8:30 the

15:00 18:00 21:0f 0:00

21:30 UTC

DLR Submission Deadline
for Partners@ITD
Customer Service (signed
proposal from Partner must
be received at ITD

Note: Please check with
Infoterra Customer Service
on the next possible
tasking opportunity for
your area of interest

Fig. 6: TerraSAR-X timelines and submission deadline.
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one or several accesses over a given site have
been identified, the earliest possible access is
identified in relation to its submission dead-
line. This deadline is the last possible oppor-
tunity to schedule a particular acquisition in
the next 6-18 hours. The Fig. 6 illustrates the
principle.

Two deadlines per day for placing orders
exist at 8:30 UTC and 21:30 UTC. These dead-
lines correspond to tasking opportunities
within the next 6 to 18 hours. It is important to
note here that it is the sensing time of a se-
lected acquisition (and therefore, its geograph-
ic location in the world) that determines the
corresponding submission deadline.

Once the requested image has been acquired
it will be down loaded via the Neustrelitz
Groundstation and in case of a NRT request
immediately processed to L1B products based
on the available predicted orbit product. The
final image products are then delivered to a
customer pick up point.

4.3 Optimisation of the TerraSAR-X
Order Workflow

The existing ordering and processing work-
flows have been analysed in the frame of the
DeSecure project. The analysis has revealed
that improvements could mainly be realised in
following areas:

® Improved operational procedures to han-
dle customer registration.

® Possibility to order long uninterrupted
strips of TerraSAR-X StripMap data in-
stead of single StripMap scenes.

® Automisation of the order workflow to re-
duce manual operator interaction.

® Improved order status handling to foster
the overall system performance.

® Optimised sensitivity check according to
German Satellite Security Act (SatD-
SiG).

e Automated delivery process to accelerate
the submission of final products.

Consequently, the identified areas for im-
provement were implemented in the Commer-
cial Service Segment operated by Infoterra
and the TerraSAR-X Ground segment operat-
ed by DLR.

Several real life tests were conducted to as-
sess and document the achievements that
could be gained. The results show that a con-
siderable speed-up can be realised by the im-
plemented new features.

4.4 TerraSAR-X Conclusion

The TerraSAR-X order and processing work-
flow for NRT applications has been analysed
in detail and several areas for improvement
were identified and subsequently implemented
in the existing infrastructure leading to sub-
stantial time savings. In particular, following
conclusions can be drawn from the available
test results:

Even with only one satellite in orbit and one
receiving station it could be shown that for
most areas in Europe image data can be pro-
vided within a few hours, when a tasking op-
portunity has been established, and a NRT
Product is sufficient. Outside Europe the over-
all response time is mainly depending on the
next possible acquisition opportunity.

For the test cases analysed the time from
downlink to delivery of the final orthorectified
image results in about 2 hours which can be
regarded as an excellent result.

5 Optimised Satellite Data Pre-
Processing

For an efficient use of geo-information before
or during a crisis of any kind, all information
should be provided in a geographic informa-
tion system (GIS). This requires the data to be
orthorectified. This is a pre-processing step
which has to be done for every satellite im-
age.
Different established methods exist already
for the orthorectification of satellite data; both
for optical (e.g., RapidEye) and SAR scenes
(e. g., TarraSAR-X). In the project DeSecure
different software packages were analysed
with regard to geometric accuracy, degree and
potential of automatisation, computing times
and therewith near-real time capabilities, the
extendibility and potential for optimisation,
user friendliness, and which satellite data are
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supported by each program. When a potential
for optimisation was detected, it was carried
out within the project. For the comparison dif-
ferent test cases were processed with all soft-
ware packages and the results were analysed
qualitatively and quantitatively.

5.1 Orthorectification of Optical
Satellite Data

For the orthorectification of optical satellite
data four software packages (Tab.1) were
evaluated (Hoia et al. 2008). All results were
collected yielding in a “methods-sensors ma-
trix”. For most common optical satellite data,
all software packages create results of high ac-
curacy in less than 45 minutes. Therefore the
selection of the program to be used can be
done by other criteria, e.g., which program
one is used to or computing times. Especially,
we emphasise to use a program, which is al-
ready existent and you are used to its handling.
In this case, the failure probability is lowest
and you can expect fast and reliable results in
crisis situations.

For the mapping of crisis situations a large
number of satellite sensors resp. their data is
used. The integration into a processing chain
is only possible, when all necessary informa-
tion like satellite orientation or rational poly-
nomial coefficients (RPC) are delivered in a
known and unchanged format. Each change of
the data format as often done tacitly by the
data provider results in a (time) costly error

Tab. 1: Overview of analysed software packages.

search and therewith a delay of the orthorecti-
fication.

5.2 Orthorectification of SAR Satellite
Data

Common methods for SAR geocoding as used
by the project partners (Enhanced Geocoding
Processor EGEO and TerraSAR-X Ground
Service Segment TSXX) were evaluated simi-
larly to the optical analysis in regard to accu-
racy and optimisation potential.

The performance of the EGEO processor
(Husger et al. 2004) was analysed with ALOS
PALSAR, RADARSAT I and II scenes. First
the sensors were implemented in EGEO. The
orthorectification of the test scenes with high
resolution lasted 18 to 21 minutes. Lower reso-
lutions induce shorter computing times. The
time demand of rapid mapping is therefore
met. The results of the orthorectified RADAR-
SAT II scenes show very good position accu-
racy. However the processing of the orthorec-
tified ALOS PALSAR and RADARSAT II
scenes achieve a deficient accuracy. Reason is
the imprecise position of the orbit. Further re-
sults show that improvements can only be
achieved with the help of ground control points
(GCP).

In a theoretical analysis the orbit measure-
ment accuracy and the digital elevation model
(DEM) quality were identified as the two main
factors influencing the geo-location accuracy
of SAR images. Both factors were further ana-

Software | Availability Orthorectifica- | Orthorectifica- | Computing | Image

package tion with tion with RPC | time [min] | matching
orientation data

XDibias Research OK OK 15 to 45 OK

Erdas Commercially | OK OK 5 NO

Imagine

ENVI Commercially | OK OK 30 OK

PCI Commercially | OK OK 5 bis 10 NO

Geomatics

HALCON | Commercially | NO NO - OK

MIL Commercially | NO NO - OK
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lysed for TerraSAR-X data also with respect to
NRT scenarios. In order to analyse the influ-
ence of the DEM quality, test sites with differ-
ent terrain conditions were selected (flat to al-
pine terrain). The analysis for all test sites
confirmed the theory: DEM with a small
height error result in an enhancement of the
geo-location accuracy of the orthorectified
TerraSAR-X product.

In a second step the orbit measurement ac-
curacies for TerraSAR-X were investigated.
They differ in delivery time and accuracy.
Thus, the best accuracy is available with the
science orbit, which is available approx. 5 days
after acquisition. The orbit with the lowest ac-
curacy is a prediction of the orbit (predicted
orbit) and available directly after downlink of
the data. The rapid orbit is available approx.
15 hours after the last satellite contact and pro-
vides a very good accuracy of 2 m and better
(Fritz & ENEDER 2009). The results showed
that the geo-location accuracies reached with
the science and the rapid orbit were very simi-
lar. The difference between this two orbit pre-
cisions is nearly not measurable (approx. 0.5
meters). For NRT processing of TerraSAR-X
scenes always the predicted orbit is used. The
geo-location accuracy reached for the predict-
ed orbit is strongly variable (5 to 34 meters).
However, the accuracy is much better than the
specification (~700 meters). For the tests con-
ducted in this study the bad orbit accuracy did
not result in strong artefacts caused by the not
fitting DEM. Thus, the orthorectified products
with the predicted orbit might be a first input
for further NRT applications. Nevertheless,
for cases where a good geo-location accuracy
of the images is essential for further process-
ing, it might be more efficient to use directly
the rapid orbit.

Another possibility is to use GCP in order
to enhance the pixel location accuracy if the
orbit accuracy is not sufficient. Different tests
were performed resulting in an improvement
of the horizontal accuracy of the images in the
NRT case. This is valid for manually selected
points as well as for the use of points provided
within a data base. It has to be considered that
point identification and precise point determi-
nation in SAR images is often difficult and
time consuming and requires reference data.

5.3 Image-to-Image Registration

Image-to-image registration (Matching) of
satellite data of different acquisition dates
serves the geocoding (automatic GCP detec-
tion), but is also an important pre-processing
step for change detection after a crisis to pro-
vide the high relative accuracy of the images.
For the image matching different procedures
are available (investigations within the project
DeSecure):

® Matching of optical data (Evaluation of ex-
isting methods).

® Matching SAR data (Development of an au-
tomated process, analysis of the optimisa-
tion potential for ,,chip matching®).

® Registration of optical with SAR data (De-
velopment of automated methods).

An evaluation of image matching software
tools was realised with regard to accuracy and
optimisation potential. Four software packag-
es (Tab. 1) were analysed. Main result is that
XDibias delivers the highest accuracy and is
easy to use due to available scripts. XDibias is
the only package that uses a local least squares
matching and not only a correlation-based
matching like all commercially available pro-
grams. Therefore, the most reliable results are
produced by XDibias; however, computing
time is higher than for all other software pack-
ages.

A prototype for a fully automatic orienta-
tion of SAR images was developed. The goal
is to determine a precise orbit for geocoding
by image-to-image matching between a NRT
image and a reference SAR image. The ap-
proach uses a new algorithm for feature ex-
traction developed in computer vision by Lowg
(2004). No prior information about the posi-
tion of the images or the overlapping parts is
needed. The point operator extracts points
with scale- and rotation-invariant descriptors
(SIFT features). After this the points are
matched by using the SIFT parameter descrip-
tors with an extended matching scheme. The
resulting points of the reference image are
used as GCP for an adjustment of the SAR im-
aging geometry of the NRT image. This
achieves results equivalent to a high precision
orbit. The results show that the approach can
be used for a wide range of scenes with differ-
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ent SAR sensors, different incidence angles,
different overlap extensions, and even differ-
ent SAR frequencies. The results are very reli-
able but depend on well structured image con-
tent.

Another method to improve the geocoding
besides image-to-image registration is the re-
usage of GCP points for the orthorectification
of recurring acquisitions of an area by a so-
called chip matching, which is based on an
image-to-image matching approach. For each
GCP a small area is cut from the image and
saved in a database together with its coordi-
nates. Almost the same pixel location accura-
cy was achieved for orthorectified images
based on the science orbit information and or-
thorectified images based on the predicted or-
bit accuracy and GCP collection. Different
polarisations or seasonal changes did not af-
fect the matching results significantly. But the
tests showed that the impact of the incidence
angle is significant.

Finally, two different methods (mutual in-
formation, MI, and scale-invariant feature
transform, SIFT) for image-to-image registra-
tion were developed and combined to extend
their applicability to multi-modal SAR-optical
and SAR-SAR registration. The performance
of MI for very high resolution (VHR) remote
sensing images was analysed and several
methods were assessed to improve accuracy,
applicability and processing time of VHR im-
ages acquired over dense urban areas. The po-
tential of the methods to improve the orthorec-
tification by image-to-image registration could
be shown. Additionally, improvements in the
SIFT processing chain were proposed result-
ing in an optimised technique for multi-modal
SAR images (Suri & REINARTZ 2010, SCHWIND
et al. 2010).

Within the limit of the project DeSecure a
large amount of optimisations was completed
both, within the workflow of the satellite data
systems RapidEye and TerraSAR-X, and re-
garding the orthorectifiing preprocessing,
which has to be done for all satellite images.

References

Fritz, T. & EINEDER, M., 2009: TerraSAR-X Basic
Product Specification Document. — TX-GS-
DD-3302, Issue 1.6.

Hoia, D., SCHNEIDER, M., MULLER, R., LEHNER, M. &
RENARTZ, P., 2008: Comparison of orthorectifi-
cation methods suitable for rapid mapping using
direct georeferencing and RPC for optical satel-
lite data. — International Archives of the Photo-
grammetry, Remote Sensing and Spatial Infor-
mation Sciences 37: 1617-1624.

HuBer, M., HUMMELBRUNNER, W., Raccam, .,
Smatt, D. & Kosmann, D., 2004: Technical As-
pects of Envisat ASAR Geocoding Capability at
DLR. — ENVISAT/ERS Symposium, Salzburg,
Austria.

Lowe, D., 2004: Distinctive image features from
scale-invariant keypoints. — International Jour-
nal of Computer Vision 60 (2): 91-110.

ScuwinD, P., Suri, S., REINARTZ, P. & SIEBERT, A.,
2010: Applicability of the SIFT Operator to Geo-
metric SAR Image Registration. — International
Journal of Remote Sensing, 31 (8): 1959-1980.

Surl, S. & REINARTZ, P., 2010: Mutual Information-
based Registration of TerraSAR-X and Ikonos
Imagery in Urban Areas. — IEEE Transactions
on Geoscience and Remote Sensing 48 (2): 939—
949.

Tyc, G., SteyN, J., HannarorD, N., GEBBIE, J.,
StockERr, B., BAKER, A. & Oxrort, M., 2008:
RapidEye — A cost-effective earth observation
constellation. — TAC-08-B4.3.03 International
Astronautics Conference 2008.

Addresses of the Authors:

DaNIELLE Hoja, ANNA WENDLEDER & MAXIMILIAN
ScHwINGER, DLR e.V., Miinchner Strafle 20, 82234
WeBling, Tel.: +49-8153-28-1418, Fax: -1443, e-
mail: Vorname.Nachname@dlr.de

PererR LoOwe, HaraLD Konstanski &  HORsT
WEIcHELT, RapidEye AG, Molkenmarkt 30, D-14776
Brandenburg an der Havel, Tel.: +49-331-8904-334,
Fax: -101, e-mail: loewe@rapideye.de

NADINE KiErL & JURGEN JaNoTH, Infoterra GmbH,
Claude-Dornier-Strasse, D-88090 Immenstaad,
Tel.: +49-7545-8-4291 e-mail: Juergen.Janoth@in-
foterra-global.com

Manuskript eingereicht: Juni 2010
Angenommen: September 2010



PFG 2010/ 6, 439-449
Stuttgart, Dezember 2010

Article

A General Framework for Fast and Interactive
Classification of Optical VHR Satellite Imagery Using
Hierarchical and Planar Markov Random Fields
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Summary: In this paper a general framework for
fast and interactive classification of very high reso-
lution satellite imagery for emergency and crisis
mapping applications as well as several other ap-
plications is proposed. Multiscale image informa-
tion as well as hierarchical and spatial context in-
formation is incorporated into the classification
process using a hybrid Markov model, which com-
bines a hierarchical directed as well as a planar un-
directed Markov random field (MRF). Classifica-
tion is carried out using the standard non-iterative
maximum a posteriori (MAP) and marginal poste-
rior mode (MPM) inference. Additionally, a modi-
fied MAP computation, which is able to outperform
the original methods under certain conditions, is
proposed. Here uncertain image information, for
example from class transition areas, is not incorpo-
rated during the inference procedure. The effec-
tiveness of both the framework and the modified
MAP inference is demonstrated by two examples.

Zusammenfassung: Ein allgemeines Rahmenwerk
fiir eine schnelle und interaktive Klassifikation
hochauflésender optischer Satellitenbilder mittels
hierarchischen und planeren Markov-Zufallsfel-
dern. In diesem Artikel wird ein Rahmenwerk von
Methoden fiir eine rasche und interaktive Klassifi-
kation hochauflosender optischer Satellitenbilder
im Rahmen von Notfall- und Krisenkartierungen
sowie einer Vielzahl anderer Anwendungen vorge-
stellt. Mittels eines hybriden Markov-Modells, wel-
ches ein hierarchisches, gerichtetes und ein unge-
richtetes, planares Markov-Zufallsfeld (MRF)
kombiniert, werden Bildinformationen auf mehre-
ren Skalen sowie hierarchische und raumliche Kon-
textinformationen in den Klassifikationsprozess
einbezogen. Die Klassifikation erfolgt mittels der
bekannten Maximum a Posteriori (MAP) sowie der
Marginal Posterior Mode (MPM) Inferenz. Des
Weiteren wird ein modifizierter MAP Ansatz vor-
gestellt, welcher unter bestimmten Voraussetzun-
gen bessere Ergebnisse als die urspriinglichen Me-
thoden liefern kann. Dabei wird ,,unsichere* Bild-
information, wie zum Beispiel aus Bereichen, wel-
che Mischklassen aufweisen, nicht in den Inferenz-
prozess einbezogen. Die Effektivitdt des Rahmen-
werks sowie der modifizierten MAP Berechnung
wird an zwei Beispielen demonstriert.

1 Introduction

This paper focuses on the challenge of interac-
tive classification of very high resolution opti-
cal satellite imagery for emergency and crisis
mapping applications. Due to near real time
processing requirements, classification is here
restated as a task of semantic annotation of
square image regions. Furthermore, the trans-
ferability of the approach to various crisis sce-
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narios and therefore to several other applica-
tions is desired. Representatives for recurrent
tasks during crisis scenarios are given with
the classification of water surfaces (flood
events), urban (earthquakes) and burned areas
(fires). The fact, that nearly every crisis situa-
tion is unique, often hinders an application of
automatic image analysis methods and de-
mands an application of manual processing
steps in terms of visual interpretation. This
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work aims on the combination of fast image
analysis methods and the inherent image un-
derstanding of an image analyst, in order to
minimize visual interpretation steps and to
derive robust and reproducible results.

Contextual information can improve clas-
sification accuracy significantly, if such infor-
mation can be well modeled (KnEpaM & BEL-
HADJ-A1ssa 2003). Bayesian models form a
natural framework for integrating both statis-
tical models of image behaviour and prior
knowledge about the contextual structure of
semantic classes. The contextual structure is
often modeled as a Markov random field
(MRF). In order to capture the intrinsic hier-
archical nature of remote sensing data, several
efficient Markov image modeling approaches
defined on tree structures were proposed dur-
ing the last two decades (BoumaN & SHAPIRO
1994, FIEGUTH et al. 1998, LAFFERTE et al. 2000,
WiLson & Li 2003, CHor et al. 2008). In order
to cope with the surrounding conditions ac-
companied by crisis mapping scenarios, a hi-
erarchical Markov model is proposed in this
article. The motivation for using such a model
is to provide a general interactive and compu-
tational effective framework for classification
or pre-classification of multispectral satellite
imagery.

Compared to earlier approaches the pro-
posed framework uses hierarchical semantic
networks in order to capture the hierarchical
nature of remote sensing data. Therefore, the
definition and modeling of arbitrary thematic
classes in arbitrary scales as well as the rela-
tionship between the classes in adjacent scales
is provided. The general formulation of the
framework aims on the transferability of this
approach to several different image contents,
thematic problems as well as products of dif-
ferent sensors. Due to the initial lack of train-

Fig. 1: Workflow for the proposed framework.

ing data the model parameters are learned in a
sequential manner.

The article is organized as follows: In Sec-
tion 2, the proposed general framework is in-
troduced. In Section 3, the utilized hierarchi-
cal and planar Markov models as well as the
parameter estimation and inference are pre-
sented. The relevance and efficiency of the
proposed framework is demonstrated in Sec-
tion 4 and discussed in Section 5. Conclusions
are drawn in Section 6.

2 Description of the Framework

Modeling image characteristics in a hierarchi-
cal manner has shown to be valuable for many
applications, e.g., image labeling and object
detection (Awasthi et al. 2007), multiband
segmentation of astronomical images (COLLET
& MuRrTaGH 2004) as well as the unsupervised
detection of flood-induced changes in SAR
data (MARTINIS et al. 2010). As pointed out in
(PtrEz et al. 2000), MRFs defined on causal
tree structures always enable computationally
efficient and exact inference of the unknown
class labels, which is quite appealing for an
application in the field of rapid mapping. Mo-
tivated by this, the proposed model is defined
on a causal quadtree.

Image classification should be possible even
when no additional information like vector
data or a digital elevation model (DEM) is
available. Hence, only the image itself as well
as the image analyst is required for the appli-
cation of the framework. The complete work-
flow is illustrated in Fig.1 and can be de-
scribed as follows: 1) A quadtree image repre-
sentation is instantiated at first. The size of the
smallest region can be defined individually
depending on the spatial resolution of the im-



Fast and Interactive Classification

441

age as well as the structure of the thematic
classes. 2) The framework allows an interac-
tive definition of arbitrary semantic classes in
different scales, i. e., the modeling of a hierar-
chical semantic network. For each class, the
image analyst has to provide training data. 3)
Based on the training data the parameters of
Gaussian mixture models (data model) are es-
timated. Relevant features are identified
through feature selection. 4) A constrained
maximum likelihood classification is carried
out in order to obtain training data (labeled re-
gions) for the estimation of the prior model
parameters via expectation maximization
(step 5)). 6) Non-iterative hierarchical MAP or
MPM inference is carried out using the pa-
rameters estimated in step 3 and 5. 7) A subse-
quent optimization step by incorporating spa-
tial context concerning the finest quadtree
level using a planar undirected MRF is carried
out. 8) In order to obtain information concern-
ing the confidence of the labeling process, a
confidence map is computed.

Since some processing steps are optional,
the classification can be carried out using sev-
eral different combinations of methods. The
steps 1, 2 and 3 are always required. Based on
these computations the following combina-
tions of processing steps are possible: (4), (4,
7), 4, 5, 6, (8)) and (4, 5, 6, 7, (8)), where step
8 is always optional. Interaction with the im-
age analyst is required in the following steps:
1 (definition of the size of the smallest image
regions), 2 (definition of classes and acquisi-
tion of training data), 3 (define the number of
features and check estimation result), 4 (defi-
nition of the probability of error for the chi>-
test) and 7 (definition of the weight of the con-
text term).

3 Markov Image Modeling

Compared to other approaches, this frame-
work allows to model arbitrary semantic
classes in different scales as well as inter- and
intra-scale context dependencies between the
classes. In this section a complete overview of
the methodology, namely hierarchical and lat-
tice-based MRFs is given.

3.1 Hierarchical Markov Image
Models Defined on the Quadtree

Problem Definition and Statistical
Modeling

Given a set of variables (x,)), where x repre-
sents the unknown class labels and y the ob-
served image data, the estimation of the “best”
realization of x given y is desired. In a statisti-
cal process (x,y) represent occurrences of the
vectors of random variables (X,Y). The so
called Markovian independencies of (X,Y) are
represented by an independence graph, which
here is defined by a quadtree. As illustrated in
Fig. 2, the components of X are indexed by the
nodes of the quadtree, and additionally each
(or a subset) of these nodes is associated with
a component of the observation vector Y.

The set of all nodes of the quadtree is de-
noted S, and the set of nodes at a single level /
is denoted S, with / = 0,...,N. The root node of
the tree is denoted S’=r. Each node s€S' =V
has a unique parent node s~ and each node
se8'=0--N1is equipped with a set of four child
nodes 7. Assuming both a first order top-down
Markov chain structure, where each node in '
depends only on its ancestor in S/, as well as
a standard site-wise factorization for the ob-
servation model P(y|x), the joint distribution
P(x,y) is given as the factorization of local
functions

P(x.y)=P(x )ITP(x, 1x T TPy, %)
S#EF seS

and is entirely defined by the root prior P(x ),

the parent-child transition probabilities

{P(xx )}, and the data conditional likeli-

hoods {P(y |x )} .,

Fig.2: Independence graph (the quadtree is il-
lustrated as a dyadic tree).
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Data Model

The proposed framework allows the definition
of arbitrary semantic classes in arbitrary scales
(i.e., quadtree levels). The classes are repre-
sented by Gaussian mixture models, where
each involved level is treated independently.
Various features like first and second order
statistics, ratios like the well known NDVI,
several colour space representations as well as
texture and texture related features are avail-
able. An image element from a satellite image
with four spectral channels can therefore be
described by 70 features. In order to limit the
computational efforts and to identify redun-
dant and irrelevant features, the suboptimal
feature selection method Sequential Forward
Floating Search (SFFS) (PupiL et al. 1994) is
utilized. The method starts with an empty set
of features. Each iteration the most significant
feature is added followed by a backtracking
phase, where the optional exclusion of features
is carried out for as long better variable sub-
sets of the corresponding sizes are identified.
The criterion for the evaluation of a distinct
feature subset during the feature selection
procedure is here defined as the mean Maha-
lanobis distance between the mixture compo-
nents. Compared to the well known Bhattach-
aryya and Kullback-Leibler distance, we ob-
served more reasonable and consistent results
using the Mahanalobis distance.

Due to the fact that the true number of com-
ponents of the desired mixture model is un-
known, a split-based expectation maximiza-
tion (EM) algorithm is applied. The decision,
weather to split a component or not, depends
on a multivariate normality criterion based on
the Mahalanobis distance of a sample meas-
urement vector from a certain Gaussian com-
ponent center (VERVERIDIS & KoTrROPOULOS
2008). Using this criterion merging of compo-
nents becomes obsolete.

Prior Model

For the prior model a Potts-like distribution is
used in (BoumaN & SHAPIRO 1994). This model
favours identity between a node s and its par-
ent node 5. Since the proposed framework
supports the definition of arbitrary semantic
classes in each level, the definition of the in-

volved transition probabilities is a more diffi-
cult task. Hence, an EM algorithm as described
in (FEnG et al. 2002) is utilized here to esti-
mate the model parameters. A minimization
of efforts concerning the acquisition of train-
ing data for the EM learning is achieved by a
preliminary maximum likelihood (ML) clas-
sification based on the class feature densities
of the data model. In order to avoid the incor-
poration of misclassifications, a chi? test of the
form

X?’,oc 2 (Vs _ux)Tz;l (ys _ux) (2)

is applied, where f'is the degree of freedom, o
is the probability of error, y is the feature vec-
tor of node s and X _are the parameters of
the Gaussian distribution of class x. Thus, the
class label information of an image element s
is involved in EM parameter estimation, if the
right side of inequation (2) is smaller or equal
than the corresponding quantile.

Inference

Since a distinct top-down pass through the
quadtree hierarchy is a Markov chain in scale,
a Viterbi-like algorithm (Forney 1973) can be
applied for the exact and non-iterative infer-
ence of the class labels. The MAP estimate
minimizes the probability that any image re-
gion will be misclassified. Wrong classifica-
tions are here penalized without any consid-
eration about how many misclassifications
occurred in total. A cost function which incor-
porates this aspect and is generally better be-
haved (LAFErTE et al. 2000) yields the MPM
estimator. For further details concerning the
derivation of the algorithms, the reader is re-
ferred to (PErEz et al. 2000) and (LAFERTE et al.
2000).

The data conditional likelihoods are mod-
eled using multivariate Gaussian mixture
models. Hence, missclassifications of image
regions which e. g., represent class transition
areas may be likely even when context infor-
mation is included. Therefore, similar to a
maximum likelihood classification, a chi? test
(2) is proposed in order to detect image regions
which exhibit low conditional likelihoods for
all classes during the inference procedure. If
the null hypothesis of this test is refused, only
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the prior model is incorporated for the infer-
ence of the class label of the appropriate image
region. The chi? test is carried out in a pre-
liminary computation step, which leads to the
following MAP estimation:

1. Preliminary step. V seS, iff the null hy-
pothesis of test (2) holds exclusively for one
thematic class: classify s based on the data
model. Else: x, = -1.

2. Bottom-up pass.

Initialization (leaves seS") with P(y |x) =1, if
xs=-1:

P(x,_)= max P(ys | xS)P(xS | xsi) 3)
X (x, )=arg max . P(J’x | x, )P(xs | xx_) (€]

Recursion (seSV7...8") with P(y|x)=1, if
xs=-1:

P(x)=max, Py, %) P(x [x )] B(x)
®)

X (x, ) =argmax P(y,|x,)P(x, | x,_ )stx* P(x,)
(6)

3. Top-down pass.

Initialization (root r) with P(y|x)=1, if
xs=-1:

')er= argmaxx,, P(yr ‘ xr)P(xr )Hter*f.)\' (xr)

(M
Recursion (s € §'...5V):
X = @) ®)

Until now, this modified inference is real-
ized for the MAP criterion.

Marginal Posterior Entropy

Since a classification result may serve as a ba-
sis of decisions for civil and humanitarian re-
lief organisations, a quantification of the un-
certainty of the labeling process is highly rec-
ommended. As stated in (PErez et al. 2000),
the knowledge of the marginal posteriors al-
lows to assess for each image region s the de-
gree of confidence that can be associated to

the estimated value. Therefore, the entropy
of the marginal posteriors can be computed as
follows:

Hs(xs |y)=—ZP(xS :k|y)log2P(xS =k|y)

k=1

s

K
i (&)
where k = 1,...K is the class index. Based on
equation (9) a confidence map can be comput-
ed for the whole image. Image regions, which
exhibit significant marginal posterior entropy
are good indicators of misclassified image re-
gions (FENG et al. 2002).

3.2 Lattice-based Markov Image
Modeling

The above described hierarchical approach al-
lows the modeling of relationships between
semantic classes in adjacent scales but does
not incorporate spatial context (i.e., intra-
scale context). Furthermore, it is often stated
that the prior quadtree structure induces non-
stationarity in space (LAFERTE et al. 2000) due
to the fact that spatially adjacent image re-
gions may not have common neighbors at
coarser scales. This leads to “blocky” arte-
facts in the estimation result. In order to re-
move these artefacts and to further improve
the classification result, a subsequent incorpo-
ration of spatial context by using an undirected
lattice-based MRF is proposed here.

Each image region seSY (i.e., all leave
nodes of the quadtree) is connected with its
four immediately adjacent regions leading to a
first order neighborhood system. This limita-
tion is reasonable under the consideration that
the spatial dependencies between image re-
gions rapidly decrease when the distance be-
tween the regions increases.

Gibbs random fields (GRF) provide global
image models by specifying a probability
mass function of the following form:

P(x)=Z"'exp(-U(x)), with U(x)= ch (x)
ceC (10)

where C is the set of all cliques, Z is a nor-
malization constant (i.e., partition function),
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J denotes the neighborhood system and U(x)
is the Gibbs energy function. This function is
defined as the sum of clique potentials V (x)
over all possible pairwise cliques. The appli-
cation of the Hammersley-Clifford theorem
(BEsaG 1974) allows the expression of the joint
distribution over the labels X and the observa-
tions Y using Gibbs energy functions. The
maximization of the posterior probability
(MAP) is hereinafter equivalent to the mini-
mization of the following energy function
(DuBEs & Jain 1989):

U(X,Y)=
x(i,j) ) + 5

Udula (y(i,j)
izn<j<s| U {x(g’h),(g,h)e N(i’j)})
(11)

context (x(i, J)

where (ij) describes the position of the image
element and N, ; denotes the neighborhood of
element s, . The energy term U, () repre-
sents the class statistics and corresponds to the
negative data conditional likelihoods of the
data model (section 3.1). The energy term
U, () describes the interregional class de-
pendence and is defined as follows:

U ot (x(i,j) Hx(g,h) (g.h)e N(i,;i)})
= 2 ﬁ'ak(x(n/r"(g.h)) ’

(g:MeN ;,

(12)

where P is a weighting factor and §, is the Kro-
necker delta function:

“Lo X =X

0, (x. X )= ’ (13)
K\ (7)) (g.h) .
0, if Xy % X

The well known ICM algorithm (BEsaG
1986) is used to carry out the minimization of
the energy function (11).

4 Examples and Results

In order to demonstrate the practicability and
the relevance of the framework, two examples
are examined. In the first experiment the clas-
sification of a scene representing a rural region
near the city of Dresden, Germany is carried

out. Because of the non-complex image con-
tent, several characteristics of the framework
can be pointed out. A more realistic experi-
ment is given with the second example (north-
east Namibia). Here the image content is char-
acterized by inhomogeneous areas and tiny
structures like streets and houses.

41 Example 1: Dresden, Germany

The first example is given with a subset
(512 x 512 pixels) from a multispectral
IKONOS scene, which represents a rural re-
gion near Dresden, Germany. The image has
the following product characteristics: pan-
sharpened multispectral (four channels: blue,
green, red, near-infrared), standard geometri-
cally corrected, ground sampling distance
(GSD) of PAN: 0.87m cross scan and 0.92m
along scan, ground resolution: 1 m (cubic con-
volution), acquired on August 6, 2007. The
smallest image region size is defined by 2 x 2
pixels, which leads to a quadtree with nine
levels.

The annotation of all image regions in the
finest quadtree level to one of the following
classes is desired: dark field, vegetation, alley,
street or green field. Data models are trained
in the three finest levels of the quadtree, where
class alley is not modeled in the coarsest level,
since the size of the square image regions is
too large (8 x 8 pixels) to represent this class
properly. Due to a reference provided by visu-
al interpretation, the impact of context incor-
poration can be evaluated.

For each scale the feature selection algo-
rithm identified a relevant feature subset,
which basically consists of features from dif-
ferent colour space representations, e.g., the
well known HLS or CIELUV colour space.
Due to the simple image content, all derived
classification results are very similar (Tab. 1).
However, the overall accuracy increases with
every processing step, which confirms the
visual comparison of the results.

As expected, the non contextual ML classi-
fication yields the worst results. Confusions
mainly occur between class vegetation and
green field (Fig.3.3). An application of the
lattice-based MRF (B = 100.0) on the ML re-
sult (ML-MRF) causes the well known
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smoothing effect but cannot cope adequately = MAP (Fig.3.5) and the MPM (Fig. 3.4) esti-
with image areas, where many misclassifica-  mator provide similar results, where the latter
tions occur in the ML result (Fig.3.6). The is slightly better. The lattice-based ML-MRF

Tab. 1: Overall Accuracys of different processing steps.

Domain Regular 2d-grid (MRF) Quadtree Quadtree and 2d-grid

Estimator ML (3) | ML-MREF (6) | MAP (5) | MPM (4) | MPM-MREF (7) Mod.
MAP-MREF (8)

Overall accuracy | 93.4 % 95.5% 94.7 % 94.8 % 96.0 % 96.7 %

Local classification

1. IKONOS-Subset 2. Reference 3. Maximum-Likelihood-Classification

Hierarchical Estimation Regular lattice-based MRF

4. MPM-estimation 5. MAP-Estimation 6. ML-classifikation and MRF
py-map from MPM-estimation

Fig. 3: Example 1: Intermediary results (white boxes) and final results (grey boxes). The local ML-
classification (3) as well as (6) were derieved for comparison.
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approach provides slightly better classification
results than MAP or MPM estimation (see
Tab. 1) but takes significantly more computa-
tional time than the non-iterative hierarchical
approaches. A better classification result is
carried out with the combination of the hierar-
chical MPM estimation and the subsequently
applied grid-based MRF (MPM-MRF). The
overall accuracy for the modified MAP esti-
mation with o = 0.3 is 95.7 %. However, this
approach has shown to enforce the “blocki-
ness” of the result. A subsequent MRF smooth-
ing leads to a quite satisfying result with an
overall accuracy of 96.7 % (Fig. 3.8). The con-
fidence map shows the image regions, which
may be misclassified using the MPM estima-
tor (Fig. 3.9): The darker the regions the higher
the uncertainty of the classification. This cor-
responds to the obviously visible misclassifi-
cations in the MPM result.

4.2 Example 2: Caprivi Region,
Northeast Namibia

The second dataset is a multispectral QUICK-
BIRD scene from the Caprivi region, located
in the northeast of Namibia, acquired on Octo-
ber 10", 2009. The image has the following
product characteristics: multispectral (four
channels: blue, green, red, near-infrared),
product level: standard imagery, ground reso-
lution: 2.4 m. The size of the chosen subset is
1375 x 1135 pixels. In order to capture tiny
structures like houses and streets, the smallest
region-size is defined to be 2 x 2 pixels, which
results in a quadtree with 11 levels. The clas-
sification of water, streets, houses and a class
which represents the rest of the image is de-
sired. Therefore, data models trained in two
levels, namely the finest level S as well as
level S¢, have shown to give good results. In
the finest level all introduced classes are mod-
eled. Since houses and streets are too small to
represent them on the coarser level, only the
class water and rest is modeled here. Due to
similarities of the classes in the spectral do-
main, a local ML classification of the finest
quadtree-level leads to confusions between
the classes water and street as well as between
rest and house (Fig. 4).

The application of the lattice-based MRF
on the result of the ML classification as well as
on all other intermediary results has shown to
degrade the quality of the classification. A low
weighting of the context term (e. g., B = 2.0)
leads to a slightly smoothing, but mainly pre-
serves misclassified areas. On the other hand,
arelatively high weighting (e. g., B = 15.0) still
preserves missclassified areas and partially
leads to the omission of small structures like
houses and streets. This effect is also caused
by the application of the modified MAP esti-
mation. The hierarchical MPM estimation
yields the best result (Fig. 4.4) and is equiva-
lent to the MAP estimation. The confidence
map (Fig. 4.3) shows that especially image re-
gions which represent streets as well as the
land-water boundary are difficult to classify
using the hierarchical MPM estimation.

5 Discussion

The experimental results show that the pro-
posed framework allows an interactive classi-
fication of different types of high resolution
optical satellite images by incorporating spa-
tial and hierarchical context as well as image
data from different levels of aggregation. De-
pending on the image content and the thematic
focus, the desired result is obtained using dif-
ferent combinations of the methods utilized in
this framework.

In the first experiment the image is charac-
terized by large homogeneous areas. Here, the
complete process chain (Fig. 1) is traversed
and the best result is obtained using the modi-
fied MAP estimation and a subsequent lattice-
based MRF smoothing. Using the original
MAP or MPM estimation, the influence of the
data model, which obviously cannot handle all
image regions adequately, “votes down” the
context information in some cases (e. g., the
margin of the dark field is misclassified as
field). The modified MAP computation has
shown to be very useful to avoid misclassifica-
tions especially of mixed image regions in this
example but enforces the “blockiness” of the
classification result. The additional incorpora-
tion of spatial context counteracts this effect.
In order to save computational time, a single
iteration step of the ICM algorithm could be a
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water

house
street
rest

3. Confidence map

4. MPM inference

Fig. 4: Results for example 2.

reasonable and sufficient approach for this
task. Other ways to tackle this problem are
given with the application of the ICM algo-
rithm only for those elements which exhibit
other class memberships than their corre-
sponding parent segment (MARTINIS et al.
2010) or for those elements where the posterior
marginal entropy exceeds a defined thresh-
old.

In the second experiment the incorporation
of spatial context degrades the classification
result since the tiny structures of houses and
streets tend to disappear by increasing the
weight of the context term. The application of
the modified MAP estimation also leads to the
omission of tiny structures. These observa-
tions lead to the conclusion, that the finest
chosen region size (2 x 2 pixels) is too coarse
to capture the tiny structures like houses and

streets using square image regions, since these
objects exhibit approximately the same re-
spective a slightly bigger size. The original
hierarchical MPM estimation yields the best
but not the optimal result, whereas confusions
between the class water and street as well as
rest and house (many false positives for the
class street and house) occur. The utilization
of data models in more than two levels has
shown to degrade the classification result fur-
ther. The additional incorporation of a data
model in level ¢ obviously provides no addi-
tional information and leads to more misclas-
sifications. Instead of that, an additional data
model in a coarser scale has shown to be use-
ful to solve ambiguities.

The result of the modified MAP estimation
in example 2 is an effect of both the limited
separability provided by the data model as
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well as the chosen class hierarchy. The class
house and street are only modeled in the finest
level, whereas the class rest dominates the im-
age. Hence, if the data model is not incorpo-
rated into the modified MAP computation
(chi? test), the class rest is favoured for the cor-
responding image element in the finest level.

Compared to the grid-based estimation, the
tree-based non-iterative estimators needed
significantly less computational time (experi-
ment 1: ML-MRF: 238 sec., MPM: 82 sec.). It
has to be mentioned, that the parameter esti-
mation for the prior model took 363 sec., which
is quite acceptable compared to the grid-based
MREF approach where the appropriate weight
for the context term is usually identified in a
trial-and-error manner.

The experiments were carried out using an
Intel Xeon CPU with 2.33 GHz and 3.25 GB
RAM. The whole framework is implemented
in Interactive Data Language (IDL). The us-
age of other programming languages like C++
can accelerate the computational times fur-
ther.

6 Conclusion

In this paper, a general approach for interac-
tive classification of optical very high resolu-
tion satellite images is proposed. The frame-
work is designed in order to cope with the sur-
rounding conditions of rapid mapping activi-
ties and is moreover suitable for the task of
satellite image classification in general. Hier-
archical and spatial context information as
well as image data from different levels of ag-
gregation is incorporated into the classifica-
tion process using hierarchical and lattice-
based Markov random fields.

The experimental results confirm the effec-
tiveness as well as the transferability of the
framework on different datasets. Since the
thematic classes are parameterized using
Gaussian mixture models, the classification of
image regions which represent a mixture of
classes has shown to be very difficult even
when hierarchical context information is in-
corporated. In order to decrease misclassifica-
tions, a new hierarchical MAP estimation is
proposed. This modified MAP estimation has
shown to outperform the original MAP and

MPM estimation under the condition that the
square image regions of the finest quadtree
level are sufficiently smaller than the image
areas of the particular thematic class. The re-
sults in (KERSTEN & GAHLER 2010) also con-
firm these results.

The estimation of model parameters is a
crucial task and depends on several aspects.
Hence, especially the influence of the cardi-
nality of the training data as well as the fea-
tures in the feature space domain is addressed
in current research activities. Furthermore,
the application of the framework on several
different image contents and thematic prob-
lems is currently evaluated.

The impact of incorporating different hier-
archy levels should be analyzed in detail. The
robustness of the parameter estimation with
respect to other determining factors like the
evaluation function applied in the feature se-
lection method will be a topic in further inves-
tigations. Furthermore, the potential of detect-
ing true misclassifications using the confi-
dence map should be treated in the future
work.
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Summary: The extraction, refinement and verifi-
cation of intact and damaged infrastructure are im-
portant issues for the management of civil crises,
e. g., caused by flooding or earthquakes. In this pa-
per, the development of a system for the automated
detection of roads, their geometric and semantic
refinement as well as classification into different
states of accessibility from multi-sensorial imagery
is presented. The system is intended to supply in-
formation being required for the coordination of
rescue teams and the implementation of emergency
actions. It is the result of long-term research on dif-
ferent aspects of road extraction, which has been
extended and adapted in the context of the bundle
project DeSecure to build up a framework provid-
ing all relevant information regarding the extent
and impact of crises scenarios within shortest time-
frames. The results of classification system show
the improvement of the fast interpretation of road
networks after natural disasters using automatic
approaches.

Zusammenfassung: Ein modulares System zur Ak-
tualisierung, geometrischen Verfeinerung und
Klassifikation von Strafien mit Hilfe von Satelliten-
bildern. Die Extraktion, geometrische Verfeine-
rung und Verifikation von intakten und beschédig-
ten Infrastrukturobjekten sind wichtige Fragestel-
lungen bei zivilen Krisen, wie zum Beispiel Uber-
flutungen oder Erdbeben. In diesem Artikel wird
die Entwicklung eines Systems beschrieben, das
mit Hilfe von multi-sensoriellen und multi-tempo-
ralen Bildern eine automatische Detektion von
Straflen, eine geometrische und semantische Ver-
feinerung und eine Klassifikation in verschiedene
Zustinde der Befahrbarkeit durchfiihrt. Das Ziel
des Systems ist die Bereitstellung von Informatio-
nen iiber Straflen, die fiir die Koordination von
Hilfskréften von groBer Bedeutung sind. Die pra-
sentierten Ergebnisse basieren auf langfristiger
Forschung im Bereich der Straflenextraktion, die
im Rahmen des Biindelprojekts DeSecure ange-
passt und erweitert wurden. Das erweiterte System,
bestehend aus den drei Modulen Stralenextrakti-
on, Verfeinerung und Klassifikation liefert ein
Rahmenwerk, um sdmtliche relevante Informatio-
nen iiber Straflen in kiirzester Zeit in Krisenféllen
zur Verfiigung zu stellen. Die Ergebnisse zeigen,
dass mit Hilfe der automatischen Klassifikations-
verfahren die bendtigte Zeit zur Interpretation von
beschéddigten Strafen nach Naturkatastrophen er-
heblich reduziert werden kann.

1 Introduction

A significant increase of natural disasters such
as flooding has been observed over the past
decades. While it is not absolutely clear,
whether the number of disasters has really
grown or only appears so because of the ad-
vances in world-wide communication and glo-
bal observation methods, there is no doubt that
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the disasters’ impact on the population has
dramatically increased due to the growth of
population and material assets (HuaponG
2009). The regrettable death of people is ac-
companied by heavy economic damage, which
leads to a long-term backslide of the region hit
by the disaster. This situation calls for the de-
velopment of integral strategies for prepared-
ness and prevention of hazards, fast reaction
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in case of disasters, as well as damage docu-
mentation, planning and rebuilding of infra-
structure after disasters.

It is widely accepted in the scientific com-
munity that Remote Sensing can contribute
significantly to all these components in differ-
ent ways, especially because of the large cov-
erage by remotely sensed imagery and its glo-
bal availability. The bundle project DeSecure
will build up a framework to provide all rele-
vant information regarding the extent and im-
pact of crises scenarios within shortest time-
frames. Time, however, is the overall domi-
nating factor once a disaster has hit a particu-
lar region. Several time consuming aspects
exists: firstly, available satellites have to be se-
lected and commanded immediately. Second-
ly, the acquired raw data has to be processed
with specific signal processing algorithms to
generate images suitable for interpretation.
Thirdly, the interpretation of multi-sensorial
images, extraction of geometrically precise
and semantically correct information as well
as the production of (digital) maps need to be
conducted in shortest time-frames to support
crises management groups.

While the first two aspects are strongly re-
lated to the optimization of communication
processes and hardware capabilities (at least to
a large extend), the main methodological bot-
tleneck is posed by the third aspect: the fast,

integrated, and geometrically and semantical-
ly correct interpretation of multi-sensorial im-
ages. Therefore the development of methods
for automatic understanding and interpreta-
tion of airborne and space borne optical and
radar images to support the fast reaction after
disasters is needed. In the following, special
focus is on the extraction, analysis and charac-
terization of roads due to their importance for
the immediate planning and implementation
of emergency actions. Different types of mod-
els — physical, stochastic and semantic models
— will therefore be used in an integrated ap-
proach.

2 Related Work

The extraction of roads from remotely sensed
image data has been of considerable interest in
recent years, mainly driven by the rapid
progress of 2D and 3D geographic informa-
tion systems as well as navigation systems and
their increasing importance in daily life. The
advances can be seen in the relevant computer
vision literature, for instance in the compen-
dia and overview papers of GRON et al. (1997),
MavYER (1999), BaLtsavias et al. (2001), GAMBA
et al. (2003), GErkE et al. (2004), and many
others.

Fig. 1: IKONOS image from the Elbe flooding in Germany in 2002.
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Despite of numerous technological advanc-
es the process of semantic data acquisition
still needs lot of manual interaction of a hu-
man operator to yield results relevant for prac-
tical applications, which is of course both
time-consuming and expensive. While this is
true for optical images, the situation is even
harder for Synthetic Aperture Radar (SAR).
SAR is an active and coherent imaging tech-
nique which leads to the well-known speckle
noise and image derogations due to radar
shadow and layover. Thus, the imaged objects
are subject to drastic changes in their appear-
ance depending on the radar illumination pa-
rameters. Deterministic and stochastic mode-
ling of this varying object appearance is far
from being solved today. The scientific chal-
lenges of man-made object extraction, in par-
ticular roads and buildings, from SAR data
can be viewed, for instance, in BAUMGARTNER
et al. (1999), WiepEmanN & Hinz (1999),
WEsseL & Hinz (2004), SorGeL et al. (2006),
HEebmaN et al. (2006).

However, besides the drawbacks due to the
specific viewing geometry and coherent imag-
ing, SAR holds also some prominent advan-
tages over optical images, which are in par-
ticular helpful in crisis situations. For instance,
SAR is an active system, which can operate
during day and night. It is also nearly weather-
independent and, moreover, during bad weath-
er conditions SAR is the only operational sys-
tem available today.

Hence, under the light of today’s and tomor-
row’s available optical and SAR satellite sys-
tems, the development of integrated approach-
es for object extraction from multi-sensorial
images are an attractive alternative to support

fast and accurate information extraction. To
this end, models and extraction strategies need
to be developed that integrate the different
geometric and radiometric sensor characteris-
tics attached with stochastic models to accom-
modate for the inherent modeling and meas-
urement uncertainties.

However, the sole extraction of roads can
hardly fulfill the requirement which is needed
in case of natural disasters. Using additional
road networks from GIS-database can im-
prove the reliability to draw conclusions about
the functionality of a road network. Since the
geometric accuracy of the road database is es-
sential, methods for refinement are needed.
Parametric active contours, often called snakes
(Kass et al. 1988, BLAKE & IsarD 1998) can be
used for the improvement of the geometrical
accuracy. In ButenutH & HEerpke (2010) net-
work snakes are applied to a road network.
Network snakes have the crucial advantage to
perserve the topology of networks. In this pa-
per network snakes are investigeted concern-
ing their performance in natural disaster sce-
narios. In GErkE et al. (2004), GERKE & HEIPKE
(2008) a quality assessment of existing road
data is presented using remotly sensed images.
In case of natural disasters the assessment
concerning the trafficability of roads is inves-
tigated in FrRey & Butenuth (2009) for mult-
sensor imagery. The improvement of the as-
sessment using multi-temporal imagery is
discussed in FREy & ButenuTH (2010).

Refinement
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Fig.2: The three moduls of the system (RN = road network).
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3 System and Strategy
3.1 System

At the moment, fully automatic approaches for
object extraction must still be regarded as a
subject of fundamental research, and they
seem not to be able to find their way into op-
erational work flows in the very near future.
On the contrary, semi-automatic approaches
seem more likely to be useful in operational
applications. Automatically achieved results
nonetheless may provide a basis for efficient
checking, editing and improving.

It is assumed in the following that road axes
are already available as input data, which
might stem from an automatic extraction or an
existing road database. These road data, how-
ever, might be outdated, geometrically dis-
placed and/or partially semantically wrong.
Hence, the framework for the automated de-
tection and classification of roads from multi-
sensorial imagery is conceptually divided into
three main parts. The first part comprises the
user-assisted updating of roads. It comprises
an automated internal evaluation of the input
data providing measures about the reliability
of road parts. In case of incomplete input data
—e. g., of an automatic extraction — this can be
used to guide an operator during editing and
completing the results, for instance by interac-
tive road tracing. The second part includes
road refinement, which basically involves the
application of a network snake approach to re-
fine the road network in terms of geometric
accuracy. Naturally, during this phase only
centerlines of intact road segments can be re-
fined, while those of damaged or flooded roads
will usually not improved. Hence, conceptu-
ally, this module is only applied to roads which
have been identified as “reliable” by the above
internal evaluation. The third module, finally,
is devoted to classify the whole road network
into accessible and damaged/flooded road
parts.

In the following, the individual modules (cf.
Fig. 2) are described in more detail. However,
the system still contains stand-alone modules,
which are tested and evaluated only individu-
ally. Integrating them into a monolithic soft-
ware system is not within the scope of this re-

search work. The performance of the individ-
ual modules are exemplarily shown at an
IKONOS image from the Elbe flooding 2002
(cf. Fig. 1)

3.2 Road Internal Evaluating and
Road Updating

Existing GIS data nor the results of an auto-
matic object extraction may not be expected to
deliver absolutely perfect results and, thus, for
meeting predefined application requirement, a
human operator must inspect the automatical-
ly obtained results. In order to speed up the
time- and cost-intensive inspection, the sys-
tem should provide the operator with confi-
dence values characterizing the system’s per-
formance — a so-called internal evaluation.
This information can only be derived from re-
dundancies within the underlying data or the
incorporated object knowledge. In this con-
text, “object knowledge” means knowledge
that is purely described by the object model
and not by other external data. The results of
internal evaluation are particularly important

Universal representation

wllllneng. ... = |

Fig. 3: Overview of self-diagnosis. Top: Length-
weighted histogram of evaluation scores (left-
most bar indicates mean value = green in this
example), thin vertical lines indicate thresholds
between categories. Bottom: Overview win-
dow.
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if the extraction results are combined with
other data, e. g., if they are fused with results
from other extraction approaches or if they are
used for the update of GIS data. On the other
hand, they are also very useful for guiding a
human operator during post-editing the results
of an automatic extraction. In practice, how-
ever, this is rarely the case.

Object properties that relate to global char-
acteristics of roads are used in this context. A
road network, for instance, must be in accord-
ance with some typical global network charac-
teristics: few connected components, no clus-
ters of junctions outside urban areas, conven-
ient connections between various places de-
pending on the terrain type etc. Such proper-
ties are used in Hinz & WIEDEMANN (2004) to
evaluate the reliability of portions of the net-
work with a fuzzy-set theoretic approach.

To allow a quick and effective inspection by
a human operator, the evaluated road seg-
ments are displayed in an overview window
and categorized into three classes: green (to be
accepted), yellow (to be checked), and red (to
be rejected). In addition, the average quality of
the evaluated network and the distribution are
displayed (cf. Fig.3). Whenever a particular
road section is sought to be inspected in more
detail, it can be selected in a separate cutout to
investigate the evaluation details (cf. Fig.4).
Based on the visualization and the quality in-
formation, the operator may decide how to
handle a particular road section — whether it

Attributes evaluation: quality, line perc.. length, radius, eigenvall

Fig. 4: Detailed inspection of evaluation results
of a specific portion of the road network. Bars
indicate results of evaluation for each criterion
involved ([0 ; 1]).

should be retained, deleted, or edited. Of
course, setting the two thresholds between the
categories is critical. However, as the test se-
ries in Hinz & WiEDEMANN (2004) show, deriv-
ing these thresholds from the statistics of the
evaluation scores is a simple but surprisingly
effective approach. In particular, in these ex-
amples the threshold between the yellow and
the category is simply the minimum (zero
score), while the threshold between the green
and the yellow category is defined as the me-
dian of all evaluation scores (see, ¢. g., Fig. 3).
To analyze the reliability of self-diagnosis,
we matched the internally evaluated results to
a manually plotted reference (see details and
figures in Hinz & WiEDEMANN 2004). The
comparison showed that almost every road
section of the green category is a correctly ex-
tracted road (above 90%). The self-diagnosis
also detects “false alarms” in the extraction
with high reliability (80% — 90%). Consider-
ing the evaluation of yellow-labeled road sec-
tions one can state that these parts of the road
network should indeed be investigated by a
human operator because the correctness val-
ues are generally lower and vary to a notable
extent (50% — 75%). It is furthermore interest-
ing to observe what would happen if an opera-
tor had checked exclusively the yellow-labeled
road sections. Under the assumption that a hu-
man operator is able to discern correct and
wrong detections without any error, the cor-
rectness of the overall result would remain in
the range of 95%, while the amount of editing
drops down significantly: only 25% to 50% of
the whole road network need to be checked.
However, it is important to note that one can
improve only the correctness through employ-
ing this scheme for internal evaluation. Com-
pleteness can only be increased when identi-
fying potential gaps in the extraction and clos-
ing them. To this end, the system provides us-
er-assisted tools for road extraction. Semi-au-
tomatic, 1. e., user-assisted, tools have the ad-
vantage that the quality of the results is guar-
anteed, because a human operator controls the
data acquisition process and prevents errors
on-line. Yet the overall benefit of such systems
depends not only on their sophisticated algo-
rithms but also on adequate tools for editing.
Quite a lot of promising approaches for semi-
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automatic road extraction have been presented
and analyzed in the last decades.

Road trackers and path optimizers are char-
acterized by complementary properties: Road
tracking is usually based on a road profile se-
lected by a user for a particular road to be
traced. In this way, the specific radiometry of
this road is included into the procedure. This
is in particular helpful when different roads of
varying appearance should be extracted. Such
appearance-based constraints are commonly
not included in path optimization. Snake algo-
rithms, for instance, need to be fed with a ge-
neric image energy, which is derived through
more or less complex filtering operations like
a gradient amplitude map, Laplacian map, dis-
tance transform, etc. On the other hand, road
tracking algorithms do not include any topo-
logical information about the connectivity of
the road network. Disturbances due to back-
ground objects or noisy images (like SAR im-

Fig.5: User-assisted road tracking in an
IKONOS image taken during the Elbe flooding
in Germany, 2002. Yellow points: tracked road
sections; blue lines/red points: user clicks.

ages) lead often to very wiggling tracks or
even useless results. In such situations, snakes
and in particular network snakes show clear
advantages over tracking procedures, since
the geometric and topologic constraints in-
volved in the optimization process act as regu-
larization for the noisy data (BuTenutH &
Herpke 2010).

Fig.5 shows an example for user-assisted
tracking of a main road in an IKONOS image
taken during the Elbe flooding in Germany,
2002. The yellow parts were traced automati-
cally, while simple user clicks were asked at
the blue positions. Here, the operator had to
decide whether tracking should just continue
or interactive editing is necessary. Tracking
could continue at all interruptions except the
one shown in the detail of Fig. 5. It illustrates a
situation, where cutting-off the tail of the track
and manual digitizing of a short road section
is necessary due to the occlusion of a small
cloud. A detailed description of this algorithm
and the variety of options for user interaction
can be found in BAUMGARTNER et al. (2002).

At this stage of processing, the road net-
work has been categorized into reliable and
unreliable parts, i.e., “green” and “red” road
portions only, since the “yellow” parts have
been assigned interactively to one of these
classes. In addition, potential gaps — which
can only occur when applying an automatic
road extraction at the beginning of processing
—have been closed. In the next section the cen-
terlines of reliable roads are geometrically re-
fined.

3.3 Road Refinement

The availability of road data as input informa-
tion for the assessment requires a high geo-
metric correctness of the road network, in par-
ticular for the aimed subsequent classification
approach. This prerequisite cannot be ensured
in general and, thus, network snakes (BUTE-
NUTH 2007, ButENuTH & HEIPKE 2010) are used
for the geometric refinement of the road net-
work. Network snakes are based on the well-
known active contour models (Kass et al.
1988), but in addition to the image energy and
internal energy the topology is introduced into
the optimization process. This graph-based
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active contour method enables a complete top-
ological and shape control during the object
delineation. The exploitation of the topology
during the iterative optimization process ena-
bles to deal with fragmented and blurry object
representations in different kinds of imagery
(ButenutH & HEerpke 2010).

Network snakes are applied to the geomet-
ric refinement of road networks to improve
and correct the database if necessary. The pro-
posed approach is either able to deal with
roads from a database as initialization in an
automatic system or, alternatively, within an
interactive framework to derive a geometri-
cally optimized road network. In addition, the
optimization of roads using network snakes
can be accomplished with different kinds of
image data such as optical and SAR-data, be-
cause the method is able to cope with varying
image energy terms in the flexible minimiza-
tion process. In general, the refinement is ac-
complished as a preprocessing step using im-
age data representing a status of intact roads.
However, in Fig.6 the network snakes ap-
proach is applied to the non-flooded roads
starting from the initialization (blue) moving
step by step (white) to the true positions of the
roads (red) in the optical image. The benefit of
network snakes is the exploitation of the topol-
ogy during the graph-based optimization to-
gether with the image energy and the internal

energy being a powerful method to deal with
noise or disturbances in the imagery when re-
fining road networks. Furthermore, only the
local image information at the network has a
purposive effect to the correct result, because
the region-based image information within
the enclosed road network segments is not
useable due to the different object classes
(e. g., settlement).

3.4 Road Classification

The aim of the third module is the assessment
of a road network concerning their functional-
ity after a natural disaster. The prerequisite for
the road classification is an up-to-date and
geometrically correct road network. Most of
the industrialized countries offer road data-
bases which fulfill the required geometrical
accuracy and up-to-dateness. If there is no ap-
propriate road network available the modules
described above can be applied to extract/up-
date roads or refine already existing road net-
works.

In Fig. 7 a generic overview of the damage
assessment system is given. Since the reliabil-
ity and up-to-dateness of the assessed road
network is of prime importance it is necessary
to embed all kind of information which is
available in near-realtime. Therefore the de-

Fig. 6: Automatic road refinement using network snakes in an IKONOS image taken during the Elbe
flooding in Germany, 2002: initialization (blue), optimization steps (white), result (red).
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sign of the assessment system has an flexible
stucture. The main contribution in the pro-
posed damage assessment system results from
different kinds of imagery. Beside optical and
radar imagery also additional information
such as a DEM can be embedded into the sys-
tem (FrRey & ButenutH 2009). Furthermore
the system can cope with imagery at different
time points. The useage of multi-temporal
data can further improve the results as shown
in Tab. 1 (FrRey & BuTenuTH 2010).

The basic idea of the system is the deriva-
tion of probabilities from each individual in-
put data whether an road object is trafficable
or not. The methods used to infer the probabil-
ities depends on the available input data. In
case of optical imagery a multispectral classi-
fication is carried out using Gaussian Mixture
Models (GMM) (McLacHLAN & PEeeL 2000).
The road segments given from the GIS-data-
base are classified in various classes such as
intact road, not intact road and all possible
kinds of occlusions of the roads such as forest,
clouds or shadows. The appearance of the
class not intact roads depends of the natural
disaster. For example in case of a flodding the
class not intact roads is replaced by the class

water. The radiometric appearance of the class
intact road has large variations. This leads to
probability density function with a large
standard deviation. The difficulties which
arise dealing with the broad probability func-
tion can be reduced using Gaussian Mixture
Models. The complex probability density
function composed of several multivariate
normal distributions is therefore a more suita-
ble statistical representation of the class intact
road. Using the Gaussian Mixture Model eve-
ry road segment is assigned a probability p, .
belonging to a previous defined class. If a
maximum likelihood classification assigns a
road segment to class which describes the oc-
clusion of a road (forest, cloud) than further
information has to be exploited. It is possible
to utilize the results from the classification of
adjacent road segments. Also further input
data can give additional hints if the occluded
roads are intact or not. In case of flooding the
DEM can give additional hints if roads are
flooded or not. Belief functions are used to de-
rive the probabilities from these additional in-
formations such as DEM. In case of floodings
it is assumed that roads higher than a thresh-
old a, are certainly trafficable and lower than

additional
information

ject-based

L unlodateman ]

Fig.7: General damage assessment system.
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Fig. 8: Belief functions for roads after flooding.

a threshold a, are certainly flooded. The prob-
abilities inbetween these theresholds are mod-
elled with a linear function (cf. Fig.8). The
blue function x (a) shows the belief function
that a road is flooded. The gray function
n(@) =1-u /(a) stands for the probability that a
road is trafficable. By means of the belief
functions a probability p, ~can be assigned to
every road segment.

The availability of mutli-temporal imagery
can be used to carry out change detection. In
the proposed approach the Multivarate Altera-
tioin Detection (MAD) method was used,
since it is invariant to linear transformation
(NieLseN et al. 1998). Therefore linear chang-
ing in atmosspheric conditions or sensor cali-
brations can be neglected. The result of the
MAD method are so called MAD variates for
each pixel which represents different kind of
changes. In case of floodings a training sample
is choosen which represents the change from
flooded road to a trafficable road or the other
way around. By means of the trainings set a
supervised classification of the MAD variates
using Gaussian Mixture Models is carried out
to calculate the probabilities p_,. The probabil-
ity p_, give additional hints if a road segment
is flooded or trafficable at time point ¢,. The

combination of the probabilities derived from
different input data is carried out by a multi-
plication of the probabilities p,, ., p,, and p,,,,
embedded into a rule based framework which
depends on the natural disaster.

The result of the damage assessment system
applied to the Elbe scenario is depicted in
Fig.9. Two IKONOS-scenes from two time
points ¢, ¢, and a DEM from ATKIS with an
10 m grid and a geomtrical accuracy of +/— Im
was used as input data. The road segments are
categorized into three states trafficable, pos-
sibly flooded and flooded. The state possibly
flooded means that the automatic assessment
system could not categorized the road segment
within a required certainty.

The obtained results are compared to a
manually generated reference. The generation
of the reference is carried out by means of the
information on image at time #,. Therefore, it
is not a comparison with the real ground truth,
but it is the comparison of the automatic ap-
proach with the manually interpretation of an
human operator. The reference is categorized
into three different states trafficable, possibly
flooded and flooded. Since the categorization
of the automatic system consists of the same
states the following four different assignment
criteria are determined: ’correct assignment’,
’manual control necessary’, ’possibly correct
assignment’ and *wrong assignment’. The cat-
egory ’correct assignment’ means that the
manually generated reference is identical with
the result of the automatic system. In the case
of ’manual control necessary’ the automatic
approach leads to the state possibly flooded
whereas the manual classification assigns the
line segments to flooded or trafficable. The
other way around denotes the expression *pos-
sibly correct assignment’. "'wrong assignment’
means that one result categorize the segment
to flooded and the other to trafficable. The en-

Tab. 1: Results and evaluation of the assessment system: Evaluation of road data of the Elbe test

scenario exploiting different input data.

7 7, DEM 7, DEM 7, 7. DEM
Correct 68.40 % 68.45 % 69.60 % 87.14 %
Manual 27.88 % 27.77 % 27.48 % 10.96 %
Possibly 2.64% 2.72% 2.52% 179 %
Wrong 1.08 % 1.06 % 0.40 % 0.11 %
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Fig. 9: Detail result of the assessment system using all available input data: image t,, image t,, DEM
and manual generated reference at time t,; green = trafficable, yellow = possibly flooded, red =
flooded, dark blue = trafficable (changed from flooded at time point ¢, to trafficable at time point t,).

Fig. 10: Evaluation of the assessment system using image t,, image t, and DEM; green = ’correct
assignment’, yellow = 'manual control necessary’, cyan = ’possibly correct assignment’, red =
‘wrong assignment’ [system = trafficable, reference = flooded], dark blue = 'wrong assignment’
[system = flooded, reference = trafficable].
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hancement of the automatic system by the
combined interpretation is shown in Tab. 1.

The first column in Tab. 1 represents the re-
sult using only the image ¢, without any fur-
ther information. The result with about 1% of
wrong assignments’ and about 68% ’correct
assignment’ is almost identical if an additional
DEM as input data is used (cf. Tab.l: ¢,
DEM).

In Fig. 10 the result of the third column from
Tab. 1 is visualized which includes the addi-
tional scene at time point 7, as input data.
Green road segments correspond to ’correct
assignment’, yellow to manual control neces-
sary’, cyan to ’possibly correct assignment’
and red or blue belongs to *wrong assignment’.
If the system assigns a road segment to the
category trafficable but the reference is flood-
ed the road segment is colored in red. Dark
blue road segments are assigned to flooded by
the system and trafficable by the reference.

The forth column (cf. Tab. 1: ¢,,, r, DEM)
shows the results exploiting an additional
manually generated reference at time point ¢/.
The results are by far better then the previous
obtained results. The major reason for the im-
provement follows from the assumption that
trafficable roads at time point ¢, are also traf-
ficable at time point ¢,. The assumption can be
made since the flood was receding. The ’cor-
rect assignments’ arise from 69% to 87% and
the *wrong assignments’ decrease from 0.4%
to 0.1%. But it is important to point out, that a
correct reference at the time point ¢, has to be
generated. Nevertheless, it has no influence of
the fact that the system is near-realtime since
the time consuming generation of the refer-
ence can be done at time point ¢,.

4 Conclusions

In this paper three modules dealing with the
automatic extraction and updating, the refine-
ment and the assessment of roads are present-
ed. The different modules are investigated re-
garding their usability in case of natural disas-
ters. The automatic extraction of roads based
only on the image information cannot deliver
reliable information which is needed in case of
natural disasters. However, the automatic ex-
traction can speed up the semiautomatic ex-

traction of accessible roads. Furthermore the
updating and refinement of existing GIS road
data are crucial methods in order to get a com-
plete, up-to-date and geometric correct road
network which is a prerequisite for the final
damage assessment.

In future work the damage assessment sys-
tem will be improved using a consistent statis-
tical framework. Up to now, the combination
of the derived probabilities is embedded into a
rule-based framework. This framework will
be substituted using the statistical theory of
Dynamic Bayesian Networks. A special Dy-
namic Bayesian Network and promising
graphical model are Hidden Markov Models.

References

Bartsavias, E., GrRON, A. & vaN Goor, L. (Eds.),
2001: Automatic Extraction of Man-Made Ob-
jects from Aerial and Space Images (III). —
Balkema Publishers, Lisse: 415 p.

BAUMGARTNER, A., HINZ, S. & WIEDEMANN, C., 2002:
Efficient Methods and Interfaces for Road Track-
ing. — International Archives of Photogramme-
try, Remote Sensing and Spatial Information
Sciences 34 (3B): 28-31.

BAUMGARTNER, A., STEGER, C., MAYER, H., ECKSTEIN,
W. & EBNER, H., 1999: Automatic Road Extrac-
tion Based on Multi-Scale, Grouping, and Con-
text. — Photogrammetric Engineering & Remote
Sensing 65 (7): 777-785.

BrLAkE, A. & Isarp, M., 1998: Active Contours.
Springer, Berlin Heidelberg New York, 351 p.
ButenuTH, M., 2007: Segmentation of Imagery Us-
ing Network Snakes. — Photogrammetrie —

Fernerkundung — Geoinformation 1/07: 7-16.

ButenuTH, M. & HEIPKE, C., 2010: Network Snakes:
Graph-based Object Delineation with Active
Contour Models. — Machine Vision and Applica-
tions, DOI: 10.1007/s00138-010-0294-8, in
print.

Frey, D. & ButenuTH, M., 2009: Classification sys-
tem of GIS-objects using multi-sensorial image-
ry for near-realtime disaster management. — In-
ternational Archives of Photogrammetry, Re-
mote Sensing and Spatial Information Sciences
33 (3/W4): 103-108.

Frey, D. & ButenuTtH, M., 2010: Classification sys-
tem of GIS-objects using multi-temporal image-
ry for near-realtime disaster management. — In-
ternational Archives of Photogrammetry, Re-
mote Sensing and Spatial Information Sciences
33 (7A): 43-48.



462

Photogrammetrie o Fernerkundung « Geoinformation 6/2010

GawmBa, P, HeLowicH, O. & LomBarpo, P. (Eds.),
2003: ISPRS Journal of Photogrammetry and
Remote Sensing, 58 (1-2), Theme issue on Algo-
rithms and Techniques for Multi-Source Data
Fusion in Urban Areas: 125 p.

GERKE, M. & HEIPKE, C., 2008: Image-based quality
assessment of road databases. — International
Journal of Geographical Information Science 22
(8): 871-894.

GERKE, M., BUTENUTH, M., HEIPKE, C. & WILLRICH,
F., 2004: Graph-supported verification of road
databases. — ISPRS Journal of Photogrammetry
and Remote Sensing 58 (3—4): 152—-165.

GRON, A., Bartsavias, E. & Henricsson, O. (Eds.),
1997: Automatic Extraction of Man-Made Ob-
jects from Aerial and Space Images (II). —
Birkhéuser Verlag, Basel.

Hebman, K., Hinz, S. & StiLea, U., 2006: A Proba-
bilistic Fusion Strategy Applied to Road Extrac-
tion from Multi-Aspect Sar Data. — International
Archives of Photogrammetry, Remote Sensing,
and Spatial Information Sciences 36 (3): 55-60.

Hinz, S. & WiepEmANN, C., 2004: Increasing Effi-
ciency of Road Extraction by Self-Diagnosis. —
Photogrammetric Engineering and Remote
Sensing 70 (12): 1457-1466.

Huapong, G., 2009: Natural Disaster Mitigation: A
scientific and Practical Approach. InterAcademy
Panel on International Issues. — Science Press
Beijing, China.

Kass, M., WitkiN, A. & TerzporouLos, D., 1988:
Snakes: Active Contour Models. — International
Journal of Computer Vision 1 (4): 321-33.

McLacHLAN, G. & PeiL, D., 2000: Finite mixture
models. — Wiley-Interscience.

Maver, H., 1999: Automatic Object Extraction
from Aerial Imagery — A Survey Focusing on
Buildings. — Computer Vision and Image Under-
standing 74 (2): 138—149.

NIELSEN, A., CONRADSEN, K. & SimpsoN, J., 1998: Al-
teration detection (MAD) and MAF postprocess-
ing sing in multi-spectral, bitemporal image
data: New approaches to change detection stud-
ies. — Remote Sensing of Environment 64 (1):
1-19

SOERGEL, U., THOENNESSEN, U., BRENNER, A. & STIL-
LA, U., 2006: High-resolution SAR data: new op-
portunities and challenges for the analysis of
urban areas. — [IEEE Radar, Sonar & Navigation
153 (3): 294-300.

WEsseL, B. & Hinz, S., 2004: Context-supported
Road Extraction from SAR-Imagery: Transition
from Rural to Built-up Areas. — EUSAR 04,
399-403.

WIEDEMANN, C. & Hinz, S., 1999: Automatic Ex-
traction and Evaluation of Road Networks from
Satellite Imagery. — International Archives of
Photogrammetry and Remote Sensing 32 (3-
2WS5): 95-100.

Addresses of the Authors:

Dipl.-Ing. DaNIEL FrEY, Dr.-Ing. MATTHIAS BUTE-
NUTH, Technische Universitidt Miinchen, Lehrstuhl
fiir Methodik der Fernerkundung, D-80333 Miin-
chen, Tel.: +49-(0)89-28922671, Fax: 2809573, e-
mail: daniel.frey@bv.tum.de, matthias.butenuth@
bv.tum.de

Prof. Dr.-Ing. Steran Hinz, Karlsruher Institut fiir
Technologie (KIT), Institut fiir Photogrammetrie
und Fernerkundung, D-76128 Karlsruhe, Tel.: +49-
(0)721-608-2314, Fax: -8450, e-mail: stefan.hinz@
kit.edu

Manuskript eingereicht: Juni 2010
Angenommen: September 2010



PFG 2010/ 6, 463—-474
Stuttgart, Dezember 2010

Article

Curvelet-based Change Detection on SAR Images for

Natural Disaster Mapping

ANDREAS ScHMITT, BIraIT WESSEL & AcHiM RoTH, Oberpfaffenhofen

Keywords: SAR, Change Detection, Alternative Image Representation, Curvelets

Summary: This paper focuses on the use of SAR
data in the context of natural disasters. A Curvelet-
based change detection algorithm is presented that
automatically extracts changes in the radar back-
scattering from two TerraSAR-X acquisitions —
pre-disaster and post-disaster — of the same area.
After a logarithmic scaling of the geocoded ampli-
tude images the Curvelet-transform is applied. The
differentiation is then done in the Curvelet-coeffi-
cient domain where each coefficient represents the
strength of a linear structure apparent in the origi-
nal image. In order to reduce noise the resulting
coefficient differences are weighted by a special
function that suppresses minor, noise-like struc-
tures. The resulting enhanced coefficients are
transformed back to the image domain and brought
to the original scaling, so that the values in the dif-
ference image describe the increase and the de-
crease with respect to the amplitude value in the
initial image. This approach is applied on three cri-
sis scenarios: flood, forest fire, and earthquake. For
all scenarios including natural landscapes and ur-
ban environments as well areas with changes in the
radar amplitude are clearly delineated. The inter-
pretation of the changes detected in the radar im-
ages needs additional knowledge, e. g., pre-disaster
maps. The combination of both could possibly de-
liver a robust and reliable database for the coordi-
nation of rescue teams after large-scale natural dis-
asters.
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Zusammenfassung: Auf Curvelets basierende An-
derungserkennung in SAR-Bildern fiir die Kartie-
rung von Naturkatastrophen. Fernerkundung im
Krisenkontext basiert auf einer schnellen und zu-
verldssigen Datenakquisition. Radarsysteme sind
fiir diesen Zweck aufgrund ihrer i. A. wetter- und
beleuchtungsunabhingigen Aufnahme besonders
geeignet. In diesem Artikel wird eine Methode vor-
gestellt, aus zeitlich versetzten Aufnahmen des
deutschen Radarsatelliten TerraSAR-X vollauto-
matisch Verdnderungen abzuleiten. Die geokodier-
ten Radaramplitudenbilder werden dazu logarith-
misch skaliert und mithilfe der Curvelet-Transfor-
mation in den Curvelet-Koeffizientenraum iiber-
fiihrt. Jeder Koeffizient entspricht hier der Starke
einer bestimmten linearen Struktur im Bild. Aus
den Koeffizienten zweier Bilder kann nun ein Dif-
ferenz-Koeffizientenbild berechnet und anschlie-
Bend durch eine spezielle Gewichtungsfunktion
verbessert werden. Wihrend starke Strukturen un-
verdndert iibernommen werden, erfolgt fiir Struk-
turen mittlerer Starke eine kontinuierliche Herab-
gewichtung bis zum kompletten Entfernen zu
schwacher Strukturen. Auf diese Weise wird nicht
nur die Anzahl der Koeffizienten, sondern auch das
Rauschen im Bild deutlich verringert und der Bil-
dinhalt auf die wichtigsten Strukturen beschréinkt.
Nach der Riicktransformation in den Bildraum und
die urspriingliche Skalierung kann die Anderung
anteilig in Bezug auf die Ausgangsamplitude als
Zu- und Abnahme dargestellt werden. Zur Demon-
stration des Potentials der Curvelet basierten Ande-
rungserkennung werden drei Anwendungsfille aus
dem Krisenkontext vorgestellt: Uberflutung, Wald-
brand, Erdbeben. In allen drei Fillen lasst sich die
von der Katastrophe betroffene Fliche eindeutig
von Flichen ohne Anderung abgrenzen. Die Inter-
pretation dieser Anderungen ist jedoch ohne Zu-
satzwissen nicht moglich. Eine Verschneidung der
Ergebnisse der Anderungserkennung mit bestehen-
den Geoinformationen hingegen liefert eine verlds-
sliche Datengrundlage fiir die Organisation von
Rettungskriften nach Naturkatastrophen.
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1 Introduction

Remote sensing products for disaster monitor-
ing have to be fast and reliable. In most cases
the coordinators do not have the time to wait
for the next sunny day to acquire cloudless op-
tical satellite images of the catastrophe. Radar
sensors share the advantage to operate almost
independently of weather and illumination, so
that SAR images can be acquired in spite of a
cloudy sky and even by night. Each illumi-
nated object produces a certain SAR signature
in the image. As the signatures of several ob-
jects overlay and interfere in fine-structured
areas, a classification on SAR images is very
complicated. Hence, the idea is not to classify
single SAR images, but to identify changes
between two image acquisitions before and af-
ter a natural disaster. In regions not affected
by the impact, the radar signatures remain
constant. Changes on the real objects mostly
cause changes in the corresponding signa-
tures, so that the affected regions can clearly
be delineated. If the geometric properties of
the images are held constant by using repeat
orbit acquisitions, the only problem is the han-
dling of the SAR inherent radiometry with its
deterministic multiplicative noise-like com-
ponent: speckle. Speckle is caused by the co-
herent sum of many distributed scatterers in
one resolution cell (pixel). Hence, only indi-
vidual pixels are affected whereas the struc-
tures of a scene joining an arbitrary number of
individual pixels to geometric primitives e. g.,
lines, remain unchanged. Therefore, the com-
parison of two SAR amplitude images can be
greatly simplified — because the false alarm
rate is reduced — by comparing structures in-
stead of single pixels. For this task a structure-
based image description, called Curvelets, is
utilized. The complex Curvelet coefficients,
standing each for the strength of a linear fea-
ture in the image, allow us to compare and to
manipulate structures in order to enhance a
single as well as the difference between two
SAR images. The developed change detection
method runs automatically and delivers very
robust results in a relatively short computation
time. In contrast to the previous publications
—reported in the following section — this arti-
cle presents the theoretical background of the
Curvelet-based change detection for the first

time. Afterwards, the potential of the devel-
oped algorithm is validated for rapid mapping
applications in the context of natural hazards.
Three different disaster scenarios are consid-
ered: (1) The annual flood in the Caprivi stripe
in Namibia (April 2009), which was the com-
mon test site for the DeSecure project; (2) For-
est Fires on La Palma, Canary Islands (August
2009), where the Centre for Satellite Based
Crisis Information (ZKI) of the German Aero-
space Center has mapped the burned areas; (3)
Damage on buildings in the city of Padang,
Indonesia, after the earth quake of October
2009. For this test site reference information
extracted visually from optical satellite imag-
es as well as some ground truth information,
collected by several teams is available. Unfor-
tunately, the ground truth data only covers
single streets or building blocks.

The results of our change detection ap-
proach for SAR images are compared to the
results of ZKI and the ground truth data re-
spectively. In terms of the validation it is im-
portant to remember that the change detection
on SAR data and the reference data — mainly
extracted from optical satellite images — often
show different results because of the different
geometrical and radiometrical properties.
Though, this study underlines the usefulness
of SAR sensors as complementary data source
in the context of satellite-based disaster man-
agement.

2 Related Work

Due to the geometric and radiometric proper-
ties of SAR images change detection gets
more complicated — compared to optical data.
Some basics of SAR change detection, advan-
tages and constraints can be found in (PoLIDORI
et al. 1995), which reviews the fundamental
approaches. (ScHeucHL et al. 2009) distin-
guishes two different types of change detec-
tion: amplitude change detection and coherent
change detection, exploiting the phase infor-
mation. The latter one has been examined by
(WRIGHT et al. 2005). The method presumes a
stable phase measurement, so that each inco-
herent region can be classified as changed. Re-
garding shorter wave lengths, even a repeat
pass acquisition with a very short repetition
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time (11 days in the case of TerraSAR-X) can-
not assure coherence over natural cover. In the
case of natural disaster monitoring, where ref-
erence images often date from several years
ago coherence-based methods are not applica-
ble because too much disturbing incoherence
is caused by natural surfaces.

The amplitude-based change detection is
better suited for the monitoring of diverse
landscapes over a long period of time. (DEr-
RODE et al. 2003) and (Bouvania et al. 2008)
adopt a hidden and a sliding hidden Markov
chain model respectively to select areas with
changes in reflectivity even from images with
different incidence angles. Although this
method allows to process very large images
and does not need additional parameter tun-
ing, except the window size, according to the
authors still a lot of research work has to be
done to improve the preliminary results. An-
other idea starting with the fusion of several
SAR images of different incidence angles and
a coarse digital elevation model to a ,,super-
resolution” image is presented by (Marcos et
al. 2006) and (RomERro et al. 2006). Man-made
objects, i.e., geometrical particularities that
are not captured by the digital terrain model
used for the orthorectification, are classified
by their diverse appearance in the single or-
thorectified images due to the different acqui-
sition geometries. So, seasonal changes in
natural surroundings can easily be distin-
guished from changes in built-up areas. One
disadvantage is the large number of different
SAR images of the same area needed to gener-
ate the ,,superresolution” image.

In contrast to the precedent approach, (BaLz
2004) needs a high resolution elevation model
(e. g., acquired by airborne laser scanning) to
simulate a SAR image with respect to the geo-
metric appearance of the illuminated area.
This simulated SAR image is subsequently
compared to the real SAR data. The quality of
the results is naturally highly dependent on
the resolution of the digital elevation model
and its co-registration to the SAR image. The
influence of different surface materials is ig-
nored so far. Although this method seems to
be very promising, its application is still re-
stricted to small-sized sample data. Another
approach — based on radar measurements —
has been published by (MoLINIER et al. 2007).

This study focuses on the use of different po-
larimetric decompositions for the retrieval of
several “polarimetric” features. The change
detection consists in comparing the features
extracted from the first image to the features
extracted from the second image. As the fea-
ture extraction algorithm has to be trained in
advance, this method is not suited for fully au-
tomatic data processing, e.g., in process
chains. (GamBa et al. 2006) proposes a com-
bined approach based on pixel values and geo-
metrical features as well which are assumed to
provide two uncorrelated sources of informa-
tion. The goal is to utilize standard methods —
implemented in all available SAR software
products — to produce a rough pixel based
change detection map and to extract edges of
both amplitude images. The extracted features
are subsequently compared to discriminate ar-
eas with changes from areas without changes
and hence to stabilize the results of the pixel-
based change map.

A very interesting approach using the
Wavelet representation of a logarithmically
scaled ratio image is given in (BovoLo & Bruz-
zoNE 2005). For the first time the influence of
the speckle effect and several speckle reduc-
tion techniques on the change detection results
is addressed. The originally one-dimensional
Wavelet transform is extended to two dimen-
sions in order to represent an image at differ-
ent scales. The change detection results from
coarser to finer scales are recombined to the
final change map. Unfortunately, the proce-
dure still is characterized by a high amount of
manual interactions, e.g., trial-and-error
threshold determination. Although the results
are very promising, Wavelets do not seem to
be the best representation for SAR images of
urban areas (ScumITT et al. 2010b). Four differ-
ent representations have been introduced into
the same change detection procedure: Lapla-
cian pyramid, Wavelets, Curvelets, and Sur-
facelets. While the Laplacian pyramid only
distinguishes scales, Wavelets can distinguish
horizontally and vertically aligned features.
But, as most SAR signatures of urban areas
are composed of linear elements of an arbi-
trary orientation, the Curvelet decomposition
turns out to be the most effective way to de-
scribe urban scenes in SAR images (ScHMITT
et al. 2010b). Surfacelets are more suitable to
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describe small-sized ellipse-like features, e. g.,
for car tracking purposes.

Curvelets for SAR image enhancement,
structure extraction and change detection are
considered for the first time in (ScHMITT et al.
2009a). The core of this method is a special
weighting function that is applied to the com-
plex Curvelet coefficients of an image. De-
pending on the application different weighting
functions are utilized. While the precedent
publication mainly shows the potential of the
Curvelet-based image understanding, (Sch-
MITT et al. 2009b) focuses on change detection
and its application to real SAR data over con-
struction sites and mining areas. Since then,
the weighting function as well as the scaling
of the results has been improved several times
in order to develop a fully automatic change
detection approach independent of the image
content. As the interpretation of the changes
still is a very challenging task, multi-polarized
SAR data is introduced as input data in (Sch-
MITT et al. 2010a). By the help of the dual po-
larized High Resolution Spotlight mode of
TerraSAR-X, the authors try to attach a physi-
cal meaning to the detected changes and to
relate the derived changes in the scattering
type to changes on real objects.

3 Change Detection with
Curvelets

The Curvelet transform is designed to describe
an image with singularities across straight
lines, by a minimum number of coefficients
(Canpis & Donono 1999). This fact shows the
original purpose of the Curvelet transform:
image compression. The basic element of the
Curvelet theory is a linear feature, called
Ridgelet, that is composed of a sine and a co-
sine component (see Figs. 1 & 2) represented
by the real and the imaginary part of the cor-
responding coefficient. To describe an image
effectively this basic element is transported to
a wide range of scales, orientations and posi-
tions (Canpis et al. 2005) and from now on
called “Curvelet”. In other words, each com-
plex coefficient belongs to a certain Curvelet
with a defined length, in a certain orientation
and on a special position. The amplitude of the
coefficient shows the strength of this linear

Fig. 1: Sine component.

Fig.2: Cosine component.

feature in the original image. The value of one
single pixel is thus calculated as sum of the
contributions of all Curvelets in the image.

Transporting this theory to SAR images,
clear structures in the image are always char-
acterized by high coefficient amplitudes. In
other words, the lower coefficients can be
omitted without loss of structures. Former
studies examine several types of weighting
functions and different methods to adapt the
function parameters to the image content. The
results have already been submitted for publi-
cation. In short, the described image enhance-
ment algorithm is based on a weighting func-
tion that is automatically adapted to the image
content and then applied to the Curvelet coef-
ficients of a SAR image. In terms of describ-
ing multiplicative speckle noise by an additive
image representation, the SAR amplitudes
have to be scaled logarithmically before the
Curvelet transform is done. After weighting
the coefficients and the inverse transform, the
image is brought back to the original scaling
by an exponential function.

The Curvelet-based change detection algo-
rithm for already co-registered images ex-
ploits the following mathematical relations:

L, = glq -k, @

The logarithmized SAR amplitude L |
found at position x, y in the image forms out of
the sum over all Curvelets C, multiplied with
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the corresponding complex coefficients k,. To
detect changes in the radar amplitude the am-
plitude difference D,  is calculated.

D, =L, —L @

To express this relation via the Curvelet Co-
efficients, Eq. (1) is inserted into Eq. (2). As
the input images share the same size, they
share also the same number n of Curvelets.
Therefore, the decomposition in scales, orien-
tations and positions of the first image is con-
sistent with the decomposition of the second
image, i. e., the variable C, stays constant while
k, varies depending on the image content.

Dx,y = ZC,. 'kzi - ZCI' 'kli = ici '(kZi _kli)
i=1 i=1 i=1 (3)

In a nutshell, the images are compared by
differentiating the corresponding Curvelet co-
efficients. An overview to the method is given
in the flow chart in Fig.3. The input images
have to be co-registered in advance. In the

TRANSFORM

DIFFERENTIATION

COEFFICIENT WEIGHTING

INVERSE TRANSFORM

Fig. 3: Flowchart of the Curvelet-based change
detection approach.

case of TerraSAR-X data, the geocoding based
on the science orbit information is sufficient.
For practical use, the input images should be
Enhanced Ellipsoid Corrected (EEC) prod-
ucts. Then, no further pre-processing is neces-
sary. After the logarithmic scaling the Curve-
let transform is performed. The differentiation
of the Curvelet coefficients follows. To sup-
press clutter the image enhancement algorithm
is applied to the coefficient differences before
the difference image is transformed back to
the spatial domain and scaled exponentially.
The pixel values of the resulting difference
image correspond to the relative changes R
in the SAR amplitudes, i. e., a relative increase
by a certain percentage, see Eq. (4).

R, = (e\Dx,y\ - 1) ~sign(D, ) @)

The sign of the differences gives the direc-
tion of the increase. While positive difference
indicate an increase from the first to the sec-
ond image, negative differences stand for an
increase from the second to the first image.
The exponential function is subsequently ap-
plied to the absolute value of the differences,
which implies that every difference is seen as
increase either from the first to the second im-
age or the other way round. That’s the reason
why both increases and “decreases” of more
than 100% can appear in both directions. At
least the results of the exponential function are
reduced by their minimum value, i.e., 1, so
that the R directly refers to the relative in-
crease in the radar amplitude. The adoption of
relative changes again accommodates the
multiplicative nature of SAR images.

Mapping the increase and the decrease in
the SAR amplitudes of single polarized imag-
es, allows to delineate regions that are charac-
terized by this behavior, but it does not allow
any interpretation of the mapped change. To
explain what happened to the illuminated ob-
jects it is necessary to consult further data
sources, €. g., a land cover classification or a
building mask etc. One essential problem in
the fusion of different data sources is still the
coregistration of images having varying ac-
quisition geometries, e. g., SAR data and opti-
cal data. Hence, our future work primarily
will concentrate on the inclusion of polarimet-
ric SAR data as purely SAR-based approach,
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in order to attach the changes to certain scat-
tering types. The knowledge about the change
in the scattering geometry might help to inter-
pret the change on the illuminated object and
bear unknown potentials of SAR sensors.

4 Flood in Namibia

As common test site for the DeSecure project
the Caprivi basin in the Caprivi stripe belong-
ing to Namibia (Africa) was chosen. The an-
nual flood reached very high water levels in
the year 2009. the first SAR image has been
taken during the flood in April (Fig.4). The
second image — seen as the pre-disaster acqui-
sition — has been acquired in September after
the flood (Fig.5). Dark regions show very
smooth surfaces where the incoming micro-
waves are scattered away from the sensor,
e.g., calm water or pavement. By comparing
the two TerraSAR-X Spotlight images with a
ground pixel spacing of 1.75 m visually, we
perceive large black regions in Fig. 4, showing
the flooded areas, whereas in Fig. 5 the black
pixels are restricted to the river and some
roads. Flooded vegetation, i. e., flooded forests
causes a higher backscattering. The trunks of
trees enclosing a perpendicular angle with the
water surface form a diplane scatterer that in-
creases the backscattering of the whole area.
In Fig. 4 the forested region on the top right —
presumably flooded — appears brighter than in

Fig. 4: Subset of TerraSAR-X Spotlight acquisi-
tion during the flood (06.04.2009).

Fig. 5. Considering the Curvelet-based change
detection, we have to take into account that
the result is a change map instead of a water
mask. Therefore, areas that are flooded in both
images, e.g., the river, are not reported as
change. As input for the change detection al-
gorithm we use the enhanced ellipsoid cor-
rected products in the radiometrically en-
hanced type.

Fig. 7 depicts the detected changes from the
“pre-disaster” image to the image acquisition
during the flood. The changes are colored ac-
cording to the legend on the right. Changes of
more than one hundred percent are not further
distinguished. Green regions mark areas with
no or only minor changes. Red colors mark an
increase in the backscattering. In the imaged
region this effect is mainly caused by flooded
vegetation showing a high diplane scattering.
Blue refers to a decrease in the backscattering
amplitude which corresponds to recently
flooded regions. As expected, only minor
changes are indicated over the river and the
road crossing the river. In comparison to the
reference water mask, derived by the DeSe-
cure project using thresholding methods on
the backscattered intensity, the blue regions of
the Curvelet-based change detection fit the
flooded regions in Fig. 6. One larger region
left in the middle that is reported flooded in
Fig. 6 is marked in red in Fig.7 because we
find flooded vegetation there that causes an in-
crease in backscattering. Having a closer look

Fig.5: Subset of TerraSAR-X Spotlight acquisi-
tion after the flood (07.09.2009).
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Fig.6: Reference data: roads and buildings
from Quickbird imagery, watermask from Ter-
raSAR-X ScanSAR (11.04.2009).

on both Figs. 6 and 7 we see many details that
differ on the top left of the subset whereas the
results near the river coincide very well. There
are two simple reasons for this behavior. First-
ly, the reference data is not ground truth data.
As it is derived by simple amplitude thresh-
olding of a TerraSAR-X ScanSAR scene and
subsequently manually corrected, it only cov-
ers open water surfaces, i.e., flooded vegeta-
tion cannot be identified. Secondly, the Scan-
SAR image has been acquired five days later

Fig.8: Subset of TerraSAR-X Stripmap image
before the forest fires (13.12.2007).

EEEEEEREEEE

Fig. 7: Relative change of radar amplitude from
07.09.2009 (after the flood) to 06.04.2009 (dur-
ing the flood), colored according to the colorbar
on the right.

than the Spotlight images. Due to the very flat
landscape, even a small deviation in water
level causes large laminar changes in the
flooded areas.

5 Forest Fires on La Palma
The second application of the Curvelet-based

change detection approach is the mapping of
burnt forest areas. The situation has been de-

Fig.9: Subset of TerraSAR-X Stripmap image
after the forest fires (09.08.2009).
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scribed by ZKI as follows: “Several forest
fires occurred between July 31, 2009 and Au-
gust 3, 2009 on the Canary Island of La Palma,
Spain. 30 houses and several vineyards were
destroyed. More than 4000 residents were
evacuated from the area on August 1, 2009
(ZKI1 2009a). As input for the Curvelet-based
change detection we use TerraSAR-X radio-
metrically enhanced Stripmap products with a
pixel spacing on ground of 2.75 m (EEC). The
image in Fig. 8 shows the pre-disaster land-
scape on 13.12.2007. In Fig. 9 the post-disaster
image dating from 9.8.2009 is depicted. The
visual comparison delivers almost no changes,
except on the ocean’s surface on the bottom
right.

In contrast to that the Curvelet-based change
detection clearly delineates the burnt regions
via the relative change in the backscattering
amplitude (see Fig. 11). The reference map by
ZKl1is depicted in Fig. 10 and explained as fol-
lows: “The map shows the burnt areas as well
as the locations of active fires between July 31,
2009 and August 3, 2009. The burnt areas
were derived through the analysis of two Spot
5 scenes (pre disaster: 30/07/2007, post disas-
ter: 07/08/2009). The locations of active fires
were automatically derived from MODIS
data” (ZKI 2009a). Although the reference
again shows the situation at another time than
the TerraSAR-X acquisition the burnt areas
from Fig. 10 coincide very well with the re-

Fig. 10: Reference data, visually digitized out
of optical satellite image (ZKI 2009a).

gions showing an increase in backscattering
in Fig. 11. The reason for this increase lies in
the change of the scattering mechanism. While
the leafy crowns of trees cause a high volume
scattering — high values in the HV polariza-
tion and low values in both the HH and the VV
polarization — the bare soil and the nude trunks
respectively show high surface and diplane
scattering, that means higher values in HH
and VV. The TerraSAR-X images acquired in
the HH polarization subsequently should re-
port an increase in backscattering over burnt
areas. Why the large area in the middle right
that is marked as burnt in the reference map
only is reported as minor change in Fig. 11,
cannot be explained on the actual information
basis. The effect on radar images highly de-
pends on the change of the surface roughness
of the illuminated areas caused by the fire.
The use of multi-polarized radar data would
help to identify the underlying scattering
mechanisms instead of taking assumptions as
hitherto. This could give a deeper insight to
the type of forest before the fires and the de-
gree of destruction after the fires.

6 Earthquake in Padang
The third example concerns the detection of

damaged buildings in dense city centers. “On
September 30, 2009, a severe earthquake took

EEEEEEEEEE

Fig.11: Relative change of radar amplitude
13.12.2007 — 09.08.2009, according to color-
bar.



Curvelet-based Change Detection

471

place in the Indian Ocean with a magnitude of
7.9 and several aftershocks. The epicentre was
registered about 50 km north-eastern of Pa-
dang in a depth of 85 km. Heavy shocks caused
the collapse of many buildings and bridges,
fires broke out and major parts of the technical
infrastructure failed. More than 770 people
died, much more than 2100 are injured (infor-
mation of October 2, 2009). The International
Charter on Space and Major Disasters was
triggered to provide post-disaster satellite im-
agery for damage mapping and to support the
aid response” (ZKI 2009b). A pre-disaster ac-
quisition in the standard high resolution Spot-
light mode dating from 21.11.2007 was avail-
able. The post-disaster image has been ac-
quired in an experimental mode with the dou-
ble pulse repetition frequency (PRF) and
therefore possesses an increased azimuth res-
olution. In order to achieve equally-sized pix-
els on ground (1.25m % 1.25m) two different
processing types in the geocoding step are uti-
lized for image comparison. The first image
(Fig. 12) with a minor azimuth resolution is
processed as spatially enhanced product with
areduced accuracy in the radiometry, whereas
the second image (Fig. 13) with a higher azi-
muth resolution is processed as radiometri-
cally enhanced product with a reduced spatial
resolution. The effects of the different acquisi-
tion modes and pre-processing steps are a
higher noise level in Fig. 12 and a higher level

Fig.12: Subset of TerraSAR-X Spotlight im-
age, PRF 150 Mhz, spatially enhanced, pixel
spacing 1.25m (21.11.2007).

of detail in Fig. 13. Despite these discrepan-
cies in the input images, the automatic change
detection delivers respectable results, see
Fig. 15.

In order to enable the operator to attach sin-
gle small-sized changes to objects, it is over-
laid with the building mask that has been ex-
tracted from optical satellite imagery of
IKONOS by (TauBenBock et al. 2009). Many
changes — visible near the river — presumably
refer to boats or pontoons. Presuming that all
other mapped changes belong to buildings, we
perceive striking deviations that result from
the different image acquisition geometries of
radar and optical data. The images should
have been coregistered using the same high
resolution surface model to avoid these ef-
fects. Although this inconsistence is negligi-
ble for our coarse validation, it has to be taken
into account for real disaster applications. As
reference information we use the damage as-
sessment produced by (ZKI 2009b) which is
described as follows: “Destroyed and dam-
aged structures were derived by analyzing in-
formation provided by the Indonesian Disaster
Management Authority (BNPB), from post-
disaster Quickbird imagery acquired on Octo-
ber 3, 2009 (ground resolution 0.6 m) and from
field data. The damage assessment is incom-
plete and in some cases inaccurate due to
cloud cover and the difficulty to identify partly
damaged buildings from bird’s perspective”

Fig.13: Subset of TerraSAR-X Spotlight im-
age, PRF 300 Mhz, radiometrically enhanced,
pixel spacing 1.25m (03. 10.2009).
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Fig. 14: Reference data, including streets and
potentially damaged buildings: red (according
to building structure survey) and yellow (on
building characteristics derived from satellite
imagery).

(ZK12009b). Comparing the change detection
results in Fig. 15 to the damage map in Fig. 14,
only few sure coincidences are visible. Beside
the incompleteness of the reference map, again
the image acquisition geometry plays an im-
portant role. As the parallel projection in the
case of optical scanning sensors is very simi-
lar to an orthogonal projection due to the large
distance to the imaged objects, mostly roofs
and nearly no facades are visible. In contrast
the range projection of radar sensors repro-
duces roofs and facades as well. Hence, while
optical sensors only reveal changes on nearly
horizontal planes, i.e., ground or roofs, radar
sensors show a high capability to map even
changes on the buildings facades. Unfortu-
nately, without any prior information the radar
change detection results are only of limited
value, because changes on natural surfaces
cannot be distinguished from changes on man-
made objects. But, this new technique enables
to delineate areas with distinct changes to sup-
port the decision if a building that has been
classified “potentially damaged” from pre-
disaster analysis or optical satellite data is ac-
tually damaged or not. To conclude this exam-
ple, radar information might not replace opti-
cal sensors and in-situ surveys, but it is a com-
plementary tool to get reliable change infor-
mation over large areas in a very short period
of time and independent of weather, daylight
or the accessibility of the injured city.

BEEEEEEEEE

Fig.15: Relative change of radar amplitude
07.09.2009 — 06.04.2009 and building mask
from IKONOS imagery (TausenBock et al.
2009).

7 Conclusion

In this article we present a new change detec-
tion technique based on the Curvelet trans-
form. This approach requires two or more
coregistered SAR amplitude images. Changes
in the SAR amplitudes over a certain period of
time are captured as increase or decrease rela-
tive to the preceding amplitude values. Of
course, the change detection approach can
only detect changes present in the SAR ampli-
tude data. Additionally, the size of the changes
to be mapped must be superior to the pixel
size, which was true for the chosen examples:
flooded regions, burnt areas after forest fires,
damaged buildings after an earthquake. The
approach delivers robust and quasi noise-free
results over natural landscapes as well as over
urban environments. Validating urban scenes
we have to consider the reference data source.
Changes in the SAR image are always caused
by changes on the imaged objects, but those
are not always captured by other data sources
used as reference, e. g., optical satellite data.
And though the quantitative validation for
large area applications is nearly impossible
due to the lack of suitable reference data, the
qualitative validation proved the reliability of
the detected changes. The interpretation of the
mapped changes is still topic to our research.
The future focus lies on the exploitation of
multi-polarized SAR data in terms of inter-
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preting changes to objects by changes to the
scattering mechanism. Another aim will be
the fusion with pre-disaster optical image in-
formation in order to support human operators
in interpreting the results of the SAR change
detection, e.g., by the help of vulnerability
maps or buildings masks.
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Summary: The use of Earth observation data and
techniques in the context of disaster management
support has received growing importance in recent
years. Due to global climate change the scientific
community foresees an increase in both the inten-
sity and frequency of extreme weather events. The
high resolution, multi-polarization and multi-inci-
dence angle capabilities of the radar satellite Ter-
raSAR-X, its quick site access and receiving times
open interesting perspectives for flood mapping
and subsequent assessment of damages. Further-
more, the nearly all-weather capacity of SAR data
constitutes its main advantage above optical sys-
tems for mapping of flood events. The work pre-
sented in this paper focuses on the development of
an object-based classification approach for opera-
tional flood extent mapping in near-real time condi-
tions using TerraSAR-X data. The object-based
methodology is assisted by pixel-based operations
and both are implemented in a solution within the
eCognition software environment. The final objec-
tive is to develop a tool which can be easily used by
an interpreter without the need of a profound
knowledge of image processing. For this purpose
an eCognition based semi-automated solution — a
Graphical User Interface with a rule set behind — is
set up. This application is tested in various scenari-
os and is further developed in parallel to these tests.
The overall study clearly demonstrates the poten-
tial of TerraSAR-X data and object oriented meth-
ods for a rapid delineation of flood extent in an op-
erational environment.

© 2010 E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart, Germany
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Zusammenfassung: Verwendung von TerraSAR-
X-Daten zur Kartierung iiberschwemmter Berei-
che. In den letzten Jahren hat die Anwendung von
Fernerkundungstechniken sowie der Einsatz von
Erdbeobachtungsdaten im Zusammenhang mit Ka-
tastrophenmanagement an Bedeutung gewonnen.
Bedingt durch den globalen Klimawandel erwartet
die Wissenschaftsgemeinde eine Zunahme an ext-
remen Wetterereignissen sowohl beziiglich Aus-
maf als auch Haufigkeit. Die Fahigkeit des Terra-
SAR-X-Satelliten, hochauflésende und multi-pola-
risierte Satellitenbilder unter verschiedenen Ein-
fallswinkeln aufzunehmen sowie seine Tasking-
Flexibilitdt und der schnelle Datenerhalt bieten er-
weiterte Perspektiven fiir die Hochwasserkartie-
rung bzw. die Schadenabschidtzung. AuBerdem
stellt das nahezu allwettertaugliche Aufnahmever-
fahren von SAR-Daten einen bedeutenden Vorteil
gegeniiber optischen Daten fiir die Kartierung von
Hochwasserereignissen dar. Die hier vorgestellten
Arbeiten konzentrieren sich auf die Entwicklung
eines objektbasierten Klassifikationsansatzes fiir
das operationelle Kartieren von Hochwasser unter
nahe Echtzeit-Bedingung und unter Verwendung
von TerraSAR-X-Daten. Die objektbasierte Metho-
de wird unterstiitzt durch eine pixelbasierte Metho-
de, beide Ansitze sind in einer eCognition-Soft-
wareumgebung implementiert. Ziel ist die Erstel-
lung eines Software-Werkzeuges, das relativ ein-
fach und ohne fundierte Kenntnisse der Bildbear-
beitung eingesetzt werden kann. Zu diesem Zwecke
wurde eine auf eCognition basierende semi-auto-
matische Losung entwickelt, die eine graphische
Benutzeroberflache inklusive Regelsatz im Hinter-
grund als wesentlichen Bestandteil hat. Diese Lo-
sung wurde in verschiedenen Szenarien getestet
und parallel dazu weiterentwickelt. Insgesamt zei-
gen die Ergebnisse deutlich das Potential von Ter-
raSAR-X-Daten und objektorientierten Methoden
fiir eine schnelle Kartierung der Hochwasseraus-
dehnung unter operationellen Bedingungen.

www.schweizerbart.de
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1 Introduction

Flood is one of the most widespread natural
disasters and the one which affects the highest
number of people in average (CRED 2009). It
regularly causes large numbers of casualties
with increasing economic loss. Annually flood
events result in estimates of up to 25,000
deaths worldwide, extensive homelessness,
disaster-induced disease, crop and livestock
damage and other serious harm (UNU 2010).
Even the most advanced nations are severely
affected: The seasonal floods of the Missis-
sippi River have averaged 25 deaths annually
since the 1980s (ibid.). In Europe, the 2002
floods killed roughly 100 people, affected
450,000 people and left $ 20 billion in dam-
ages (ibid.). Already in the first half of 2010,
floods caused by the storm Xynthia have af-
fected all Atlantic countries from Portugal to
Germany, hitting especially France. Also, in
March 2010 the continuing rain was inundat-
ing the South of Spain, leaving hundreds of
people homeless. Only two to three month
later heavy rains caused floods in Poland,
Hungary, Slovakia and the Czech Republic —
let alone the devastating flood events in China
and above all in Pakistan in August of 2010.
The latter affected almost 14.5 million people
with an official death toll risen to 1,384 and
with 1,680 people reported as injured. Over
722,000 houses have been either damaged or
destroyed (UN-SPIDER 2010). Consequently,
disaster management is of particular humani-
tarian, social, economic, and political interest.
It involves assessments of vulnerability and
risk, the monitoring of hazard prone zones, the
planning and management of rescue opera-
tions and post disaster damage assessment to
be finally better prepared for the next time of a
disastrous event.

Using remote sensing data allows for map-
ping inundated areas for a more accurate as-
sessment of the disaster extent — especially for
areas difficult to access — and for a more large-
scale and cost-effective way than ground ob-
servation (WAISURASINGHA et al. 2008, OxaMo-
To et al. 1998). Remote sensing is also an im-
portant information source for the calibration
of hydrological models which are used, e. g.,
in forecasting (ZweNzNER & VoiGT 2009). Op-
tical data as well as radar data — both airborne

(e.g., RamEsH et al. 2010) and space-borne —
has been used for this purpose. Using optical
data (especially its red to SWIR spectrum) is
often referred to as a most straightforward
way to extract flood extent from Earth obser-
vation data (Ji et al. 2009). Huang et al. (2009)
— analysing Spot-5 data — and IrimMEscu et al.
(2010) — using MODIS TERRA and AQUA
data — are among the related works. Other sat-
ellites used are, e.g., Landsat and the Ad-
vanced Very High Resolution Radiometer (Ji
et al. 2009). IrimEscu et al. (2010) propose the
use of Normalised Difference Vegetation In-
dex (NDVI) for water detection while Ji et al.
(2009) defends when possible the use of NDWI
calculated from green-SWIR / greentSWIR.
Nevertheless, as flooding is often associated
with extreme weather events, optical data ac-
quisition encounters limitations due to cloud
coverage. Contrarily, radar data presents the
advantage of its near all weather operating ca-
pability allowing to acquire imagery of af-
fected areas also during night time. Therefore
radar is seen as the only secure alternative for
mapping flood events in its peak (SCHUMANN et
al. 2009). For a long time its limited resolution
has been seen as a hinder for its use in map-
ping of flood events. In 2006 ScHUMANN et al.
(20006) reported SAR data as having medium
spatial resolution, often limited to single fre-
quency, difficult to georectify accurately and
geometrically and radiometrically distorted.
But the new SAR satellites generation over-
come these limitations by providing a wide
catalogue of resolutions (down to 1 meter) and
swaths with a very appropriate relation for
flood evaluation. Discussion about the appro-
priate spatial resolution for flood mapping can
be found in ScHUMANN et al. (2009). Further-
more, today’s SAR data — and especially Ter-
raSAR-X data — is highly precise in terms of
geocoding, positional accuracy and absolute
radiometric calibration (AGER & BRESNAHAN
2009).

The examples presented here focus on three
flood events of high intensities that occurred
in June 2008 in a highly populated area of the
USA and in February 2009 and April 2009 in
two savannah areas of Australia and Namibia,
respectively.

The first area of interest is located close to
the St. Louis County (Missouri). The flood
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event that occurred from May to August 2008
was caused by heavy rains. It affected high
populated areas of the States of Illinois, Indi-
ana, lowa, Michigan, Minnesota, Missouri,
and Wisconsin.

The second area is the Gulf Country region
in North Queensland. It is a large savannah
area with a monsoonal climate characterised
by the alteration of dry winters and wet sum-
mers. It has a well known dynamic of flood
events. Populations in the area are used to
have three to four weeks of isolation during
the wet season. Nevertheless, at the beginning
of 2009, the unexpected volume of water kept
the two towns of the area much longer isolat-
ed.

Finally, the Caprivi region is a narrow strip
of land compressed between the arms of the
Zambezi and the Kwando rivers and bordering
with the countries Zambia, Botswana and
Zimbabwe. The area is the wettest of Namibia,
with a seasonal tropical climate with the rainy
season lasting from December to March.

2 SAR Based Flood Extent
Mapping

In this paper main emphasis is put on the de-
velopment of a SAR-based flood mapping
workflow suited for an operational implemen-
tation. In this domain quite a lot of research
has been done in recent years (MARTINIS et al.
2009). Often used is the thresholding of the
image histogram (MaRrTINIS et al. 2009, Ges-
HARDT et al. 2008, HeNryY et al. 2006, ScHu-
MANN et al. 2006) or of an arithmetic image
(ratio or difference usually, BRAKENRIDGE et al.
2003) with different methods of interactive or
automatic detection of the threshold values.
Thresholding is a simple and resources eco-
nomical method, but when applying it to pix-
els it requires a previous speckle filtering and
again post-processing filtering and it is only
effective in well contrasted images (MARTINIS
et al. 2009).

Segmentation approaches play then an im-
portant role. The mapping process benefits,
this way, not only from the absence of the salt
and pepper effect, but also from the textural
and contextual information contained in the
objects. Sophisticated methods as Artificial

Neural Networks (KussuL et al. 2008) or Ac-
tive Contour Models — in its statistical varia-
tion (HorriTT et al. 2001, Mason et al. 2010) or
in its geometric variant (Huang et al. 2005) so
called level-sets — have been applied to seg-
ment SAR data in the context of flood map-
ping both for whole scenes and region-based
(Siverra & HEeLENO 2009). But Active Con-
tour Models require enormous data prepara-
tion which today prevents their application for
near real time mapping. A common approach
for segmentation, more simple to apply are al-
gorithms using the Fractal Net Evolution Ap-
proach (FNEA), commercially introduced by
Baarz & Scuipre (1999) and implemented in
the eCognition software. NEUBERT et al. (2008)
and MEINEL & NEUBERT (2004) show in an ex-
tensive review and comparison of segmenta-
tion methods best performances for the
FNEA.

To profit from the simplicity of thresholding
and the additional information saved in the
pixel objects and the description power of the
decision trees, different combined approaches
could be considered. MarTINIS et al. (2009) for
example combine a histogram thresholding
approach and a segmentation based classifica-
tion for flood detection in high resolution Ter-
raSAR-X data. The threshold is automatically
calculated based in local thresholding analysis
of selected areas or splits. The threshold is af-
terwards integrated into a multi-scale segmen-
tation process. They proved the better per-
formance of object-based thresholding over
pixel-based one. TowNsenD (2001) and PierpIC-
ca et al. (2009) combine multiple thresholds
with decision trees. Another possible combi-
nation is the supervised and unsupervised
method: For instance, at the Center for Satel-
lite Based Crisis Information of the German
Aerospace Center an unsupervised clustering
algorithm is applied to images enhanced by
local image statistics (minimum / maximum,
mean and variance) followed by interactively
identification of water clusters (HAHMANN et
al. 2008).

Considering multi-temporal analysis as su-
perior to single data approaches (HAHMANN et
al. 2008) change detection methods to detect
variations of backscatter or on the coherence
among SAR image pairs (Bonr et al. 2007,
PierDICCA et al. 2008) or by using ratios (AN-
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DREOLI & YEsou 2007) are also widely investi-
gated. One advantage of those methods is that
they profit by comparison possibilities in many
cases of uncertainties. The disadvantage is
that these methods require much data prepara-
tion (ANDREOLI & YEsou 2007) and strongly
depend on available pre-event data which is
not always at hand in a real emergency situa-
tion.

Also, real emergency events require simple
tools which can provide a rapid and accurate
overview of the situation. Such a tool should
be time-effective, reliable, robust and flexible
enough to adapt to the circumstances in rela-
tion to data and staff available. This kind of a
simplified tool also offers the benefit directly
to be used by local operators. For all these rea-
sons the creation of a robust rule set and the
creation of a user interface for operators hav-
ing local knowledge but not being remote
sensing experts was the guiding idea during
the development of the method right from the
beginning of the DeSecure project (DESECURE
2010).

The mapping of water with SAR data is
based on the specular behaviour of the micro-
wave signal when encountering a smooth sur-
face. For instance, in the case of calm water,
the SAR signal is scattered away and the sur-
face appears dark in the satellite image. How-
ever, in case of a flood event, when extreme
winds and rain occur at the time of image ac-
quisition, the induced changes in the smooth
surface of the water can increase the intensity
of the response signal and produce artefacts
which will complicate a straightforward clas-
sification of the flooded surface (KussuL et al.
2008). Further difficulties are flooded vegeta-
tion and / or man-made structures. Different
structures poking out of the water can produce
a enhancement of the signal due to a double
bounce effect in the different SAR bands. This
effect depends on the relation between the size
and spacing of the structures and the chosen
wavelength. As an example, changes from
flood to not flooded in forested areas can be
observed in C-band (HaumanN et al. 2008)
and with L-band (Townsenp 2001), because
the signal is able to penetrate the forest cano-
py. Concerning X-band the shorter wavelength
does not allow the penetration of the forest
canopy (HAHMANN et al. 2008). For further de-

tails on the different SAR signal interactions
with the Earth’s surface it is referred to Raney
in HENDERSON & LEwis (1998).

The work presented here focuses on the de-
velopment of a semi-automated procedure for
flood extent mapping under near-real time
(NRT) conditions. NRT is here understood as
a combination of delivering TerraSAR-X im-
ages to the operator within 2 hours after image
acquisition plus producing and delivering the
flood extent map to the user within 2 hours on
top.

The whole flood mapping procedure is im-
plemented within the eCognition software
suite and developed in the Cognition Network
Language (CNL). CNL is an object-based pro-
cedural computer language which is specially
designed to enable the analysis of complex,
interactive, context-dependent image analysis
tasks, like flood mapping. Each language ele-
ment representing the dynamic of the analysis
is called “process” and organized in a process
tree hierarchy (rule set). Especially interactive
processes allow interactions with users in an
image analysis workflow. The execution envi-
ronment of the software suite uses a work-
space concept in which the user of a workflow
may process many images offline and — if
needed — in parallel on a computer cluster. It is
thus possible to give a step-wise structure to
the flood mapping analysis, to separate mod-
ules with different degrees of automation in
the overall workflow and to analyze images in
a production mode.

The outputs of the tests using eCognition
confirmed the potential of TerraSAR-X data
and the object-oriented methods for a rapid de-

Pre-event data (75 ;
R e e g | Post-event data (154 |
archive, multi-mission)

1 !

| Automated segmentation ‘
¥
Semi-automated
classification

%, Water detection

!

‘ Automated refinements |

‘ Final water masks ‘

Fig. 1: Flood mapping — general workflow.



Flood Extent Mapping

479

lineation of flood extent in an operational en-
vironment. The resulting mapping chain is
completed by building a Graphical User Inter-
face (GUI). Three modules sequentially acti-
vated are distinguished in the developed rules
system: Segmentation with automated Aol
(Area of Interest) selection, semi-automated
extraction of water masks (classification) and
automated final refinement (Fig. 1).

After introducing the satellite data used
here including a description of the data char-
acteristics and the pre-processing steps (Sec-
tion 3) each of the three modules is explained
separately in the Sections 4—6.

3 Data Set Selection and
Preparation

TerraSAR-X is a German radar satellite oper-
ating in X-Band (9.65 Gigahertz). In the stand-
ard operating mode image data can be ac-
quired in three different imaging modes:
ScanSAR, StripMap and SpotLight modes
which differ in their spatial coverage and spa-
tial resolution. The ScanSAR mode provides
the largest possible coverage with a single
scene of 100km (range) X 150 km (azimuth,
extension up to 1,650 km possible) and a cor-
responding ground resolution of 18 m. Strip-
Map scenes cover a 30 km wide swath with a
typical length of 50km (also extendable to
1,650 km), the ground resolution improves to
3m. Finally, the SpotLight mode allows the
observation of relatively small areas (10 x
10 km?) at up to 1 m resolution.

The high resolution, multi-polarization and
multi-incidence angle capabilities of TerraS-
AR-X data acquisition open very interesting
perspectives for flood mapping and damage
assessment. Further, the system capabilities of
TerraSAR-X render the satellite as a valuable
imagery source for disaster management and
site monitoring, e.g., due to the satellite’s
quick site access time of 2.5 days to any point
on Earth at 95 % probability.

The programming of TerraSAR-X acquisi-
tions for the affected regions requires a number
of decisions regarding acquisition parameters
(for a detailed description of products and pa-
rameters see Fritz & EINEDER 2009). The se-
lection of the best suitable acquisition mode is

based on the size of the area affected. Strip-
Map was chosen to cover the area selected for
the Mississippi event while ScanSAR scenes
were acquired for the Gulf Country and the
Caprivi region, respectively. Additionally,
SpotLight data of Caprivi were also used for a
more detailed mapping. Compared to VV po-
larization, the HH polarized backscatter coef-
ficient generally presents higher contrast be-
tween water and land surfaces (HEnry et al.
2006). The use of dual polarization data re-
sults in a reduced coverage and resolution,
which needs to be traded off against the in-
creased information content. Here, HH polari-
sation was used for all areas of the study. Shal-
low incidence angles are preferred for flood
mapping as steep incidence angles result in
stronger backscatter for open water and reduce
the contrast to land surfaces. In an emergency,
however, acquiring the first possible scene of
the area affected clearly takes priority over
considerations on the choice of a proper inci-
dence angle. For mapping the flood extent ge-
ocoded data sets are required (EEC products).
Concerning the resolution mode, preference is
given to RE products (radiometrically en-
hanced) as they already comprise a speckle
reduction and are therefore more suited to seg-
mentation processing.

In parallel to the acquisition planning, an
archive search on existing pre-event and aux-
iliary data is required. TerraSAR-X data are
preferred as pre-event data, since scenes ac-
quired by the same sensor can be directly
compared to each other. However, if no Ter-
raSAR-X pre-event acquisitions are available,
data from any other available source are used
(e. g., optical, airborne data). In case of the
Mississippi flooding, no TerraSAR-X archive
data of the region was available. Thus, a Land-
sat 7 image was deployed for pre-event infor-
mation. Additionally, approximately four
months after the flood a new TerraSAR-X
StripMap scene of the area was acquired and
used as pre-event data, to simulate a real sce-
nario for which TerraSAR-X archive data
would be available. Also in Namibia, data of
the flood recession period had to be used as
simulated pre-event data. However, by the
time the floods in Queensland occurred, the
TerraSAR-X Background Mission was able to
supply pre-event data from archive for that
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Tab. 1: Mississippi area.

Sensor Centre (lon/lat) Imaging Product Acquisition date
Mode
TerraSAR-X —90.75° / 38.96° SM EEC/RE 23 June 2008
-90.61°/ 39.15° SM EEC/RE 17 October 2008
Landsat7 39.3%90.7° - - 10 January 2008
Tab. 2: Gulf Country area.
Sensor Centre (lon/lat) Imaging Product Acquisition date
Mode
TerraSAR-X —17.15° 141.00° SC EEC/RE 3 June 2008
—17.25/ 141.23° SC EEC/RE 11 February 2009
Tab. 3: Caprivi area.
Sensor Centre (lon/lat) Imaging Product Acquisition date
Mode
TerraSAR-X 24.76°-17.68° SC EEC/RE 11 April 2009
TerraSAR-X 24.729/-17.59° sC EEC/RE I September 2009
24.78°/-17.88° SL EEC/RE 6 April 2009
24.71°/-17.92° SL EEC/RE 7 September 2009

area, and therefore a complete ScanSAR data
set (pre and post event) could be analysed in
that case. Detailed information on the image
parameters is shown in Tabs. 1-3.

Auxiliary data sets are also of great im-
portance. Any supplementary information
about the test site support and accelerate the
event interpretation. It also reduces the ef-
fort for the refinement step which is later
described. In addition to the image data sets,
a visual interpretation of the environmental
conditions was performed for the Australian
flood event. This interpretation map, chiefly
based on manual work, was used as refer-
ence.

4 Automated Segmentation

Segmentation is the process of completely
partitioning a scene (e.g., a remote sensing
image) into non-overlapping regions (seg-
ments) in scene space (e.g., image space
ScHiEwe 2002), based on homogeneity and
heterogeneity criteria, respectively (HARALICK
& SHaPIRO 1985 in NEUBERT et al. 2006). In the

object-oriented classification, the final aim of
the segmentation is to delineate the meaning-
ful regions which represent the objects that
need to be classified. Despite the popularity of
segmentation processes for remote sensing
images in the last years, segmentation is by no
means a new field of research. On the contrary,
segmentation was already in the 1970’s a topic
of interest (cf. KETTIG & LANDGREBE 1976).
And so far, about one thousand kinds of seg-
mentation approaches have already been de-
veloped (CHEN & Luo 2003) within disciplines
like artificial intelligence, signal processing,
computer vision etc. with successful applica-
tions in medicine, telecommunications, engi-
neering or neuro-informatics (SCHIEWE et al.
2001). There is a high variety of segmentation
algorithms already available for remote sens-
ing images. A good review and comparison
can be found in NEUBERT et al. (2008) and ME-
NEL & NEUBERT (2004).

Referring back to Section 2, FNEA is one of
the most commonly used approaches. It is a
bottom-up region-growing technique starting
with one-pixel objects. In many subsequent
steps smaller image objects are merged into



Flood Extent Mapping

481

larger ones. The growing decision is based on
local homogeneity criteria describing the sim-
ilarity of adjacent image objects in terms of
size, distance, texture, spectral similarity and
form. The scale at which this segmentation is
done can and has to be chosen in relation to
the characteristics of the data set and the ob-
jective of the work. The aim of the segmenta-
tion is to delineate the meaningful regions
which represent the objects that will be classi-
fied. For this reason it is mandatory for the
quality of the further classification step that
the borders of the water bodies (permanent or
not) are clearly highlighted.

The segmentation module of the process de-
veloped here is a rule set for automated analy-
sis which basically combines cycles of MRS
and classification and is assisted by other more
simple segmentations not based on the image
content (chessboard segmentation). To allow
the processing of large data sets the rule set
included the tiling, parallel processing and fi-
nal stitching of the region. In order to acceler-
ate the segmentation, which is the most time
consuming process of the overall flood map-
ping processing chain, only regions potentially
containing water are automatically selected
and segmented. Thus, the amount of segments
(objects) and the respective processing time is
drastically reduced. The result is an automated
and target-centred segmentation “image” in
which the information of both dates, pre and
post event is taken into account. The process

Fig.2: MRS result using Landsat 7 and Terra-
SAR-X data — Overlaid on TerraSAR-X post-
event scene.

can be batched to analyse as many images as
necessary.

The activation of the automated segmenta-
tion step is initiated with an automated revi-
sion of the project parameters for the number
of layers and the calculation of scene statistics
(mean, standard deviation and extreme pixel
values). Then — after tiling the image — the
parallel processing begins for each tile with a
chessboard segmentation. By this means the
whole tile is segmented into squares of 60 X 60
pixels. Based on the scene statistics previously
calculated and on empirical analysis of a large
collection of SAR data, different threshold
values are identified for units not containing
water. Those values will be included as previ-
ous condition for the segmentation. If the
square object in question is within this thresh-
old or in contact to an object which is in it, it
will be segmented.

The segmentation of the units containing
water is then made using the MRS algorithm.
Considering objects not as a static unit, but as
a dynamic concept in which objects grow,
shrink, and become re-segmented and
smoothed etc., there exists a wide range of
scale parameters which could fit the segmen-
tation purposes here. Hence, an ideal parame-
ter set for a perfect segmentation can never be
selected.

Pragmatically, the necessary parameter ad-
justments depend on the size, shape and back-
scatter of the expected objects and the speci-

Fig.3: MRS result using Landsat 7 and Terra-
SAR-X data — Overlaid on Landsat 7 pre-event
scene.
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fied Minimum Mapping Unit (MMU). In this
study — depending on the availability of one or
two scenes as input data — a mono-temporal
segmentation or a bi-temporal segmentation,
respectively, has been automatically per-
formed. Both processes will produce only one
segmentation layer, but for the bi-temporal
segmentation a segmentation of the pre-event
dataset is produced inside the segments of the
post-event data set. Finally, all tiles are stitched
together. A re-segmentation of the tile borders
is then conducted to harmonize the segments
in the whole scene and to avoid false objects
created by the tiles’” borders.

Figs. 2 and 3 display an example of the seg-
ments obtained using a combination of Ter-
raSAR-X and Landsat data for the Mississippi
scenario. The same segments are displayed
once over the TerraSAR-X post-event scene
and once over the Landsat 7 scene. As it can be
seen the automated segmentation process uses
information of both scenes. When comparing
these segmentation results to those obtained
using only TerraSAR-X data the object shapes
differ between the two scenarios due to the
different resolution of the two pre-event layers
(3 m, TerraSAR-X image vs. 30 m [resampled
to 3m], Landsat 7 image) and the different na-
ture of radar and optical imaging techniques.
Specifically, the speckle of the SAR data
strongly influences the object shapes and
sizes.

5 Semi-automated Extraction of
Water Mask (Classification)

Unlike pixel-based techniques which only use
the pixel values, the object-based techniques
can also use texture, shape and context infor-
mation of a scene. The optimal features, i.e.,
measurable properties of the segments, for
water detection are identified and constitute
the basis for the “water” / ”non water” classifi-
cation of the pre-event and post-event scenes.
The similar spatial behaviour of water in
SAR images and in the NIR channel of optical
data is used here as common ground for a
flood mapping workflow considering not only
TerraSAR-X data, but also optical archive
data: In optical images, water absorbs most of
the incident radiation and therefore appears

dark in colour-infrared images. The character-
istic spectral reflectance curve shows a reduc-
tion of intensity with increasing wavelength.
In the near infrared the reflectance of deep,
clear water is virtually zero, for this reason the
channel 4 of Landsat 7 is used for the discrim-
ination of water / non-water; in case of SAR
X-band, under low to moderate wind condi-
tions, backscatter from water surfaces is low.
Thus, a water body appears dark compared to
the backscatter of other land cover features;
based on this water surface behaviour, a rule-
based classification system with tuneable vari-
ables and a user-friendly interface is con-
structed for the effective extraction of the wa-
ter extent.

The first classification step is based on an
object-based thresholding of the intensity val-
ues, controlled by texture, shape and context
features. A tool supports the operator allow-
ing him to manipulate the different features so
that the water mask extent can be changed on-
line. However, the resulting water cover is not
always perfect, as can be seen in Fig. 4, which
shows the permanent water body extracted us-
ing channel 4 of the Landsat scene (a) and the
TerraSAR-X scene (b), respectively. Main dis-
crepancies in these two water masks result
from the diverse image resolutions and from
the different acquisition dates. It can be no-
ticed that in the two cases areas affected by
shadows are classified as water since they
present a low reflectivity. These errors that ap-
pear in more in the Landsat classification are
corrected with further widgets that can be op-
tionally used. Two types of corrections or in-
teractive refinements are implemented with
those widgets. The first one is an objects-based
reclassification of the “water” segments, based
on the previously defined water class. The sec-
ond one is the pixel-based thresholding of the
water borders and neighbouring objects. As in
some occasions a certain water course is inter-
rupted because few water pixels dropped in a
mainly non-water polygon. Subsequent to the
pixel-based correction the water course will
be connected again.

For the post-event data the semi-automated
extraction of the water mask is based on the
same methodology. The obtained results are
shown again in Fig. 4 for the Mississippi River
case (c and d). The water masks look similar
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Fig.4: a) Landsat 7-based pre-event water mask b) TerraSAR-X-based pre-event water mask
c) TerraSAR-X-based post-event water mask d) Permanent water / flood mask derived from the
combination of Landsat 7 and TerraSAR-X data.

Fig.5: Intermediate step — result of the semi-  Fig.6: Intermediate step — result of the semi-
automated classification (blue: permanent wa-  automated classification (colours: see left).
ter body, cyan: flooded area).
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despite the fact that two different layers were
used as pre-event data for the original seg-
mentation. It is worth mentioning that the se-
lection of the pre-event layer had a direct im-
pact on the shape and size of the objects and
on the specific value needed for the features to
be selected within the classification process.

The need for refinements of the water masks
typically depends on the relief and on the en-
vironmental conditions. For example, wind
has a particular influence on SAR-based clas-
sification results as higher wind speeds could
result in larger errors. In the Caprivi scenario,
the strong winds affecting the ScanSAR scene
prevented the detection of the whole mass of
water (Fig.5). In comparison, the SpotLight
scene (Fig. 6), recorded at a different date and
with a shallower angle shows a very clear dis-
tinction of water and therefore needs nearly no
refinement steps. Worth mentioning are also
the double-bounce effect that can be observed
to the sides of the rivers (Fig. 5).

6 Automated Refinements

The final step in the flood mask production is
the generation of two water masks in order to
separate the flooded areas from the permanent
water bodies such as rivers, lakes and ponds.

The automated refinement step consists in
the improvement of the classifications made
on the pre-event and post-event scenes. It in-
cludes the automated extraction of the flood
and permanent water masks as well as the ap-
plication of final refinements such as smooth-
ing and minimum mapping filters. A final
MMU is also defined depending on the quan-
tity of detail desired in the final water mask
and the precision of the final map, respective-
ly. Finally, the borders of the polygons are
smoothed using growing and shrinking pixel
based algorithms.

The results obtained for the Australia case
are very satisfying. Fig. 7 shows a detail of the
area considered for the analysis. A reference
map (Fig. 8) was manually delineated for part

Fig. 7: Detail of ScanSAR post-event scene over the Gulf Country affected area. Low backscatter-
ing of the radar signal (dark) indicates permanent water and flooded areas, respectively.

Fig. 8: Manually delineated water extent map (reference), Gulf Country (cyan: permanent water
body, blue: flooded area), superimposed on ScanSAR post-event scene (colours in the back-

ground due to display).
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Fig. 9: Final flood mask product from the semi-automated procedure, Gulf Country (colours and

background as above).

of the ScanSAR image. This map allowed a
preliminary qualitative evaluation of the re-
sults (Fig.9) of the developed flood mapping
processing chain. Further qualitative and
quantitative evaluations are currently under
way.

It is worth mentioning that the manual de-
lineation required more time for a third of the
total scene than time needed by the semi-auto-
mated process for the whole scene. This means
that even if no further process was implement-
ed for the correction of the shadows in flood
plain areas, it could be assumed that deselect-
ing areas of shadows by manual editing tools
might be still more time-effective than visual
interpretation.

7 Conclusion and Outlook

This paper gives an overview of the develop-
ment and implementation of a TerraSAR-X
based semi-automated workflow for flood ex-
tent mapping performed in the framework of
the DeSecure project.

For this purpose we combined a series of
existing techniques for pixel- and object-based
analysis to produce a user friendly tool for
flood mapping. The developed semi-automat-
ed workflow was tested in a variety of scenar-
ios and a preliminary validation of the results
has been made confronting them with flood
extent maps generated manually by visual in-
terpretation. Finally, the workflow was imple-
mented into a pre-operational test using two
different TerraSAR-X products: A bi-temporal
ScanSAR data set and a bi-temporal SpotLight
data set.

Altogether, TerraSAR data demonstrated
its high capacity for the mapping of flood
events. Furthermore, the high resolution, the
multi-polarization and multi-incidence angle
capability of TerraSAR-X, its quick site access
and receiving times open very interesting per-
spectives for flood mapping and the assess-
ment of damages after a natural disaster. Con-
cerning an automation of mapping processes,
the degree to which it can be applied is direct-
ly related to the quality of the received SAR
signal in the available TerraSAR-X images for
the respective flood events. Strong wind or
rain and some landscape conditions might lead
to certain noise or other effects which produce
an atypical backscatter signal of water. This
effect is intensified by a shallow incidence an-
gle of the acquired scene. As near-real time
conditions for flood mapping are also ad-
dressed, it is not possible to change the envi-
ronmental condition if they are not favourable.
However, the image acquisition capabilities
(e.g., combining descending and ascending
orbits) and the quick tasking of the satellite
can provide within relatively short time more
images to counteract such disturbances.

Nevertheless, object-based methods —which
allow the use of context information — and the
stepwise approach with its different levels of
automation and possibility for parameter tun-
ing showed to be rather adjustable to these cir-
cumstances.

The ScanSAR post event scene for the Na-
mibia scenario was a good example of unfa-
vourable conditions: On the one hand low in-
cidence angle and wind, on the other hand
water covered areas under vegetation provok-
ing double-bounce effects changing the typi-
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cal low backscattering characteristic of water.
As a consequence for the mapping the Scan-
SAR-based map required more post-process-
ing than the SpotLight-based one, which only
required minor corrections.

In terms of workflow the main findings and
framework conditions to be put here can be
summarised as follows:

Large images were successfully processed
(30 x 50 km? [StripMap], 100 x 150 km? [Scan-
SAR]) and the TerraSAR-X RE products could
be used without previous pre-processing or
need of speckle filtering:

The adaptability and flexibility of the work-
flow was demonstrated applying it to satellite
scenes representing different environmental
conditions. Concerning the mapping chain’s
robustness it has been tested using different
TerraSAR-X imaging modes and, as in case of
the Mississippi River flooding, different sen-
sors (TerraSAR-X data [3m res], Landsat 7
ETM+ [30 m res]). Nevertheless, to draw con-
clusions about the rule set’s performance us-
ing optical data, further tests are required.
Regarding the result’s uncertainties caused by
strong winds and / or rain during image acqui-
sition, additional manual editing may be re-
quired while in some special cases the mete-
orological conditions may not allow the appli-
cation of the rule set in all. However, in order
to minimise wind and rain effects in the satel-
lite image, the incidence angle of the TerraS-
AR-X data acquisition should be as shallow as
possible. As to the homogeneity level of the
segments this can be adjusted by the operator,
reflecting the system’s adaptation possibili-
ties, especially when the environmental con-
ditions during image acquisition are not fa-
vourable (inundations in densely wooded areas
are unfavourable but have not yet been ana-
lysed). Under favourable conditions though,
the manual editing is minimised but cannot be
eliminated completely.

The enhancements of the semi-automated
system as presented here towards a multi-mis-
sion suited system, has several advantages for
a NRT damage assessment: Highly accurate
flood extents could be delineated even if no
TerraSAR-X pre-event data are available.
And, the revisit time over the affected region
is increased by the use of multi source remote
sensing data which is an important factor

when processes such as rising or declining
water levels should be monitored. Neverthe-
less, one should not forget the additional effort
required for co-registration when working
with different sensors.

Regarding the validation of the flood map-
ping for the Australian Gulf Country test site
ithas been noticed that, first of all, the process-
ing of the whole scene with the developed pro-
cedure required approximately less than 5%
of the working time than the manual delinea-
tion of the flood extent. Secondly, the flood
delineation results of either method were iden-
tical. Finally, this comparison has also demon-
strated the effectiveness of the workflow: The
mask generated with the semi-automated
process shows a level of detail that an inter-
preter by means of digitising is not able to
reach in reasonable time. Concerning further
qualitative and quantitative evaluations of the
results the analysis has only recently been ini-
tiated and could not be completed within the
term of the DeSecure project. Nor was it pos-
sible to perform any field work or to collect
field data and / or additional reference data.

Using SpotLight scenes showed to be the
ideal condition for an automated mapping of a
flood event. It was concluded that within one
to two hours after image availability at the op-
erator it is possible to produce a rapid flood
extent map (best case scenario for two TerraS-
AR-X SpotLight acquisitions or subsets in
case of larger TerraSAR-X data sets). From
this point in time, additional time needs to be
considered depending on the need of pre-
processing non TerraSAR-X data, the number
of pixels to processed, the level of detail re-
quired, the level of accuracy and smoothness
required for the delineation of the boundary
between “water” and “no water” and the level
of uncertainty given by the environmental
conditions during image acquisitions.
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Summary: Two approaches for the dissemination
of satellite based crisis information have been de-
veloped within the DeSecure project: dissemina-
tion in 2D web clients and interactive 3D near real
time scenarios. Compared to printed maps, the ad-
vantages of these new approaches are the possibil-
ity of interactive exploration as well as near-real-
time updates of the information provided. This pa-
per analyzes the potential users, their requirements,
the mission scenarios, and describes the solutions
developed.

Zusammenfassung: Neue Ansdtze fiir die Verbrei-
tung satellitenbasierter Kriseninformation. Im Pro-
jekt DeSecure wurden zwei neue Ansitze fiir die
Verbreitung satellitenbasierter Kriseninformation
entwickelt: Die Verbreitung unter Nutzung von in-
teraktiven 2D Kartenanwendungen sowie iiber
Nah-Echtzeit 3D Szenarien. Diese neuen Ansétze
haben gegeniiber der bereits etablierten Veroffent-
lichung iiber gedruckte Karten einige deutliche
Vorteile. So kann u.a. die Information einerseits
interaktiv exploriert werden und andererseits be-
steht die Moglichkeit der Aktualisierung in Nah-
Echtzeit. In diesem Artikel werden die potentiellen
Nutzer und deren Anforderungen sowie entspre-
chende Einsatzszenarien analysiert und die entwi-
ckelten Losungen beschrieben.

1 Introduction

Today, the dissemination of satellite based cri-
sis information using printed maps is well es-
tablished by most of the leading organizations
involved in emergency mapping (e. g., Centre
for Satellite Based Crisis Information (ZKI),
SERTIT, MapAction). DeSecure is a joint re-
search project with the objective of improving
satellite based crisis information (SBCI) work-
flows. The entire production cycle of e. g., data
access, information extraction and dissemina-
tion was analysed during the project duration
from 2007-2010.

This paper describes two approaches for
disseminating crisis information to the user.
The first approach addresses the application of
recent web mapping technologies to satellite
based crisis information (SBCI) to ensure that
continuously updated data are delivered to the
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user. In the second one, modern interactive 3D
visualization software is applied for commu-
nicating information during a crisis. Combin-
ing the advantages of web mapping technolo-
gies with the intuitive understanding of 3D
virtual worlds, the focus of our research was
on developing a concept for implementing
earth observation and GIS data in virtual en-
vironments and improving the user interfaces
to allow for fast and easy information access.
Since 2003, the ZKI of the German Aero-
space Center (DLR), the leading German pro-
vider of satellite based crisis information
(SBCI), has delivered such SBCI maps to cus-
tomers engaged in emergency response and/or
relief activities. These maps provide detailed
and highly valuable information. A printed
map has specific advantages. The information
they contain is distinctly arranged and focuses
on a specific topic. Printed maps allow orien-
tation as well as measurement. They are high-
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ly suitable for in-field operations, primarily in
environments where electronic infrastructure
is not available or damaged. Furthermore, a
map is a well-known medium familiar to most
people. In contrast to these advantages, print-
ed maps have major disadvantages, particu-
larly in the context of the dissemination of
satellite based crisis information: Maps are
outdated at the time of printing. This lack of
timeliness comes along with limited updating
options. An update means the creation of a
new map, a new print-out and physical deliv-
ery to the user. Moreover, a map is static and
thus does not support user-driven generation
of new information through the interactive ex-
ploration, analysis and synthesis of informa-
tion provided in an interactive environment
(MACEACHREN & KraAak 1997). Furthermore,
auser always needs to decode a map for exam-
ple; the existence of contour lines in a map
does not necessarily mean that every user is
able to generate the correct idea of the topog-
raphy of a certain site. Thus, creating a mental
map of a certain region by decoding a topo-
graphic map might be difficult, because the
user needs to first learn/acquire these skills,
which would not be necessary using a virtual
3D environment (cf. HABERLING 2006). The
development and rendering of complex 3D
visualizations are normally very time con-
suming. Recent developments in the real-time
3D sector, e. g., using game engines for visu-
alizations will in the near future allow utiliza-
tion even in time-critical environments
(FritscH & Kapa 2004). In DeSecure TUNGER-
THAL (2009) demonstrated the visualization of
a fictive crisis scenario using the CryEngine.
Within DeSecure such advanced techniques
were applied to disseminate SBCI.

2 Potential User and Mission
Scenarios

Maps containing SBCI are mostly used to dis-
seminate information to relief organizations,
operational centers, on-site crisis teams and
the public. Therefore, potential users of inter-
active 2D and 3D crisis maps are organiza-
tions dealing with crisis situation, the public
and the media. These users need precise, up-
to-date and easy-to-understand information at

hand. Web mapping services and interactive
3D environments deliver permanently updated
data to the user in near-real-time, and they of-
fer the possibility to interactively exploit this
data to create new information.

Due to the anticipated lack of infrastructure
in a crisis region the focus of this work is
mostly on supporting teams in operational
centers. Some of the possible applications sce-
narios are

® pre-disaster mission briefing,

® real-time team/crisis management
® common operational picture (COP)
® post-disaster analysis

® training of crisis response teams

During a crisis event such new visualization
techniques will help to coordinate different
relief organizations and to communicate with
on-site teams. Decision making will be sup-
ported even in very stressful environments.
Interactive 3D real-time scenarios can help to
obtain a common operational picture of all the
organizations and persons involved, which in
turn facilitates crisis operations and the coor-
dination of on-site teams.

3 New Approaches for the
Dissemination of Satellite
Based Civil Crisis Information

3.1 Web Mapping Component

Dissemination of spatial information through
interactive web clients is well established
(MitcHELL et al. 2008), except for the dissemi-
nation of SBCI. What are the requirements for
this task?

An analysis of SBCI user requirements
(DESECURE ConsorTiUM 2009) reveals the need
for tools that enable the exploration of the in-
formation provided (e.g., zoom in/out, pan,
layer switch on/off, identify, print). Most of
today’s web mapping clients (e. g., OpenLay-
ers, Mapbender or ESRI’s Sample Flex View-
er) already provide these functions by default.
The challenge in providing SBCI through in-
teractive web clients is the configuration of the
client and the underlying services in a reliable,
fast and easy way. A common development
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scenario for a web mapping component, e. g.,
in the public sector, needs from several days to
weeks before a client is made available online.
However, a web mapping client for the dis-
semination of SBCI has to be published within
a very short time frame. From the user’s point
of view, a reference product based on pre-dis-
aster satellite imagery has to be delivered
within the first eight hours, and a damage as-
sessment product within 36 hours after the
outbreak of the event. (DESECURE CONSORTIUM
2009). Due to the general limitations of satel-
lite imagery acquisition (satellite command-
ing, orbit specifications, weather conditions),
these user requirements can often not be met.
The ZKI aims to deliver crisis products within
eight hours after acquisition of the specific
satellite imagery has been completed. In this
context knowing the requirements of the spe-
cific producers of SBCI is of major importance
for building an adequate solution for very fast
dissemination of web mapping clients. Analy-
sis of the technical and human resources
framework at ZKI (DESECURE CONSORTIUM
2010) shows that there is a need for quick and
easy web service compilation, smooth per-
formance of the services, and user-specific
configuration of web mapping clients using a
content management system (DRUPAL).

This analysis leads to a solution mainly
based on ESRI technology. In addition, the
CMS DRUPAL has been customized. An
adapted version of the ESRI Sample Flex
Viewer was chosen as web client (see Fig. 1),
due to the easy configuration via XML, the
functionality, and a widget concept which en-

ables easy and modular customizing and satis-
fies ergonomic aspects. Furthermore, the CMS
DRUPAL was augmented by two user inter-
faces supporting the process of client configu-
ration (registration of services and configura-
tion of the client). This technical framework
enables the dissemination of SBCI via web cli-
ents at ZKI in a fast and easy way, as follows
(see Fig. 2).

In the first step a copy of the map docu-
ments (mxd) from the map production process
is configured for the specific service. All set-
tings that are made in the map document are
handed over to the service. This includes, e. g.,
deleting redundant content, setting maximum
or minimum extent, as well as adapting sym-
bology, if needed. A structured approach in
the creation of the origin map document in the
map production process minimizes the effort
of this service-specific configuration.

The configured map documents are then
published as a web service. Using ArcGIS
Server the needed data could be published as
services within a few clicks supporting several
interfaces (e.g., REST, SOAP, WMS, WES,
WCS, KML). Good performance of the Arc-
GIS Server services is guaranteed by follow-
ing the ESRI recommendations for capacity
planning (see, €. g., PETERs 2007). The URLs
to the REST, and if needed to other interfaces
of the published services, are registered in the
Content Management System (DRUPAL).
When service registration is completed, a cli-
ent could be configured in about three minutes
using the implemented client configuration
user interface. The CMS also supports the
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Fig. 1: Workflow of the solution for a web mapping client compilation at ZKI.
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Fig. 2: Screenshot of a ZKI Web Client for the Namibia flood, Caprivi region 2010 (an adapted ver-

sion of the ESRI Sample Flex Viewer).

definition of access rights for services and cli-
ent configurations. Thus, after login a user is
able to access services and clients via the CMS
(ZKI home page), where appropriate access
rights have been granted. When a client is ac-
tivated by a user, a configuration XML is dy-
namically generated in the background ac-
cording to the configuration settings and
passed over to the Flex client. Updating the
client (e.g., adding new services, functions)
can also be performed with a few clicks using
the implemented configuration interface.

3.2 Interactive 3D Real-time
Scenarios

3D real-time virtual environments come clos-
er to how we normally see the real world (cf.
Srtocum et al. 2000) and thus enable even the
non-expert (regarding geo-science, cartogra-
phy, etc.) to navigate easily. Many decisions of
stakeholders are based on spatial information
(cf. O’ConNor 2007). Interactive visualiza-
tions in virtual geographic environments

(VGE) help people to navigate and understand
the information inherent in spatial data sets
(cf. O’CoiLL & DoucHTY 2004).

Decision making in a distributed team is
ecasier if all work at the same knowledge level,
with the same understanding, and roughly the
same view of the affected area. According to
Lin & Znu (2006, p. 228) the accessibility of a
virtual environment and the ability to share
multi-user environments which enable geo-
collaboration are key features of virtual geo-
graphic environments. Permanently updated
geo- and 3D-information assures that the most
recent information is available for decision
making as soon as possible.

The application of virtual geographic envi-
ronments or 3D GIS in the civilian crisis man-
agement sector is under development, and still
not common in operational use in situation
rooms. TiEDE & LANG (2010) show the value of
analytical 3D views also in the context of a
simulated crisis exercise. The French joint
emergency management operational center
(COGIC) uses a 3D visualization system for
emergency mapping (see COGIC 2010).
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Many of the related initiatives of the Euro-
pean Union like ORCHESTRA (an open serv-
ice architecture for risk management) and OA-
SIS (open advanced system for disaster and
emergency management) are still restricted to
2D (Zratanova 2008). However, ZLATANOVA
(2008) states that large amounts of 3D data are
increasingly available, that disaster manage-
ment users are prepared to use this data, and
that 3D is considered important by the user.
The main goal is to support and facilitate the
process of decision making.

For a first overall test DLR used the Leica
Virtual Explorer to show some basic applica-
tions during two real-time exercises in 2006
and 2007 (GNEX’06 and GNEX’07) within
the GMOSS (Global Monitoring for Security
and Stability) network of excellence (Voigr et
al. 2009). Within DeSecure DLR collected
user requirements in face-to-face interviews
with THW (the German Federal Agency for
Technical Relief) staff and at an International
Search and Rescue Advisory Group (IN-
SARAGQG) training session. The interviews re-
vealed that 3D information is needed and al-
ready used (e. g., Google Earth) from time to
time by crisis teams. Such systems could help
in the planning and acquisition phases. But the
users also stated that too realistic information
could lead to misinterpretation because the
user might accept the presented virtual infor-
mation as true without questioning the relia-
bility of the underlying data (TUNGERTHAL
2006). The collected user requirements were
integrated into a requirements catalogue.
Based on the experience gained, a market

analysis was conducted and Skyline TerraEx-
plorer was selected as the most appropriate
commercial software product at that time. Ad-
vantages of the Skyline software are very high
3D performance based on a former game en-
gine, collaboration services, streaming server
availability, connectors/importers for various
GIS, and the availability of remote sensing
data.

Skyline TerraExplorer (see Fig. 3) was used
in a client-server installation and tested during
several selected crisis scenarios. Firstly, a vir-
tual environment of the Pakistan earthquake
in 2005 was created to test the potential of the
software. One goal of 3D virtual environments
is to guide potential users as well as possible
and to avoid their getting lost in a too compli-
cated virtual environment and missing impor-
tant information (cf. MENG 2003). The built-in
user interface of Skyline TerraExplorer could
become quite confusing and the user has ei-
ther to search the data sets in a tree structure
or follow a strict guideline on how to structure
the various data sets. This is not appropriate
for emergency situations. Therefore, several
additional tools were developed to facilitate
the handling of Skyline TerraExplorer to give
even the non-expert an easy-to-use virtual en-
vironment which according to TurtE (2007)
gives to the observer the greatest number of
ideas in the shortest time. In order to guide the
user through the virtual environment, two ex-
tensions were created, a “visibility manager”
for a clear overview of information layers and
a “location manager” for fast and easy naviga-
tion to selected places. In addition, a connec-

Fig. 3: Virtual Environment of the Pakistan 2005 earthquake. Left: Skyline TerraExplorer; Right:
ArcGIS Explorer.
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threat dome

Fig. 4: Development of the virtual Pakistan 2005 scenario according to the phases of the process
concept. Upper image: Phase 2 — basic scenario with satellite data only; lower image: Phase 4 —
construction of 3D objects such as threat domes and text labels.
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tor to Google Maps was created to allow the
exploitation of other sources. Based on user
requirements a static map legend using the ex-
isting ZKI layout was also added (cf. WobiTscH
2010).

Based on the experience described above, a
concept for a process chain to create interac-
tive 3D virtual environments was generated
using the Pakistan 2005 scenario. This con-
cept was tested during a second DeSecure cri-
sis scenario, the Okavango flooding in 2009,
and in a third real-time crisis exercise during
the Assessment Mission Course 2009 in Cy-
prus (LIMES project, cf. GSTAIGER et al. 2009)
The process chain was modified as necessary
and a timeline was derived during those sce-
narios.

The concept consists of four steps (see
Fig. 4):

1. 3D oriented geo- data pre-processing
Availability: recurring during all following
steps

2. Basic scenario — e. g., only basic geo-infor-
mation for a first orientation
Availability: within 2-3 hours online or on
DVD ready for the on-site teams before de-
ployment

3. Crisis scenario — containing the basic sce-
nario, additional vector data, on-site data,
3D objects
Availability: within 3—7 hours online or on
DVD

4. Update — permanent update of geo-data,
adding new data sets, e. g., results from oth-
er geo-processing/classifications
Availability: > 7 hours online

All tests during the exercises showed that the
basic VGE could be created during the given
time frame in phase 2, provided that earth ob-
servation data sets are available. Also, the cri-
sis scenario with updated information, addi-
tional 3D objects and improved vector data as
well as classified information could be deliv-
ered within seven hours of phase 3.

The concept of the process chain was also
applied to other freely available 3D software
packages such as ArcGIS Explorer and OS-
SIM Planet. Neither is comparable to Skyline
in terms of speed, multi-users and collabora-
tion services. The ArcGIS Explorer has ad-
vantages because of its simple user interface

and its close integration into the ESRI soft-
ware environment and thus it could easily
connect to a variety of GIS services. The al-
ready developed virtual 3D crisis scenarios
will also be applied to this software.

During the exercises collaborative work
within the 3D interactive virtual world was
realized using standard PC workstations. Four
partners, the ZGIS in Salzburg, Joanneum Re-
search in Vienna, EURAC in Bozen and DLR
Oberpfaffenhofen worked simultaneously in
the VGE, added new datasets and “discussed”
online in a collaborative session inside the
VGE. For presentation purposes mobile com-
puters with slow graphics hardware were used.
A streaming feature server using Skyline or
Leica software (during GNEX)) was installed
at DLR and the virtual environment was
streamed both via internal high bandwidth
LAN connections as well as via relatively slow
internet wireless LAN connections.

The minimum requirements to use real-
time 3D crisis scenarios are LAN or W-LAN
connections, standard PC workstations or lap-
tops. Recent research initiatives try to estab-
lish ad-hoc networks even on-site in the emer-
gency region (Frasst et al. 2010, OASIS con-
sorTIUM 2005).

The next step will be the generation of an
operational generic process chain applicable
to different real-time 3D packages to create
and update 3D VGEs automatically from
available remote sensing and other geo-data
sets. Integrating web mapping and a web-fea-
ture service as described above is one of the
future key elements to ensure up-to-date satel-
lite based information availability also in in-
teractive virtual 3D environments.

4 Conclusion

Dissemination of satellite based crisis infor-
mation in a timely manner during a crisis is
crucial for relief organizations and teams in
situation rooms to support rapid and reliable
decision making. The experience gained in
DeSecure concerning the development of new
dissemination channels for satellite based cri-
sis information can be summarized as fol-
lows:
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® The information provided by both 2D
web-mapping products and 3D environ-
ments can be interactively explored and
exploited by the user and thus new infor-
mation can be generated.

® Digital mapping products can be updated
either permanently or when new informa-
tion/maps are available. Thus the most
up-to-date product can always be deliv-
ered.

® Time consuming decoding of map infor-
mation will be reduced to a minimum,
which accelerates the decision making
process based on the same high quality
information.

® Supplementary, 3D interactive environ-
ments support situation rooms and very
likely enable the staff in charge to intui-
tively understand the on-site environment
and geography.

® Decision making will be conducted on a
more consolidated basis, e.g., teams in
situation rooms as well as on-site teams
can now share a common operational pic-
ture (COP) without having to decode the
information from printed maps.

® Because the authors work in close coop-
eration with the ZKI, the 2D and 3D solu-
tions developed can be constantly tested
during real crisis scenarios and further
improved.
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Gottfried Konecny — 80 Jahre jung

Am 17. Juni 2010 beging GOTTFRIED KONECNY,
Professor fiir Photogrammetrie und Ferner-
kundung und ehemaliger Leiter des Instituts
fiir Photogrammetrie und Geolnformation der
Leibniz Universitdt Hannover, seinen 80. Ge-
burtstag. KoNEcNY war und ist ein Weltbiirger
der Geodisie und Geoinformatik und war u.a.
von 1984—1988 Prisident der Internationalen
Gesellschaft fiir Photogrammetrie und Fer-
nerkundung (ISPRS). Mit 80 Jahren erfreut er
sich bester Gesundheit und ist immer noch
voll Energie und Engagement fiir seinen Be-
ruf, der ihm schon vor langer Zeit zur Beru-
fung wurde, und dariiber hinaus ein weltwei-
tes Vorbild fiir die jiingeren Generationen.
Sein Vortrag zur Geschichte der ISPRS an-
lasslich der 100-Jahrfeier der Gesellschaft am
4. Juli 2010 in Wien und das zugehdrige Buch
sind nur die jiingsten Beweise seiner nie en-
denden Schaffenskraft. Auf Leben und Werk
KoNEcnys soll an dieser Stelle jedoch nicht
weiter eingegangen werden, siche dazu die
Wiirdigung anlésslich seines 70. Geburtstages
in der zfv (6/2000, pp. 218-220).

Aus Anlass von Konecnys Geburtstag ver-
anstaltete die Fachrichtung Geodésie und

Geoinformatik der Leibniz Universitdt am 29.
Juni 2010 ein Festkolloquium, an dem mehr
als 150 Freunde und Kollegen Konecnys aus
nah und fern teilnahmen. Nach GruBlworten
des Prasidenten der Universitdt, Prof. Ericu
BARKE, und der Prisidentin der DGPF, Prof.
CorNELIA GLASSER, beleuchteten zwei einge-
ladene Vortrdge Leben und Leistungen von
GOTTFRIED KONECNY.

Den ersten Vortrag hielt AMMATZIA PELED
von der Universitdt Haifa in Israel, der derzei-
tige 2. Vizeprasident der ISPRS, mit dem Titel
“Gottfried Konecny — ein Geomatics Welt-
wunder wird 80”. PELED berichtete in lebhaf-
ten und personlichen Worten iiber seine Ver-
bindung zu KonEcNy, die 1980 beim ISP Kon-
gress in Hamburg ihren Anfang nahm; Konec-
NY war damals Kongressdirektor. Insbesonde-
re betonte PeLED die globale Prisenz iiber
mehr als 50 Jahre und die breiten Interessen
des Jubilars, die weit iiber dessen Fachgebiet
hinausreichen. Er schloss mit der Bemerkung,
dass KoNeEcNy nie und nimmer 80 Jahre alt
sein konne, und eher zum vierten Mal seinen
20. Geburtstag gefeiert habe (oder, wie die
Franzosen sagen, dass er 4 x 20 Jahre alt sei).

Prof. Fritz ACKERMANN, der ehemalige Lei-
ter des Instituts fiir Photogrammetrie der Uni-

Jubilar Prof. G. Konecny (im Vordergrund rechts) und Prof. F. Ackermann (im Vordergrund links).
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Festvortragender Prof. F. AckermanN (links) und Prof. G. Konecny (rechts).

versitdt Stuttgart und langjéhrige gleichaltrige
Wegbegleiter KonecNys, hielt den zweiten
Festvortrag, der iberschrieben war mit ,,Gott-
fried Konecny — der Visiondr*. Gemeinsam
hatten beide lange Zeit entscheidenden Ein-
fluss auf unsere Disziplin, einer der Teilneh-
mer brachte es auf den Punkt: die Weltformel
der Photogrammetrie und Fernerkundung
habe iiber lange Jahre gelautet:

PH&FE = ACKERMANN + KONECNY

ACKERMANN gab zunichst einen kurzen Uber-
blick iiber KonecNys Leben und die ersten
Schritte seiner Karriere. Dann kam er auf sei-
ne wohl grofte Leistung zu sprechen, die Ein-
fithrung von Satellitenbildern fiir die topogra-
phische Kartierung, und zwar zu einer Zeit, in
der die beste geometrische Aufldsung bei 80
m pro Pixel lag. Vor seiner Hannoveraner Zeit
hatte Konecny in Nordamerika u.a. guten
Kontakt mit der dort schnell wachsenden
Weltraumindustrie. Das daraus erwachsene
Wissen sowie die Kontakte hat er dann in
Deutschland und Europa konsequent und visi-
ondr umgesetzt, zuerst im Metric Camera Ex-
periment und danach in unzdhligen weiteren
Weltraummissionen und Projekten. ACKER-
MANN erwéhnte auch KoNecNys Aktivitdten
der letzten Jahre, also nach Eintritt in den (so
genannten) Ruhestand, so z.B. die weltweite
Beratertitigkeit. ACKERMANN schloss mit den
besten Wiinschen zum Geburtstag und der
Hoffnung, KoNeEcNY mdge sich seine robuste
Gesundheit moglichst lange erhalten, um auch

zukiinftig seinen weit gesteckten Aufgaben
und Interessen mit viel Freude und Engage-
ment nachgehen zu konnen. Alle Anwesenden
schlossen sich diesen Wiinschen an.

CHrisTiaN HElpkE, Hannover

ISPRS Commission VIl Symposium
“Thematic Processing, Modeling
and Analysis of Remotely Sensed
Data” vom 5.-7. Juli 2010 in Wien,
Osterreich

In Verbindung mit der Dreildndertagung der
DGPF, der Osterreichischen Gesellschaft fiir
Vermessung und Geoinformation (OVG) so-
wie der Schweizerischen Gesellschaft fiir
Photogrammetrie und Fernerkundung (SGPF)
und den Feierlichkeiten zum 100-jahrigen Be-
stehen der ISPRS fand vom 5. bis 7. Juli das
Symposium der ISPRS Kommission VII an
der TU Wien statt. Nach dem ISPRS Kongress
in Peking ist die Kommission VII mit den Ar-
beitsgruppen VII/1 ,,Physical Modelling and
Signatures in Remote Sensing®, VII/2 ,,SAR
Interferometry®, V11/3 , Information Extrac-
tion from Hyperspectral Data“, VIl/4 ,,Me-
thods for Land Cover Classification®, VII/5
»~Methods for Change Detection and Process
Modelling®, VI1/6 ,,Remote Sensing Data Fu-
sion®, VI1/7 ,,Theory and Experiments in Ra-
dar and Lidar®, und der kommissionsiiber-
greifenden Arbeitsgruppe ICWG III/VII
,Pattern Recognition for Remote Sensing® an
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den Start gegangen. Das diesjdhrige Symposi-
um bot einen Uberblick zur Halbzeit der Ar-
beitsphase zwischen den Kongressen.

Zum ersten Mal gab es — wie in anderen
Kommissionen bereits auch — unterschiedli-
che Modalitdten zur Einreichung von Beitra-
gen: Zum einen als vollstindige Beitrage
(,,Full reviewed paper®) zur Veroffentlichung
im Teil A, zum anderen wie bisher als Zusam-
menfassungen zur Verdffentlichung im Teil B
des Tagungsbandes. Von den eingereichten 87
vollstandigen Beitrdgen wurden — zum Teil
mit kleinen Anderungen — 63 zur Verdffentli-
chung angenommen. Mehr als 250 Beitrdge
wurden fiir den Teil B registriert. Die Beteili-
gung war kontinentbezogen gemischt, auch
wenn die grofite Gruppe von Autoren — sicher-
lich auch aufgrund der rdumlichen Ndhe — aus
Deutschland kam, direkt gefolgt von China.

Das Symposium wurde von eingeladenen
Vortragen zu den Themen ,,Recent Advances
in Local and Global Environmental Remote
Sensing* (W.P. MENZEL) und ,,Assimilation of
Satellite Data into Land Surface Models* (S.
QuEeGaN) er6ffnet. Den Kern bildeten dann an-
schlieBend die Vortrags- und Postersitzungen.
Die Vortragssitzungen mit jeweils fiinf bis
sechs Beitrdgen waren als dreiziigige Veran-
staltungen vor- und nachmittags organisiert.
Zwischen diesen Vortragsblocken fanden die
Postersitzungen der jeweiligen Arbeitsgrup-
pen zusammengefasst statt. Die Uberschriften
der Sitzungen umreiflen grob die diskutierten
Themen (in zeitlicher Reihenfolge): ,,Remote
Sensing Applications* (zwei Vortragssitzun-
gen und eine Postersitzung mit mehr als drei-
Big angenommenen Beitrdgen), ,,Data Fusion
and Data Assimilation® (eine Vortragssitzung
und eine Postersitzung mit 13 angenommenen
Beitrigen), ,,Lidar and Laser Scanning® (zwei
Vortragssitzungen und eine Postersitzung mit
17 angenommenen Beitrdgen), ,,Change De-
tection and Process Modelling” (eine Vor-
tragssitzung und eine Postersitzung mit 15
angenommen Beitrdgen), ,,Multi-Spectral and
Hyperspectral Remote Sensing™ (zwei Vor-
tragssitzungen und eine Postersitzung mit
mehr als zwanzig angenommenen Beitrdgen),
»Land Cover Classification” (zwei Vortrags-
sitzungen und eine Postersitzung mit dreiBig
angenommenen Beitrdgen), ,,Microwave Re-
mote Sensing™ (zwei Vortragssitzungen und

eine Postersitzung mit mehr als zehn ange-
nommen Beitrdgen), ,,Operational Remote
Sensing Applications® (eine Vortragssitzung
und eine Postersitzung mit fiinf angenomme-
nen Beitrdgen), ,Image Processing and Pat-
tern Recognition (zwei Vortragssitzungen
und eine Postersitzung mit zwanzig angenom-
menen Beitrdgen), ,,Physical Modelling and
Signatures™ (eine Vortragssitzung und eine
Postersitzung mit drei angenommenen Beitré-
gen), ,,Earth Observation Programmes* (eine
Vortragssitzung) und ,,Geometric Modelling™
(eine Vortragssitzung und eine Postersitzung
mit neun angenommenen Beitrdgen). Die Pos-
tersitzungen umfassten somit im Allgemeinen
mehr Beitrige als die Vortragssitzungen. Lei-
der ist zu vermerken, dass eine Reihe von
Stellwianden leer blieb. Den Abschluss des
Symposiums bildeten wiederum eingeladene
Vortrdge zu den Themen ,,Generating 1 km
Land Surface Radiation Product Suite from
MODIS: Algorithms and Validation* (S. Li-
ANG), ,,Persistent Scatterer Interferometry
based on TerraSAR-X Imagery: The Barcelo-
na Test Area* (M. CrosETTO) und ,,Analysis of
Full-Waveform ALS Data by Simultaneously
Acquired TLS Data: Towards and Advanced
DTM Generation in Wooded Areas* (M. Do-
NEUS). Die Auswahl der eingeladenen Vortrage
triagt der Tatsache Rechnung, dass Laser- und
Radartechniken bei dem diesjahrigen Sympo-
sium einen breiteren Raum eingenommen ha-
ben, auch wenn Themen wie Landbede-
ckungsklassifizierung, Klassifizierungsver-
fahren und Monitoring auf der Basis von mul-
ti- und hyperspektralen Daten weiterhin einen
Grofiteil der Beitrdge ausmachen. Zudem ist
festzuhalten, dass die Zuordnung der Beitréige
zu den Themen bei der Einreichung durch die
Autoren nicht immer einfach ist, da viele der
Beitrdge eine Reihe von Aspekten umfassen.
Mit einem dhnlichen Problem sieht sich der
Zuhorer konfrontiert, wenn bei einer dreiziigi-
gen Veranstaltung die Entscheidung zu treffen
ist, welche Vortragssitzung man besucht. Ein
Wechsel zwischen parallel laufenden Sitzun-
gen ist immer schwierig, auch wenn die Vor-
tragsriume wie in den Réumlichkeiten in
Wien nah beieinander lagen. Die wie bei fast
allen ISPRS-Veranstaltungen enge Zeitvorga-
be von 15 Minuten stellte eine Herausforde-
rung an die Zeitdisziplin der Vortragenden, so
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dass trotz Einberaumung eines Zeitfensters
fiir eine allgemeine Diskussion im Rahmen
der Themensitzungen durch die Organisato-
ren zum Teil am Ende doch keine Zeit hierfiir
verblieb. Ein kleiner Wehrmutstropfen ergab
sich auch durch die Tatsache, dass die Poster-
sitzungen nicht in unmittelbarer Nachbar-
schaft zu den Vortragssitzungen stattfanden.
Thnen wurde geniigend Zeit eingerdumt, je-
doch ergibt sich bei unmittelbarer Ndahe von
Vortrags- und Postersitzungen die Moglich-
keit der Diskussion am Poster auch tiber die
eigentliche Sitzung hinaus.

Insgesamt betrachtet war das ISPRS Kom-
mission VII Symposium eine gelungene Ver-
anstaltung. Die Einfithrung des Reviews von
vollstandigen Beitrdgen ist eine richtige Ent-
scheidung und es ist zu begriilen, wenn hier-
von in Zukunft von den Autoren mehr Ge-
brauch gemacht wird, auch wenn dies einen
groferen Aufwand bei der Vorbereitung einer
solchen Tagung bedeutet. Den Organisatoren
um WOLFGANG WAGNER, dem Kommissions-
prasidenten, den Arbeitsgruppenleitern und
insbesondere dem  Ortlichen Organisati-
onsteam ist flir die Durchfithrung des diesjéh-
rigen Symposiums herzlich zu danken.

Uwe WEIDNER, Karlsruhe

9" International Symposium on
Spatial Accuracy Assessment in
Natural Resources and Environ-
mental Sciences (“Accuracy 2010”)
20.-23. Juli 2010 in Leicester,
England

The symposium is held on behalf of the Inter-
national Spatial Accuracy Research Associa-
tion (ISARA) and takes place every two years.
This year, the symposium was hosted by the
University of Leicester, Department of Geo-
graphy, situated in the ‘Heart of England’. 131
participants from all parts of the world dis-
cussed how to measure, model, and manage
uncertainty in spatial data, especially the one
from natural resource inventories. 33 sessions,
with four presentations each, took place in
three locations of the conference building at
the same time. In addition, four keynote
speeches and 24 posters were presented. Five

workshops were held before the start of the
symposium.

The symposium was structured in the
themes remote sensing, digital elevation mod-
els, GIS, geostatistics, geoprocessing, envi-
ronmental quality, ecology and forestry, land
use/land cover, small area concerns, and visu-
alization. Other session were dedicated to sta-
tistical topics, e.g., fuzzy uncertainty, uncer-
tainty in space and time, uncertainty propaga-
tion, spatio-temporal uncertainty, and sam-
pling design. Highlights at “Accuracy 2010”
were three keynote addresses from the USA:
“A new look at semantic accuracy” by O. AHL-
Qist, “The effect of map accuracy on esti-
mates of terrestrial carbon budgets” by C.
Woobcock, and on “Geostatistical modeling
of the spatial distribution of soil dioxin” by P.
GoovaerTts. A fourth keynote was presented
on “Statistical interference and local spatial
modeling — living and working with uncertain-
ty” by C. Brunspon, UK.

In the following contributions regarding re-
mote sensing, DEMs and GIS will be men-
tioned and partially summarized. In the ses-
sions on remote sensing and image interpreta-
tion, the following papers were presented:

“Uncertainty in image interpretation as ref-
erence for accuracy assessment in object-
based image analysis” by F. ALBRECHT, Aus-
tria. “Overall accuracy estimation of geo-
graphic object-based image classification” by
J. Rapoux, P. BogaErT & P. DEFOURNY, Bel-
gium. “Random and spatially autocorrelated
sensor noise effects on image classification”
by T. K. REMMEL & S.W. MitcHELL, Canada.
“Assimilation of remote sensing data into
land-surface models: the importance of un-
certainty estimation to the filter performance”
D. GuenT, H. BaLzTER & J. KaDpUuk, UK. “Web-
based assessment of operator performance
and variability in remote sensing image anal-
ysis” by S. GARDIN, S. VAN LAERE, F. Van ColL-
LIE, F. ANSEeL, W. Duyck & R.R. DE WULF,
Belgium. “Raster data transformation for land
change analyses: Combined impacts of repro-
Jjecting and rescaling categorical maps on
landscape composition and configuration” by
Z. CHRISTMAN & J. RoGaNn, USA. “Improving
image classification accuracy: a method to in-
corporate uncertainty in the selection of train-
ing sample sets” by L. GoNgALVEs, Luisa, C.
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The participants of ‘Accuracy 2010’ listen to a keynote speech together with the organizer Dr. Nick

Tate from Leicester University in the first row.

FonTE, H. CARRAO & M. CaETANO. “Spatial en-
tropy for the measurement of the accuracy of
classified remote sensing imagery at multiple
scales” by D.G. Lesovici, G.M. Foopy & D.
Bovyp, UK. “Object-oriented remote sensed
image classification accuracy assessment” by
Z. Wu, L. Y1 & G. ZHANG, China. “Significance
analysis of multitemporal Rapideye satellite
images in a land cover classification” by M.
FoersTER, C. ScHUSTER & B. KLEINSCHMIT,
Germany.

The ISPRS working group I1/4 (Uncertainty
modeling and quality control of spatial data)
also held a session where the following papers
were presented: “On the reproducibility of re-
flectance factors: Implication for Earth obser-
vation science” by K. ANDERSON, E.J. MILTON,
V. OponGo, UK & J.L. DunGaNn, USA. “Sourc-
es of uncertainty in predicting land surface
fluxes using diverse data and models” by J.L.
Duncan, W. WaNG, A. MIcHAELIS, P. VoTava &
R. Nemani, USA. “Challenges associated with
integrating data from multiple scales to assess
relationships” by L.J. Joung, C.A. Gotway &
K.K. Loriano. “An Iterative Dichotomiser
3-improved approach for optimum rule min-
ing through granular computing search algo-
rithm” by H.S. ALiNia, M.R. DELAVAR, Iran &
Y. Yao, Canada.

The sessions on DEM uncertainty consisted
of the following papers among others:

M. GaLLay, C. LLoyp & J. McKinNLEY, UK,
presented the paper “Using geographically
weighted regression for analyzing elevation
errors of high-resolution DEMs”. The authors
investigated DEMs derived by four different
methods (photogrammetry, airborne LIDAR,
interferometric SAR, and contour digitizing)
in order to find a relationship between DEM
errors and DEM surface roughness for each of
the acquisition method. It was concluded that
large errors occur at DEM artifacts and sharp-
ly defined landforms and that the assumption
that DEM errors are normally distributed is
questionable.

In the contribution “Increasing the accura-
cy of DEMs by means of geostatistical confla-
tion”, authored by C.U. PARADY-HERNANDY, N.
Tatg, K.J. TANSEY, P. Fisner, UK & W.E. SALI-
NAS-CASTILLO, México, it is shown that a DEM
may be improved by means of a set of sparely
distributed accurate ground control points.
Various Kriging methods are applied whereby
“Kriging with External Drift” (KED) pro-
duced the most accurate results. The error
analysis used quantiles of different probability
beside the standard accuracy measures. The
Inter Quartile Range (IQR), which is defined
as the difference between the quartiles of 75%
and 25% probability, was also used as accura-
cy measure. A 49 ha large DEM derived from
a spaceborne Interferometric SAR system
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(TerraSAR-X) could considerably be improved
using 184 ground control points and the KED
method. The IQR improved from 12.7 m to 3.1
m, the standard deviation from 9.2 m to 4.2 m.
That means that 50% of the errors were in the
range of +1.5 m. Reference was a dense and
accurate DEM derived by LIDAR. Its accura-
cy was assessed by means of a large number of
check points of superior accuracy.

The contribution of S. Wisg, UK, ‘“Assessing
the spatial characteristics of DEM interpola-
tion errors”, studied the influence of the point
density and interpolation type (bilinear and
spline) on the spatial autocorrelation proper-
ties in various terrain types. Furthermore, it
was concluded that the RMSE of elevation is a
good predictor for the RMSE for aspect and
gradient. These findings are based on resam-
pling a DEM of 50 m spacing to a DEM of
much lower resolution and resampling it back
to several DEMs of higher resolution. The
usual assumptions that elevation errors have a
Gaussian distribution and that they are strong-
ly correlated are thrown into doubt by these
investigations.

J. OksaNEN & T. Sarjakoski, Finland, dis-
cuss in their contribution the non-stationary
modelling and simulation of LIDAR DEM un-
certainty. Simulations of DEM uncertainty
takes into account elevation errors, vagueness,
and ambiguity. Such simulations can derive
the boundaries of catchments, which collect
water of that area after rainfalls, and enable to
model flood risks. The DEM uncertainty was
derived by means of the process convolution
method. Tests with the new Finnish DEM,
which is based on airborne LIDAR, and addi-
tional LIDAR acquisitions of lower altitudes
(and thereby higher density) have been carried
out. The derived catchments boundaries of
both simulations differed in location by a few
hundred meters.

A. JaLoBeanu, Portugal, proposed a new
method for generation of DEMs from stereo
image pairs. The spatial accuracy of the de-
rived elevations is also estimated in this ap-
proach. The sources of uncertainty present in
the images and in the orientation data are
modelled.

A method for checking the planimetric ac-
curacy of DEMs derived by airborne laser
scanning was presented by J. HonLe & C.Q.

PEeDERSEN, Denmark. The approach uses roofs
of buildings and derives points by intersection
of three roof planes. The roof planes are deter-
mined by means of robust adjustment. Refer-
ence points are determined by means of pho-
togrammetry. The reliability of the results is
checked by means of confidence ellipses for
the intersected points, Normal-Quantile plots
of the error distribution and confidence inter-
vals for robust accuracy measures (Median,
Normalized Median Absolute Deviation and
95% Quantile). Practical tests proved the fea-
sibility of the method.

A paper on “Quality evaluations of photo-
grammetrically derived DEMs” by H. Papa-
saika & E. Bartsavias, Switzerland, is also
contained in the proceedings. Accordig to ex-
periences of the authors the quality of DEMs
depends on land cover and morphological fea-
tures. One single number, e.g., the RMSE
value, is not enough to characterize DEMs. A
validation of break lines, which may be de-
rived by edge detection algorithms, should
also be carried out. Experiences were gained
by assessment of DEMs derived from satellite
imagery (IKONOS and PRISM) and using
dense DEMs derived from LIDAR as a refer-
ence. The co-registration revealed considera-
ble horizontal displacements. The geomor-
phologic characteristics analysis included
slope, aspect, and entropy, which proved as
useful quality measures. The land cover ana-
lysis revealed bigger differences in shadowed
and water areas than in bare ground areas.

“Land-cover class as a qualifier for quoted
elevation errorin aerial LIDAR” was the topic
of S. CoveNney, Ireland. The vertical accuracy
of bare earth DEMs depends very much on the
land cover. Three official DEMs of the same
area, all derived by airborne laser scanning,
were assessed using accurate reference data.
Accuracy measures were determined for five
land cover classes (open terrain, brush lands
and low trees, tall weeds and crops, forested
areas, urban areas). The obtained accuracies
varied according to the vegetation canopy
density and depth and were in all three data
sets much lower than in open terrain. The use
of airborne laser scanning for modelling flood
risk may become difficult for land cover class-
es with vegetation.
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The conference building with lecture and dining rooms.

In the session on visualization, M. GOUSIE,
USA, & M. Smith, UK, presented a new pro-
gram for the visualization of DEMs and DEM
errors. DEMVIEW visualizes differences to
reference DEMs, height class frequency, cur-
vature and calculates quantitative statistics. A
‘profile cutter’ displays dynamically movable
profiles in context with a 3D surface. Glyphs
show accuracy levels compared to source con-
tours. The program is freeware and can be
downloaded from cs.wheatonma.edu/mgou-
sie/research.html.

There were many more presentations to
mention. The proceedings of the conference
contain 109 papers on 436 pages and may be of
interest for those who like to know more about
uncertainty and statistical methods in remote
sensing and GIS.

The symposium was held outside Leicester
in new conference facilities with accommoda-
tion and meals close by. It was well organized
and took place in a very stimulating atmos-
phere.

JoacHim HoHLE, Aalborg, Danemark

Hochschulnachrichten

Otto-Friedrich-Universitat Bamberg

Prof. Dr. rer. nat. MaTTHIAS MOLLER (Otto-
Friedrich-Universitit Bamberg, Institut fiir
Geographie, Lehrstuhl Humangeographie
(i.V) und Osterreichische Akademie der Wis-
senschaften, GIScience, Salzburg) habilitierte
sich am 21. April 2010 an der Otto-Friedrich-
Universitdt Bamberg, Fakultdt Geistes- und
Kulturwissenschaften, fiir das Fachgebiet
Geographie mit der Habilitationsschrift ,,Se-
mantisch-quantitative Modellierungsansdtze
fiir das synoptische Monitoring Urbaner Rdu-

113

me .

Habilitationskommission: Prof. Dr. THoMAS
BrascHkE (Paris Lodron Universitdt Salz-

burg), Prof. Dr. MANFRED BucHROITHNER (TU
Dresden) und Prof. Dr. Kraus GREVE (Univer-
sitdt Bonn)

Kurzfassung:

Urbane Gebiete, also menschliche Agglome-
rationsrdume im weiteren Sinn, sind die Kno-
tenpunkte des Informationszeitalters. Mittler-
weile lebt mehr als die Halfte aller Menschen
in urbanen Gebieten, wir haben uns von einer
Agrar- zu einer Urbangesellschaft entwickelt.
Urbane Gebiete sind die Zentren, in denen an-
ndhernd alle menschlichen Aktivitdten zu-
sammenlaufen. Sie weisen ein stark verdichte-
tes Netz an Kommunikations-, Transport- und
sozialer Infrastruktur auf und decken damit
die vielféltigen Bediirfnisse des modernen
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Menschen ab. Fiir schnell wachsende, dicht
besiedelte Regionen kann riickwérts betrach-
tet das Wachstum iiber die vergangenen ca.
vier Dekaden auf Basis von frei verfiigbaren
Satellitenbilddaten durchgefiihrt werden. Die-
se liegen seit ca. 1972 vor, aufgezeichnet von
den  Satelliten und  Sensoren  des
U.S.-amerikanischen Landsat Systems; ent-
sprechend ausgewertet lassen sich Wachstums-
phasen raum-zeitlich daraus rekonstruieren.
Mit zuverldssigen Ergebnissen arbeitet diese
Methode auf einem Maf3stabsniveau von ca.
1:7500 und kleiner insbesondere in urbanen
Gebieten mit reguldren Strukturen, wie sie
beispielsweis in den USA anzutreffen sind.
Die Land — Stadt Migration trifft fiir Lan-
der mit einem sehr hohen HDI (Human Deve-
lopment Index) zweifelsfrei zu, der Trend zu
wachsenden Agglomerationen kann aber ins-
besondere auch bei Landern mit geringem und
sehr geringem HDI beobachtet werden, den so
genannten weniger entwickelten Léndern.
Hier gelten aber als Ausldser fiir die Wande-
rung grundsétzlich andere Faktoren, die urba-
ne Regionen fiir diese Menschen attraktiv er-
scheinen lassen. Vorrangig sind die bessere
Aussicht auf Arbeit und Verdienst verglichen
mit ldndlichen Regionen, der bessere Gesund-
heitsdienst und insgesamt die Perspektive auf
ein hoher abgesichertes Leben. In weniger
entwickelten Landern wird das Wachstum der
urbanen Regionen nicht mit der Ausfiihrlich-
keit erfasst und dokumentiert, wie wir es in
westlichen Léndern kennen, i.d.R. sammeln
sich dort die Zugezogenen in Slums, informel-
len Siedlungen, die nur iiber geringe, oftmals
keine Ver- und Entsorgungseinrichtungen ver-
fiigen. Urbane Infrastruktur ist dort ebenfalls
nur in deutlich reduzierter Form vorhanden.
Dabei ist es gerade in diesen, meist extrem
dicht besiedelten urbanen Regionen, notwen-
dig, eine solide Grundversorgung mit saube-
rem Trinkwasser sicherzustellen, ebenso muss
das Abwasser kontrolliert entsorgt und gerei-
nigt werden, um Krankheiten und Epidemien,
vorzubeugen. Eine Anbindung an das Elektri-
zitdtsnetz sollte fiir jeden Haushalt im 21.
Jahrhundert obligatorisch sein. Um diesen
Minimalforderungen gerecht zu werden, miis-
sen einzelne Gebdude und deren Einwohner-
zahl {iber eine Adresse verfiigen, die an ein-
deutige Geokoordinaten gekoppelt ist und da-

mit rdumlich auffindbar ist. Ein digitales Ka-
taster mit validen Geoinformationen erfiillt
diese Basisanforderung.

Dafiir ist zundchst eine Grundaufnahme
der urbanen Objekte, hier vor allem der Ge-
bdude, in schnell wachsenden Regionen not-
wendig. Dies kann zuverléssig iiber eine Er-
fassung vor Ort erfolgen, was zwar langwierig
ist, aber zu prézisen Ergebnissen fiihrt und
auch weitere Attributwerte aufnimmt, wie die
exakte Einwohnerzahl pro Gebéude. Ein Di-
lemma entwéchst allerdings aus der Tatsache,
dass die Agglomerationsrdume in gering ent-
wickelten Landern schnell wachsen und sich
laufend dndern, eine Dokumentation des IST-
Zustandes eines Gebietes entsprechend schnell
veraltet und nur eine zeitlich duflerst begrenz-
te Aussagekraft hat. Effizienter kann die Er-
fassung von Gebduden auf Basis aktueller
Fernerkundungsaufnahmen mit einer hohen
rdaumlichen Aufldsung im Anwendungsmal-
stab von ca. 1:5000 erfolgen. Hierfiir sind
Bilddaten mit einer Bildpunktauflosung von
ca. 1,0m geeignet, die zunichst weitgehend
manuell ausgewertet werden. Da diese Satelli-
ten eine Wiederholung der Aufnahme dessel-
ben Gebietes in kurzen Zeitrdumen sicherstel-
len, kann auch eine Analyse der Anderung auf
Basis dieser Bilddaten erfolgen. Die Ande-
rungsanalyse (engl. Change Detektion) kann
mit objekt-orientierten Methoden der Bildaus-
wertung (engl. OBIA, Object Based Image
Analysis) semi-automatisch zu guten Ergeb-
nissen fithren. Hierbei ist es wichtig, standar-
disierte Regelsétze und Methoden fiir die ver-
schiedenen Naturrdume der Erde zu entwi-
ckeln, die dann mit kleineren Anderungen,
Anpassungen der Variablenwerte iibertragbar
sind. Dabei sind die folgenden Grundvoraus-
setzungen zu erfiillen: Die Bilddaten sollen
ahnliche spektrale Eigenschaften in den ver-
wendeten Kanilen aufweisen und sie sollen in
etwa zur selben phédnologischen Auspriagung
aufgenommen werden. Sind diese Regelsitze
und Methoden etabliert, lassen sich urbane
Regionen objektiv und weltweit miteinander
vergleichen. Anhand von Bilddaten des U.S.-
amerikanischen ASTER Sensors (Advanced
Spaceborne Thermal Emission and Reflection
Radiometer) konnten bereits beeindruckende
Ergebnisse — bezogen auf die Ubertragbarkeit
von Regelsdtzen und Methoden — fiir die Regi-
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onen Phoenix und Las Vegas in den USA er-
zielt werden.

Als interaktives Web 2.0, Nutzer — gene-
rierter ,,Geocontent im (mobilen) Internet,
zusammengefasst unter dem Schlagwort
,Neogeography®, versteht sich eine neue Art
von Geoinformationsdiensten (GID), die die
klassischen Karten und Kartendienste revolu-
tionieren. Die Nutzerfreundlichkeit dieser
GID wird zunehmend optimiert, als Folge rii-
cken diese stark in den offentlichen Fokus.
Getrieben wurde diese Entwicklung z.B.
durch Google Earth, Google Maps, Microsoft
Bing Maps u.a. Weitere wichtige Entwicklun-
gen finden im Bereich der freien Mapping-
Community statt: Am Open Streetmap Pro-
jekt beteiligen sich iiber 250 000 Nutzer und
generieren permanent validierte, detaillierte
Geodaten. Dies kann in Zukunft ganz ent-
scheidend auch die Erfassung und Aktualisie-
rung von urbanen Gebieten etwa in informel-
len Siedlungen unterstiitzen. Umso wichtiger
ist es, dass gerade in der schulischen Ausbil-
dung, also im Erdkundeunterricht, diese In-
halte nicht fehlen diirfen, denn hier formiert
sich die kommende Generation engagierter
Kartierer.

Die kumulative Habilitationsschrift verbin-
det den neuesten Forschungsstand der Stadt-
geographie, insbesondere das Wachstum von
Megastiadten, mit der angewandten Geoinfor-
mation und gibt didaktische Anleitungen fiir
die Umsetzung im Schulunterricht. Sie stellt
damit eine gelungene Synthese aller Geogra-
phischen Teildisziplinen dar. Die digitale Ver-
sion der Arbeit ist publiziert und kann herun-
tergeladen werden unter dieser URL: typo3.
urz.uni-bamberg.de/fileadmin/gi/habil _moel-
ler/habilschrift_moeller.pdf

Karlsruher Institut fiir Technologie
(KIT)

Herr Dipl.-Ing. CHrisTiaN Lucas promovierte
am 11.2.2010 an der Fakultét fiir Bauingeni-
eur-, Geo- und Umweltwissenschaften des
Karlsruher Institutes fiir Technologie mit der
Arbeit ,, Modellierung verbal reprisentierter
Geoinformation im Anwendungsbeispiel des
Katastrophenmanagements* zum Dr.-Ing.

Referent: Prof. Dr.-Ing. habil. Dr. h.c. HANs-
PeTER BAHR, Karlsruhe; Korreferenten: Prof.
Dr.-Ing. habil. Monika SEsTER, Hannover;
Prof. Dr.-Ing. habil. Steran Hinz, Karlsruhe

Kurzfassung:

Um die Integration sprachlicher Informati-
on in geographische Informationssysteme zu
ermdglichen, wurde eine Methodik zur Uber-
fiihrung verbal représentierter rdumlicher Zu-
sammenhinge in eine formale Darstellung
entwickelt. Diese umfasst neben einer funkti-
onalen ebenfalls eine semantische Modellie-
rungsebene, welche sich durch die differen-
zierten Betrachtungen begriindet, die fiir eine
zuverldssige und robuste Verarbeitung un-
scharfer Geoinformation notwendig sind. So
erfordern die verschiedenen Abstraktionsstu-
fen der verbalen Reprisentation semantische
Modellierungsstrukturen. Diese erlauben es,
fehlende Information durch einschrinkende
Bedingungen sowie heuristische Annahmen
zu ergdnzen. Ferner wurde die der Informati-
on zugrunde liegende Raumvorstellung, sowie
die Semantik der zur Beschreibung genutzten
linguistischen Terme einbezogen. Die Bertick-
sichtigung der semantischen und topologi-
schen Objektrelationen bei der Modellbildung
ermoglichte es ferner, die sprachlich beding-
ten semantischen Mehrdeutigkeiten aufzul6-
sen. Formalisiert wurden diese Aspekte in ei-
ner ontologischen Wissensbasis, unter Nut-
zung der Web-Ontologie Sprache OWL, wel-
che es auf Grund einer Beschreibungslogik
erlaubt, die konkrete Doméne semantisch kor-
rekt abzubilden. Die Nutzung einer Inferenz-
maschine gestattete es dariiber hinaus, ausge-
hend von dem modellierten Wissen, erforder-
liche Zusammenhénge abzuleiten.

Die quantitative Beschreibung der verbalen
Information erfolgte auf Basis eines funktio-
nalen Modells. Dieses ermoglichte es, unter
Beriicksichtigung diverser Einflussterme, ei-
nen Giiltigkeitsraum der verbalen Information
aufzuspannen. Ausgehend von diesem Giiltig-
keitsraum wird ein konkretes intervallwerti-
ges Bewertungsmal3 fiir ein beschriebenes,
intendiertes Objekt abgeleitet. Einbezogen
werden dabei die Art und Aktualitdt der Er-
fassung, die Glaubwiirdigkeit des Verfassers
sowie die rdumliche Unschérfe der Informati-
on. Uberdies wird die wiederholte Beschrei-
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bung der Lage eines intendierten Objektes
stiitzend beriicksichtigt. Der konkrete Einfluss
der jeweiligen Terme konnte auf Basis eines
vorliegenden Meldungskorpus sowie empi-
risch gestiitzt ermittelt werden. Das darauf
aufbauend entwickelte Bewertungsmal} ge-
stattet es, im Weiteren fiir jedes Objekt die
Konsistenz mit der Meldungsmenge zu be-
stimmen. Dies erfolgt intervallwertig im Sin-
ne einer Positiv- und Negativ-Hypothese, so-
wohl fiir als auch gegen die Konsistenz mit der
Meldungsmenge.

Eine konkrete Anwendungsschale des Ver-
fahrens bietet die raumbezogene Auswertung
freitextlicher Meldungen von katastrophalen
Ereignissen. Der entwickelte Prototyp namens
Seneca wertet unter Nutzung des vorgestellten
Verfahrens die textuell vorliegenden Meldun-
gen vollautomatisch aus und generiert die ent-
sprechende Lagedarstellung. So ist es dem
Stabspersonal moglich, auf Basis des Bewer-
tungsmales konkrete Entscheidungen zu tref-
fen.

Karlsruher Institut fiir Technologie
(KIT)

Herr Dipl.-Ing. MAURO ALIXANDRINI promo-
vierte am 10.6.2010 an der Fakultét fiir Bauin-
genieur-, Geo- und Umweltwissenschaften
des Karlsruher Institutes fiir Technologie mit
der Arbeit,, Land Cover Change Analysis from
Historical Remote Sensing Images: Case Stu-
dy Itaipu” zum Dr.-Ing.

Referent: Prof. Dr.-Ing. habil. Dr. h.c. HaNs-
PeTER BAHR, Karlsruhe; Korreferenten: Prof.
Dr.-Ing. Carros LocH, Floriandpolis, Brasili-
en; Prof. Dr.-Ing. habil. JoaQuim Vogr, Karls-
ruhe

Abstract:

On the basis of the increasing demand of en-
ergy in Brazil, a series of projects involving
large hydroelectric power plants will be set-
tled in the next decade. In spite of the renew-
able energy generated by these enterprises,
some phenomena can be observed in the re-
gions where these hydroelectrics are estab-
lished, for example, reorganization in the land
structure, changes in typical economic activi-

ties and rural estate appreciation. Accordingly,
the analyses of old cases are crucial for plan-
ning and management of future projects. In
this work we investigate the evolution of the
forest distribution in areas with strong defor-
estation in the period since the construction of
the Itaipu hydroelectric power plant until the
current day. The focus of this research is the
analysis of the forest distribution and its rela-
tion to historical aspects regarding the socio-
economic reorganization and the construction
of the Itaipu hydroelectric. In order to recog-
nize the phenomena responsible for these
changes, we proposed the use of remote sens-
ing as investigation tool. The scenes available
for this work are restricted to the medium res-
olution of 20m to 80m and are derived from
the following sensors: LANDSAT 1, 2, 5 TM,
7 ETM and CBERS II. In the first stage we
performed the spatial and thematic association
of the different sensors. We defined a method-
ology based on classical techniques, like the
Maximum Likelihood classifier and the The-
matic Map comparison. The evaluation of the
results of the automatic classifications consid-
ers two principles developed in this work: 1)
the random selection into reference groups for
the training and the evaluation samples, and
ii) the images of evidence. The images of evi-
dence define a minimum situation of accept-
ance for the thematic maps, which allows the
generation of consistent classifications among
the applied sensors. In the next step we per-
formed a comparison between these maps.
The compatibility of the spatial resolutions
takes place with the generalization of these
maps. With the results obtained from the set of
adopted images, we proceeded with the cor-
relation with a historical perspective of the
region. Based on the analysed documents we
can define the main anthropogenic phenomena
responsible for the changes in the vegetation
cover in the region. We identified the Para-
guayan agricultural expansionism and the
predominantly agricultural Brazilian migra-
tory movements to the border region between
Brazil and Paraguay. The results show that the
systematic process of deforestation had al-
ready been established before the beginning of
the construction of Itaipu. Migratory process-
es associated with previous factors to the con-
struction of hydroelectric show mainly corre-
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lations with the deforestation observed in the
region. Furthermore, the analysis verifies the
incoherent documentation about the current
situation in the protected areas. The conclu-
sions prove the characteristics of the employed
method showing that its use is valid in a con-
text of the analysis of the regional develop-
ment.

Karlsruher Institut fiir Technologie
(KIT)

Frau Dipl.-Geol. Eike-MARIE NOLTE promo-
vierte am 15.7.2010 an der Fakultit fiir Bauin-
genieur-, Geo- und Umweltwissenschaften
des Karlsruher Institutes fiir Technologie mit
der Arbeit ,, Anwendungsmaoglichkeiten opti-
scher Satellitenbilder und Zensusdaten zur
Bevélkerungsmodellierung am Beispiel der
indischen Stadt Ahmedabad” zum Dr. rer.
nat.

Referent: Prof. Dr. FRIEDEMANN WENZEL,
Karlsruhe; Koreferent: Prof. Dr.-Ing. habil.
STEFAN Hinz, Karlsruhe

Kurzfassung:
Die Bevolkerungsschiatzungen fiir indische
Stidte sind meist auf die Daten des indischen
Zensus, der alle zehn Jahre durchgefiihrt wird,
beschriankt. Vor dem Hintergrund der hohen
Bevolkerungsdynamik indischer Stiddte sind
diese Daten nicht ausreichend, um die Bevol-
kerungsentwicklung fiir die Jahre zwischen
zwei Bevolkerungszdhlungen mit hinreichen-
der Genauigkeit abzubilden. Fiir die Erfassung
der rdumlichen Verteilung der Bevélkerung in
diesen Zeitrdumen, spielen Fernerkundungs-
daten als Datenquelle fiir flichenhafte, gro3-
rdumige Information eine wichtige Rolle, da
traditionelle Techniken zur Datenerfassung an
ihre Grenzen stoflen. Die zentrale Fragestel-
lung dieser Dissertation ist daher, wie die
rdumliche Bevolkerungsverteilung in indi-
schen GroBstadten mit Hilfe optischer Satelli-
tendaten, geokodierten Informationen und
statistischen Daten modelliert werden kann.
In dieser Dissertation wurde eine hierarchi-
sche Methode entwickelt, die die Modellie-
rung der Bevolkerungsverteilung fiir unter-
schiedliche, administrative Ebenen ermdog-

licht. Die Hierarchie der entwickelten Metho-
de umfasst drei rdumliche Ebenen: Stadt-, Di-
strikt- und Gebdudeebene. Fiir jede administ-
rative Ebene wurden verschiedene Modelle
zur Modellierung der Bevolkerungsverteilung
entwickelt. So ist es moglich, je nach Daten-
verfiigbarkeit Datensédtze mit unterschiedli-
cher Detailgenauigkeit zu entwickeln.

Die Methode wurde beispielhaft an der
Stadt Ahmedabad in Nordwestindien getestet.
Die Stadt Ahmedabad ist ein gutes Beispiel
einer Millionenstadt mit sehr komplexen Be-
bauung und stark variierender Bevolkerungs-
dichte, die einer hohen Dynamik mit schnellen
strukturellen und sozio6konomischen Wandel
unterworfen ist.

Karlsruher Institut fiir Technologie
(KIT)

Frau KariN HEDMAN (M.Sc.) promovierte am
15.7.2010 an der Fakultdt fiir Bauingenieur-,
Geo- und Umweltwissenschaften des Karlsru-
her Institutes fiir Technologie mit der Arbeit
., Statistical Fusion of Multi-Aspect Synthetic
Aperture Radar Data for Automatic Road Ex-
traction zum Dr.-Ing.

Referent: Prof. Dr.-Ing. habil. Steran Hinz,
Karlsruhe; Korreferenten: Prof. Dr.-Ing Uwe
StiLLA, Miinchen; Prof. Dr.-Ing. habil. Dr.h.c.
Hans-PETER BAHR, Karlsruhe

Abstract:

In this dissertation, a new statistical fusion for
automatic road extraction from SAR images
taken from different looking angles, i.e., mul-
ti-aspect SAR data, is presented. The main
input to the fusion are extracted line features.
The fusion is carried out on decision-level and
is based on Bayesian network theory.

The developed fusion fully exploits the ca-
pabilities of multi-aspect SAR data. By means
of Bayesian network theory, a reasoning step
could be modelled which describes the rela-
tion between the extracted road, neighbouring
high objects, and the sensor geometry. For in-
stance, an extracted road oriented in the look-
ing angle of the sensor (range) is considered
more reliable than other detections closer to
the azimuth. Furthermore, information about
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neighbouring high objects (local context in-
formation) could be integrated since these ob-
jects could be detected by bright line extrac-
tion. Examples of neighbouring high objects
are trees and buildings. By incorporating this
into the reasoning step, contradicting hypoth-
eses, e.g., detection of a road in the first image,
detection of parallel shadow and layover re-
gions caused by neighbouring high objects in
the second image, could be solved. Further-
more, integrating local context information
enables the fusion to distinguish between dif-
ferent pre-defined types of road, e.g., high-
ways, roads with vegetation nearby, open
roads, etc.

Information about the scene context (global
context information) was obtained by a tex-
tural classification of large image regions. In
this work the image was classified into built-
up areas, forests, and fields. This information
is incorporated as prior knowledge into the fu-
sion.

The development of the fusion contains the
following steps: Defining a road and local con-
text model in multi-aspect SAR data, analys-
ing the feature extraction (i.e., dark and bright

line extraction and textural classification), set-
ting up a Bayesian network structure, learning
the fusion, and implementing an association
step. Some network structures of varying
complexity are presented and discussed. The
learning is carried out by estimations of con-
ditional probability functions and conditional
probability tables based on manually collected
training data. Each step is described in detail.

Two different fusions were developed and
tested: One developed for extracted dark line-
ar features only and one designed for both
dark and bright linear features. Both fusions
consider the sensor geometry, while the last
one is based on a more complex road and local
context model. The performance of these two
fusions was compared by evaluating the re-
sults from a data set of multi-aspect SAR data.
In addition the transferability of the fusion
concept was also tested on data acquired from
a second SAR sensor. A discussion on the be-
haviour of the two fusions follows. The advan-
tages and disadvantages of using Bayesian
network theory for this application are also
discussed. Finally, some ideas for improving
the fusion are presented.

Veranstaltungskalender

201

1.-3. Februar: 10. Oldenburger 3D-Tage.
www.fh-oow.de/institute/iapg/workshop/

13.—19. Februar: 16. Internationale Geod:iti-
sche Woche in Obergurgl, Tirol, Osterreich.
geodaetischewoche@uibk.ac.at oder geoda-
esie.uibk.ac.at/obergurgl.html

3.—4.Midrz: GeoMonitoring: Ein Paradig-
menwechsel zur Beherrschung von Georisi-
ken in Clausthal-Zellerfeld. www.geo-moni-
toring.org

10.—11. Mérz: GeoViz Hamburg 2011: Linking
Geovisualization with Spatial Analysis and
Modeling an der HafenCity Universitit Ham-
burg. www.geomatik-hamburg.de/geoviz/

21.-24. Mirz: 16. Miinchner Fortbildungsse-
minar Geoinformationssysteme in Miin-
chen. www.rtg.bv.tum.de/

4.-8. April: 8" TAA Symposium on Small
Satellite for Earth Observation in Berlin.
www.dlr.de/iaa.symp

11.-13. April: JURSE 2011 — Joint Urban Re-
mote Sensing Event (URBAN 2011 + URS
2011) in Miinchen. www.jurse2011.tum.de

13.~15. April: EOGC 2011 — 3 Conference
on Earth Observation for Global Changes in
Miinchen. www.eogc2011.tum.de

13.—15. April: 30. Wissenschaftlich-Techni-
sche Jahrestagung der DGPF in Mainz.
www.dgpf.de/neu/jahrestagung/informatio-
nen.htm
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3.-8. Mai: Gi4DM — Geolnformation for Di-
saster Management in Antalya, Tirkei.
www.gi4dm2011.org/

12.—-13. Mai: 7. GIS-Ausbildungstagung 2011
in Potsdam. gis.gfz-potsdam.de/

23.-26. Mai: SPIE Optical Metrology — Vi-
deometrics, Range Imaging, and Applica-
tions in Miinchen. spie.org//app/program/in-
dex.cfm?fuseaction=conferencedetail&expor
t_1d=x12518&ID=x6511&redir=x6511.
xml&conference id=940248&event
1d=918522

26.-29. Mai: ISPRS ICWG V/1 joint ICA/
ISPRS/FIG International Symposium on
Lidar & Radar Mapping: Technologies &
Applications (LIDAR & RADAR 2011) in
Nanjing, China. www.lidar2011.org/

30.Mai—1.Juni: Symposium Konigslutter
2011. Info/Anmeldung: www.angewandte-
kartographie.de

13.-16. Juni: 7® International Symposium
on Mobile Mapping Technology (MMT11)
in Cracow, Polen. www.mmtcracow2011.pl/

14.-17. Juni: ISPRS WG IV/2 Workshop on
High Resolution Earth Imaging for Geo-
spatial Information in Hannover. www.
commission4.isprs.org/wg2/

15~17. Juni: GEOINFORMATIK 2011 in
Miinster. www.geoinformatik2011.de/

26.-27. Juni: ISPRS WG V/4, 111/2+4, I1V/4+8
joint Workshop on 3D City Modelling &
Applications in Wuhan, China. www.lmars.
whu.edu.cn/3ADCMA2011/

3.-8. Juli: 25" International Cartography
Conference (ICC2011) in Paris, Frankreich.
www.icc2011.fr/

29.-31. August: ISPRS WG V/3 Laser Scan-
ning 2011 in Calgary, Kanada. e-mail: dd-
lichti@ucalgary.ca

12.-16. September: XXIII*" International
CIPA-HD Symposium in Prague, Tschechi-
en. cipa.icomos.org/index.php?id=9

27-29. September: INTERGEO 2011 in

Niirnberg. www.intergeo.de/de/deutsch/in-
dex.php
5—~7. Oktober: Photogrammetric Image

Analysis 2011 (PIA11) in Miinchen. www.
piall.tum.de

2012
24. August — 3. September: XXII ISPRS

Congress 2012 in Melbourne, Australien.
www.isprs2012-melbourne.org/

Vorstand der DGPF

Prisidentin

Prof. Dr. CORNELIA GLASSER

Martin Luther-Universitédt Halle-Wittenberg, In-
stitut fiir Geographie, Von-Seckendorff-Platz
4, D-06120 Halle, Tel.: 0345-55-26020, Fax:
-27168, e-mail: praesident@dgpf.de

Vizeprisident

Prof. Dr. rer. nat. THomas H. KoLBE
Technische Universitdt Berlin, Sekr. H 12, Ins-
titut fiir Geodésie und Geoinformation, Stral3e
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Zum Titelbild

Satellitengestitzte Kriseninforma-
tion mit RapidEye und TerraSAR-X
Daten

Die Caprivi Region im Nordosten Namibias
wird eingegrenzt durch die Flussldufe des
Zambezi im Norden und Linyanti im Siiden.
Uberflutungen kommen in dieser Region zur
Regenzeit regelméBig vor. Im Frithjahr 2009
fiihrten auBergewdhnlich starke Regenfille
jedoch zu extremen Uberflutungen: Zahlrei-
che Stralen waren unpassierbar und auch

Siedlungsbereiche waren von den Uberflutun-
gen betroffen.

Im Projekt DeSecure wurde dieses Fluter-
eignis als Basis fiir die Bearbeitung eines ge-
meinsamem Datenszenario genommen, durch
das die Weiterentwicklungen des Projektes
iiber die verschiedenen Aspekte von der Satel-
litenaufnahme iiber die Auswertung bis hin
zur Dissemination der Ergebnisse gut doku-
mentiert werden konnten.

Das Titelbild zeigt eine Kombination von
Satellitenszenen zum Zeitpunkt der Flut (links
& rechts RapidEye vom 14.4.2009) sowie Re-
ferenzdatensdtzen (Mitte: TerraSAR - X vom
1.9.2009) im Bereich der Siedlung Ngoma,
Namibia. Dariiber hinaus sind Teile einer ext-
rahierten Flutmaske (blau) (auf Basis Rapi-
dEye vom 14.4.2009) sowie das abgeleitete
Straflennetz (gelb) inkl. der tiberfluteten Teil-
strecken (in rot) dargestellt. Diese Daten sind
als interaktive Kartenanwendung iiber die De-
Secure Homepage (www.desecure.info/de-
secure_webclient_de.html) abrufbar.

Weitere Informationen:

Dr. Monika GAHLER, DeSecure Projektleitung,
Deutsches Zentrum fiir Luft- und Raumfahrt
Oberpfaffenhofen, 82234 WeBling, Tel.: +49-
8153-28 -3309, www.desecure.info
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Am 28. Oktober 2010 verstarb im Alter von 74 Jahren unser
Ehrenprisident

Prof. Dr.-Ing. Jorg Albertz

*29.02.1936 T 28.10.2010

Die Gesellschaft fiir Photogrammetrie, Fernerkundung und Geoinformation
trauert um ihren Ehrenprisidenten. Mit ihm verlieren wir eine stark pragende
Personlichkeit unserer Gesellschaft, einen groBartigen Menschen und einen
wertvollen Freund.

Jorg Albertz hat als langjdhriger Schriftleiter unserer Fachzeitschrift,
Vorstandsmitglied, Prasident und Ehrenprédsident mit groBer Umsicht und
Kompetenz, hohem personlichen Einsatz und seinen menschlichen Quali-
taten AuBlergewohnliches fiir die Entwicklung unserer Gesellschaft geleistet

Jorg Albertz bleibt uns Vorbild. In Ehrfurcht verneigen wir uns vor seinen
Leistungen und nehmen in tiefer Trauer Abschied. Er wird uns unvergessen
bleiben und sein Andenken werden wir bewahren.

Vorstand der
Deutschen Gesellschaft fiir Photogrammetrie,
Fernerkundung und Geoinformation

Prof. Dr. Cornelia GliaBer
Prisidentin
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Oldenburger 3D-Tage
02./03. Februar 2011
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Photogrammetrie - Laserscanning
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= Feierlichkeiten am 01.02.

= Uber 40 Fachvortrdge

= groBe Firmenausstellung

= Anwender, Dienstleister
Wissenschaftler, Hersteller

www.jade-hs.de/3dtage

Institut fir Angewandte Photogrammetrie und Geoinformatik
Jade Hochschule Wilhelmshaven/Oldenburg/Elsfleth
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Studienbucher der Geographie

Lofiler/Ht bel

Geographie und Geographie und
Fernerkundung Ferhatkiindung

von Ernst Loffler, Ulrich Honecker
und Edith Stabel

3. vollst. Gberarb. u. erg. Aufl., 2005. 287 S., 105 Abb.,
9 Tab., 16 Farbtaf., ISBN 3-443-07140-6, € 29,00

Seit dem Erscheinen der 1. Auflage dieses Buches vor 20
Jahren hat sich die Fernerkundung mit ungebrochener
Dynamik weiterentwickelt. Besonders beeindruckend sind
dabei ohne Zweifel die damals kaum fiir mdglich gehaltenen
Fortschritte in der Satellitentechnologie und insbesondere
der digitalen Aufnahmetechnik. Gleichzeitig haben die
digitale Datenverarbeitung und Bildklassifizierung, zusam-
men mit dem Einsatz geographischer Informationssysteme,
die Mdglichkeiten der Integration, Verschneidung und
Reprasentation von Daten unterschiedlichster Art erheblich
gesteigert. Es war daher notwendig, das Buch nicht nur zu
Uberarbeiten und zu aktualisieren, sondern ihm auch eine
etwas andere Schwerpunktsetzung zu geben. Dies gilt vor
allem fiir die stark erweiterten Ausflihrungen (ber die digitale Bildverarbeitung und -klassifikation und die Radar-
erkundung. Am Charakter des Buches als Studienbuch wurde nichts geandert; es wird Wert gelegt auf eine ver-
standliche Darstellung, ohne Vollstandigkeit anzustreben.

écf%] Gebruder Borntraeger - Stuttgart

Tel. +49 (0)711 351 456-0, mail@schweizerbart.de, www.schweizerbart.de

ﬁ-’ Gebrilder Borntraeger Verlagsbuchhandlung
\, ] Berlin- Stuttgart




Kein Detail bleibt unerkannt — auch nicht das Kleinste.

Jeder weiB, dass in der Steigerung der Effizienz ~ Produktion von Geodaten anbieten zu kdnnen.  unseren GeoSpatial-Produkten bieten wir Ihnen
der Weg zum Erfolg liegt. Darum kombinieren wir, Zuverlassige und detaillierte Geodatenerfassung, ~ stets den neuesten Stand der Technik, um den
bei Trimble GeoSpatial, erstklassige flugzeug- und  mit bis vor kurzem unerreichbarer Geschwindigkeit, ~Anforderungen der sich stéandig andernden
landgestiitzte Geodatenerfassungssysteme mit  bildet die Grundlage fiir eine effiziente Bedingungen des Marktes gerecht zu werden.
weltweit fiihrender Auswertesoftware, um lhnen  Bestandsdatenhaltung. Weitere Informationen finden Sie auf unserer
eine Vielfalt von Losungen zur erfolgreichen Trimble setzt auf innovative Geschéftsideen. Mit ~ Website www.trimble.com/geospatial.

Besuchen Sie uns bei der Intergeo im Oktober und bei der

Trimble Dimensions im November. Erfahren Sie, wie Sie von einer besseren ou‘a Trlm e@

Datenqualitat in jeder Phase lhrer Projekte profitieren konnen.
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