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Editorial: Abstraktion von Geoinformation bei der multiskaligen
Erfassung, Verwaltung, Analyse und Visualisierung

MONIKA SESTER & CHRISTIAN HEIPKE, Hannover; REINHARD KLEIN, Bonn;

HANS-PETER BAHR, Karlsruhe

Unsere Wahrnehmung und unsere Begriffs-
welt sind durch das Thema Abstraktion
bzw. Mehrskaligkeit beherrscht. Sehen, ver-
stehen, kommunizieren — alles geht von un-
terschiedlichen Abstraktionsstufen aus und
kombiniert sie in idealer Weise, wobei ei-
ne Grob-zu-Fein-Herangehensweise typisch
ist. Fiir raumbezogene Phidnomene unserer
Umwelt gilt dies analog: in verschiedenen
Skalen oder MaBstabsebenen erdffnen sich
dem Betrachter unterschiedliche Aspekte
von Objekten und nur in dieser MaBstabs-
bezogenheit konnen sie auch ganzheitlich
wahrgenommen und verstanden werden.
Daher kann man rdumliche Phinomene nur
dann umfassend interpretieren und nutzen,
wenn ihre Skalenabhingigkeit mit in Be-
tracht gezogen wird. In der Geoinformatik
werden raumbezogene Objekte typischer-
weise iber ihre geometrischen, themati-
schen und kontextuellen Eigenschaften be-
schrieben. Die Einbeziehung des Mafstabes
erweitert dies um eine zusétzliche Dimen-
sion.

Dieser Tatsache wird in der analogen
Darstellung raumbezogener Daten in der
traditionellen Kartographie in Form von
Kartenserien unterschiedlicher Ma@stibe
Rechnung getragen. Diese Funktionalitit
auch in digitalen Systemen vorzuhalten und
zur Verfligung zu stellen, erdffnet ganzlich
neue Moglichkeiten der rdumlichen Daten-
verarbeitung. Dies gilt fiir alle rdumlichen
Datentypen, d. h. Vektordaten (1D, 2D, 3D-
Objekte), Bilddaten und 2.5D-Oberflichen.

In verschiedenen Disziplinen wird an diesen

Fragestellungen gearbeitet und geforscht:

e Generalisierung in der Kartographie und
in der Geoinformatik.

e Pyramidale und Scale-Space-Ansitze in
der Bildverarbeitung und Bildanalyse.

e Vereinfachungsverfahren bei der Oberfla-
chenbeschreibung und -visualisierung in
der Computergraphik.

e Abstraktionshierarchien in der Linguis-
tik, der Informatik und den Kognitions-
wissenschaften.

Hier setzte ein in den letzten vier Jahren
von der Deutschen Forschungsgemein-
schaft (DFG) geforderter Paketantrag an:
die Ansétze, die bislang relativ separat von-
einander in den jeweiligen Disziplinen bear-
beitet worden waren, sollten gemeinsam be-
trachtet werden. Es galt zu eruieren, ob und
wie die jeweils unterschiedlichen Methoden
und Herangehensweisen der verschiedenen
Disziplinen einander angendhert werden
konnen bzw. wo Synergien zu finden sind.

Die Idee zu diesem Projekt wurde im Ar-
beitskreis GIS der Deutschen Geodétischen
Kommission (DGK) entwickelt und durch
weitere Teilnehmer aus relevanten Arbeits-
gebieten erweitert. In diesem Sonderheft der
PFG werden die Forschungsprojekte darge-
stellt, die im Rahmen des Paketantrags be-
arbeitet wurden.

Die Projekte widmeten sich dem Thema
,,Mafstab** in unterschiedlicher Weise und
aus der Sicht unterschiedlicher Datentypen:

e Vektordaten:

— Institut fiir Kartographie und Geoin-
formation, Universitdt Bonn

— Institut fiir Kartographie und Geoin-
formatik, Leibniz Universitdt Hanno-
ver

— Institut fiir Geoinformatik und Ferner-
kundung, Universitdt Osnabriick
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e Bild- bzw. Rasterdaten:

— Institut fiir Photogrammetrie und Kar-
tographie, Universitdt der Bundeswehr
Miinchen

— Institut fiir Photogrammetrie und Geo-
Information, Leibniz Universitdt Han-
nover

— Institut fiir Photogrammetrie, Universi-
tat Bonn

e 2. 5D, 3D-Daten:

— Institut fiir Informatik II, AG Compu-

tergraphik, Universitdt Bonn
e Sprache:

— Institut fiir Photogrammetrie und Fern-
erkundung, Universitdt Karlsruhe
Dirk Ddérschlag, Gerd Gréoger und Lutz
Pliimer widmen sich der Frage der angemes-
senen Modellbeschreibungen fiir Gebiude.
Sie beschreiben einen Ansatz, der formale
attributierte Grammatiken zur Erzeugung
komplexer Gebdudemodelle verwendet.
Ausgehend von groben Gebdudeteilen kon-
nen diese in den Daten identifiziert und suk-
zessive — aufgrund vorgegebener Uber-
gangsregeln — verfeinert werden, wodurch
ein Ubergang in der Generalisierungsstufe,

dem Level of Detail, entsteht.

Jan-Henrik Haunert entwickelte im Rah-
men des Projekts eine Methode zur automa-
tischen Ableitung unterschiedlicher Auflo-
sungen von digitalen Landschaftsmodellen.
Im Gegensatz zu gingigen Verfahren, die
heuristisch und iterativ arbeiten, stellte er
einen globalen Ansatz auf Basis von Opti-
mierungverfahren vor. Mit diesem Verfah-
ren ist es moglich, Qualititsparameter der
Generalisierung wie logische Konsistenz
und semantische Genauigkeit als so genann-
te Constraints zu beschreiben und sie als
MaB fiir die Qualitét einer Generalisierung
zu nutzen. Dies wird im Beitrag von J.-H.
Haunert und Monika Sester vorgestellt. Mit
diesem Ansatz wurde ein objektives Mal3 ge-
funden, mit dem optimale bzw. exakte Ver-
fahren mit heuristischen Ansitzen vergli-
chen werden konnen.

Andreas Thomsen, Martin Breunig und
Edgar Butwilowski schlagen vor, ein etab-
liertes Topologiemodell, die so genannten
Generalized Maps, zu erweitern, um die Ver-
waltung und Analyse multiskaliger Daten

zu ermoglichen. Die Anwendung wird fiir
die Verwaltung von aggregierten Landnut-
zungsdaten in mehreren MaBstédben einge-
setzt.

Sergej Reznik und Helmut Mayer inter-
pretieren automatisch Gebdudefassaden aus
terrestrischen Bildfolgen. Zunichst werden
individuelle Fenster mittels so genannter
Implicit Shape Models detektiert. Diese
werden auf einer hoheren Abstraktionsstufe
als zu einer speziellen Fassadenstruktur ge-
horig identifiziert: mogliche Strukturen sind
Fensterzeilen, Fensterreihen und Einzel-
fenster. Anhand eines informationstheoreti-
schen Maf3es wird die beste Struktur ausge-
wahlt.

Janet Heuwold untersucht die Frage, wie
Modelle fiir die Interpretation geringer auf-
geloster Bilder automatisch aus hoch aufge-
losten Modellbeschreibungen abgeleitet
werden konnen, wobei die Modelle als se-
mantische Netze repdsentiert werden. Ihr
Untersuchungsgegenstand sind  Straf3en.
Fiir diese entwickelt sie mit Hilfe eines Ana-
lyse-durch-Synthese = Ansatzes mogliche
Uberginge auf der Basis von Kenntnissen
tiber das Verhalten von StraBlenstrukturen
im MaBstabsraum. Dies wird im Beitrag von
J. Heuwold, Kian Pakzad und Christian
Heipke beschrieben.

Roland Wahl widmet sich dem Problem
der Handhabung und Visualisierung sehr
groBer Datenmengen von Stadtlandschaf-
ten. Diese lassen sich mit gingigen Verfah-
ren der Computergraphik wie Maschen-
vereinfachungsverfahren zwar in ihrer
Menge reduzieren, jedoch ist dadurch
nicht sicher gestellt, dass die Bedeutung
der Objekte und ihre charakteristische
Form erhalten bleiben. Im Beitrag von
R. Wahl, Ruven Schnabel und Reinhard
Klein wird ein Verfahren zur Generalisie-
rung présentiert, welches nicht nur geo-
metriebezogen vereinfacht, sondern die Se-
mantik der Objekte mit einbezieht. Die Se-
mantik wird dabei durch generische Eigen-
schaften der betrachteten Objekte be-
stimmt: Gebdude werden durch spezielle
Formen wie Ebenen charakterisiert — diese
werden durch die Vereinfachungsmethode
so weit wie moglich erhalten.
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Christian Lucas, Marina Miiller und
Hans-Peter Bdhr beschreiben das Problem
der Verbindung zwischen graphischer und
verbaler Beschreibung raumlicher Informa-
tionen. Anhand zweier Anwendungsszena-
rien diskutieren sie die Relevanz und den Be-
darf an Transformationen zwischen den bei-
den Reprisentationsformen. Dies wird be-
sonders deutlich am Beispiel des Katastro-
phenmanagements, wo textliche Hinweise
auf Unfille automatisch erkannt und
schnell mit Geoobjekten in Zusammenhang
gebracht werden miissen. Abstraktion zeigt
sich in dem Beitrag in den verschiedenen
Ebenen der benotigten Detaillierungsgrade.

Im Laufe der vier Jahre fanden regelmé-
Big ca. alle zwei Monate Treffen der Teilneh-
mer des Biindels statt. Sie dienten den Fort-
schrittsberichten sowie der intensiven Dis-
kussion unter Doktoranden und Projektlei-
tern. So wurde erreicht, dass innerhalb der
Gruppe neue Ansitze und Methoden vorge-
stellt und diskutiert wurden, und auf diese
Weise eine gemeinsame Sprache in dem in-
terdisziplinidren Projekt gefunden wurde. In
dieser Form hatte das Biindel die Funktion
einer strukturierten Doktorandenausbil-
dung. Die Ergebnisse der Arbeiten wurden
weiterhin in Zeitschriften und auf Konferen-
zen vorgestellt. Ferner beteiligte sich das ge-
samte Biindel am ISPRS-Workshop Photo-
grammetric Image Analysis, der im letzen
Jahr in Miinchen stattfand.

Zum Abschluss des Projekts fand ein
Workshop in Gengenbach im Schwarzwald
statt, zu dem auch externe Experten aus den
Disziplinen Geoinformatik und Kartogra-
phie, Bildanalyse sowie Visualisierung ein-
geladen wurden. Die Ergebnisse der vierjih-
rigen Arbeiten wurden vorgestellt und mit
den Experten diskutiert. Diese attestierten
dem Projekt eine sehr gute Zusammenarbeit
sowie wichtige Fortschritte in der Beantwor-
tung relevanter Fragen im Kontext ,,Mal-
stab** bzw. ,,Datenabstraktion‘.

Im Projektantrag wurde seinerzeit formu-
liert: ,,Die Arbeiten aller Projektpartner
bilden somit essentielle Puzzleteile, die in-
einander greifen, um somit in der Summe
das facettenreiche Bild der multiskaligen
Geodatenverarbeitung in den néchsten vier
Jahren weiter zu komplettieren.

Bei dem Workshop wurde deutlich, dass
dieses Ziel erreicht worden ist — wenngleich
sicherlich noch weitere Puzzleteile zu finden
und auszufiillen sind. Das bedeutet, dass
dieses wichtige Thema noch weiterer inten-
siver Forschung bedarf, die von den Diszi-
plinen der raumbezogenen Datenverarbei-
tung in naher Zukunft aufgegriffen werden
sollte; dies insbesondere vor dem Hinter-
grund neuer technischer Herausforderun-
gen, wie der Verfligbarkeit neuer in Raum
und Zeit hoch aufgeloster Massendaten, der
Anforderungen an das Verstidndnis der die-
sen Daten zugrunde liegenden Prozesse, so-
wie der Formulierung dedizierter Modelle
fir die Interpretation von Geodaten, zu de-
ren Aufstellung speziell automatische Lern-
verfahren geeignet scheinen.

Wir danken der Deutschen Forschungs-
gemeinschaft fiir die Forderung dieser Ar-
beiten. Ferner danken wir der Schriftleitung
der PFG fiir die Gelegenheit, ein Sonderheft
zu dieser Thematik zu gestalten. Wir hoffen,
dass die Artikel bei der Leserschaft Interesse
fiir die Themen ,,Mallstab*“ und ,,Daten-
abstraktion* wecken und beim Lesen die
eine oder andere Anregung fiir eigene darauf
aufbauende Arbeiten entsteht.

Prof. Dr.-Ing. MONIKA SESTER, Prof. Dr.-Ing.
CHRISTIAN HEIPKE, Prof. Dr. REINHARD KLEIN,
Prof. Dr.-Ing. HANS-PETER BAHR, e-mail:
monika.sester@ikg.uni-hannover.de,
heipke@ipi.uni-hannover.de,
rk@cs.uni-bonn.de,
hans-peter.bachr@ipf.uni-karlsruhe.de.
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Uber die schrittweise Erstellung und Verfeinerung von
Modellhypothesen fiir Gebaude

DIRK DORSCHLAG, GERHARD GROGER & LuTz PLUMER, Bonn

Keywords: Formale Grammatiken, Gebduderekonstruktion, Modellselektion, Skalen

Summary: About the Stepwise Generation and Re-
finement of Model Assumptions for Buildings. This
paper focuses on the stepwise generation and re-
finement of model hypotheses for the reconstruc-
tion of 3d buildings, based on image or laserscan
data. An approach is presented, which uses attri-
buted formal grammars. It starts with the largest
components and proceeds stepwise from one scale
to the next finer scale allowing a generic genera-
tion of a wide variety of highly detailed building
hypotheses. This also allows a sequential valida-
tion of extension or refinement steps by model
selection. The grammar presented in this paper
is intended to produce models build up from ag-
gregated cuboids and with a complex floor plan.
In the future, the level of detail of the resulting
model will be controlled by model selection.

Zusammenfassung: Dieser Artikel fokussiert auf
die schrittweise Erstellung und Verfeinerung von
Modellhypothesen fiir einen auf Bild- oder Laser-
daten aufsetzenden Rekonstruktionsprozess flr
dreidimensionale Gebdudemodelle. Hierzu wird
eine formale attributierte Grammatik verwendet.
Das Erzeugen der Modellhypothese beginnt mit
den grobsten Bestandteilen, den Geschosskor-
pern, die definierte Ubergiinge zu feineren Be-
standteilen wie Dachgauben oder Schornsteinen
aufweisen. Dieses Vorgehen ermdglicht generisch
die Erzeugung vielféltiger detaillierter Modellhy-
pothesen, die sequentiell durch Modellselektion
gesteuert wird. Die mit der hier prisentierten
Grammatik produzierbaren Modelle eignen sich
trotz der einfachen Basiskorper zur Erzeugung
von Gebdudemodellen mit sehr komplexen und
nicht rechtwinkligen Grundrissen. Insbesondere
durch die Einbindung in Modellselektionsverfah-
ren wird in Zukunft der Detaillierungsgrad der
entstehenden Modelle gesteuert.

1 Einleitung

Die Rekonstruktion von Gebaudemodellen
aus Massendaten wie Luftbildern und LI-
DAR-Daten ist ein wichtiges, relevantes
wissenschaftliches Problem, das bisher nicht
zufrieden stellend gelost ist. Im Allgemeinen
beinhalten Verfahren fiir die Rekonstruk-
tion folgende Schritte:

1. Erfassung der Rohdaten

2. gegenseitige Registrierung von Rohdaten
aus unterschiedlichen Quellen (z. B. Luft-
bild und Laserscan)

3. Gruppierung der Rohdaten zu groBeren
klassifizierbaren Einheiten (z. B. Punkte
zu Ebenen)

4. Klassifikation

Bei der Erfassung der Ausgangsdaten ist
heutzutage eine gute Basis erreicht, was
Verfiigbarkeit, Auflosung und Qualitdt der
Daten anbelangt. Laserdaten aus Befliegun-
gen sind oft flichendeckend vorhanden,
etwa in Nordrhein-Westfalen. Zusétzlich
sind teilweise auch terrestrisch erfasste
Daten verfligbar. Viele Systeme ermogli-
chen zudem eine gleichzeitige Erfassung von
Geometrie und zugehorigen Farbinforma-
tionen (ABMAYR et al. 2004). Auch im Be-
reich der gegenseitigen Registrierung der
Rohdaten gab es sowohl in der Photogram-
metrie als auch im Bereich Computer Grafik
grofBe Fortschritte (siche auch (BOrRNAZ
et al. 2003) oder (KAHLEZ et al. 2007)), so
dass eine qualitativ hinreichende Registrie-
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rung der Eingangsdaten kein Problem dar-
stellt.

Fiir die Gruppierung der Rohdaten gibt
es ebenfalls bereits eine Reihe verfligbarer
Verfahren, die z. B. alle zu einer Ebene ge-
horigen Punkte in einer Punktmenge grup-
pieren konnen. Beispiele fiir leistungsfihige,
etablierte Verfahren sind Clustering (MIERS-
wa et al. 2006) und RANSAC (FISCHLER &
BoLLEs 1981).

Fiir die spétere Nutzung der Daten bei
Analysen muss neben der Geometrie auch
die Semantik rekonstruiert werden. Diese
Klassifikation eroffnet die Moglichkeit, Vor-
wissen iiber die jeweiligen Objekte in den
Prozess einzubringen. Wichtige Vorbedin-
gung fiir den Klassifikationsprozess ist die
Verfiigbarkeit von Modellen, welche in der
Lage sind, die Daten zu erklaren. Unter Mo-
dell verstehen wir die Einheit aus einem ma-
thematischen Modell, im Folgenden Mo-
dellklasse genannt, und einem konkreten Pa-
rametersatz; dieser wird als Modellparame-
ter bezeichnet. Diese Modelle werden im
Schritt der Modellselektion mit den Daten
verglichen und das am besten zu den Daten
passende wird gewéhlt. An dieser Stelle ist
es wichtig, eine Abwigung zwischen Mo-
dellkomplexitit und Giite der Anpassung zu
treffen, um eine Uber- oder Unteranpassung
zu vermeiden. Dies leisten Informationskri-
terien wie z. B. das Akaike Informationskri-
terium — AIC (AKAIKE 1974); hier wird die
Giite der Zuordnung durch statistisch be-
griindete AhnlichkeitsmaBe beschrieben.

Die Bereitstellung von geeigneten Gebéu-
demodellen fiir die Rekonstruktion von
komplexeren Gebduden ist durch die groBBe
Vielfalt und Kombinierbarkeit der elemen-
taren Bestandteile schwierig und durch Auf-
zahlung aller Alternativmodelle aufgrund
der kombinatorischen Explosion der Mog-
lichkeiten praktisch nicht durchfithrbar.

In diesem Artikel wird ein Ansatz vorge-
stellt, diesem Dilemma zu begegnen. Hierzu
werden die fiir die Modelle notwendigen ge-
nerischen Primitive und die Aggregations-
mechanismen identifiziert. So ist es moglich,
die komplexen Modelle nach Bedarf zusam-
menzubauen bzw. die Modelle schrittweise
anzupassen und somit zu verbessern. Dieser

Artikel prasentiert ein Verfahren, das — ba-
sierend auf dem aus der Informatik stam-
menden Konzept der formalen Grammatik —
die notwendigen alternativen Modellklassen
aus Modellklassenprimitiven zu erstellen
und verfeinern versucht. Gebdude sind
Strukturen mit einer unter Umstdnden sehr
hohen Komplexitit in ihrer Form und somit
auch in deren geometrischer Beschreibung.
Eindrucksvolle Beispiele der moglichen
Komplexitit sind insbesondere in Innen-
stadtbereichen mit historischer Bebauung,
die z. B. aus der Grinderzeit stammen, zu
finden. Dennoch er6ffnet die Sprache ein ge-
nerisches Konzept, um Gebdudeformen zu
beschreiben. Die komplexe Gesamtstruktur
wird hierbei in kombinierbare Komponen-
ten zerlegt. Ahnlich gehen auch CAD-Syste-
me vor, bei welchen das Gebdude aus vorher
spezifizierten parametrisierten Teilen zu-
sammengesetzt wird. Die Komposition die-
ser Komponenten ist jedoch nicht vollig be-
liebig, sondern unterliegt Regeln. Diese Re-
geln ergeben sich aus dem spezifischen
Zweck der Komponenten, den diese im Ge-
samtkontext des Gebdudes erfiillen miissen,
und den physikalischen Gesetzen.
STEINHAGE (1998) erzeugt Modellklassen
aus einfachen Komponenten auf Basis der
von (STINY 1982) vorgestellten Gestaltgram-
matiken (shape grammars) fir die Rekons-
truktion. Das Verfahren setzt Gebdudemo-
delle aus Gebdudeendstiicken (7erminalen)
und -verbindern (Konnektoren) zusammen.
Terminale und Konnektoren sind offene
Modellkorper mit mindestens einer definier-
ten Anschlusséffnung (plug face). Da die
Anschlussoffnungen jedoch integraler Be-
standteil der Primitive sein und fiir zwei ver-
bindbare Teile die gleiche Gestalt haben
missen, ist es nicht moglich, eine gewiinsch-
te Detailrekonstruktion mit einer handhab-
baren Menge von Primitiven zu erreichen.
Eine Verfeinerung der erzeugten Modelle ist
somit in diesem Ansatz ausgeschlossen.
Eine formale Grammatik, die auf dem
Konzept der set grammar (STINY 1982) auf-
baut, wird bei (MULLER et al. 2006) verwen-
det. Die Geometrie ist hierbei in impliziter
Form an die Bestandteile der Grammatik
gebunden. Gleichzeitig werden Bedin-
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gungsgleichungen verwendet, um Vorwissen
iiber z. B. Mindest- oder Hochstwerte von
Gebidudeparametern in den Produktions-
prozess zu integrieren. Zusdtzlich wird ein
von (DUARTE 2002) in seiner Doktorarbeit
erstmals verwendetes Konzept der Auftei-
lung eines bereits existenten raumlichen Ob-
jektes in Bestandteile in das System inte-
griert und von (Wonka et al. 2003) in eine
split grammar Uberfithrt. Hierbei wird ein
Symbol mit geometrischer Form in eine
Menge von Symbolen mit disjunkten, sich
nur am Rand berithrenden geometrischen
Formen gleicher Dimension gespalten. Not-
wendige Voraussetzung fiir die Anwendung
des Grammatikkonzepts ist der scope, der
den maximal verfligbaren Raum fiir ein Ge-
bdude umfasst (MULLER et al. 2006). Nach-
teilig macht sich das scope-Konzept vor al-
lem im Rekonstruktionsverfahren bemerk-
bar, da die Bestandteile des scope nicht di-
rekt beobachtbar sind, was die Steuerung
der Generierung auf Basis der Beobachtun-
gen verhindert. Die Verwendung des Kon-
zeptes der set grammars hat zudem den
Nachteil, dass Geometrien und ihre Bedin-
gungen in diesem Formalismus nicht voll-
stdndig und explizit reprisentiert sind. Dies
ist insbesondere fiir die Rekonstruktion von
Nachteil, da diese vorhandenen Informatio-
nen dort dann nicht nutzbar sind.

Dass Teile des in (MULLER et al. 2006) vor-
gestellten Verfahrens sich auch fiir Rekons-
truktionsprozesse eignen, wird am Beispiel
der Fassadenrekonstruktion deutlich (MUL-
LER et al. 2007). Ein dhnlicher Ansatz wird
auch bei (RIPPERDA & BRENNER 2007) ver-
folgt. Beide Gruppen stiitzen sich hierbei auf
die Rekonstruktion auf Basis von terrestri-
schen Bildern. Die in diesem Ansatz einge-
setzten Grammatiken adressieren jedoch im
Unterschied zu den in diesem Artikel vorge-
stellten ein zweidimensionales Problem und
setzten ein hohes Mal3 an Symmetrien in den
zu rekonstruierenden Fassaden voraus. Das
Problem der Fassadenrekonstruktion wird
hier nicht weiter behandelt; es ist mit dem
hier vorgestellten Verfahren kombinierbar.

Dieser Artikel gliedert sich im Weiteren
wie folgt: In Abschnitt 2 wird der Weg von
einer Ontologie zu einer attributierten

Grammatik vorgestellt, sowie ein Verfahren
zur Zuordnung zwischen Modellhypothesen
und Daten beschrieben. Abschnitt 3 stellt
eine attributierte Grammatik zur Erzeugung
von Gebidudemodellen grober Auflosung
vor. Der Artikel endet mit einem Ausblick
auf die Erweiterung der Grammatik fiir Mo-
dellhypothesen mit Déichern und Gauben.

2 Von Ontologien zu attributierten
Grammatiken zur Erzeugung von
Modellhypothesen fiir Gebaude

Eine Moglichkeit, Wissen tiber die Welt zu
sammeln, zu analysieren und zu formalisie-
ren sind Ontologien. Im Rahmen der Erstel-
lung einer Ontologie werden die zwischen
den Objekten und den Objektklassen beste-
henden mereologischen (Bestandteilsrela-
tionen), topologischen (Nachbarschaftsre-
lationen) und taxonomischen Beziehungen
herausgearbeitet. Insbesondere die mereolo-
gischen und topologischen Beziehungen ent-
halten Information, die in Regeln fiir den
Aufbau von Gebduden aus Komponenten
abbildbar sind. Ein weiterer Aspekt einer
Ontologie sind die Relationen zwischen ei-
nem Begriff, dem zugehorigen physischem
Korper und seiner geometrischen Représen-
tation. Dieser Aspekt flihrt zu einer Analyse
der notwendigen inneren Restriktionen, de-
nen die Geometrie eines Gebaudeteils unter-
liegt und zur Identifikation von Konfigura-
tionen, anhand welcher Geometrien klassi-
fiziert werden konnen. Jede Konfiguration
besitzt erstens eine geometrische Interpreta-
tion. Zweitens besitzt sie eine Menge von
Eigenschaften, welche erfiillt sein miissen,
z. B. die Geschlossenheit der Gebdudehiille.
Drittens besitzt jede Konfiguration einen
Bezug zur Ontologie und somit eine Einbet-
tung in die mereologische und topologische
Gesamtstruktur des Gebéudes.

Ein Mechanismus, um aus Komponenten
und Regeln komplexe Strukturen zu gene-
rieren oder diese zu zerlegen, sind formale
kontextfreie Grammatiken, wie sie z. B. von
(CHOMSKY 1959) beschrieben werden. Zent-
rale Elemente sind zum einen die Symbole,
welche im Kontext dieser Arbeit Kompo-
nenten eines Gebdudes reprisentieren, und
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Produktionsregeln, die beschreiben wie ein
Symbol verdndert, erginzt oder ersetzt wer-
den darf. Zur Reprisentation der oben be-
schriebenen Konfigurationen ist das Kon-
zept noch um Attribute fiir die Symbole und
semantische Regeln zu einer attributierten
Grammatik (KNUTH 1968) zu erginzen. Ein
Symbol der Grammatik fiir Gebdude trigt
somit eine Semantik, z. B. Geschoss, und in
den Attributen die Parameter der assoziier-
ten Geometrie sowie eine Reprisentation ih-
rer charakteristischen Eigenschaften. Die
semantischen Regeln haben hierbei zwei
Aufgaben. Die erste ist die Verkniipfung der
Attribute der iiber eine Produktionsregelan-
wendung verknlipften Symbole. Die zweite
Funktion ist es, Bedingungen fiir die An-
wendbarkeit einer Produktionsregel zu for-
mulieren.

Als Mechanismus zur Représentation der
charakteristischen Eigenschaften wird ein
Graph, der Constraint-Graph, gewahlt, des-
sen Knoten flir jeweils ein geometrisches
Element stehen und dessen Kanten geomet-
rische oder topologische Bedingungen
(Constraints) représentieren, welche zwi-
schen den Knoten oder fiir die Knoten gel-
ten. Es gibt zwei unterschiedliche Const-
raint-Graphen. Der erste wird mit der
Grammatik generiert und der zweite wird
aus den Eingangsdaten, in der Regel Laser-
scan-Daten, hergeleitet. Die beiden
Graphen konnen tiber Graphzuordnungs-
verfahren miteinander verglichen werden.
Somit eroffnet die Grammatik eine Mog-
lichkeit, Hypothesen fiir Gebdudemodelle
zu erzeugen, mit deren Hilfe die Eingangs-
daten tiber die Graphzuordnung klassifiziert
werden konnen. Durch die Grammatik kon-
nen die Modellhypothesen zudem zielge-
richtet generiert werden, da eine Entschei-
dungsfunktion die nichste anzuwendende
Produktionsregel auswéhlt. Hierbei ist es
moglich, als Entscheidungsfunktion die in
der Einleitung erwédhnten Verfahren der
Modellselektion in den generativen Prozess
Zu integrieren.

Im Folgenden wird nun die aus der On-
tologie abgeleitete attributierte kontextfreie
Grammatik umrissen. Attributierte Gram-
matiken (AG) sind nach KNuTH (1968) de-

finiert als Tupel der Form
AG=(N,Z, P, R A, S) 1)

Hierbei reprasentiert N die Menge der
Nichtterminale und die Menge X der Termi-
nale. N U X ist die Gesamtmenge aller Sym-
bole der Grammatik. Nichtterminale stehen
hierbei fiir Symbole, welche im Gegensatz
zu Terminalen durch Produktionsregeln er-
setzt werden konnen. P steht flr die Menge
der Produktionsregeln der Form

N > (TUN)* 2

wobei *, der Kleene-Sternoperator, fir eine
beliebige Aneinanderreihung der Elemente
aus N u X steht. Bei einer Regelanwendung
wird ein Nichtterminal durch die rechte Sei-
te der Regel ersetzt. R ist die Menge der se-
mantischen Regeln, A4 die der Attribute und
S ist die der Startsymbole, einer Teilmenge
der Nichtterminale. Mit ihnen kann eine ge-
nerative Ableitung von Worten der Gram-
matik begonnen werden. Die Menge der
Symbole umfasst z. B. zwei Gebdudesymbo-
le {B, b}, zwei Vollgeschosssymbole {V, v},
jeweils zwei Symbole fiir Pult-, Sattel- und
Walmdachgeschoss {PD, pd, SD, sd, WD,
wd}, sowie zwei Symbole fir eine Misch-
form, die halb Sattel- und halb Walmdach-
geschoss ist {SWD, swd}. Alle aufgezihlten
Symbole sind sowohl in der Menge der
Nichtterminale (Symbolbenennungen in
GrofBbuchstaben) und der Terminale (Sym-
bolbenennungen in Kleinbuchstaben) ver-
treten. Die Menge der Startsymbole umfasst
das Nichtterminalsymbol { B} fiir Gebdude.

Begonnen wird die Produktion mit der
einfachsten Form eines Gebdudekorpers,
einem Quader, welcher stellvertretend fiir
ein einfaches Flachdachgebidude steht. In
der ersten Produktionsphase wird eine Hy-
pothese weiterverfolgt, wenn diese als Teil
des zu rekonstruierenden Gebaudes identi-
fiziert werden kann. Diese Weiterentwick-
lung erfolgt durch das sukzessive Anfiigen
weiterer Flachdachgebdude an die vorherge-
hende akzeptierte Modellhypothese. Alle
sich ergebenden Modellhypothesen entspre-
chen in diesem Stadium der Produktion des
in CityGML (GROGER et al. 2005), einem
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Format zur Reprasentation von 3D-Stadt-
modellen definierten Detaillierungsgrads 1
(Level of Detail 1, LoDI). Die in diesem
Schritt erzeugten Teile der Flachdachgebau-
de lassen sich in der zweiten Produktions-
phase, wenn die Flachdachhypothese nicht
zutrifft, durch die Anwendung von Produk-
tionsregeln jeweils durch Hypothesen fiir
Teilgebdude mit anderem Dachtyp (z.B.
Satteldach) ersetzen, wobei die bereits er-
folgte Zugordnung von Wandgeometrien
beibehalten wird. Gleichzeitig erfolgt die
Anpassung des Constraint-Graphen durch
die Produktionsregel. Dieses Vorgehen dhn-
lich der von (BRENNER 2000) vorgeschlage-
nen Zerlegung des Grundrisses in Rechtecke
zum Finden von Ankniipfungspunkte fiir
Dachhypothesen.

3 Generierung von
Gebaudemodellen

Als néchster Schritt hin zur Erzeugung von
Hypothesen fiir komplexe Gebdudemodelle
wird zunichst eine Grammatik zur Erzeu-
gung solcher Modelle vorgestellt. Dies er-
moglicht eine weitere Nutzung gewonnen
Wissens und einen ersten Eindruck von den
mit der Grammatik beschreibbaren Gebdu-
demodellen. Fiir die Erzeugung typischer
Gebidudemodelle werden die Geometrien
der Grammatiksymbole durch Primitive der
Constructive Solid Geometry — CSG (MAN-
TYLA 1988) reprisentiert und ihre freien Pa-
rameter mit typischen MaBen und MaBbe-
reichen aus der Ontologie belegt. Dariiber
hinaus sind Wahrscheinlichkeiten aus Vor-
wissen abzuleiten. Der Produktionsprozess
wird dann nicht mehr durch die Verfahren
der Modellselektion bestimmt, sondern
durch ein probabilistisches Entscheidungs-
verfahren z. B. auf Basis einer GauBvertei-
lung. In diesem Fall lassen sich die Produk-
tionsregeln vereinfachen, da die Fortschrei-
bung des Constraint-Graphen nicht explizit
betrachtet werden muss. Die Grammatik
hat die folgenden Produktionsregeln:

1. Anderungsproduktion
P:B > B 3)

2. Rotationsproduktionen
P,.s:B -3, B “4)

3. Skalierungs- und Instanziierungsproduk-
tion
P,:B - k,B (5)

4. Terminierungsproduktion
P,:B — ¢ (6)

5. Teilungsproduktion
Py:B — [BY" %)

Neben den Produktionsregeln enthélt die
attributierte Grammatik auch semantische
Regeln, die Attributwerte zwischen den
Symbolen einer Produktionsregel libertra-
gen. Da sowohl die Verortung der CSG-Pri-
mitive in Form einer Transformationsmat-
rix T als auch deren GroBe durch die At-
tribute der Symbole bestimmt wird, sind alle
bei den Produktionen stattfindenden geo-
metrischen Operationen Teil der semanti-
schen Regeln der jeweiligen Produktionsre-
gel. Im Rahmen der Produktionsregel P,
wird ein Korper erzeugt und im Raum po-
sitioniert. Im Fall der Generierung handelt
essich um ein ,,typisches ™ Geschoss mit dem
Ankerpunkt im Ursprung.

Die vier Produktionsregeln (P; bis P) un-
terscheiden sich durch den Rotationsur-
sprung, der durch den Index i€ {0, 1, 2, 3},
der iiber dem Produktionspfeil notiert ist,
angegeben wird. Dies ist in Abb.1 darge-
stellt. Bei Anwendung einer solchen Regel
wird zuerst das Rotationszentrum auf eine
der vier unteren Eckpunkte des Quaders ver-

PRt
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Abb. 1: Graphische Darstellung der Rotations-
produktionen P, bis P;.
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lagert (Transformationsmatrix 7;) und dann
eine Rotation y zwischen 0° und 90° (Ro-
tationsmatrix R,) zuziiglich einer Basisrota-
tion (Rotationsmatrix R;) abhéngig von der
jeweiligen Ecke ausgefiihrt. 77, ist ein Attri-
but des linken Nichtterminalsymbols B und
T, vom rechten B. Anwendungen der Re-
geln sind in Abb.1 gezeigt; T wir dabei
durch die folgende semantische Regel be-
rechnet:

Ty=T, R,R-T, ©)

Alle nicht explizit aufgefithrten semanti-
schen Regeln iibertragen die Attributwerte
des Symbols auf der linken Seite direkt auf
die entsprechenden Attribute der produzier-
ten Symbole.

Eine besondere Art der Produktionsre-
geln, die erstmals bei (MULLER et al. 2006)
verwendete Teilungsproduktionsregel (Py),
dient der Aufteilung eines virtuellen Kor-
pers entlang der Langsachse in n gleichlange
virtuelle Korper gleicher Dimension. Dieses
Vorgehen entspricht semantisch der Auftei-
lung eines Gebdudes in mehrere Teile auf
Basis von Vorwissen. Diese Art der Produk-
tionsregeln wird auch bei der Erzeugung von
Gebauden mit differenzierten Geschossen
eine wichtige Rolle spielen, da fiir diese ty-
pische Geschosshohen vorliegen.

Neben den semantischen Regeln sind die
Produktionsregeln auch mit Constraints
versehen, die erfillt sein miissen, damit eine

Produktionsregel ausgefithrt wird. Die
5 -
B
o L
8) (8) (8
P T T -
: S
Po AT
il s

ST
) —

'.'._PZ-
R b)

¢)

Constraints lassen sich aus der eingangs er-
wahnten Ontologie fiir Gebdude ableiten
und werden hier nicht explizit wiedergege-
ben.

Ein Beispiel fir die Anwendung der Re-
geln ist anhand eines Ableitungsbaums in
ADbb. 2a) gezeigt. Angewendet wurden nach-
einander die Regeln P, P, Ps, P, Py, ...
Das Ergebnis der Regelanwendungen ist im
Sinne der constructive solid geometry (CSG)
(MANTYLA 1988) als CSG-Baum zu inter-
pretieren. Jeder innere Knoten steht fiir eine
Vereinigungsoperation. Die entsprechende
Randflichendarstellung (boundary repre-
sentation) kann daraus mit Standardverfah-
ren aus dem Bereich computer aided design
(CAD) abgeleitet werden.

4 Ausblick

Mit der Grammatik steht ein Verfahren zur
Verfiigung, welches an den Rekonstruk-
tionsprozess angepasst arbeitet. Diese An-
passung ergibt sich aus dem Aufbau des Ge-
samtmodells aus Modellteilen und zugeho-
rigen Aggregationsmechanismen. Somit ist
es moglich, die Daten sequentiell zu erkun-
den und zu erkldren. Durch die Einbringung
von Modellwissen ist es dennoch moglich,
fehlerhafte Daten zu korrigieren und Lii-
cken in den Daten zu schlieBen. Durch die
Einfliihrung der Rotationsproduktionen ist
es gelungen, eine hohe Variabilitit der
Grundrisse zu erreichen und insbesondere

Abb. 2: (a) Auszug des Ableitungsbaums der Grammatik und eine Visualisierung seiner Geometrie

(b) fir ein Gebaudemodell (c).
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Abb. 3: Eine generierte Gebaudehypothese mit unterschiedlich vielen Stockwerken (links) und ein
Gebaudegrundriss mit Eckwinkeln von weniger als 90° (rechts).

das Rekonstruktionsmodell fiir das in
ADbDb. 2 prisentierte Beispiel mit Hilfe der
Grammatik zu erzeugen.

Wie im Abschnitt 2 angedeutet, kann die
Grammatik kanonisch erweitert werden, um
auch Gebdude mit mehr als einem Geschoss
zu erzeugen. Gleiches gilt fiir die Generie-
rung von Gebduden mit Gebidudeteilen un-
terschiedlicher Geschossanzahlen. Ein Bei-
spiel zeigt Abb. 3 links.

Es zeigte sich aber, dass die volle Varia-
bilitdt im Grundriss aufgrund der gewihlten
geometrischen Primitivkorper noch nicht in
Giinze erreicht ist. So stellen insbesondere
Gebdude mit sehr spitzen Ecken, wie in
ADD. 3 rechts gezeigt, ein Problem dar, da
die Vereinigung von Quadern nur Winkel
von mindestens 90° ermoglicht. Diesem Pro-
blem kann begegnet werden, indem die in
den Primitiven enthaltenen Restriktionen
explizit gemacht und somit teilweise deakti-
viert oder aufgeweicht werden konnen. Ein
Vorschlag fiir eine solche Modellierung fin-
det sich in (BRENNER 2004); es muss unter-
sucht werden, wie dieser Ansatz in den hier
vorgestellten integriert werden kann.

Neben der Aufweichung und Deaktivie-
rung der Constraints sind Erweiterungen
der vorgestellten Grammatik in Richtung
detailreicherer Modelle erforderlich. Im ers-
ten Schritt muss die Generierung von Da-
chern ermoglicht werden. Die bislang gene-
rierten Modelle sind ausnahmslos Flach-
dachgebdude und somit nicht geeignet fiir
die Rekonstruktion von typischen Gebdu-
den unserer Breiten. Hierfiir ist es notwen-
dig, auch die Dachlandschaften mit all ihren
komplexen Teilstrukturen in die Modelle zu

integrieren. Ziel wird es daher sein, die
durch den Generierungsprozess entstehende
Aufteilung des Grundrisses zu nutzen, um
die Dachstruktur der Gebédude abzuleiten
bzw. diese zu produzieren. Der néchste
Schritt ist die Rekonstruktion der Detail-
struktur der Dédcher in Form der Dachoft-
nungen wie Dachgauben, Dachfenster oder
Dachbalkonen.

Weiter wird zu untersuchen sein, ob die
Kombination des hier vorgestellten Ansat-
zes mit den in der Einleitung angesprochen
Verfahren zur Rekonstruktion der Fassa-
denstrukturen moglich ist, um ein hoch de-
tailliertes Gesamtmodell fiir Gebdude zu-
kiinftig flr die schrittweise Rekonstruktion
zur Verfiigung stellen zu konnen.
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Assuring Logical Consistency and Semantic Accuracy

in Map Generalization
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Summary: In recent years national mapping agen-
cies have increasingly integrated automatic map
generalization methods in their production lines.
This raises the question of how to assess and as-
sure the quality of mapping products such as
digital landscape models. Generalization must
not only ensure specified standards for an output
scale, but also needs to keep semantics as similar
as possible under these given requirements. In or-
der to allow for objective comparisons of different
generalization results we introduce a semantic dis-
tance measure. We present results that optimize
this measure subject to constraints reflecting
database specifications and show how this mea-
sure can be used to compare the results of different
methods, including exact and heuristic ap-
proaches.

Zusammenfassung: Gewdhrleistung logischer Kon-
sistenz und semantischer Genauigkeit in der Gene-
ralisierung. In zunehmendem Mal werden auto-
matische Generalisierungsverfahren fiir die Pro-
duktion amtlicher digitaler Landschaftsmodelle
eingesetzt. Dadurch entsteht ein wachsender Be-
darf nach Verfahren zur Qualititskontrolle und
Qualitédtssicherung. Generalisierung muss nicht
nur fiir den ZielmaBstab definierte Standards rea-
lisieren, sondern dabei auch die Semantik repri-
sentierter Objekte nach Moglichkeit erhalten. Wir
definieren ein semantisches Distanzmal, um ei-
nen objektiven Vergleich unterschiedlicher Gene-
ralisierungsergebnisse zu ermoglichen, préisentie-
ren Ergebnisse, die unter Nebenbedingungen aus
existierenden Spezifikationen hinsichtlich dieses
MaBes optimal sind, und zeigen Vergleichsmog-
lichkeiten von Ergebnissen exakter und heuristi-
scher Verfahren auf.

1 Introduction

According to MORRISON (1995) there are
seven elements of spatial data quality: Line-
age, positional accuracy, attribute accuracy,
completeness, logical consistency, semantic
accuracy and temporal information. Most
of them are affected by map generalization,
for example, when applying displacement or
simplification algorithms to lines, their po-
sitional accuracy is reduced; selection of ob-
jects affects completeness. The assessment
and assurance of these quality criteria are
important problems, especially, when heu-
ristic generalization methods are applied. In
this article we discuss how to assure seman-
tic accuracy and logical consistency, that is,
compliance with database specifications.

Following this aim, we have developed a
method for area aggregation by optimiz-
ation, more precisely, mixed-integer pro-
gramming (HAUNERT & WOLFF 2006). Our
method has technically been presented in
sufficient depth: we have proven the NP-
hardness of the problem, tested multiple op-
timization criteria (HAUNERT 2007a), and
developed specialized heuristics to obtain a
better performance (HAUNERT 2007Db). This
method yields very good results, especially
compared with commonly used iterative ap-
proaches that locally merge too small ob-
jects with their best compatible neighbors
(HAuNEgrT 2007b). However, we have not
sufficiently elaborated the usefulness of this
method for quality assurance and quality as-
sessment. This article focuses on these
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issues. In an optimization approach, a glo-
bal quality measure becomes part of the gen-
eralization method: Basically, there should
not be any difference between a quality mea-
sure for the assessment of the generalization
result and the objective function in the op-
timization approach. Nevertheless, research
on the quality assessment of generalization
and research on optimization approaches to
generalization have seldom been con-
solidated.

The issue of semantic accuracy is especial-
ly relevant, when map objects change their
classes. In map generalization this happens
in two cases: class abstraction and object ag-
gregation. The latter case leads to class
changes, when multiple objects of different
classes are replaced by a single composite
object. Class abstraction means, for examp-
le, to replace all churches and all post offices
by objects of type public building. This only
needs to be done one time by an expert on
a conceptual level and thus it can easily be
implemented. In contrast, object aggrega-
tion is a labor-intensive problem that needs
to be automated. When masses of data are
processed, also the quality assessment be-
comes difficult. CHENG & L1 (2006) suggest
to measure the semantic accuracy according
to the area that changes its class in general-
ization. YAOLIN et al. (2002) introduce a
symmetric semantic similarity matrix to
compare object types of areas before and
after reclassification. RODRIGUEZ & EGEN-
HOFER (2004) propose an asymmetric simi-
larity measure. Similarity values are derived
from the given data model, taking class hi-
erarchies into account and comparing attri-
bute definitions. AHLQUIST (2005) uses a si-
milarity measure based on fuzzy member-
ship functions to assess land cover changes
over time.

The quality of map generalization is nor-
mally defined by comparison of input and
output data sets (BARD 2004 and FRANK &
EsTER 2006). These methods mainly depend
on measures that characterize the shapes of
objects and their spatial relationships. Basi-
cally, observed changes are penalized in the
assessment. However, generalization nat-
urally cannot always preserve the original

situation: there are driving forces to change
the data set, for example, minimal allowed
sizes for the target scale. Thus, we compare
the results of heuristic generalization
methods with results that are optimal under
given constraints. These results can be ob-
tained with our mixed-integer program.
Though this is only possible for small
samples, these offer new possibilities to de-
tect shortcomings of heuristics.

In the sequence of the article, we first ex-
plain our conceptions of logical consistency
(cf. Section 2) and semantic accuracy (cf.
Section 3) and then present our approach
to assure and assess these elements of quality
(cf. Section 4).

2 Logical Consistency

KAINz (1995) defines logical consistency as
follows:

“A spatial data set is said to be logically
consistent when it complies with the struc-
tural characteristics of the selected data
model and when it is compatible with the
attribute constraints defined for the set.”

The data model in our work is a planar
subdivision, that is, an exhaustive coverage
of the plane by areas that must not overlap.
This representation is often used for land
cover data in topographic databases. The
generalization of such data sets is a well
known problem (GaLANDA 2003). Often ad-
ditional requirements are defined, for
example, the shapes of features need to be
contiguous. Formally it means that for each
two points in a contiguous area, there is a
connecting path that is totally contained in
the area. These structural requirements are
independent of scale and we need to ensure
their preservation during generalization. In
contrast, requirements on attributes and
geometries are often different for the input
and output scale, thus we need to change
the map. Tab. 1 compares the definitions of
forest areas in three different countries. In
each example, a minimal size is defined as
criterion for selection, which naturally in-
creases for smaller scales. The term
“Guaranteed size”’, which is used in the Ca-
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nadian specifications, unmistakably states
that the defined thresholds must not be vi-
olated in any case. This is described accord-
ingly in the other specifications. These
strong claims are needed to reduce the in-
fluence of subjectivity in map generalization
and to provide standardized map products.

Since areas below threshold in the target
scale are not allowed, they need to be ag-
gregated with others in order to keep the
coverage exhaustive. As all other aims of
generalization need to be subordinated,
class changes need to be accepted, for
example, if there is no neighbor of the same
class. Formally, we define the area thresh-
olds for different classes by 0: ' — R*, with
I' being the set of all classes. The term con-
straint fits well for the requirements given
by database specifications. However, this
must not be mixed up with constraints that
allow for a gradual degree of satisfaction.
Most researchers in the field of map gene-

ralization point out that constraints are of-
ten conflicting and compromises need to be
found (WEIBEL & DuTTON 1998 and HARRIE
1999). As constraints that ensure logical
consistency do not allow any compromise,
we distinguish hard constraints and soft
constraints.

If the input data set is logically consistent,
we normally can define simple generaliz-
ation algorithms that produce logically con-
sistent results. For instance, we can apply
merge or collapse procedures to resolve size
and proximity conflicts (BADER & WEIBEL
1997 and HAUNERT & SESTER 2008). How-
ever, at this early stage of our discussion we
should not commit too much to particular
algorithms. Database specifications define
the feasibility of solutions, but there remains
much freedom in deciding for different op-
tions. Thus, we need to formalize additional
aims of generalization.

Tab.1: Selection criteria for forest areas in three different national databases. The Canadian spec-
ifications use the term “Guaranteed size’’. In the Australian specifications this is called “Minimum

size for inclusion’’.

Germany Canada Australia

ATKIS National Topographic Data- National Topographic Data-

(ADV 2003) base (NATURAL RESOURCES base (GEOSCIENCE AUSTRALIA
CANADA 1996) 2006)

Wald, Forst Wooded Area Forest or Shrub

,,Fldche, die mit Forstpflanzen
(Waldbdume und Waldstriu-
cher) bestockt ist.*

,,Anarea of atleast 35 % cover-
ed by trees or shrubs having a
minimum height of 2m.*

,,An area of land with woody
vegetation greater than 10 %
foliage cover (includes trees
and shrubs).*

scale selection criterion scale selection criterion scale selection criterion

1:25k area >0,1 ha 1:50k area > 1ha AND 1:25k area > 0.25ha
width > 50m

1:50k area > 1 ha 1:100k area >4ha

1:250k area > 40 ha 1:250k area >25ha AND | 1:250k area >25ha
width >250m

1:1000k | area > 500 ha

Tab. 2: Semantic distance matrix. Colors and shades are used in Fig. 1 and Fig. 2.

original class \ new class

Farmland

Grassland

Farmland | Grassland
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3 Semantic Accuracy

SALGE (1995) gives the following definition
of semantic accuracy:

“The purpose of Semantic Accuracy is to
describe the semantic distance between
geographical objects and the perceived re-
ality.*

Formally we express the semantic dis-
tance between classes as a function d:
I'? > R,". Given a real value s (between 0
and 1) that measures the semantic similarity
of two classes, for example, as it can be ob-
tained with the method proposed by YAOLIN
et al. (2002), we can define the correspond-
ing value of d simply as 1-s.

Tab.2 shows a distance matrix that we
generated with a less objective approach,
that is, we defined the semantic distance
values at our own discretion. We considered
hierarchies in the data model and textual de-
scriptions (as given in Tab. 1) for this task.
For example, since farmland and grassland
are classes of cultivated vegetation, we de-
fined a relatively small semantic distance in
between. This means that we would rather
accept a change of a grassland area into
farmland than into settlement. As a global
measure of semantic accuracy we introduce
the weighted average of the distances that
are measured between original classes and
classes after generalization. Let V" be the set
of all areas in the input map, w: V — R*
denote the sizes of areas, y: V' — T' their
original classes, y: V' — I their new classes,
we globally measure the semantic distance
by

2w - d@),y' ()

ve Z W(V) (1)

velV

In the same way, we can measure the sem-
antic distance for a single area in the input
data set, for a single area in the output data
set, or for all areas of a certain class.
Though the matrix in Tab. 2 is symmetric,
symmetry is not a general requirement for
the function d. For example, we can define
d(y, 7,) = 0.1 and d(y,, y,) = 1, meaning
that a class change from y, to y, is more ac-

cepted than vice versa. This model is useful,
as important classes like, for example, water
often should not be lost. Because of this,
we do not assume that d meets the formal
definition of a metric, which requires sym-
metry.

In order to measure semantic accuracy,
we should not only focus on classes but also
consider shapes. Consider two lakes and a
long, narrow river that connects both: Ag-
gregating the three objects into a single ob-
ject of class lake only requires to change the
class of the river. Though this will be a good
solution in terms of class distances, the
shape of the resulting aggregate would be
very uncommon for a lake. We therefore pe-
nalize shapes that are not geometrically
compact. Different measures of compact-
ness have been discussed in an earlier work
(HAUNERT 2007a). We ignore this additional
criterion in the sequence of this article.

We use the result of the exact optimization
approach as a benchmark for quality, as it
is able to satisfy our general goal of semantic
accuracy in terms of a semantic distance.

4 Optimization Approach

4.1 Problem formulation

In terms of optimization, each logically con-
sistent map is a feasible solution. The opti-
mal feasible solution is the one that mini-
mizes the global semantic distance measure
from Section 3. We refer to this measure as
cost function. The problem is to partition
the set V' into mutually disjoint subsets
V,uV,u...uV, =V, where k is an un-
known integer. Each of these subsets defines
a composite area for the target scale. Thus,
for each i = 1...k, we define the following
hard constraints:

e there is a single class y/ € I, such that each
area ve V, receives class y;, that is, y'(v)
=y

e the composite area has sufficient size, that
is, 2,00 w(r) > 0/)

e the composite area is contiguous

e there is an area ve V; of unchanged class,
i.e., y'(v) = y(v). This is referred to as
centre
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The last requirement simply avoids that
classes appear in the generalized map, which
have not been present at all. Generally, we
do not assume that the set of centers is given
in advance.

4.2 Approach by mixed-integer
programming

Normally, combinatorial optimization
problems in map generalization are ap-
proached by meta-heuristics such as hill-
climbing or simulated annealing (WARE &
Jongs 1998). Several theoretical achieve-
ments have been made, proving asymptoti-
cal convergence of simulated annealing un-
der certain conditions. For example, the
graph that is defined by the applied neigh-
borhood structure must be strongly con-
nected (MicHIELS et al. 2007). Though
simulated annealing cannot be used in prac-
tice to find the exact optimum, it often pro-
duces solutions of sufficient quality. We
therefore developed a simulated annealing
approach for the aggregation problem
(HAUNERT 2007c). However, we needed to
relax hard size constraints to reach suffi-
ciently good solutions via feasible paths. In
view of database specifications that strictly
forbid too small regions, this approach is
risky, as we might end up with a result that
is not logically consistent. We therefore fo-
cused on mixed-integer programming and
specialized heuristics, which better allow to
consider hard constraints.

Mixed-integer programming is an exact
approach to constrained, combinatorial op-
timization problems (PAPADIMITRIOU &
STeIGLITZ 1998). Generally, algorithms for
the solution of mixed-integer programs
(MIPs) have an exponential time perform-
ance. It is unlikely that we can find a poly-
nomial time algorithm, as the aggregation
problem is NP-hard. This fact was proven
in an earlier publication (HAUNERT & WOLFF
2006). We also presented and tested different
MIP formulations. Due to the high com-
plexity we were only able to optimally solve
small instances (up to 50 areas) with our
exact MIP, but we greatly improved the per-
formance with three heuristics:

1. A strong definition of contiguity accord-
ing to ZOLTNERS & ZINHA (1983) is ap-
plied, which excludes certain non-com-
pact composite areas.

2. Large areas are fixed as centers, small
areas are excluded from the set of poten-
tial centers.

3. Areas with a large distance in between are
not merged in the same composite area.

The first heuristic leads to an alternative
MIP formulation that can be solved much
more efficiently by existing solvers. Both
other heuristics are used to eliminate vari-
ables in this MIP. A further heuristic has
been developed that allows to decompose a
dataset of arbitrary size into manageable
pieces (HAUNERT 2007b). The basic idea of
this method is to introduce intermediate
scales whenever needed to break down the
complexity of the problem.

4.3 Quality assessment

Without heuristics our optimization ap-
proach is too slow for cartographic produc-
tion. However, as it yields the exact opti-
mum for small problem instances, it can be
used to test heuristic methods. For example,
applying heuristics 1-3 we usually obtain
results not worse than 10 % from optimum.
Such objective statements about the per-
formance of generalization procedures are
very rare in the literature. Often results are
only visually assessed by test persons, but
this approach is questionable, if the spatial
data set is not only to be used for visuali-
zation, but also for statistics or other ana-
lyses. On the other hand, visualization is still
the most important method to assess the
quality of spatial data sets. How do 10%
affect the understanding of the map content?
We can only answer this question when vis-
ualizing the results.

Fig. 1 shows a sample from the German
ATKIS data set at scale 1:50.000 (DLM50)
with two results satisfying specifications for
scale 1:250.000 (DLM250): the optimal so-
lution and a solution, which was obtained
with our heuristic approach. Some classes
were changed, in order to end up with con-
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Fig. 1: A sample from the ATKIS DLM 50 (left), an optimal result satisfying specifications for ATKIS
DLM 250 (center) and a result with 9% higher costs obtained with heuristics 1-3 (right). Boundaries
of regions are bold, colors correspond to classes as shown in Tab. 2.

22

Fig. 2: Semantic distances for classes of single areas before and after generalization. Left: Optimum.
Center: Result obtained with heuristics. Right: Difference of both (center-left). Grey shades cor-

respond to values as given in Tab. 2.

tiguous regions of sufficient size. In both
cases, this was done in an apparently intel-
ligent way: In order to keep the settlement
area in the lower left part of the sample, a
small forest area was sacrificed; this results
in a connecting bridge to the large settle-
ment. The first solution has an average sem-
antic distance of 0.0519 from the input map.
For the second solution this cost is 0.0564,
which is approx. 9 % higher. In fact, we ob-
serve some differences between both solu-
tions, for example, on the rightmost settle-
ment in the input: in the optimal result it
changes to forest, but in the second solution
it changes to farmland. If we check the dis-
tance matrix (Tab.2), which was applied
here, we see that the same distance of 1 unit
is defined for both changes. It turns out that
it is relatively difficult to visually detect
those areas that were not optimally ag-
gregated by the heuristic method.

In order to identify the reason for the dif-
ference in costs, we need to visualize the dif-
ferences of semantic distances for single

areas. Fig.2 displays distances of class
changes as grey shades of areas, dark grey
corresponds to expensive changes. In Fig. 2
(right) we see the difference of both solu-
tions: Only for four small areas the reclas-
sification done by the heuristic approach is
suboptimal.

Normally, we do not have the optimal so-
lution to compute the differences as shown
in Fig. 2 (right). There would not be any rea-
son to apply heuristics, if we generally could
exactly solve the problem. However, similar
to comparisons with optimal solutions for
small samples, we can visually compare re-
sults of different heuristics. Fig.3 shows a
sample that was processed with our heuristic
approach based on intermediate scales
(HAUNERT 2007b) and with the common ite-
rative merging procedure, which, for
example, is explaind by CHENG & L1 (2006).
Both objectives were considered: class simi-
larity and compactness. In each iteration of
the merging procedure, the smallest area
was assigned to one of its neighbours. Each
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time, this neighbour was selected to mini-
mize the cost function; of course, this does
not lead to the global optimum. Considering
compactness, both procedures performed
similarly. Using our optimization method,
we only obtained an improvement by 2%
of costs for non-compact shapes. However,
we obtained 20% less costs for class

changes. In Fig.3 we observe that several
settlement areas are lost with the simple it-
erative procedure. This is due to the fact that

the algorithm does not foresee consequences
of merge actions for further processing
steps. Thus it is not able to sacrifice small
areas in order to safe bigger ones.

In Fig. 2 we investigated the quality mea-
sure for the original areas; these are minimal
mapping units in the aggregation problem.
We can do the same analysis on a less de-
tailed level, that is, for each area of the target
scale; this is shown in Fig. 4 (left) and (cen-
ter). A comparison of both results is only

Fig.3: A sample from the ATKIS DLM 50 (left), a result of the heuristic developed by HAUNERT
(2007b), and a result of a simple iterative merging procedure (right). Both results satisfy the spe-

cification for the ATKIS DLM 250.

DA~ Vi
Y

]
0 0.4

EEEEC ) EEE
-0.5 0 0.5

Fig.4: Semantic distances for regions in Fig.3. Left: Result from Fig.3 (center). Center: Result
from Fig. 3 (right). Right: Difference of both for areas of input scale (center-left).
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possible on the highest level of detail, as the
regions in both solutions are different. Fig. 4
(right) reveals those areas whose semantics
were kept more similar with the optimiz-
ation approach (red) and those that were
kept more similar with the iterative ap-
proach (green). We clearly observe the domi-
nance of red areas. Also we can see that red
and green areas are often in vicinity. This
confirms our assumption that, in contrast
to the simple iterative procedure, the opti-
mization approach can sacrifice unimpor-
tant areas, in order to safe more important
ones.

5 Conclusions

The definition of semantic similarity or dis-
tance measures is considered as the key to
quality assessment in map generalization.
We have shown that, with given semantic
distance values for classes, we can optimally
solve the area aggregation problem in map
generalization for small instances. With
such theoretically proven optima, we have
found the “absolute zero” for the degree of
badness. This allows to make objective,
quantitative statements about the perform-
ance of heuristic methods. Additionally, we
can compare the performance of heuristics
relative to each other. In both cases we have
seen that shortcomings of heuristic methods
can be detected by visualization. In particu-
lar, we have seen that our heuristic based
on intermediate scales results in 20% less
costs for class change than the simple iter-
ative method. We observed that its relatively
good performance is due to its capabilty of
sacrificing smaller areas, such that bigger
ones can be safed. Future research should
focus on better semantic distance measure,
not only considering the class memberships
of objects. Semantics can also be carried by
shapes and patterns of objects. This be-
comes relevant for other generalization ope-
rators, such as typification. In fact, pattern
recognition techniques are often applied in
map generalization. However, metrics are
missing that measure the semantic distance
between patterns. Additional research is
needed to test the effect of asymmetric class

distances. Concerning local search methods
for optimization such as simulated anneal-
ing we see the need to improve techniques
to handle hard constraints, which are
needed for logical consistency in map gene-
ralization. Future research is also needed to
consider additional elements of quality, for
example, positional accuracy and complete-
ness. So far we have interpreted the size
thresholds in the specifications as prohi-
bition to keep too small areas in the target
scale, but there might be size thresholds or
other criteria that define which areas must
be kept in the generalized map to ensure
completeness. In fact classes of areas can be
fixed in our optimization approach
(HAUNERT & WOLFF 2006), thus the method
can ensure completeness, if we define which
areas to keep.
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Towards a G-Map Based Tool for the Modelling and
Management of Topology in Multiple Representation

Databases
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Summary: The modelling and management of to-
pology plays an increasing role in Photogrammet-
ry, Remote Sensing and GIS. In new application
fields such as 3D city models, 3D navigation sys-
tems and early warning of geological events,
multi-scale topological data models are needed.
In this article a unified model for topology is pro-
posed, based on oriented d-Generalised Maps
(2 < d < 3) to represent topology in Multi-Rep-
resentation Databases (MRDB). Topological
data structures and operations are presented in
detail. The model can be used as a data integra-
tion platform for 2D and 3D topology, as well
as for the representation and management of to-
pology in a multi-resolution GIS. An application
example, management of topology in a multi-
scale land-use map based on aggregation, shows
the feasibility of the new approach.

Zusammenfassung: Auf dem Weg zu einem G-Map-
basierten Werkzeug zur einheitlichen Modellierung
und Verwaltung der Topologie in Multiple Repre-
sentation Databases. Die Modellierung und Ver-
waltung der Topologie spielt eine groBer werden-
de Rollein der Photogrammetrie, Fernerkundung
und in GIS. In neuen Anwendungsfeldern wie 3D
Stadtmodellen, 3D Navigationssystemen und
Frithwarnung geologischer Ereignisse werden
multiskalige topologische Datenmodelle bend-
tigt. In diesem Artikel wird ein einheitliches Mo-
dell fiir die Topologie vorgeschlagen, das auf ori-
entierten d-Generalisierten Karten (2 <d < 3)
basiert, um die Topologie in Multi-Representa-
tion Databases (MRDB) zu verwalten. Topologi-
sche Datenstrukturen und Operationen werden
im Detail vorgestellt. Das Modell kann als Da-
tenintegrationsplattform fiir 2D und 3D Topolo-
gie genutzt werden. Ein Anwendungsbeispiel, die
Verwaltung der Topologie in einer multiskaligen
durch Aggregation entstandenen Bodennut-
zungskarte, zeigt die Realisierbarkeit des neuen
Ansatzes.

1 Introduction and Related Work

Multiple representation databases are
needed in many applications of Photogram-
metry, Remote Sensing and GIS (Hoppe
1996, FrRADIN et al. 2002, HAUNERT & SEs-
TER 2005 and MEINE & KOTHE 2005), to
model geo-objects in different scales. In new
3D applications, besides geometry the im-
portance of topology is growing, but hither-
to this aspect has played a minor role in re-
search and applications.

Exhaustive work on the modeling of
topology in GIS has been published (EGEN-
HOFER 1989, EGENHOFER et al. 1989, PiGoT
1992, CLEMENTINI & DI FELICE 1994 and
GROGER & PLUMER 2005). General ap-
proaches for representing topology in the
context of 3D modeling have been examined
by different authors. Cellular complexes,
and in particular cellular partitions of d-di-
mensional manifolds (d-CPM) have been
described to represent the topology of an
extensive class of spatial objects (BRISSON

1432-8364/08/2008/175 $ 3.00
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1993). Based on algebraic topology, they
provide a general, less rigid framework than
more specific topological representations
such as simplicial complexes. The topology
of d-CPM can be represented by d-dimen-
sional Cell-Tuple Structures (BRISSON 1993)
respectively  d-dimensional  Generalized
Maps (d-G-Maps — LIENHARDT 1994). LEvy
(1999) has shown that 3D-G-Maps have
comparable space and time behavior as the
well-known Doubly-Connected Edge List
(DCEL) and Radial Edge structures, but
can be used for a much wider range of ap-
plications, allowing for a more concise code.
LEvy (1999) also introduces hierarchical G-
Maps (HG-Maps) for the representation of
nested structures. G-Maps have been used
to represent the topology of land-use
changes (Raza & Kainz 1999) for 3-dimen-
sional spatial data (MESGARI 2000), and are
applied, e.g., in the geoscientific 3D-
Modelling software GOCAD (MALLET
2002). FrRADIN et al. (2002) use G-Maps to
model and visualize architectural complexes
in a hierarchy of multi-partitions, and an
interactive graphical G-Map-based 3D-
modeller (Moka 2006) has been made avail-
able by the group of graphical informatics
(SIC) at Poitiers university. Own first ap-
proaches to the management of topology in
Multiple Representation Databases have
been shown in (SHUMILOV et al. 2002, THOM-
SEN & BREUNIG 2007, ButwiLowsKI 2007,
and THOMSEN et al. 2008).

In the remainder of this paper, we inves-
tigate how the realisation of oriented Gen-
eralized Maps and Cell-Tuple Structures
based on an ORDBMS can be used to
handle the topology of a digital spatial
model in a generic way, supporting 2D
manifolds and 3D volume models (Sections
2 and 3). In Section 4, the comparison of
the G-Map with other topological models,
especially with ISO 19107, is discussed. Sec-
tion 5 describes some aspects of the imple-
mentation based on a object-oriented
RDBMS, and Section 6 discusses different
methods to handle multi-representation G-
Maps and Cell-Tuple Structures. As an on-
going application example, in Section 7 we
present the management of topology for a

multi-scale land use map. We conclude with
an outlook on our future research.

2 Explicit Modelling of
d-dimensional Topology

Topological relationships between and with-
in complex spatial objects can be described
implicitly, e.g., by attaching some refer-
ences to neighbours to the items of a ge-
ometry model. However, it seems more ap-
propriate to use an explicit mathematical
framework for the description and analysis
of the transformation of topology during
the passage between different representa-
tions in a multi-representation database.
For this purpose, we use a topological model
that consists of the following conceptual
layers (MALLET 2002):

e the continuous d-dimensional manifold,

e its cellular partition which results in a fi-
nite d-dimensional cellular complex,

e the representation by a d-Generalized Map
and its realisation by a d-Cell-Tuple struc-
ture, and

e the persistent implementation by means of
tables, relationships and problem-specific
functionality in an object-relational
database.

Continuous d-manifold. A d-dimensional
manifold M in 3D, can be roughly described
as a continuous part of a space which is /o-
cally homeomorphic to a d-dimensional ball
in R*. This means that for any point pe M,
there exists a neighbourhood U(p) = M,
a point geR’, a d-dimensional ball
B(¢g) < R® and a bijection ¢,: U< B, ¢,(p)
= ¢, continuous in both directions, that
maps any point of U to a point of B. Special
conditions apply to bounded manifolds,
which are locally homeomorphic to a half-
space. By this definition, certain singular
configurations (‘‘non-manifold situations”),
e. g., “T-shaped” branchings of in 2D-mani-
folds, are excluded (LEvy 1999).

Cellular partition. Whereas the manifold is
a continuous object comprising an infinity
of points in space, for a digital representa-
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tion, a discrete structure is required. This is
achieved by the introduction of cellular par-
titions of continuous d-manifolds: the mani-
fold M is decomposed into a number of cells
c* of dimension k ranging from 0 to d, the
dimension of the manifold. Each cell ¢* is
homeomorphic to a k-dimensional ball
B* = R*. Such a d-dimensional cellular par-
tition of a d-dimensional manifold M is a
cellular complex consisting of a finite num-
ber of cells ¢* of positive dimension k < d,
and verifying the following conditions:

e For each cell ¢, its boundary dc* is com-
posed of cells ¢* of lesser dimension
k' < k.

e For each pair of different cells of dimen-
sion k, ¢*,, ¢*;, the open interiors ¢*, ¢; do
not intersect.

e For each pair ¢*, ¢; of different cells of
dimension k, the intersection of the
boundaries is either void or consists of
cells ¢’ of dimension /< k: ¢c*nev =

In a d-dimensional cellular complex,
multiply connected objects cannot be repre-
sented as single d-cells: e. g., a 2D ring, a
3D ring (a “‘doughnut™), or its surface, a
torus. This is different, e. g., from the spatial
models provided by Oracle Spatial 11G
(KAzAR et al. 2008), and 1ISO19107, which
allow, e.g., faces and solids with holes as
basic elements. By using partitions of d-di-
mensional manifolds as discrete model of
topology, we ensure that each (d-1)-cell is
either part of the common boundary cell of
a pair of d-cells, or is part of the outer
boundary of the cellular complex. We ex-

clude “‘non-manifold” configurations like,
e.g., T-shaped contacts of d-cells (LEvy
1999). MESGARTI (2000) proposes a solution
for the modelling of some of these singular-
ities.

Spatial objects in a cellular partition. As il-
lustrated by the above counter-examples,
certain spatial objects that occur in practical
applications cannot be modelled by single
d-cells, but must be represented as sets of
d-cells (cf. Fig. 1), consisting of one or more
connected components.

D-G-Maps and Cell-Tuple Structures. Cellu-
lar Complexes can be interpreted as a gen-
eralisation of simplicial complexes, but they
lack the geometric and algebraic properties
of the latter. However, the d-dimensional
Generalized Map (LIENHARDT 1994) and the
d-dimensional Cell-tuple Structure (BRISSON
1993) provide the cellular partition with the
structure of an abstract simplicial complex.
From a practical point of view, the two
models can be regarded as roughly equiva-
lent (LIENHARDT 1991). Whereas the d-G-
Map focuses on the algebraic structure de-
fined by the transitions between the abstract
darts, the Cell-Tuple Structure yields a
realisation by cell-tuples and the symmetric
“switch” relationships between them.

3 Generalized Maps and Cell-Tuple
Structures

Following LIENHARDT (1994), a d-dimen-
sional Generalized Map (d-G-Map) consists
of a finite set of objects called darts and a

a)

b)

Fig. 1: Representation of 2D spatial objects as sets of 2-cells in a 2-G-Map — Objects that are not
simply connected require more than one 2-cell for representation (left); Representation by a minimal

number of cells (right).
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set of bijections o, i = 0, ..., d linking pairs
of darts, that are involutions, 1. e., that verify
the conditions:

2 (o(x)) = x (1
and forall L0 <i<i+2<j<d, 2)

o; o; is an involution, i.e., o;(o;(e; (2,(x))))
= x, which implies o;(¢;(x)) = o,(e;(x)). (3)

The G-Maps are embedded in 2D or 3D
space by a mapping that to each dart asso-
ciates a unique combination of a node, an
edge, a face, and in 3D a solid.

In BrissoN’s (1993) terminology, Cell-
tuple Structures consist of a set of cell-tuples
(node, edge, face[, solid]) attached to the
corresponding spatial objects. The cell-
tuples are pairwise linked by “switches’ de-
fined by the exchange of exactly one com-
ponent, and corresponding to LIENHARDT’S
involutions:

%: (n,e.f.8) (' e.f.s),
“1: (Vl, ezfa S) < (l’l, e/xfa S):
o, (n,e,f,s) = (n,ef,s),
% (n,e,f,5) = (n,e.f.s) “)

A d-G-Map can be represented as a graph
with cell-tuples as nodes, and edges defined
by the involution operations (cf. Fig. 2).

Orientation. We require all d-manifolds to
be orientable, and the corresponding G-
Maps and Cell-Tuple Structures to be
oriented: the set of darts / cell-tuples can be
divided into two parts of equal size carrying
opposite sign, and each «; transition links a

pair of items of opposite sign. Whereas
LIENHARDT’s definition permits darts at the
boundary of a G-Map, that do not have a
counterpart for the o, transition, such a situ-
ation is excluded in our model (P1GoT 1992).
The G-Maps here are formally considered
as unbounded, by introducing an outside
“universe” that is not a standard cell.

Navigation on G-Maps. The use of the G-
Map structure for topological queries and
operations, is supported by methods for the
navigation on the G-Map graph, and for the
retrieval of solids, faces, edges and nodes,
represented by volume cells, surface
patches, curves and points.

a) All navigation on a G-Map relies on the
o, transitions, 1. e., the passage from one
cell-tuple to its neighbour by the ex-
change of one cell of dimension i.

b) A sequence of cell-tuples starting with
ct,, finishing with cz, and linked by o,
transitions with varying index i defines
a path on the G-Map graph, or a loop,
if it is closed.

Paths and loops are determined by the se-
quence of transitions ; . ..o, or shorter by
the indices i7,...iy, and can be noted
Path;;  (cty) and Loop;;  y(cty).

¢) The subset of all cell-tuples that can be
reached from a given cell-tuple ¢z, by any
combination of transitions o; ...o; is
called an orbit and is noted
Orbit;;  ;y(cty). To avoid ambiguities,
sometimes the dimension of the G-Map
is also noted: Orbit?, . (ct0).

A
1
v
<-- (no,eq,fo,s1,-) e N
A 1
¢I ao @ @ v
Cells < - ’| (n1, e, fo, S0, =) |<—’| (no, €o, fo, S0,+) |<—>| (no,e0,f1,50, ) |<— -->
n;— Node ) o x
I 1 1
e — Edge v v
fy —Face <=7 (no,enfo,s07) [T Involutions
s - Solid ! Olo, 41, Olg, Ol3

Fig. 2: Graph representation of an oriented 3-G-Map G (D, o, . ..

o; transitions.

v

,0,) with cell-tuples as darts and
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Certain orbits describe loops of fixed or vari-
able length, certain loops are defined by or-
bits, but in some cases the cell-tuples of an
orbit may not be arranged in a continuuos
loop (LEvY 1999).

Transformations of d-G-Maps. There are
two classes of operations: the Euler oper-
ations (MANTYLA 1988) that preserve the
overall topological properties of the cellular
complex described by the Euler characteris-
tic X = no. of nodes — no. of edges + no.
of faces [— no. of solids], and the non-Euler
operations. The basic topological oper-
ations consist in the division of k-dimen-
sional cells (k > 0) by the insertion of k — 1-
dimensional boundary cells, the dual oper-
ations — duplication of k-dimensional cells
(k < d) by insertion of k + 1-dimensional
coboundary cells, and the inverse merging
(resp. collapsing) operations by the deletion
of a boundary (coboundary) cell (cf. Fig. 3)
(THOMSEN & BREUNIG 2007). Note that if the
boundary or coboundary cell to be removed
is part of the outer boundary of a cellular
complex, the deletion operation is not al-
ways admissible.

Basic non-Euler Operations like the cre-
ation or destruction of an isolated cell or of
a connected component, or the ““sewing’ of
two hitherto disconnected components into
one, and the inverse operation, affect the
overall topological properties of the model.
Both the Euler and non-Euler operations
are implemented using relational database
operations comprised in a transaction. In
some of these procedures, paths, loops or
orbits are used to identify a sequence of cell-
tuples to be updated, e. g., for the splitting
of a solid by the introduction of a new face
along a closed loop on the inside of the
boundary of the solid (cf. Fig. 3).

4 Comparison with Other
Topological Models

Ordered topological models. LIENHARDT
(1991) compares G-Maps with different “or-
dered topological models’: e. g., the winged-
edge (BAuMGArT 1975), the radial-edge
(WEILER 1988), the quad-edge (GuiBas &
StoLF1 1985) and the cell-tuple structures.
He concludes that “order models are based
on the same ideas, and ... it is possible to
show that these models are equivalent (with
respect to dimension and orientability)”.
Cell-tuple structures are equivalent to G-
Maps without boundaries. However, some
of the other models permit non-manifold
configurations, which must be explicitly ex-
cluded.

ISO 19107 and GML 3. QUAK & DE VRIES
(2005) compare the winged-edge structure
to the ISO 19107 model (OPEN GEO-
SPATIAL CONSORTIUM 2007) and con-
clude that ““it is possible to losslessly map
to the ISO19107 model and back™, but pro-
pose to extend the ISO model to reduce cost.

A detailed comparison of the proposed
approach to the modelling of topology and
the ISO 19107 and GML 3 model is beyond
the scope of this article, therefore we only
make some preliminary observations: The
ISO 19107 and GML 3 model support
oriented 2D and 3D topological models,
specifying topological complexes consisting
of nodes, edges, faces and topological solids
as primitives, and the corresponding di-
rected primitives as building elements for
1D, 2D, and 3D topological complexes, as
well as for boundaries, coboundaries, and
for “‘topological collections™, i. e., topologi-
cal curves, surfaces, volumes. In accordance
with the object-oriented approach, relation-

Fig.3: A 3D Euler operation: splitting a solid s into solids s, and s, by the insertion of a 2D face
f, and the inverse merge operation. The location of the contact between the face f and the boundary

of the solid s is defined by the loop c.
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ships between topological, geometrical and
other entities are encoded with the topologi-
cal objects, whereas the G-Map and the
Cell-Tuple Structure use a separate system
of entities and 1:1 relationships, namely
darts/cell-tuples and involutions/switches to
represent the topological structure. Thus the
incidence, adjacency and order relationships
in ISO 19107 have to be translated into sets
of darts/cell-tuples, involution transitions
and orbits.

The ISO 19107 model is less restrictive
than G-Maps and Cell-Tuple Structures,
and in consequence, the range of topological
configurations that can be represented is lar-
ger, admitting, e. g., dangling edges, inner
loops, curves that meet the interior of a face
etc, which are precluded in G-Maps. On the
other hand, topological operations on the
ISO 19107 model may be more complicated,
as numerous special cases have to be han-
dled or excluded. Provided that the strict re-
quirements of the G-Map are met, we expect
no fundamental problems when translating
the topological primitives from GML 3 to
the corresponding cells in the G-Map
model, and of topological complexes into
cellular complexes represented by G-Maps
and vice versa.

5 Object-relational Database
Implementation

Implementation in transient storage. The in-
memory-implementation of the graph-re-
presentation of a d-G-Map is straightfor-
ward (LEvy 1999): for each dart object, the
o; transitions are implemented by d+1 ref-
erences to other darts, additional references
to geometric objects and to thematic prop-

erties realise the geometric representation,
and a set of flags is used to mark darts that
have been traversed, the next o, transition
to take etc. The o; references may be ext-
ended into objects as well, with methods to
check the symmetry of the reference, and
for permitting/barring the use of a given
transition (FRADIN et al. 2002). In order to
support the navigation on the G-Map, for
each cell of dimension from 0 to d a reference
to a starting dart may serve as an ‘‘entry
point” into an orbit describing the topologi-
cal relationships within the cell and outside.

Object-Relational database implementation.
For a persistent implementation based on
an object- relational DBMS, the cell-tuple
structure is more appropriate (cf. Fig. 4). In-
stead of references to locations, the transi-
tions between cell-tuples are controlled by
keyed access using one of three search pat-
terns (cf. Fig.5). In a G-Map without
boundary, there is always exactly one cor-
responding cell-tuple to be retrieved.

Here the tuple (node, edge, face, cell, solid)
acts as a key, which is augmented by the
sign, if positive and negative cell-tuples are
stored in the same table. For example, the
following SQL query, for the cell-tuple
ct(c0,cl,c2,c3,0,...) retrieves the cell-
tuple c¢t'(c0,cl,¢2',¢3,—a,...) corres-
ponding to ¢t by an a,-transition, i.e., by
an exchange of faces:

SELECT * FROM celltuples WHERE node
= c0 AND edge = c1 AND solid =
AND sign != o;

Using hierarchical indexing of the cell-tuple
relation, we expect the access time for a
single transition to grow like O (log N),

Key sign Data

(n1, €o, fo., So) | - |

(no.e2.f2,50) ... |

Key  sign Data

(o, €1, fo, So) |

(n3,eo,f3,83) ... |

| (o, €q, fo, S0) | + | (n1,e1,f1,81) ...

(no, €, f1, So) |

(no, €9, fo, $1) |

|
| (ns,e4,f0,84) ... |
|

(ns.es,fs.80) ... |

Fig.4: An oriented 3-G-Map as a pair of relations (¢y,..., ¢, ...Cq, +) < (Cpy ..., €/, .. Cqy,— ).
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starting cell-tuple search pattern retrieved cell-tuple
ct, a(cty)
D) “coponn ™o 0y —sign”
(Copvvs€svesCyySign,...) — S (2) “cop vy —Cjy ey’ > (Cppenr € e,y —SIgN, ...
(3) “coporentfs.ney’

Fig. 5: Search patterns for o, transitions. The symbols “—" and “*”’ denote “not” and “any”.

where N is the total number of cell-tuples.
Using hash indexes, even better behaviour
can be achieved. This access method, at the
cost of some overhead, makes the transition
between cell-tuples independent from any
particular storage or object identifier details
and thus can be used transparently both
with persistent storage in a client-server con-
figuration, and in transient storage and eas-
ily cope with update operations.

Orbits and loops vs. ordered subsets. In a cel-
lular partition of a d-dimensional manifold,
spatial objects are represented by collections
of cells, i.e., subsets of the underlying sets
of k-cells,k = 0, ..., d. Therefore, we can al-
ways deduce corresponding queries on the
associated cell-tuples. Information on the
connectivity of the resulting subsets of cell-
tuples, however, requires methods that sys-
tematically explore the adjacency and inci-
dence relationships between cells, represent-

ed by the o -transitions, in particular orbits
and loops.

Whereas the implementation of involu-
tions and orbits in transient storage is
simple, it is more intricate in the context of
the relational model. In an RDBMS, the re-
trieval of subsets by conditions imposed on
attribute values is well supported, as are
basic sorting operations on resulting sub-
sets. Using appropriate indexing, also a
small finite number of links between rela-
tions by foreign keys or by joins poses no
particular problem, even if some overhead
is involved. Orbits, paths, and loops, how-
ever, may involve an undetermined and po-
tentially large number of links between cell-
tuples, possibly defined by a recursive for-
mula. Although recursion is supported by
ANSI SQL, it is not yet implemented in all
widespread relational DBMS (PostgreSQL
.org 2006) — or is not implemented in the
same way. Without SQL recursion, the use

Fig. 6: Controlling the navigation on a 2-G-Map using orbits, loops and switch/stop flags — a) Tra-
versing the boundary of face f by an orbit? (). b) Separate traversal of the outer boundaries of
the two parts of f, stopping at nodes n,, n,. c) (FRADIN et al. 2002) By blocking or opening u, transitions
through the edge e, the same structure is used to describe both the common boundary by a loop
Lo, 0,04 0. .. at nodes nyand n,, and the boundaries of the two parts f; and f, by two Orbit?),( )

loops.
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of a programming language is required for
coding the loop or the recursive procedure,
which in turn issues an SQL command for
each step. Even if we reduce the overhead
incurred using optimisation methods like
prepared statements, this remains a clumsy
way to solve a simple task. In order to
handle this problem, we first have to find
out which topological operations can be im-
plemented using simple (ordered) subset re-
trievals, and for which operations paths,
loops or orbits are essential.

Loops and orbits are also necessary for
the implementation of division and merge
operations (cf. Fig.6). In order to ensure
that the result f of a merging operation on
two d-cells £, and f; is a d-cell, we must en-
sure that the boundary e = f, N f] is connect-
ed — otherwise situations like (cf. Fig. 7 ¢, d)
may occur. If e is simply connected, we may
first merge it into a single edge ¢’, which then
in turn is removed. The inverse procedure,
namely the division of a d-cell, also involves
the use of an orbit. Within a transaction,
we proceed as follows:

1. Mark the two nodes n, and n, where the
dividing edge joins the boundary of c.

2. Insert the dividing edge e into the table
of edges.

3. Insert two new faces f, and f, into the face
table.

4. Insert four cell-tuples (n,,e,fy, —s),
(ny, e,f, +5), (n,e,f,—s), (n,e,fo,+s).
The sign s being chosen to match the
signs of the existing cell-tuples.

5. Update the existing cell-tuples (n, ¢, £, 5),
(”0» eirf; _S)a (l’l1,€2,f; S), (7[1,6‘3,](; _S)

using two new face identifiers, resulting

in (n09 e()xﬁ)a S): (n()a ehfi’ - S), (nia erfb s)a

(711, 63,f0, - S).

Note that from step 4 onward until step 7
below, the model is temporarily inconsis-
tent!

6. Update all remaining cell-tuples on the
boundary of f; such that fis replaced by f;.
7. Update all remaining cell-tuples on the
boundary of f; such that fis replaced by f;.

Steps 6. and 7. require that we determine
the two sides of the former boundary of face
fbefore they are explicitly marked by f, and
f1- This is not possible by a subset query,
but it can be done using two orbits starting,
e.g., at cell-tuples cty(ny,e,fy, —s) and
ct(ny, e, f, +5), if the alpha-transitions are
stored explicitly, or by using two paths start-
ing at ct, and ct,, and stopping, as soon as
ct,(ny, e, fo, +5) and cty(n, e, f;, —s) are en-
countered.

Considering the division of a solid s by a
newly introduced face f in a 3-GMap (cf.
Fig. 3), we note that a closed loop is required
to define the seam ¢ where the dividing face
fmeets the boundary of 5. For the merging
of two neighbouring solids s, and s,, we re-
quire their common boundary b to be 2-di-
mensional and simply connected.

The given examples show that some que-
ries and operations require loops or orbits.
Therefore we propose the following 2-step
approach to the implementation of topolo-
gical queries on a RDBMS-based d-GMap:
first, retrieve an appropriate subset of the
cell-tuples by standard RDBMS methods,
and second, generate orbits, loops or paths
in transient memory whenever necessary.

Fig.7: Problems encountered during aggregation. (a) A face b of class B is completely surrounded
by faces a; of a different class A. (b) Stepwise merging all cells of class A results in a bridge

configuration (c) and finally in a ring (d).
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6 Aggregation Methods for G-Maps
and Cell-Tuple Structures

Hierarchical G-Maps. LEvy (1999) proposes
to use hierarchical structures for the con-
struction of complex geological subsurface
models, both in volume and in boundary re-
presentation. These hierarchical G-Maps are
obtained in the following way: We start with
a coarse 3D G-Map. By subdividing its 3D
cells (solids), a structure is obtained that
consists of frames — the coarse cells, and finer
G-Maps that fit into the frames. Whereas
the darts of the subdivisions possess a geo-
metrical representation in 3D space, the
darts of the coarse frame G-Map have no
separate embedding. Instead, embedding by
delegation is used: its darts are associated
with a subset of the darts of the fine G-
Maps, and use the geometric representation
of the subdivision as embedding. Applying
a similar approach to the 2D faces of the
coarse model, a boundary representation of
the coarse model is obtained. Whereas the
construction of the topological hierarchy by
subdivision proceeds top-down, the del-
egated geometrical representation is
propagated bottom up.

Multiple grouping. For the topological
modelling of buildings, FRADIN et al. (2002)
use multiple groupings: for each grouping of
cells, d+ 1 flags are associated with the re-
ferences representing o,-transitions, that in-
dicate whether the given cell boundary may
be ignored during navigation on the G-Map
(cf. Fig. 6¢c). This approach is economic in
memory space, as the same fine G-Map,
augmented by the space required for the ad-
ditional flags, is used for several groupings

at the same time, and higher-level G-Maps
do not require a separate representation. On
the other hand, the possibility of reducing
processing time for coarser and hence small-
er representations is lost. Note that both
methods support lower resolution models
obtained by aggregation of cells, but not by
simplification of boundaries or by displace-
ment.

Classification tables. It is possible to trans-
late hierarchical G-Maps into Cell-Tuple
Structures by representing references using
foreign keys. Multiple grouping however, is
tightly associated with the in-memory im-
plementation of «; -transitions, orbits and
loops using references. The explicit repre-
sentation of the cells within the cell-tuples
leads to a different approach: starting from
a high resolution model, successive lower
levels of detail are obtained by aggregation
as follows. A classification of the d-dimen-
sional cells at high resolution is represented
by a N:1-relation that to each cell a associ-
ates its class 4. In a copy of the original
cell-tuples, the d-cells are replaced by their
class identifiers. Then all pairs of cell-tuples
(cpCpp-o s A, +), (cpocpy...,A,—) — the
fixed points of the o,-transitions — are re-
moved, while all pairs (¢j¢p...,4,+),
(¢ppCpp--.» B,—) with B # A are kept.

Separate embeddings at different levels of de-
tail. If generalisation is restricted to aggre-
gation, we can apply embedding by delega-
tion, representing each aggregated cell by a
collection of finer cells. As the new Cell-
Tuple structure comprises a copy of the old
one, however, it is also possible to create a
different geometrical embedding, and apply

| Topological Model < » Geometrical representation

\

| Topology at scale s |

v

N

| Geometry at scale s |

v

Topology at scale s ¢ > Geometry at scale s' ‘

Fig. 8: Topological and geometrical changes must stay consistent during generalisation.
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Fig.9: Application example: a section of ca. 2% of a digital map on land-use at three different
scales (by courtesy of J. HAUNERT, IKG Hannover University).

simplification and displacement to it. While
this approach is more expensive in storage
space, it is more flexible than the previous
ones, and navigation on the smaller ag-
gregated representations may be consider-
ably faster. Here, however, a consistency
problem arises: if we apply generalisation
methods separately to the topological model
and its geometrical embedding, then we
must take care, that the resulting generalised
models are consistent with each other (cf.
Fig.8). This can of course be achieved by
having either geometrical operations con-
trol the changes in topology or vice versa.
However, this depends on the particular ap-
plication.

7 Applications of the Approach

Topology of a multi-resolution map of land-
use. In an ongoing study, the methods pres-
ented here are applied to model the topology
of a land-use map at three different scales,
namely 1:50.000, 1:250.000, and
1:1.000.000. The land use maps were pro-
vided by JAN HAUNERT and MONIKA SESTER,
IKG, Leibniz University Hannover as Arc
GIS shape files. The smaller scale maps were
produced by aggregation starting from scale
1:50.000, according to tables defining
classes of similar land use. We first construct
the topology for the largest scale map and
then use the class tables to control the pro-
cess of aggregation of cells for the 1:250.000
and 1:1.000.000 maps. During this process,
the construction of inconsistent cells with
holes, or of disconnected entities has to be
avoided. Because no displacements occur-
red during the geometrical generalisation,

we can apply the classification table method
outlined above, to generate a distinct 2-G-
Map at each Level of Detail, and provide
links between corresponding cells and cell-
tuples using the classification table and the
vertex locations.

In another ongoing study, we use the Cell-
Tuple structure to study the integration of
a 3D city model and building plans with a
digital 2D cadastral map (THOMSEN et al.
2008).

8 Conclusions and Outlook

The oriented d-G-Map and the d-Cell-Tuple
structure can be employed with an
ORDBMS to yield a simple, flexible, and
scalable representation of the topology of
spatial models based on cellular partitions.
After analysis of the topological operations
to be used, it can be used for the manage-
ment of topology in a multi-representation
database, in particular for the integration
of the topology of models of different di-
mension and scale. We are currently extend-
ing our d-G-Map implementation into a
topological access tool for the ORDBMS-
based GIS PostGis (POSTGIS.ORG 2006),
and for our OODBMS-based spatio-tem-
poral database db3d, and plan to extend the
approach to a time-dependent topology
model.

Acknowledgements

We thank the Deutsche Forschungsgemein-
schaft (DFG) for supporting this work with-
in the DFG joint project “Abstraction of
Geoinformation™, grant no. BR 2128/6-1.



Andreas Thomsen et al., A G-Map Based Tool

185

References

BAUMGART, B., 1975: A polyhedron representa-
tion for computer vision. — American Feder-
ation of Information Processing Societies
(AFIPS) Nat. Conf. 44: 589—-596.

Brisson, E., 1993: Representing Geometric Struc-
tures in d Dimensions: Topology and Order. —
Discrete & Computational Geometry 9: 387—
426.

BurwiLowskl, E., 2007: Topologische Fragestel-
lungen bei der Kombination von 3D-Sta-
dtmodellen mit 2D-Karten in einer rdumlichen
Datenbank — Diploma thesis, University of Os-
nabriick: 116p.

CLEMENTINI, E. & D1 FELICE, P., 1994: A compari-
son of methods for representing topological re-
lationships. — Information Sciences 80: 1-30.

EGENHOFER, M. J., 1989: A formal definition of
binary topological relationships. — Int. Conf.
Foundations of Data Organisation and Algo-
rithms (FODO) 1989, Lecture Notes in Com-
puter Science 367, Springer, Berlin: 457—-472.

EGENHOFER, M.J., FRANK, A.U. & JACKSON,
J.P.,1989: A topological data model for spatial
databases. — 1st Symposium on Large Spatial
Databases, Lecture Notes in Computer Science
409, Springer: 271-286.

FrADIN, D., MENEVEAUX, D. & LIENHARDT P.,
2002: Partition de I’espace et hiérarchie de
cartes généralisées. — 15e Journées de 1’Associ-
ation Frangaise d’Informatique Graphique
(AFIG): 12p.

GuiBas, L. & StoLF1, J., 1985: Primitives for the
Manipulation of General Subdivisions and the
Computation of Voronoi Diagrams. — ACM
Transactions on Graphics 4 (2): 74—123.

GROGER, G. & PLUMER, L., 2005: How to Get
3-D for the Price of 2-D-Topology and Con-
sistency of 3-D Urban GIS. — Geoinformatica
9 (2): 139-158.

HAUNERT, J.-H. & SESTER, M., 2005: Propagating
updates between linked datasets of different
scales. — XXII Int. Cartographic Conference.

Horpg, H., 1996: Progressive meshes. — 23rd Int.
Conf. on Computer Graphics and Interactive
Techniques (ACM SIGGRAPH): 99-108.

Kazar, B.M., KoTHuRI, R., VAN OOSTEROM, P.
& RivaDA, S., 2008: On Valid and Invalid
Three-Dimensional Geometries. — Lecture
Notes in Geoinformation and Cartography
(LNG&C), Springer: 19-46.

LEvy, B., 1999: Topologie Algorithmique — Com-
binatoire et Plongement. — PhD Thesis, Nancy:
202p.

LIENHARDT, P., 1991: Topological models for
boundary representation: a comparison with n-
dimensional generalized maps. — Computer-
Aided Design 23 (1): 59-82.

LIENHARDT, P., 1994: N-dimensional generalized
combinatorial maps and cellular quasi-mani-
folds. — Int. Journal of Computational Ge-
ometry and applications 4 (3): 275-324.

MALLET, J. L., 2002: Geomodelling. — Oxford
University Press: 599 p.

MANTYLA M., 1988: An Introduction to Solid
Modelling. — Computer Science Press: 401 p.

MESGARI, M.S., 2000: Topological Cell-Tuple
Structures for Three-Dimensional Spatial
Data. — ITC Dissertation 74, ITC, Enschede:
200 p.

MEINE, H. & KOTHE, U., 2005: The GeoMap: A
Unified Representation for Topology and Ge-
ometry. — 5th Int. Workshop on Graph-based
Representations in Pattern Recognition 2005.
Lecture Notes in Computer Science 3434,
Springer, Berlin: 132—-141.

MOKA, 2006: Modeleur de Cartes. — www.sic.s
p2mi.univ-poitiers.fr/moka/ (accessed 21.03.
2007).

OPEN GEOSPATIAL CONSORTIUM, 2007:
OpenGIS®R Geography Markup Language
(GML) Encoding Standard. — OpenGIS®R
Standard OGC 07-036, Version: 3.2.1, editor:
Clemens Portele. www.opengeospatial.org/
standards/gml (accessed: 11.3. 2008)

Quak, C.W. & DE VRIES, M. E., 2005: Topological
and temporal modelling in GML. — Topology
and spatial databases workshop: 1-8.

Picor, S., 1992: A topological model for a 3D
spatial information system. — 5th Symposium
on Spatial Data handling (SDH): 344-360.

POSTGIS.ORG, 2006: PostGIS documentation.
— postgis.refractions.net/documentation (ac-
cessed 21.03. 2007).

POSTGRESQL.ORG, 2006: PostgreSQL 8.3.0
Documentation. — www.postgresql.org/docs
(accessed 21.03. 2007).

Raza A. & Kainz, W., 1999: An Object-Oriented
Approach for Modelling Urban Land-Use
Changes. — Urban and Regional Information
Systems Association (URISA) Journal 14 N°
1: 37-55.

SHumILOV, S., THOMSEN, A., CREMERS, A.B. &
Koos B., 2002: Management and visualisation
of large, complex and time-dependent 3D ob-
jects in distributed GIS. — 10th International
Symposium on Advances in Geographic Infor-
mation Systems (ACM-GIS): 113-118.

THOMSEN, A. & BREUNIG, M., 2007: Some re-
marks on topological abstraction in multi re-



186 Photogrammetrie « Fernerkundung « Geoinformation 3/2008

presentation databases. — Int. Workshop on In-
formation Fusion and Geographical Informa-
tion Systems (IF&GIS’07). Lecture Notes in
Geoinformation and Cartography (LNG&C),
Springer: 234-251.

THOMSEN, A., BREUNIG, M., BuTwILOWSKI, E. &
BroscHEIT, B., 2008: Modelling and Managing
Topology in 3D Geoinformation Systems. —
Advances in 3D Geoinformation Systems. Lec-
ture Notes in Geoinformation and Cartogra-
phy (LNG&C), Springer: 229-246.

WEILER, K., 1988: The radial edge structure: a
topological representation for non-manifold
geometric boundary modelling. — In: Geomet-
ricModeling for CAD Applications, Elsevier:
3-36.

Address of the Authors:

Dipl.-Math. ANDREAS THOMSEN, Prof. Dr. rer.
nat. MARTIN BREUNIG, Dipl.-Geogr. EDGAR BuT-
WILOWSKI, Universitdt Osnabriick, Institut fir
Geoinformatik und Fernerkundung, D-49069 Os-
nabriick, Tel.: +49-541-969-4064, Fax: +49-541-
969-4061, e-mail: andthoms | mbreunig | ebut
wilo@uos.de

Manuskript eingereicht: Dezember 2007
Angenommen: Mérz 2008



Photogrammetrie « Fernerkundung « Geoinformation 3/2008, S. 187-196, 14 figs.

Implicit Shape Models, Self-Diagnosis, and Model Selection

for 3D Facade Interpretation

SERGEJ REZNIK & HELMUT MAYER, Neubiberg

Keywords: Facade Interpretation, Implicit Shape Models, Self-diagnosis, Model Selection,
Plane Sweeping, Markov Chain Monte Carlo

Summary: This paper addresses the automatic 3D
interpretation of facades from terrestrial image
sequences making three novel contributions:
First, we employ Implicit Shape Models (LEIBE
& ScHIELE 2004) coherently for the detection as
well as for the delineation of windows, learning
the appearance of windows and their outline from
training data. Second, window hypotheses are
validated by means of self-diagnosis based on the
assumption of a possibly strong similarity of in-
dividual windows. Third, we use model selection
to choose the most appropriate model for the con-
figuration of windows in terms of rows or col-
umns. These contributions are complemented by
plane sweeping for the 3D determination of the
windows or the rows / columns made up from
them. Results show the potential of the approach.

Zusammenfassung: Implicit Shape Models, Selbst-
diagnose und Modellauswahl fiir die 3D Interpre-
tation von Fassaden. Dieser Artikel zielt mit drei
neuen Beitrdgen auf die automatische Interpreta-
tion von Fassaden aus terrestrischen Bildsequen-
zen: Erstens werden Implicit Shape Models (LEIBE
& ScHIELE 2004) kohdrent sowohl fiir die Detek-
tion als auch fiir die Bestimmung der Umrisse von
Fenstern verwendet. Das Aussehen der Fenster
und ihre Umrisse werden aus Trainingsdaten ge-
lernt. Zweitens werden Fensterhypothesen mittels
Selbst-Diagnose auf Grundlage der Annahme
einer z.T. starken Ahnlichkeit individueller Fens-
ter validiert. Drittens wird Modellauswahl ge-
nutzt, um das am besten geeignete Modell fiir die
Konfiguration der Fenster in Form von Zeilen
oder Spalten auszuwihlen. Diese Beitrage werden
durch Plane Sweeping flir die 3D Bestimmung der
Fenster oder der aus ihnen gebildeten Zeilen oder
Spalten erginzt. Die Ergebnisse zeigen das Poten-
tial des Ansatzes.

1 Introduction

The inclusion of structured facades extends
the modelling of buildings towards highly
detailed visualizations suitable for applica-
tions ranging from architectural planning to
the production of movies. By interpreting
the parts constituting facades in terms of
their semantics it becomes possible to inter-
act with them, e.g., making it feasible to
open windows or doors.

The interpretation of facades from terres-
trial images and wide-baseline image se-
quences has been a focus of research since
the seminal work of Dick et al. (2004). They

interpret buildings in line with the trend in
computer vision towards statistical genera-
tive models. Particularly, they employ Re-
versible Jump Markov Chain Monte Carlo
— RIMCMC (GREEN 1995) allowing for the
addition and deletion of new parameters
and therefore also objects. The results are
convincing though restricted to a limited
number of objects as the models are complex
and generated manually. A more geometric
approach is taken by WERNER & ZISSERMAN
(2002). They make use of the regular struc-
ture of buildings, especially the existence of
orthogonal vanishing points. Geometric
regularities such as symmetries of dormer
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windows are used to obtain a high-quality
textured model. BECKER & HaALA (2007)
show that by combining laser and image
data with rectangular cell decomposition,
realistic 3D interpretations of facades can
be generated. MULLER et al. (2007) and VAN
GooL et al. (2007) present impressive results
for facade interpretation from single images
exploiting common repetitions of windows
and balconies by means of architectural
shape grammars. They particularly show
how depth layering can be performed auto-
matically if substantial perspective effects
exist in an image.

Our first contribution of this paper lies
in employing Implicit Shape Models — ISM
(LEIBE & ScHIELE 2004) coherently for the
appearance based detection as well as for
the delineation of windows. While we used
information of corners to delineate windows
only on dark facades and employed black
rectangles for bright facades in (MAYER &
REzNIK 2006), we now delineate the outline
of whole windows on any kind of facade via
ISM.

Our second contribution has been in-
spired by (Hinz & WIEDEMANN 2004). The
basic idea is to validate weak hypotheses
based on self-diagnosis of the generated hy-
potheses making use of the fact that win-
dows on a facade look often very similar.

The third contribution can be seen as an
inversion and at the same time extension of
(ALEGRE & DALLAERT 2004, BRENNER &
RipPERDA 2006, and RIPPERDA & BRENNER
2007). We invert, as we do not split the fa-
cade, but rather detect and delineate objects
and group the constituents into rows and
columns. We extend the above work as we
employ model selection based on Akaike’s
Information Criterion (AIC) to compare
different groupings. Basically, individual
windows always lead to the best likelihood
as they can adapt to the individual shapes
of windows. Only by taking into account the
lower number of parameters for rows, col-
umns, etc., they will prevail. A particular
contribution is to show how the likelihood
term has to be interpreted in terms of the
(minimum) size to be sampled to obtain
meaningful results. (Dick et al. 2004) have

also used model selection, but to switch be-
tween different interpretations for windows,
namely with and without arc, etc. In this
paper also first results for facades with dif-
ferent distances between windows for differ-
ent parts of the facade are presented.

We assume, that a wide-baseline image se-
quence is given, and employ given (approxi-
mate) calibration information via the five-
point algorithm (NISTER 2004), which makes
the reconstruction much more stable. 3D
Reconstruction leads to camera parameters
and 3D points. From the latter we compute
the facade planes via Random Sample Con-
sensus — RANSAC (FiscHLER & BOLLES
1981). We orient the planes using the vertical
vanishing points in the images, again em-
ploying RANSAC. All images looking at a
particular facade are projected on its plane
and combined using a consensus-based ap-
proach (MAYER 2007) getting rid of partial
occlusions. We use a manually defined
sampling distance of 1 cm to normalize the
further processing. Thus, for the remainder
of the article all facade plane images are as-
sumed to be vertically oriented and nor-
malized to a resolution of 1cm.

We first describe the appearance based de-
tection and delineation of windows on the
facade plane images based on ISM in Sec-
tion 2. Section 3 is devoted to self-diagnosis
for the validation of window hypotheses,
while Section 4 deals with model selection
for the decision between representations
based on individual or rows or columns of
windows. Plane sweeping leading to the de-
termination of the depth, i.e., the 3D shape
of windows, is described in Section 5. The
paper ends with conclusions.

2 Detection and Delineation of
Windows Based on Implicit Shape
Models

We employ Implicit Shape Models — ISM
(LEeIBE & ScHIELE 2004) for the detection of
windows and for the delineation of their
outline. For training we cut out image
patches containing windows, in our case 120
windows of modern type. We note that none
of the windows shown in our results is part
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a

Fig.1: Training —a —

i

Image patch with manually given outline of window (red rectangle), Férstner

[~

points at corners of window outline (red crosses) as well as their vectors to the center of the

window (yellow lines) and to their corresponding corner of the outline (blue short lines); b —

Image

patches around Foérstner points; ¢ — Detail of a) focusing on the relation of Férstner points to the
corner of the window; d — Elliptical areas around window corners (white) where Forstner points

are extracted.

of the training set and that we use the
patches as well as their horizontally mir-
rored versions, making the algorithm more
invariant to the viewing direction. The rec-
tangular outlines of the windows are man-
ually delineated (cf. red rectangle in Fig. 1a).
Only in elliptical areas around the corners
of the outline with radii 20 and 10 pixels /
cm for the major and the minor axis (cf.
Fig.1d) Forstner points (FORSTNER &
GULCcH 1987) are extracted. The image
patches around the Forstner points shown

ii

.

in Fig. 1b are the basis for the appearance
based detection of windows together with
their arrangement relative to the center of
the window computed from the manually
delineated outline marked as yellow lines in
Fig. 1a.

For the retrieval, i.e., for window detec-
tion, Forstner points are extracted with the
same parameters as for training, but in the
whole image (cf. Fig.2a). Patches around
the points with a size of 35 pixels are match-
ed via cross correlation of the images trans-

Fig. 2: Retrieval — a — Forstner points; b — Training patches with the patch just left above the “‘b”
being matched to the red cross at the upper left corner of the window pane in a; ¢ — Relation of
the center of the patch (red cross) to the window outline in the training data (left cross for position
— lengths of sides from training data); d — Hypothesis for parts of the window outline.
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Fig. 3: Distribution for window outline — after ac-
cumulation (left) and after smoothing (right).

formed to grayscale to all patches in the trai-
ning data. If the cross correlation coefficient
is above an empirically found threshold of
0.75, the match is accepted and the vector
relating the training patch to its center is
used to generate a hypothesis for the center
of the window in an initially empty accumu-
lation image. The hypotheses are integrated
via a Gaussian of the average size of the win-
dows used for training and local maxima of
the resulting function are hypotheses for
windows. The patches which led to the maxi-
ma are employed to delineate the corners of
the window outlines.

To precisely delineate the windows, we
employ the relation between the centers of
the training patches and the given outline
of the windows marked as blue lines in
Fig. 1a and c. E.g., the point marked in red
in the upper left corner of the dark window
pane in Fig.2a has been matched by cross
correlation to the training patch marked in
red just left above the ““b” of Fig. 2b. Fig. 2¢
shows how the center of the patch marked
by a thick red cross is related to the corner
of the outline of the window marked by a
small yellow cross. From the corner of the
outline the two neighboring sides of the rec-

0 U

0O

tangle from the training data are drawn (cf.
Fig. 2c and d). The result is a hypothesis for
parts of the window outline.

The hypotheses for window outlines, as,
e. g., Fig. 2d, are accumulated over all points
and all training patches that led to the maxi-
mum for the window. The result is a dis-
tribution for the window outline as in Fig. 3
left which is finally smoothed (cf. Fig.3
right) and normalized by setting the largest
value in the window to 1.

The parameters of the rectangles repre-
senting the windows are estimated from the
distributions for the window outlines inter-
preted as likelihood and priors for the win-
dow shapes by Markov Chain Monte Carlo
— MCMC (Neal 1993) Maximum A Post-
eriori (MAP) estimation. The employed
priors punish too small and too wide or too
high windows. The likelihood is the sum
over the distribution along the window out-
line (cf. red lines in Fig. 4b).

3 Self-Diagnosis for the Validation
of Window Hypotheses

The proposed algorithm works only well for
high quality images and simple facades. If
this is not the case, it might detect and de-
lineate false hypotheses, e. g., doors or other
rectangular objects. The algorithm also does
not deal well with partially occluded win-
dows.

The solution we have devised to cope with
the above shortcomings is to use good hy-
potheses in order to validate weaker hy-
potheses. The basic assumption is that at
least some windows on a facade are of the

ooano
ooao
Cc

Fig.4: a — Facade; b — Determination of the likelihood in the distribution for the window outlines
(red); ¢ — Minimal size for model selection according to sampling theorem (cf. Section 4).
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same type. The validation of hypotheses
works as follows: Image patches containing
good hypotheses for windows are cross-cor-
related with the image function around
weak hypotheses, determining the optimal
location as the maximum. For describing
the quality of the hypotheses we use a grade

1 corner: 1

—— s ——

2 corners: 2 1 1
R B T i S
3 corners: 3 2 1

— — g

—_—
4 corners: 5 4 4 B B
—od Losd 2

Fig.5: The grade system for hypotheses — high-
er grade means better evaluation. Please note
that for symmetric configurations only one in-
stance is given.

system empirically evaluating all cases with
1, 2, 3, and 4 recognized corners (cf. Fig. 5)
based on the number of corners as well as
their relation to the outline. The higher the
grade of a hypothesis, the better it is evalu-
ated. Based on the grade system we analyze
and validate all hypotheses. Results are
given in Figs. 6 and 7.

4 Model Selection: Individual
Windows, Rows, and Columns

In the preceding sections we have described
how to detect, delineate, and validate indi-
vidual windows such as in Fig. 8a. Yet, win-
dows are usually not arranged randomly,
but in rows, columns, or grids. Rows and
columns, in this paper defined to have the
same horizontal or vertical distance between
windows of the same size, can be built by
analyzing the horizontal or vertical arrange-
ment. Yet, it is often not clear if one should

Fig. 6: Validation of hypotheses — left: Before verification. Hypotheses with grade 5 as green, with
grade 4 as yellow, with grade 3 as cyan, and with grade 2 as blue rectangles; right: After verification:

green — accepted, red — rejected hypotheses.

Fig. 7: Validation of hypotheses —left: Before verification; right: After verification (for colors cf. Fig. 6).
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represent a facade by means of individual
windows or by rows or columns of windows.
E. g., Fig. 8 shows a configuration which can
be represented adequately by means of col-
umns, but not rows. Basically, in terms of
an optimum fit described in the form of the
likelihood always individual windows will
be preferred as they can optimally adapt to
the data. Thus, one needs a way to reward
regular arrangements of objects and one
way to do this is to take into account that
they can be described by smaller numbers
of parameters.

The above problem is thus regarded as a
problem of model selection. Numerous
means have been devised to balance the
complexity of a model, e.g., described by
the number of parameters or their accuracy,
on one hand and the fit to the data, i.e.,
the likelihood, on the other hand. Two well
known are Minimum Description Length —
MDL (RissaNeN 1978) and AIC — Akaike’s
information criterion (AKAIKE 1973). A very
good analysis of the relations of these two
means as well as their characteristics, their
strengths, and weaknesses can be found in
(SCHINDLER & SUTER 2006). For its simplic-
ity and as we found it to work well for our
application, we employ AIC, though recent
work on composition such as (GEMAN et al.
2002) prefers MDL. Particularly, we use

AIC = k—2nIn(L) 1)

with k the number of the parameters of the
model, n the number of observations, and
L the likelihood of the outline. The number

of parameters is four (width, height and cen-
ter coordinates) for every individual window
and six for a row or column (four par-
ameters for window shape plus — horizontal
or vertical — spacing and number of el-
ements). The basic idea is to determine the
posterior based on the normalized distribu-
tion image by means of MCMC as described
in Section 2 above. Fig.4b shows how the
distribution is sampled at one position with
the outline given in red. Every boundary
point gives one observation of the likelihood
which is multiplied leading to the multipli-
cation factor for the log-likelihood.

Yet, a couple of experiments made clear
that one cannot just sample the given dis-
tribution for windows. We found that one
has to reduce the determination of the like-
lihood to a minimal setup. From the samp-
ling theorem we derived that for a window
consisting of parallel lines the minimum size
is a length of just above three pixels. We ac-
cordingly resample the distribution image to
this minimum size (cf. Fig. 4c) for the com-
putation of the likelihood for AIC. (Note:
For the delineation the original resolution
is used to obtain a higher accuracy.)

Results for this procedure are given in
Fig.9. For all three facades consisting of
windows with the same size and a constant
horizontal or vertical spacing as well as
many other facades we tested our procedure
on we selected the correct model. If there is
an obvious structure on the facade, it is re-
flected in significantly different AIC values
as shown in Fig. 9.

C

Fig. 8: Model Selection — Representation of facade by a — individual windows; b — rows; ¢ — columns
of windows, the latter two consisting of windows with the same size and a constant horizontal or

vertical spacing.



S.Reznik & H. Mayer, Implicit Shape Models

193

a—C: 265, R: 404, W: 359

b-C: 115, R: 65, W: 94

c—-C:76,R: 83, W: 87

Fig. 9: Results for model selection using AIC values — C: Columns, R: Rows, W: Individual Windows.

Selected model in bold.

Fig. 10: Results for model selection extending randomly chosen neighbored pairs of windows.

Up to this point we have restricted our-
selves to completely evenly spaced rows or
columns of windows. To deal with configur-
ations such as in Fig. 10, where the horizon-
tal distances between the windows partly
vary, we sample the rows or columns by ex-
tending randomly chosen neighbored pairs
by other neighboring windows via MCMC
until no further window is found anymore
which can be linked. Then the next pair is
selected, etc. Several start configurations are
chosen again randomly and finally the con-
figuration yielding the smallest AIC value
is selected. For Fig. 10 it consists of 54 in-
stead of 108 parameters.

5 3D Reconstruction via Plane
Sweeping and Results

The results from the above procedure are
the outlines of windows on the facade im-
ages possibly restricted to form horizontal
rows or vertical columns. As we use image
sequences as basis, we can determine the 3D
extent of the windows. To do so, we follow
(BAILLARD & ZISSERMAN 1999 and WERNER
& ZISSERMAN 2002) and employ plane
sweeping, in this case for planes parallel to
their facade plane in the direction of the lat-
ter’snormal. The determination of the depth
for individual windows is based on the sum
of the least-squares differences between the
projections of the individual images onto the
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Fig.11: Images one, three, five, and seven of sequence Ostbahnhof-1.

Fig.12: left: Result for sequence Ostbahnhof-1 (images cf. Fig.11) — Window outlines for three
facades with rows of windows as red rectangles, 3D window positions as green rectangles, and
camera positions as green pyramids; right: Detail: part of two walls.

Fig. 13: Result for sequence Bordeaux Square
with individual windows constructed from ele-
ven images — explanation cf. Fig. 12.

plane to their average image. This is com-
puted for a meaningful range of depth
values for windows and the result is the
depth value for the minimum of the sum.
For rows or columns we sum up the con-
tributions of all images of a row or column
at a particular depth.

Fig 14: Result for sequence Ostbahnhof-2 with
columns of windows constructed from ten ima-
ges — explanation cf. Figure 12.

Fig. 11 shows four images of a sequence
with seven images and Fig. 12 the result for
three manually coarsely marked facades.
Please note that the rows and columns pres-
ented in this section consist of windows with
the same shape and a constant distance in
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either horizontal or vertical direction and
we do the selection for the whole facade.
The 3D reconstruction was done mostly re-
liably and accurately and led to the windows
behind the facade marked by green rec-
tangles which can be seen in Fig. 12, right.
Further results are given in Fig. 13 and 14.

6 Conclusions

‘We have presented three novel contributions
for the interpretation of facades consisting
of individual windows, i. €., no glass facades,
from terrestrial image sequences, namely the
coherent use of Implicit Shape Models for
the delineation of windows, self-diagnosis to
validate hypotheses for windows, and model
selection based on Akaike’s information cri-
terion (AIC) for selecting between individ-
ual windows and rows and columns con-
structed from them. Combined with plane
sweeping we obtain 3D interpretations of fa-
cade planes including the windows.

Concerning future work we think into dif-
ferent directions. First, we need to do model
selection for individual rows and columns
in a more flexible way by using RIMCMC
and use a hierarchical model such as the
architectural shape grammars of MULLER et
al. (2007). Then, we want to create more de-
tailed models of the windows including mul-
lions and transoms, the appearance of both
possibly learned in an appearance based
hierarchy.

On a more global level we want to inte-
grate other objects such as doors on the
ground level but also architectural details
around windows possibly including their 3D
structure as well as balconies. For the latter
plane sweeping might be a solution for some
shapes of balconies. We consider Composi-
tion Systems (GEMAN et al. 2002) as an im-
portant theoretically sound basis for our
hierarchical modeling ranging from the win-
dow details to grids made up of windows
and other architectural objects. Finally, a
statistically sound link between dis-
criminative and generative modeling such as
in (Tu et al. 2005) could be advantageous.
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Automatic Adaptation of Image Analysis Models for 2D
Landscape Objects to a Coarser Image Resolution '

JANET HEuwOLD, KIAN PAKZAD & CHRISTIAN HEIPKE, Hannover
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Summary: This paper presents a new methodo-
logy for the automatic adaptation of image ana-
lysis object models for the extraction of 2D land-
scape objects to a lower image resolution. The
object models are represented in form of semantic
nets. The developed adaptation method includes
a prediction of the object’s behaviour in linear
scale-space using analysis-by-synthesis. The scale
behaviour prediction takes into account all scale
events possibly occurring during 2D scale change
of area-type object parts with arbitrary orienta-
tion. An example for the adaptation of an object
model describing a road junction arm with road
markings demonstrates the applicability of the
methodology. Finally, conclusions point out po-
tential enhancements of the method.

Zusammenfassung: Automatische Anpassung von
Bildanalysemodellen  fiir 2D-Landschaftsobjekte
an eine niedrigere Bildauflosung. Dieser Beitrag
beschreibt eine neue Methode fiir die automati-
sche Anpassung von Bildanalyse-Objektmodellen
zur Extraktion von 2D-Landschaftsobjekten an
eine niedrigere Bildauflosung. Die Objektmodelle
sind als semantische Netze représentiert. Die ent-
wickelte Methode zur automatischen Anpassung
nutzt Analyse-durch-Synthese zur Pridiktion des
Verhaltens des Objektes im linearen Skalenraum.
Die Pridiktion des Skalenverhaltens berticksich-
tigt samtliche Skalenereignisse, die bei der 2D-
Skalendnderung von flichenhaften Objektteilen
mit beliebiger Orientierung auftreten konnen. Die
Methode wird an einem Beispiel fiir die Anpas-
sung eines Objektmodells eines Stralenarmes im
Kreuzungsbereich demonstriert. Der Beitrag
schlieBt mit Schlussfolgerungen fiir potenzielle
Verbesserungen der Methode.

1 Introduction

The appearance of landscape objects varies
in aerial or satellite images of different res-
olution. Hence, for knowledge-based object
extraction in images of different resolution,
different models describing the objects are
usually required. The objective of this paper
is to introduce a new methodology for the
automatic adaptation of image analysis mo-
dels for object extraction to a lower image
resolution. The models for object extraction
are represented as semantic nets (TONJES et

1 Revised and extended version of (HEUWOLD et
al. 2007) presented at the ISPRS conference ““Pho-
togrammetric Image Analysis”’, Munich, Germa-
ny, September 19-21, 2007.

al. 1999). The previously developed method
for the automatic adaptation of object mo-
dels consisting of linear parallel object parts
(PakzAD & HELLER 2004) is only suitable
for simple landscape objects such as roads,
which can be described exclusively by par-
allel line-type objects®. As a result the pre-

2 In our model landscape objects or objects are
decomposed into object parts, which are the smal-
lest entities in our model. In many cases, the ex-
traction of an object is carried out through the
extraction of its object parts. Note, however, that
we extract the complete objects in cases where no
decomposition is foreseen in the model. In the
example described later the object is “Road junc-
tion arm’ and the object parts are the road mark-
ings (e. g., “Arrow”).

1432-8364/08/2008/197 $ 2.50
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diction of scale behaviour is simplified to a
1D problem, since an analysis of the cross-
section is in principal sufficient. However,
for modelling of a road network, more com-
plex roads (as present in junction and urban
areas) or other lansdcape objects an analysis
of the scale behaviour of 2D objects is
necessary. In the 2D case, the scale behav-
iour of the objects is more complex. Particu-
larly challenging is the prediction of scale
events that may occur during scale change
for 2D objects. This paper presents a new
adaptation process for image analysis
models consisting of a combination of 1D
and 2D object parts.

Since the appearance of objects often se-
verely changes between different image res-
olutions, the extraction model for objects in
lower resolution is to be altered by the ad-
aptation method. The central problem is the
prediction of the scale behaviour of objects
and object parts. The second core issue is
the automatic processing of the given and
adapted semantic nets.

We use linear scale-space theory for the
prediction of the object’s scale behaviour.
The linear or Gaussian scale-space as de-
fined first by WITkiN (1983) and KOEN-
DERINK (1984) is created by convolution of
an image L(x, y) with the Gaussian g(x, y; )
of varying width. Thereby, a family of sig-
nals is derived depending only on a single
scale parameter ¢ corresponding to the
square of the Gaussian standard deviation
o, t = ¢’ while x, y denote the image coor-
dinates. For details concerning the charac-
teristics of linear scale-space see FLORACK
etal. (1994). The analysis of image structure
in different scales is also referred to as deep
structure (KOENDERINK 1984). LINDEBERG
(1993 and 1994) proposed a blob detection
algorithm for the automatic scale behaviour
prediction of 2D object models, which we
use in our methodology.

In the literature some other approaches
dealing with scale behaviour analysis of 2D
landscape objects from remote sensing data
can be found, e. g., scale events for buildings
were analysed in morphological scale-space
by FORBERG & MAYER (2002); the scale-
space primal sketch was used by HAy et al.

(2002) for the scale behaviour description
of whole landscapes as complex systems.
However, the prediction of the scale behav-
iour of complete 2D object models for image
analysis and their adaptation to a lower im-
age resolution is new.

This paper is organised as follows: The
next section gives an overview of the adap-
tation process including strategy and adap-
tation method developed for object models
consisting of line-type parallel (1D) and
area-type (2D) object parts. An example for
the adaptation of a model for a junction area
with road symbol markings is outlined in
section 3. The paper finishes with con-
clusions and an outlook for future work.

2 Adaptation Process

2.1 Adaptation strategy

The strategy for the automatic scale-de-
pendent adaptation of object models com-
prising linear-parallel (1D) and area-type
arbitrarily oriented (2D) objects follows a
process in three main steps (cf. Fig. 1) — de-
composition, scale change analysis, and
fusion. Based on the type of object parts in
the fine scale a decision is made whether the
1D or 2D scale change analysis method is
to be applied. If there are only linear parallel
object parts in the object model to be
adapted, the 1D scale-dependent adaptation
can be used; otherwise the more sophisti-
cated adaptation for 2D objects is to be car-
ried out.

The first stage of the automatic adapta-
tion decomposes the given object model for
the fine scale into object parts that can be
analysed separately regarding their scale be-
haviour. The decomposition takes into ac-
count the mutual influence of nearby objects
when scale changes — denoted as interaction.
The possibility of interaction depends on the
spatial distances of the object parts to each
other. If the distances fall below a particular
value, which depends on the quantity of
scale change, interaction occurs. In this case,
the respective object parts are analysed si-
multaneously in groups in the following
scale change analysis phase.
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Fig.1: Strategy for adaptation process (for details see text).

Scale change models predict the appear-
ance and extractability in the target resolu-
tion for each interacting group or for single
non-interacting object parts resulting from
the decomposition. The prediction uses ana-
lysis-by-synthesis, simulating the appear-
ance of the object parts in synthetic images
of the target resolution.

In the last stage, fusion, all predicted ob-
ject parts are recomposed back into a com-
plete object model that is suitable for the
extraction of the object in the target resolu-
tion.

2.2 Adaptation method

2.2.1 Decomposition

In order to facilitate the scale behaviour pre-
diction of the object in the scale change mo-
dels, a separate analysis of the individual
parts of the modelled object is desirable.
However, during scale change adjacent ob-
ject parts may influence each other’s appear-
ance. This is the case, when they lie close
to each other in the target resolution. This
condition is checked by looking at their spa-
tial distance in the object model. Object
parts, which influence each other, need to
be analysed together and form an interaction
group in the successive scale change analysis
stage. All other object parts that are not sub-
ject to interaction can be treated as single

object parts in the scale behaviour analysis.
Depending on the size of the Gaussian ker-
nel associated with the target scale ¢, an in-
teraction zone is formed around the object
parts. For more details concerning the inter-
action zone see HEUwOLD et al. (2007).

2.2.2 Scale change analysis for 2D

Scale change models predict the scale behav-
iour for single object parts and interaction
groups. The prediction is carried out in an
analysis-by-synthesis procedure, analysing
the objects in synthetic images in original
scale, and target resolution (the target reso-
lution includes downsampling, the target
scale does not). The result is a description
of the appearance of the object parts in the
given target resolution in terms of attributes
for the nodes and edges of the semantic net.
As some simplifications carried out for lin-
ear parallel object parts are not applicable
to 2D object parts, the previously developed
method for linear parallel object parts is no
longer appropriate for 2D scale change ana-
lysis. Therefore, a new workflow for the ana-
lysis-by-synthesis process was developed
and is depicted in Fig.2.

First, from the specifications of the object
parts’ appearance in the nodes of the given
semantic net for the high resolution a syn-
thetic image is created for each object part
or interaction group to be analysed. This in-
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Fig. 2: Analysis-by-synthesis process for 2D adaptation.

itial image L, simulates the appearance of
the object parts in the original scale g,. In
a second step, the initial image is transferred
to the target scale g, by convolution with
the respective discrete Gaussian into the tar-
get scale image L,. Since the object’s appear-
ance and extractability can vary between the
target scale image and the image in the cor-
responding target resolution, the target scale
image L, is subsequently down-sampled to
the corresponding lower resolution R,. Both
the analysis of the possibly occurring scale
events and of the attributes describing the
appearance of the object parts in the low
resolution are carried out in this image. Al-
though the resampling does not result in
exactly the same image as a remote sensing
sensor of a lower resolution produces, the
process proved to be generally sufficient for
a simulation of a remote sensing image
(HeuwoLp 2006). In order to obtain an
exact simulation, one would have to model
the individual sensor characteristics and ap-
ply to the target scale image. Considering
the amount of different imaging sensors

(aerial and satellite), this approach does not
seem practicable.

Scale event prediction

During scale change so-called scale events
may occur. There are four types to be dis-
tinguished: Annihilation, Merging, Split
and Creation. In contrast to the one-dimen-
sional case, where only the first two events
need to be considered, all four different scale
events may occur in 2D images. The predic-
tion of scale events of interacting object
parts is thus not as straight forward and re-
quires a more sophisticated approach to
scale behaviour prediction than the previ-
ously presented method for linear parallel
object parts.

The scale-space primal sketch was intro-
duced by Lindeberg as an explicit represen-
tation of features in scale-space and their
relations at different levels of scale (LiN-
DEBERG 1993). The sketch was designed as
a basis for the extraction of significant image
features at stable scales for later processing
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towards object extraction. Blobs serve as
primitives of the scale-space primal sketch.
Grey-level blobs are smooth image regions
that are brighter or darker than the back-
ground and thereby stand out from their
surrounding. By definition a grey-level blob
B(E) is a region of a scale-space image
L(x,y;t) associated with a pair of critical
points (or regions in discrete scale-space)
consisting of one local extremum £ and one
delimiting saddle S. The grey-level blob is
a three-dimensional object with extent both
in the spatial and the grey-level domain. The
spatial extent of the blob is given by its sup-
port region Supp (B).

At first, for the prediction of scale events
blob detection is carried out in both the in-
itial image L, and the target resolution im-
age L,, using the sequential blob detection
algorithm of LINDEBERG (1994). Blob link-
ing between the initial image and the target
resolution image is then carried out by
matching blobs with intersecting support re-
gions in original and target resolution. We
assume that most blobs are not subject to
a scale event during the scale change given
by the specified target resolution. In the blob
linking process we thus first try to establish
a so-called plain link between the initial and
target resolution for all blobs. Based on the
set of support regions in initial resolution
Supp, and the set of support regions in target
resolution Supp,, a plain link must fulfil the
following condition (with m and n being the
number of blobs in initial and target resolu-
tion):

Plain Link: One particular blob in initial re-
solution has one and only one direct corres-
pondence in target resolution. The support
region of a blob B, in initial resolution Supp,
(B,) intersects the support region of a blob
B, in target resolution Supp(B,). All other
blob support regions in target resolution
must not intersect Supp, (B)).

37" q(Suppy(B)) N Suppg,(B,) * 0),
ie{l...m}, ge{l...n} 1)

If a plain link cannot be established for all
blobs, scale events must have occurred. The

types of scale events must then be resolved
automatically. We set up the following pos-
tulates for the occurrence of blob events dur-
ing scale change:

Annihilation: One particular blob in initial
resolution has no correspondence in target
resolution. The set of support regions in tar-
get resolution Supp,, is empty at the position
of a blob support region in initial resolution

Suppy(B)).
3i(Suppy(B) N Suppr, = 0), i€ {1...m} (2)

Merging: Two (or more) initial blobs have
one and the same blob as correspondence
in target resolution. The support regions of
at least two initial blobs Supp,(B;) and
Supp,(B,) intersect the support region of one
and the same blob in target resolution

Supp ,(B,).

3q((Suppy(B)) N Suppr,(B,) * 0)
A (Suppy(B) 0 Suppr,(B,) # 0)),
Lhje{l...m},qe{l...n},i%j 3)

Split: One initial blob has two (or more)
blobs as correspondence in target resolu-
tion. The support region of an initial blob
Supp,(B;) intersects the support regions
Suppr,(B,) and Suppr (B, of at least two
blobs in target resolution.

g3 s((Suppy(B) N Suppg,(B,) * 0)
A (Suppy(B)) N Suppg,(B,) * 0),
ie{l...m}, g,se{l...n},q=*s 4)

Creation: One particular blob in target reso-
lution has no correspondence in initial reso-
lution. The set of support regions in initial
resolution Supp, is empty at the position of
a blob support region in target resolution

Suppr,(B,).
3q(Supp, 0 Suppr,(B,) = 0), ge {1...n} (5)

Based on these conditions the scale events
that have occurred during scale change are
inferred. The procedure is described more
detailed in HEuwoLD et al. (2007).

It should be noted that blobs can be com-
posed of several individual object parts that
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are adjacent to each other. Hence, the
number of blobs in initial or target resolu-
tion does not necessarily equal the number
of nodes in the semantic net for the respec-
tive resolution. However, as we know the
composition of blobs in initial scale from
the synthesis process, we can separate the
individual object parts that compose the
same blob in target resolution, if no scale
events have occurred.

Attribute prediction

The attributes in the nodes specify the ap-
pearance of an object part in the image. The
values of the attributes in the nodes of the
adapted semantic net for the lower resolu-
tion are therefore analysed in the synthetic
target resolution image L. Blobs are as-
sumed to correspond to the individual ob-
ject parts. Hence, the number of blobs in
the target resolution equals the number of
nodes in the semantic net for the target reso-
lution. For each blob in the target resolution
the following attributes are derived: object
type (e.g., line or pattern), spatial extent
(width and length), grey value, and orienta-
tion.

2.2.3 Fusion

The fusion is the last stage of the automatic
adaptation process. All nodes remaining
after scale change including their attributes
representing the object parts in the given tar-
get resolution are compiled to a complete
semantic net.

The hierarchical relations between the
nodes remain unchanged as long as no scale
event occurred. In case of Annihilation, the

Road network

N
4

respective node is simply omitted. For
merged blobs only a single part-of relation
remains. For the Split and Creation events
new part-of relations are introduced into the
respective hierarchy level.

The type of the spatial relation (parallel
or perpendicular distance) stays unaffected.
However, the distances between the object
parts are to be adapted. The adapted dis-
tance values are derived from the position
of the borders of the blob support regions
Suppy, n target resolution.

3 Adaptation Example

In order to demonstrate the applicability of
the adaptation methodology, this section
gives an example for the automatic adapta-
tion of a high-resolution object model to a
coarser image resolution. A semantic net for
the extraction of a road junction arm with
2D symbols (arrows and stop lines) serves
as given model for high image resolution
(3—5 cm per pixel). We chose g, = 8 as target
scale — corresponding to an approximate
target resolution of R, ~ 0.8 m. This junc-
tion model can be seen as a part of an object
model for a road network consisting of
roads and junction arms (cf. Fig.3). The
node for an adjacent Road, for instance, can
be represented by the model given in HEU-
WOLD (2006), which consists of linear paral-
lel objects and can be adapted with the 1D
adaptation strategy.

The road junction in our example consists
of a number of road junction arms with a
dashed central line. These arms meet in the
junction area. They contain lane markings
and additional traffic markings (in our
example direction arrows and stop lines).

Legend

<+ Partof

adjacent

Fig. 3: Object model for road network.
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‘ Road junction arm ‘

Legend:

T <+—— Part-of Object Type
Spatial relation with Width
_ Length
Road <« — - panalel[di=land | o 0 B0,
pavement perpendicular Grey Value
Cont Li distance [di=]
ont. Line
wid=212 |:| Line-type object
len=750
not periodic |:| Area-type object
gv=90
Edge line | [41=97] Central | N~ @=p _,| Edge line
left line | | right
Cont. Line Cont. Line [dy=38] [dj=48] | Cont Line
wid=6 wid=6 | | wid=6
len=700 len=600 | [d2=200] | len=700
not periodic periodic — g AH‘O?M - — — —» Stopline «— — — not periodic
gv=200 gv=200 straight ane’ qv=200
Arb.Pattern Rectangle
wid=20 wid=97
len=250 fen=18
Template Rectangle
gv=200 gv=200

Fig. 4: Object model for junction arm in a resolution of 0.03—0.05 m/pixel.

This means the road junction arms represent
the part close to the roads before the junc-
tion centre, where the roads contain addi-
tional road markings. The width of the road
junction arm is modelled to be constant. The
2D position of the object parts is given by
distances (in number of pixel in the respec-
tive resolution) between them in two perpen-
dicular directions. The model also contains
information concerning the extent of the ob-
ject parts. The model for road junction arms
for the high resolution is depicted in Fig. 4.

An essential part of an object model for
image analysis is also a set of image analysis
operators. They represent the procedural
knowledge needed to extract particular ob-
ject parts from images. The image analysis
operators search for the particular parts in
the image, which are represented as nodes
in the object model. Therefore, the nodes of
the semantic net are connected to the cor-
responding image analysis operators. Dif-
ferent image analysis operators are assigned
to different types of object parts. Two object
types were defined for area-type objects:
Geometric Shape (e. g., Rectangle) for simple
object parts and Arbitrary Pattern for more
complex ones. The shape of the latter kind

of object part is defined by templates. The
operators for Arbitrary Pattern use cross-
correlation matching with provided tem-
plates, whereas the line-type objects and the
Rectangle use the road marking operators
based on differential geometry developed in
HeuwoLp (2006).

As mentioned before, the scale behaviour
prediction of the junction example is carried
outin the scale change analysis stage by ana-
lysis-by-synthesis. Due to the width of the
discrete Gaussian used for the creation of
the target scale image L, all object parts of
the bottom level except edge line left form
an interaction group. Hence, the scale be-
haviour of these object parts is analysed
jointly. Fig. 5a) depicts all simulated object
parts in a synthetic image, while Fig.5b)
shows the down-sampled filtered image in
target resolution Ly, The number of blobs
in initial resolution (5) differs from the
number of blobs in target resolution R, (4),
suggesting the occurrence of a scale event:
a Merging event is detected for a part of
the central line and the direction arrow.
Here, the corresponding blobs have merged.
The results of the blob detection in the syn-
thetic images of the initial and target resolu-
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a) b)

c) d)

Fig. 5: Blob detection results: initial blob features and target blob features superimposed on syn-
thetic images; a) initial image L, b) target resolution image L, (grey-value stretched and enlarged),
c) extrema E, (red), E, (green) on target resolution image Lg, d) support regions Supp, (red),

Suppg, (green) on L.

tion, illustrated in Fig. 5 d), reflect the post-
ulated condition for Merging events — the
support regions Supp-(B,) in target resolu-
tion R,. intersect the two support regions
Supp,(B,) and Supp,(B,) of the merged
blobs from initial resolution. Fig. 5¢) depicts
the position of the blob extrema in initial
and target resolution.

Although there are only four blobs in the
target resolution image L, the resulting ob-
ject in the target resolution R, consists of

‘ Road junction arm ‘

T

Road
pavement

Cont. Line
wid=11
len=32

not periodic
gv=90

six individual object parts. Because the up-
per part of the dashed central line, the stop
line and the edge line right touch each other,
they form one single blob—not only in target
resolution but already in initial resolution.
For all resulting six object parts in the target
resolution the node attributes are derived
from the target resolution image L, as il-
lustrated in Fig. 5d): there are four Continu-
ous Lines (edge line left, edge line right and
two parts of the dashed central line), one

Legend:
Part-of Object Type
Spatial relation with LV;/;%%
parallel [dj=] and Shape Attrib
perpendicular Grey Valué
distance [di=]

Line-type object

il '

Area-type object

Edge line Central _,| Edge line
left line part1 | T \ | right
, [ —
Cont. Line Cont. Line | 4.=10] [d}=2] [dj=1] Cont. Line
wid=2 wid=2 | ; | wid=2
len=24 len=6 = len=24
not periodic not periodic | - »| .Central = — Anpw — [d¢7517> Stop line [« J not periodic
qv=108 qv=108 line part2 + Line qv=108
Cont. Line Arb.Pattern Rectangle
wid=2 wid=4 wid=4
len=6 len=7 len=2
not periodic Template Rectangle
gv=108 gv=95-121 gv=123

Fig.6: Adapted example object model in target resolution R, ~ 0.8 m.
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Rectangle (Stop Line) and one Arbitrary
Pattern (Arrow + Line Part) for the merged
part of the central line and the direction ar-
row; their extents are given by the width and
length of a fitted rectangle of their blob sup-
port regions Suppy,; the grey values are de-
termined from the blob brightness inside its
predicted extent (mean value for area-type
object parts, maximum value in cross-sec-
tion for line-type object parts). The distan-
ces being attributes of the spatial relations
(edges) are derived from the shortest dist-
ance of the blob support regions for area-
type object parts.

The adapted object model of the road
junction arm for the target resolution
R, =~ 0.8 m is illustrated in Fig. 6. Most line-
type object parts changed only their at-
tributes (width and contrast); whereas one
part of the previous dashed central line was
subject to a scale event and was merged with
the adjacent area-type arrow symbol during
scale change. The resulting object is another
arbitrary pattern, which is to be extracted
by pattern matching. The operator for this
new object part can use a template that is
derived from the support region Supp,, of
the merged blob in the target resolution im-
age L,, for cross-correlation matching.

4 Conclusions and Outlook

In this paper a new methodology was pres-
ented for an automatic adaptation of image
analysis object models, created for a specific
high resolution, to a lower resolution image.
The modelled landscape objects can consist
of both arbitrarily oriented line-type and
area-type object parts. In order to adapt the
representation of the objects, the scale be-
haviour of the object parts is analysed tak-
ing into account 2D scale events and
changes in the object’s appearance. Using
an object model for a road junction area,
the adaptation method is exemplarily de-
scribed.

A general constraint of the described
method is that interaction with other objects
can always influence the objects’ appearance
in the target resolution; also other non-
modelled objects in the vicinity of the

modelled objects can influence the appear-
ance. Therefore, strictly speaking the de-
scribed method is only valid for a modelled
object, if the neighbouring object is a homo-
geneous area and no other objects influence
the adaptation. This means that the spatial
distance to neighbouring object must be lar-
ger than the computed threshold for inter-
action (which depends on the amount of
scale change). This is also true for the case
that a modelled object can influence itself,
because it is strongly curved (e.g., serpen-
tine roads may cause adaptation problems).
This condition forms a current limitation
with regard to automatically adaptable ob-
ject models using our methodology.

Our future work will therefore focus on
the incorporation of relevant local context
objects such as trees or buildings into the
adaptation process in order to be able to
deal with more realistic scenes. This will
allow us to account for occlusions and
shadows in the images. Due to the high com-
plexity of the scale behaviour simulation for
local context objects with unknown posi-
tion, however, we will not process the road
objects simultaneously with the local con-
text objects, as the number of possibly re-
sulting low resolution object models can eas-
ily become very high. Instead, we intend to
consider the local context object as a sep-
arate object model, for which a scale change
is derived independently. In cases where in
the low resolution the road extraction fails,
we will then try to explain this failure
through the introduction of a building, a
tree or their shadows.

The 2D concept presented in this paper
is until now essentially limited to theoretical
work. However, once extended this ap-
proach to automatic object model gener-
ation could prove useful in a number of ap-
plications: e. g., for multi-sensor image in-
terpretation without the need to create more
than one object model manually, as the mo-
dels for sensors with lower resolution can
be automatically derived; generally, the de-
veloped method for blob linking can also
support many-to-many matching of spatial
entities in different representations.
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From Detailed Digital Surface Models to City Models
Using Constrained Simplification

ROLAND WAHL, RUWEN SCHNABEL & REINHARD KLEIN, Bonn

Keywords: DSM, City Model, Geometry Simplification, Abstraction, Visualization.

Summary: We present a method to simplify high-
detail full-featured digital surface models (DSM)
of cities (i. e., containing the heights of trees, cars,
buildings, etc.) geometrically in such a way that
all relevant features are preserved, whereas noise
and superfluous details collapse. The relevance of
features is automatically evaluated using a sem-
antically motivated shape detection and serves as
constraint during the simplification. Our results
show that we are able to preserve fine details of
complex roof structures while all irrelevant fea-
tures are effectively removed. Thus, we achieve
an excellent abstraction of the city data without
any interaction of the user, which is not only be-
neficial for visualization, but could also be used
for GIS related applications.

Zusammenfassung: Von digitalen Oberflichenmo-
dellen zu Stadtmodellen mittels eingeschrdinkter
Simplifizierung. Wir stellen ein geometrisches
Simplifizierungsverfahren fiir hoch detaillierte
ungefilterte digitale Oberflichenmodelle (DOM)
von Stddten (inkl. Abtastwerten von Bdumen,
Autos, Gebduden, etc.) vor, welches alle relevan-
ten Merkmale erhélt, aber Rauschen und tiber-
fliissige Details verwirft. Die Relevanz der Merk-
male wird automatisch mittels semantisch moti-
vierter Formerkennung bewertet und dient als
Einschrankung der Simplifizierung. Unsere Re-
sultate zeigen, dass wir in der Lage sind, feine De-
tails komplexer Dachstrukturen zu erhalten, wih-
rend irrelevante Merkmale effektiv eliminiert wer-
den. Auf diese Weise erreichen wir ohne jegliche
Benutzerinteraktion eine ausgezeichnete Abs-
traktion der Stadtdaten, die sich nicht nur fiir
Visualisierungszwecke eignet, sondern auch in
GIS-Applikationen benutzt werden konnte.

1 Introduction

Conventionally, the sole aim of geometry
simplification in the context of real-time vi-
sualization of landscape or urban environ-
ments is to enable smooth, real-time navi-
gation through the scene without disturbing
interruptions for data loading or decoding.
To this end, the simplification generates a
suitable set of geometric levels of detail
(LOD) of the terrain data. To sustain a sa-
tisfactory user experience, the blending in
of additional detail without notable flicker-
ing or jumps while the user zooms in on ob-
jects should be supported by the underlying
LOD structure. Hence, the LODs are usual-
ly generated with respect to a geometric
error measure, e.g., Hausdorff error that

guarantees pixel correct images at given
viewing distances. However, often additio-
nal requirements arise when dealing with
city-data:

e In the context of city visualization, a pho-
torealistic visualization is not always de-
sired, e. g., on a small PDA or cell phone
display, the overwhelming amount of de-
tail is difficult to grasp for the user and
an abstracted view is usually preferred.
The abstraction however should be sem-
antically motivated and cannot be based
on geometric error alone.

e A lot of existing GIS related software,
e.g., for city-planning, operate on ab-
stracted data in the form of CityGML or
similar formats. To this day no automatic
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conversion of height-field data into this re-
presentation is available.

e For city visualization in a client-server set-
ting over the internet, as it is available in
a primitive form in Google Earth today,
it is usually not possible to transmit all
the necessary detail of geometry and tex-
ture in the short time available while the
user navigates through the scene because
of limited bandwidth. Therefore it is un-
avoidable that the user will frequently see
coarser LODs from a distance where the
simplifications therein become clearly vi-
sible (i. e., larger than a couple of pixels).
Current simplification methods for high
resolution height-field data however are
only based on geometric error considera-
tions, so that often fagades of houses are
askew or roofs have unnatural looking
shapes, which results in views that are ir-
ritating to the user.

All of these requirements are not vital as
long as we deal with city models derived
from cadastral data or semi-automatic re-
construction, given that these models are ge-
nerally reasonably abstract. However, con-
sidering the ongoing advances in camera
and reconstruction techniques and the con-
sequently increasing detail and extent of
full-featured digital surface models (DSM),
automatic abstraction methods capable of
handling out-of-core data are necessary.
In order to address this situation, in this
work, we propose a novel form of constrain-
ed simplification that incorporates additio-
nal shape information together with geo-
metric error considerations to generate
LODs from highly detailed DSMs that re-
spect both geometric as well as semantically
motivated criteria. The incorporated shape
information is low-level and very general.
It is used to find edges and corners in the
geometry that make up the important fea-
tures of building geometry without resorting
to more involved and specialized building
models. The simplification is constrained to
preserve these features even in coarse LOD.
Due to the continuous nature of the LOD
and the consideration of geometric error,
this representation is still suitable for real-

time pixel correct photorealistic terrain and
city renderers. Moreover, due to the preser-
vation of important edges and corners, it is
applicable in client-server settings on the in-
ternet or visualization on mobile devices as
well — all from the same data representation
and generated fully automatically.

2 Previous Work

In Computer Graphics, LOD representa-
tions of objects and scenes have been exten-
sively researched during the last 15 years.
In combination with methods for efficient
occlusion calculations, image based rende-
ring as well as prediction and caching me-
chanisms they are employed for efficient vi-
sualization of large scenes.

2.1 Topology-Preserving
Simplification

Even for triangulated height fields it is chal-
lenging to find an optimal approximating
mesh with a given small number of faces in
the sense of the L1-norm. Indeed AGARWAL
& SURI (1994) have proven this problem to
be NP-complete. Therefore, iterative greedy
algorithms have prevailed which in each
simplification step either eliminate a vertex
(vertex contraction) or an edge (edge collap-
se) from the triangulation (SCHROEDER et al.
1992 and HoppE et al. 1993). Several differ-
ent error measures have been proposed and
evaluated in the literature. Compared to
other distance measures, the Hausdorff met-
ric has the advantage that the projection of
the 3D approximation tolerance onto screen
space can be used to select a corresponding
LOD automatically for pixel correct render-
ing (KLEIN et al. 1996). The quadric error
metric introduced later by GARLAND &
HECKBERT (1997) has the advantage of a
simpler and more efficient computation.
Therefore, it has become very widespread,
although it does not guarantee any bounds
on the screen space error. Since then, there
were also improvements in computing fast
Hausdorff distance approximations (CIGNO-
NI et al. 1998 and GUTHE et al. 2005).
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2.2 Topology-Changing Simplification

The family of vertex clustering methods has
been introduced by (ROSSIGNAC & BORREL
1993) and has been refined in numerous
more recent works (Kok-Lim & Tiow SENG
1997). The algorithms of this family essen-
tially apply a 3D grid to the object and for
each cell contract all the vertices inside the
cell. This way holes in objects are closed or
objects in close proximity are merged. Alt-
hough the degenerate faces are subsequently
removed, it is difficult to influence the fide-
lity of the result due to lack of control over
the induced topological changes. The alrea-
dy mentioned vertex contraction operator
(GARLAND & HECKBERT 1997 and Porovic
& HorpEe 1997) offers more control over the
topological modifications. However, with-
out further processing it possibly generates
non-manifold meshes.

2.3 Out-of-Core Simplification

To simplify models of ever increasing size,
a number of out-of-core simplification algo-
rithms have been developed. EL-SANA & Y1-
JEN (2000) sort all edges according to their
lengths and use this ordering as decimation
sequence. LINDSTROM (2000) uses vertex
clustering to reduce the number of vertices.
As the representing position of each vertex
cluster is computed from an accumulated
quadric error metric, the memory require-
ment of the algorithm is proportional to the
size of the output model. For cases where
neither input nor output model fit into main
memory, an out-of-core vertex clustering
(LinDSTROM & SiLvA 2001) was developed.
The multiphase algorithm (GARLAND &
SHAFFER 2003) uses vertex clustering to re-
duce the complexity of the input model fol-
lowed by a greedy simplification approach
and achieves high quality results. Another
way for out-of-core simplification is to split
the model into smaller blocks, simplify these
blocks and stitch them together for further
simplification. In (Hoppe 1998) this ap-
proach is applied to terrain and in (CIGNONI
et al. 2003) to arbitrary meshes. The ap-
proach has the problem that special care has

to be taken at patch boundaries. Recently,
stream decimation algorithms (Wu & KoB-
BELT 2003; ISENBURG et al. 2003) for out-of-
core simplification have been developed, but
the resulting model is not optimal with re-
spect to mesh size and Hausdorff distance
of the simplified model to the original.

2.4 Remeshing

Another area related to our approach is re-
meshing of triangulated geometry. Remes-
hing algorithms take a triangle mesh and re-
sample it such that some quality require-
ments are satisfied but the original geomet-
ric shape is retained. In this sense, mesh
simplification can be seen as a special case
of remeshing. Other remeshing techniques
include surface fairing (TAuBIN 1995 and
DESBRUN et al. 1999), where connectivity is
preserved but vertex positions are optimized
in order to remove noise or to evenly dis-
tribute vertex positions. HILDEBRANDT &
POLTHIER (2004) presented a bilateral mesh
smoothing algorithm that is able to preserve
edges and corners in the geometry. A similar
approach is given by VOrsatz et al. (2001)
who describe a remeshing algorithm that is
feature sensitive. Both approaches however
are not combined with simplification and
are not robust to outliers.

3 Overview

Given a high-resolution height-field model,
it is converted into a 3D point-cloud and
decomposed by our recently proposed effi-
cient RANSAC shape detection (SCHNABEL
et al. 2007) into areas that correspond to
primitive shapes such as planes, spheres, cy-
linders etc. and a set of remaining points.
The points of the original DSM are then tag-
ged with the indices of shapes detected in
their proximity. These index sets then impli-
citly define the shape, edge or corner pro-
perty of the points, which is subsequently
used to constrain the geometric simplifica-
tion. Only those simplification operations
are allowed that respect the detected primi-
tives on the corresponding LOD. This way
itis asserted that coarse building models are
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generated which obey the abstract structure
defined by the segmentation into primitives.
Depending on the chosen size and approxi-
mation fidelity of the detected primitives,
the resulting coarse polygonal models ad-
here to different semantically motivated
levels of detail. In areas where no primitives
could be detected (e.g., areas of natural
cover such as in parks), the simplification
is guided by geometric error alone, which
has been proven to give good results for ter-
rain in general.

4 Geometric Simplification

We build our simplification framework
around the edge-collapse operation with
tight upper bounds on the Hausdorff distan-
ce against the original mesh. Each edge of
the original mesh generates three collapse
candidates, which are either of the two cor-
responding halfedge-collapses or an edge-
collapse with vertex placement. As optimi-
zing the new vertex position with regard to
the Hausdorff distance, which includes eva-
luating the maximum, does not make sense,
we use the quadric error metric (GARLAND
& HECKBERT 1997) for candidate genera-
tion. This metric is fast and easy to compute,
and directly yields the optimal vertex for the
edge collapse operation in general cases. For
degenerate cases the distance to the original
edge is used as an additional criterion. Each
collapse candidate is then checked for vali-
dity, that is whether it introduces flipping
of orientations or degeneration of neighbor-
ing triangles, and scheduled in a priority
queue keyed to its approximation error. For
the sake of speed we again use the quadric
error metric for computing priorities.
After these preparational steps, iteratively
the best collapse candidate is evaluated, this
time using the actual distance metric and if
it does not surpass the current error thres-
hold, it will be applied to the mesh. As it
changes the appearance of its 1-ring, all
conflicting candidates are rescheduled or de-
leted from the priority queue. This process
comes to an end when each remaining valid
collapse operation surpasses the threshold
and therefore the bottom-up simplification

scheme is in a local optimum. Although this
approach is greedy, it is able to collapse a
mesh completely, if the distance threshold
allows it (i. e., it does not get stuck in a local
minimum).

4.1 Distance Metric

For pixel-true rendering, the Hausdorff dis-
tance is almost the perfect choice, since it
guarantees two crucial properties, directly
linked to its definition:

Firstly, for every feature of the original
mesh, there exists a part of the proxy mesh
which represents that feature within a dis-
tance of at most the predefined threshold.
And secondly, as also the inverse Hausdorff
hemimetric is accounted for, the resulting
approximation does not introduce artifacts
which have no justification from the original
mesh.

The arguments against using Hausdorff
distance are that it is very difficult to com-
pute and that in many cases, simpler appro-
ximations well serve their purpose.

Especially, in the domain of terrain ren-
dering, measuring only along the z-axis is a
popular alternative. Its main advantage is
that opposed to strict Hausdorff distance,
the counterpart on the other mesh is impli-
citly given and therefore, we get two piece-
wise linear distance functions parameterized
over the plane. It has been observed that
evaluating this metric only at the vertices of
the two corresponding meshes does not yield
tight bounds on the Hausdorff distance, but
also the edges need to be considered, as
otherwise the error can become arbitrary
large. It can be shown that for small maxi-
mum steepness angles o the overestimation
of the distance is bounded by cos 'a. So
this does not lead significant overheads for
coarsely sampled terrain datasets.

However, in the presence of high-frequen-
cy signal, which is very common in high-re-
solution digital surface models, this appro-
ximation is no longer effective. Therefore,
we only use the implicit correspondence be-
tween the meshes as given by the z-projec-
tion and evaluate the Hausdorff distance lo-
cally between the corresponding parts. That
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way, the distance computations remain local
(i.e., in the 1-ring of the edge in question)
and still we get tighter bounds and effective
simplification of steep geometry.

5 Semantic Constraints

As mentioned in the introduction, LOD ge-
neration based on purely geometric simpli-
fication often leads to unwanted results, sin-
ce it does not consider the overall shape, but
only local geometric features. For terrain
datasets, the resulting approximation is ge-
nerally good enough, but especially for man-
made objects as buildings, where the shape
is often dominated by recurring patterns,
geometric simplification fails to maintain
symmetries and structures and is therefore
not well suited as an abstraction method.
Nevertheless, it has the big advantage that
it always yields a complete representation
of the underlying scene automatically, irres-
pective of whether it can interpret the scene
or not. Therefore, it is desirable to combine
its strengths with global semantic analysis
which is able to identify important feature
edges and corners in order to get the best
of both worlds.

One way to have simplification respect the
overall shape is via accordingly designed
constraints. For this approach care must be
taken that the constraints achieve the de-
sired feature preservation and that they do
not limit the effectiveness of the simplifica-
tion.

In the following we will first discuss a very
general method to automatically add sem-
antically motivated metainformation to the
input data. Then, we deal with how these
data are used as constraints during simpli-
fication.

5.1 Edges & Corners

In this work, we propose to use primitive
shapes to detect important edges in the
height data. The reason a shape-based de-
tection is preferred over more traditional
methods such as Laplace edge detection is
that the shape detection can handle outliers
and noise in a robust fashion and has a more

global notion of structure (i.e., based on
connected components of parts with equal
curvature), which enables it to detect edges
reliably comprising a wide angle between
two primitives, e.g., on top of a shallow
roof.

As a first step, we employ the shape de-
tection described in (SCHNABEL et al. 2007).
As it operates on 3D point-clouds, the input
height-field is first converted to 3D by inser-
tion of additional points at discontinuities
in the 2.5D data (e. g., for facades). We use
the same sampling density for this vertical
upsampling as in the planar domain, in or-
der to maintain a close relation between the
number of samples and surface area. The
resulting point-cloud P = {p,...,py} is
partitioned into subsets S, associated to sha-
pe primitives @, (i. e., planes, spheres, cylin-
ders, cones and tori) as well as a single subset
R containing any remaining points that
could not be assigned to a shape for the
given parameters. In order to ensure heuris-
tically that only parameterizable patches are
created, a point is considered compatible if
its Euclidean distance to the shape is within
a given distance threshold and its normal
does not deviate from the respective shape
normal by more than a given angle thresh-
old. After removing the compatible points,
the algorithm is restarted on the remaining
points until no more shapes can be found
for the given set of parameters.

For details on the efficient probabilistic
RANSAC-based algorithm we refer to the
original work, we only want to emphasize
here that there are parameters which allow
us to select what kind of shapes are consi-
dered valid and therefore define a low-level
interface to the interpretation of the data
(e.g., surface area). If wanted also more
complex parameters (e. g., neighboring sha-
pes, shape orientation) can be used to decide
whether the shape is important or not (cf.
ScHNABEL et al. 2008) or the results can be
cross-validated against cadastral data. But
as we aim at a high level of automatism and
generality we will work with the inherent da-
ta and few parameters if possible.

In our setting, we define vertices of the
DSM to be edge points if they are close to
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Fig. 1: Shape detection results with 4 m? (left) or 16 m? (right) size thresholds. Intensities are random,
black means no shape detected. The middle column shows close-ups of a small part of the roof,
a large dormer and a truck, which are no longer present in the 16 m? detection result.

two different shape primitives. Points that
are close to even more primitives are clas-
sified as corner points. For closeness again
we use a distance threshold €, but this time
we do not measure to the ideal shape but
its points. That is, a point is close to Shape
jifitis within € distance of any of the points
from S;. In order to identify all edge and
corner points efficiently, the point-cloud P
is sorted into an axis aligned 3D grid. Then
for all grid cells that contain points belong-
ing to different shapes, the contained points’
distances are compared to € and a counter
is increased for each potentially different as-
signment. In order to avoid discretization
dependencies due to the location of the grid
cells, we use eight translated versions of the
grid, corresponding to the eight corners of
a cube. Given the distance threshold €, the
width of the cells is set to € and shifted ver-
sions of the grid are created with an offset
of ¢/2 along the respective axes. Cells are
stored in a hash table, so that memory is
only allocated for occupied cells. However,
in order to get most out of the semantic
constraints it is valuable not only to classify
edges and corners, but to keep the whole
information to which shape each point cor-
responds. This additional information will
be used to not restrict simplification in the
presence of features blindly, but to guide
which of the possible combinations of fea-
tures are allowed. This information is stored

in an additional raster of shape-IDs, which
is read along with the height field during
simplification.

5.2 Constrained Simplification

In order to respect and maintain the shape
information of the vertices, we pose an ad-
ditional constraint to each collapse candida-
te during validity check (see sec. 4): The ver-
tex which is about to collapse must ensure
that its set of shape-IDs is a subset of the
shape-IDs of its collapse partner.

That this simple rule maintains the vertex’
shape-IDs is obvious, but how does it help
in maintaining features? The principle is that
a vertex, once it collapsed to a corner or
edge, cannot move away from there, as it
can only move along the feature. So, as the
IDs are globally unique and each two planes
share only one line (cf. Section 6 for discus-
sion of non-planar shape primitives), this
approach guarantees that every corner and
every edge as defined by the shape-map is
maintained.

But whenever a feature edge is not detect-
ed along its whole extent, or is not enclosed
by two corner features, it might collapse to
a single point, which is of course not the
desired representation. This case occurs very
often due to the presence of noise and occ-
lusions and because of the incomplete shape
segmentation. In digital surface models, this
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is probably the default case. In order to cope
with that situation, we suggest the use of
additional topological constraints. We defi-
ne border vertices of a shape as those ver-
tices which have one incident edge pointing
to a vertex that is not in the same shape.
Such vertices are not allowed to move inside
the shape, but may only collapse to neigh-
boring border vertices. This constraint can
be checked by looking at the shape-IDs of
the two tip vertices of the incident triangles.
One of these must be outside of the shape
if the collapse takes place at the border. As
opposed to labeled edge vertices, this crite-
rion does not allow finding a low-error ap-
proximation within a defined small range in
the proximity of the hypothetical intersec-
tion, but the purpose of maintaining the
border is served and still effective comple-
xity reduction along the border is possible.

Now there remains one situation in which
detected features still might degenerate, na-
mely if two edges of the same shape do not
meet in a common corner but are connected
via a series of border vertices. As the col-
lapses along each of the two edges are legi-
timate, they may again collapse to their next
corners respectively introducing an unwant-

ed shortcut edge. We deal with this problem
by detecting the implicit corners defined as
those edge vertices which only have one
neighboring border vertex with respect to
one of their shapes. Implicit corners are then
treated as corners and may not be collapsed
to other vertices unless they are of the same
corner type.

6 Results

We tested the proposed methods on a
256m x 256 m part of a highly detailed di-
gital surface model of downtown Berlin, fea-
turing complex buildings at an input reso-
lution of 12.5cm (resampled from the 7cm
resolution dataset courtesy of DLR). The
original heightmap therefore contained 4.2
million vertices. After adding the facade
points, the point-cloud had more than 11
million points. The shape detection took
197 sec. and resulted in 1,658 planes larger
than 4 m? and 695 planes larger than 16 m>.

The resulting segmentations are depicted
in Fig. 1. The small borders around the buil-
dings are no artifacts but belong to the fa-
cades which are not represented in 2.5D.
Now we performed geometric simplification

Fig. 2: Simplification results. Left column: unconstrained, 4 m threshold. Middle column: constrain-
ed, 4m threshold. Right column: constrained, 32 m threshold. The upper row shows the shaded
TIN whereas the lower row shows a rendering textured with full 12.5cm resolution.
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with exactly the same algorithm but either
using a map of shape-IDs or not. Without
shape-IDs the simplification of the 4.2 mil-
lion vertices took 266 sec. and resulted in
2172 vertices, with the constraints it took
291 sec. and resulted in 7493 vertices. Fig. 2
shows the resulting models. The leftmost co-
lumn of Fig. 2 shows the results at an error
threshold of 4m without additional con-
straints. Even the huge gable roofs look al-
ready scrambled, the small chimney in front
turned into a strange looking peak and also
on the flat roofs in the background we see
some disadvantageous collapse artifacts.
Texturing this model (lower row) reveals the
spatial inaccuracy of the feature edges. That
is definitely not what we would expect from
an abstracted model, even though from a
distance where a pixel projects to about 4 m
it will be almost indistinguishable from the
original.

In the middle column we see which dif-
ference the constraints make here. Geomet-
ric error is the same, but all collapses trying
to demolish feature edges were inhibited. A
lot of features, which are significantly smal-
ler than 4m and hence missing in the left-
most mesh are still present in the data, e. g.,
the glass roof in the courtyard or the chim-
ney are reasonably represented. The textur-
ed rendering reveals the high positional ac-
curacy of the feature edges which is due to
the small € threshold used during point clas-
sification. This effect becomes even clearer
when we look at the rightmost column of
Fig. 2. As the whole patch is only little more
than 30m high, distance threshold 32m
means collapse everything you can. So, eve-
ry feature which is still there is there due to
the shape-IDs it has.

7 Conclusions

We proposed a robust way to derive feature
edges and corners from highly detailed di-
gital surface models. Such constraints can
be easily integrated into a Hausdorff distan-
ce simplification framework. Adding topo-
logical shape constraints and inhibiting col-
lapse-vertex placement makes the resulting
mesh strictly following the prescribed edge

features, while still simplifying along these
edges. Since the features are defined using
a low-level shape detection, we are able to
preserve the shape of very complex roof
structures and buildings without having a
specialized model of them. If a semantic an-
notation was added, the resulting geometry
could be directly exported into a high-level
format as CityGML.

Directions of future work will include a
better support for curved features, such that
there also the positional accuracy is inde-
pendent of the global error threshold and
also refining the definition of shapes, such
that they approximately match existing con-
cepts of semantic LODs. As the results in
Figure 2 revealed that, the resulting trian-
gulation is in some places even less complex
than the pure geometric simplification, we
will also try to improve the concept of shape
such that vegetation and point-cloud arti-
facts do not lead to additional constraints.
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Summary: This paper discusses relevant aspects
of interrelationships between graphically and ver-
bally represented information. The research is fo-
cused on both ways of transformation — from tex-
tual to graphical information and from graphical
to textual information — with respect to automa-
tion. Analyses based on examples of Boundary
Descriptions of the Brazilian Ownership Cadastre
as well as Communication Systems in Disaster Ma-
nagement are presented. Due to the various levels
of detail of given attributes, the textual represen-
tation contains various abstraction levels. Such
experiences are implemented in terms of data mo-
deling and processing.

Zusammenfassung: [ntegration von Sprache in
GIS: Modelle im Eigentumskataster und Katastro-
phenmanagement. Dieser Beitrag prisentiert the-
oretische Untersuchungen zur Verarbeitung gra-
phischer und sprachlicher Zusammenhénge. Den
praktischen Hintergrund dieser theoretischen An-
satze lieferten zum einen die verbalen Grenzbe-
schreibungen des brasilianischen Katasters und
zum anderen die verbal ausgerichteten Kommuni-
kationssysteme im Katastrophenmanagement. Da-
bei zeigte sich, dass die textuell reprasentierte In-
formation auf Grund der verschiedenen Detail-
lierungsgrade der Beschreibung verschiedene
Abstraktionslevel bedingt. Dies wurde speziell bei
der Modellierung der Wissensbasis berticksich-
tigt.

1 Background

1.1 The Necessary Step from “Real
World’’ to a Symbolic Level

Language in written or spoken form is cer-
tainly the most important medium for hu-
man communication. Therefore, language
represents a very important factor in GIS,
too. The formal neighborhood of language
to the GIS domain and to image analysis is
proven by many metaphors taken from lin-
guistics and transformed to geospatial des-
criptions. These are for instance context,
understanding, redundancy, completeness, or
abstraction. The listed examples, which may
be completed, reveal a semantic neighbor-
hood of verbal and graphical descriptions
of our environment. The presented paper
does not give a contribution for automatic

language recognition but aims to show how
to integrate verbal or written language into
formal spatial models. This task is basically
of the same nature as data fusion. Textual
processing together with images or maps re-
quires as a necessary first step the transfor-
mation of data from the iconic (or verbal)
level to a symbolic level.

This scenario is formally presented in
Fig. 1. Images, maps and text to be fused
are taken from a “‘real world” which cannot
be captured directly by human cognition.
However, its transformation yields images,
maps or texts, according to specific tools ap-
plied. On the iconic or verbal level which is
directly accessible by humans, numeric pro-
cessing or fusion is impossible. In order to
do so, a second transformation to the so-
called symbolic level is necessary which ends
up with a formal representation of the three
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Fig.1: Levels of knowledge representation from the “‘real world”’ to a formal representation.

mentioned components image, map and
text. The step from iconic to symbolic is
called modeling and may be performed by
very different tools like topological and log-
ical structures, grammar and graphs. The re-
sult is a closed formal knowledge represen-
tation at a high level of abstraction, an on-
tology?, respectively.

Both steps, from real world to formal re-
presentation as well as from image to text
increase the level of abstraction. In conse-
quence images are closer to reality than texts
and pictorial, cartographic or textual repre-
sentations are closer to human perception
than e. g., a semantic network used for mo-
deling. Therefore, integration of text into
geospatial data sets necessarily includes
components of data abstraction.

1.2 Introduction of two Applications

A straightforward application where the in-
timate interrelation of language and maps
can be observed is way finding or navi-
gation. This has already been widely recog-
nized (TVERsSKY 2003). Another topic related
to this application is the description of bor-
ders used in ownership cadastres, where bor-
ders of parcels may be considered as a na-
vigational task, i.e., a path to be followed.
Thus the research is focused on the Brazilian
ownership cadastre. Legal validation of the

! The term ontology is defined as an explicit spe-
cification of a conceptualization (GRUBER 1993).

ownership in Brazil is primarily verbal and
not based on coordinates or a similar
graphic representation, however the avail-
able data consisted of descriptions and ac-
companying maps. The verification of con-
sistency between both levels, graphic and
verbal, gives a sound example for combining
graphs (maps) and language (text) together
in the context of practice.

The research topic Communication Sys-
tems in Disaster Management focuses on
transformations of verbal descriptions in
German language concerning the status and
location of disaster events. Aim is to repre-
sent such information automatically and up
to date by a GIS. During disaster events,
the emergency operations center (EOC) re-
ceives hundreds of textual reports from
damage sites, given by several on-site units
and passer-by. The information of all re-
ports needs to be evaluated as soon as poss-
ible by an operator of the EOC and added
into a situation map that serves for infor-
mation sharing as well as a basis for decision
making.

2 The Abstraction Levels

2.1 Abstraction Levels of Textual
Descriptions in the Brazilian
Ownership Cadastre

Current texts in the Brazilian rural owner-
ship cadastre are formulated very precisely
in general. Such accurate texts are generated
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by surveys where coordinates of a starting
point and the complete polygon of the boun-
dary with length and angle of direction for
each line are measured as exactly as possible.
Due to missing standards for texts of the
Brazilian land register up to the year 2001,
levels of detail and styles of older descrip-
tions vary strongly depending on the author
of the cadastral text. These texts cannot be
assigned to a single level of abstraction, as
assumed at the beginning of the research.
Various geometrical attributes (e.g., dis-
tance and direction) of one boundary as well
as a single attribute (e. g., distance or direc-
tion) of some boundaries correspond to dif-
ferent levels of detail as well as different
levels of abstraction. Within the explicit
knowledge representation (here an onto-
logy) the abstraction hierarchies are inte-
grated so that all occurring combinations of
geometric attributes are considered. Due to
the intended transformation from textual to
graphical representations, the abstraction
hierarchy is based on transformation as-
pects of necessity and uncertainty. Thus the
transferable information always corre-
sponds to one of the four derived hierarchi-
cal levels of geometric attributes:

e none/general knowledge: All necessary in-
formation for interpreting a single boun-
dary attribute is readily available by the
text passage. Example: It begins at point
01 with the geographical coordinates
N =7.734.679,703 and E = 248.328,107.

e context dependent knowledge: Informa-
tion which is given for a single attribute
cannot be reconstructed independently
because of included references to already
given information within the textual des-
cription. Example: the direction of the
previous edge is essential to handle
phrases like from here it turns left for 30°.

e external sources: Information include ref-
erences to objects or spatial attributes
which has to be acquired from external
sources. Example: the course of the river
is essential to handle phrases like it runs
along the river for a length of 162 m.

e all/new acquisition: Usable information is
completely missing and has to be acquired

on site. Example: the area extends in depth
as far as the cows graze.

More detailed explanations for the Brazilian
land register as well as the abstraction levels
appearing in texts are in (MUELLER 2008).

2.2 Abstraction Levels of Reports
in the Domain of Disaster
Management

The format of reports in the domain of dis-
aster management is different to the descrip-
tions of the Brazilian land register. Disaster
reports, given by on-site units and passer-
by, consist of fixed entries, e.g., for time
stamps, sender and receiver, as well as a free-
form text element where current informa-
tion can be given in natural language. The
report templates usually contain for a repre-
sentation in a situation map both, informa-
tion about relevant facts like the damage
sites including its spatial references and also
information about irrelevant facts for vis-
ualization like the resources, which has to
be separated. This isin contrast to the cadas-
tral descriptions were all the given informa-
tion are relevant. The level of detail of in-
formation and thus the level of abstraction
vary as well because of the different report-
ing persons. Consequently the subdivisions
of the main abstraction levels for a disaster
management application were adopted from
the Brazilian cadastre application. However
the characteristic of the levels of abstraction
is adjusted as follows:

¢ none/general knowledge: All necessary in-
formation for interpretation of a single
fact is given by the report. This case is
possible but implausible because practi-
cally no-one uses coordinates for report-
ing a disaster event.

e context dependent knowledge: The given
fact cannot be interpreted independently
because it refers to previous reports.
Example: to handle the reported fact ar
the accident are 3 injured people, informa-
tion about the existent accident is essen-
tial.

e external sources: The reported factinclude
references to objects or attributes which
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have to be required from external sources.
Example: to handle the reported fact mid-
land school is burning, the location and
function of buildings, here the midland
school, are essential.

e all/new acquisition: The reported fact is
not processible. Example: a few minutes
ago, I have heard something anywhere. Ac-
quisition on-site is usually difficult be-
cause of missing references.

A basic difference to the cadastral applica-
tion is the “segmentation” of facts from a
report as well as the autonomous processing
of facts. This is already a result of the sep-
aration of relevant facts, but also a simpli-
fication. In consequence of this approach a
single fact occupies only a single abstraction
level. The successive arriving reports usually
deal with different facts from different dis-
aster sites. Nevertheless there are necessary
references to already given reports, which
have to be considered.

3 Semantic Augmentation and
Knowledge Representation

3.1 Common Symbolic
Representation

There are a number of tools supporting an
explicit modeling of domain knowledge
such as rule based systems or semantic net-
works. Different systems are often equiva-
lent concerning their abilities to model dif-

cadastre
boundary part

is described By is\displayed by

/ \
/ / \ \

descnbes

boundary
part in text

dlsplays\
boundary
part in map
isa isa

[ [

ferent types of information and to draw con-
clusions from it. Therefore, the decision for
one or the other tool depends on e. g., the
form of explicit knowledge representation
that is preferred (rules, networks) and the
kind of tools that the knowledge engineer
is familiar with (Sowa 2000). In the current
application, a semantic network is chosen.
Fig. 2 shows an example excerpt of a poss-
ible semantic network for the cadastre and
disaster scenario that can be realized e. g.,
by tools such as Protégé (PROTEGE 2007).
Since both data sources, texts and maps,
are supposed to include similar spatial and
attribute information, they can be modeled
with similar structures on the level that is
displayed in Fig.2. However, explicit geo-
metricinformation is more relevant in a map
representation than in a textual description.
First differences become already visible at
the displayed level of detail on closer exam-
ination of the data model. Each object node
is modeled according to the frame-model by
MINSKY (1975) using a frame with different
slots, 1. e., characteristic attributes for each
object. Fig. 3 shows cadastral examples for
the frames boundary-part-in-text and boun-
dary-part-in-map. Besides information that
isidentical for both frames (neighbor), other
attributes such as the length of a boundary
include different semantics for each source
of information. The text refers to the length
value of boundary parts which can be meas-
ured in a field survey. In the case of the map,
this length value is included in written

is described By is\displayed by

/ / \ \

7/
descnbes display yS\

event object
in map

event object
in text
isa isa isa

[ [ )

creek in fence in creek in fence in depot in school in depotin school in
text text map map text text map map

Fig. 2: Excerpt of a semantic network for the cadastre example (left) and a similar disaster example

(right).
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Fig.3: Boundary-part-in-text and boundary-
part-in-map of the semantic network.

numbers close to the drawn line. Addition-
ally, this drawn line has its own length re-
sulting from the scale of the map and from
the precision in drawing.

3.2 Knowledge Representation for an
Application of the Brazilian
Ownership Cadastre

Basis for a transformation from texts into
maps is the knowledge how textual phrases
about geometrical information have to be
interpreted in terms of discrete values in the
context of the Brazilian ownership cadastre.
While e. g., directional information like an
azimuth of 328.2° can be directly used for
map drawing, phrases like turn slightly left
will give an interval of possible degree
values. The ontology that describes how
geometrical information is represented in
texts of the Brazilian cadastre naturally con-
tains the basic geometrical elements (points,
lines with direction and length) and their
typical relations such as a line consists of two
end points. However in order to capture also
the uncertainty that is connected with the
texts, indicators of uncertainty — e. g., the
use of quantifiers such as slightly — needed
to be identified in the text corpus and inte-
grated (including a quantification of the
qualitative expression) at the associated
level of abstraction of the affected geometri-
cal attribute.

3.3 Knowledge Representation for
Communication Systems of the
Disaster Management

For the specific representation of knowledge
existing data models offer a good starting

point for developing ontologies. Such stand-
ardizations for the disaster management
domain are given by the Emergency Data
Exchange Language (EDXL) and the Com-
mon Alerting Protocol (CAP). Unfortu-
nately, these data models are primarily
oriented on the management of disaster re-
sources. A detailed comparison of the di-
verse data models are given by WERDER et al.
(20006). It turned out that the NATO stand-
ard for military interoperability, the Com-
mand and Control Information Exchange
Data Model (C2IED M), satisfies in most in-
stances the requirements of disaster mana-
gement and provides a good basis for the
development of the Disaster Management
Data Model (DM?). Because of focusing on
information storage, retrieval and process-
ing, there are a couple of differences between
DM? and C2IEDM. Therefore, one of the
most obvious changes is the philosophy of
object representation. The focus of the do-
main specific ontology is on modeling the
spatial aspects of objects. In this manner the
common spatial attributes of objects are the
location as well as geometric attributes of
form, size and feature alignment. These ele-
mentary attributes, traditionally supported
by spatial ontologies and geographical in-
formation systems (GIS), describe discrete
objects unambiguously by their dimension
and location in space. In order to support
a spatial reasoning process for disaster
events based on textual descriptions, a more
comprehensive level of spatial information
is necessary. The method of object modeling
within the ontology has to be similar to the
mental model of the reporting person
(FrRANK 1998). This mental model contains,
besides discrete objects, spatial scenes with
interactions of two or more spatial objects
in the meaning of neighborhoods or part-of-
relations like include, overlaps or tangent.
Such detailed information level is essential
for analyzing e. g., coherences of cities, dis-
tricts, damage sites and operation areas.
Furthermore, time is modeled explicitly in
the DM? as well as the mutable attributes
of the objects. Mutable attributes in terms
of object modeling are state and location.
Such dynamic aspects are modeled by asso-
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OBJECT ADDRESS LOCATION ACTION DATETIME OBJECT
DATETIME OBJECT-LOCATION ACTION-STATUS J OBJECT-STATUS

Fig. 4: Associations of Object, Location and DateTime (left) as well as the associations of Action,
DateTime and Object (right) — in IDEF1X notation.

ciations of the relevant classes (cf. Fig.4).
In the DM? this was done by creating tuple
of object-state-time and object-location-
time. The concept as shown in Fig. 4 is ex-
plained in more detail in (Lucas et al. 2007).

4 Results

4.1 Results of the Application of the
Brazilian Ownership Cadastre

Generating Maps from Texts: Assuming a
precise text that contains (a) a starting point
with precise coordinates and (b) boundaries
as straight lines with precise direction and
length, a transformation to a map represen-
tation is simple. Necessary additional defi-
nitions for such a transformation are the de-
sired scale of the map, orientation of the map
and local map coordinates of the starting
point.

Conversion of coordinates and length in-
formation of the text into map coordinates

can be done by using straightforward math-
ematical computations. Saving the gener-
ated map information in widely used stand-
ards such as XML (Extensible Markup Lan-
guage) allows its graphical visualization
with different tools (e.g., ArcGIS from
ESRI). Fig. 5 shows an example of an au-
tomatically generated map and its corre-
sponding original map. Although the gen-
eral outline of the boundaries is identical,
the generation of the new map reveals that
the north arrow of this otherwise very pre-
cise original map deviates about 15 degrees
from the true northward direction. Such
variations of the north arrow within maps
of the Brazilian land register are not unusual
because of inaccuracies of observation.

If the text is vague, with unknown refer-
ences and missing essential boundary infor-
mation, the generation of maps usually re-
quires additional sources of information
(maps of neighboring real estates, topo-
graphical maps, or remote sensing data such

Fig.5: Automatically generated map from a precise text (left) and the cadastral map (right).
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as aerial images). However, vague sketch
maps are often useful to give a first overview
of the actual information provided in texts
and even vague texts include constraints,
such as

e length of each boundary part or
e end point of the description = starting
point of the description.

Additional to such constraints, a reason-
able quantification of qualitative expres-
sions (e. g., left / right) and further heuristics
(such as typical errors in descriptions) can
be used to generate maps even from texts
with incomplete information (MUELLER
2008).

Generating Texts from Maps: Besides geo-
metrical information given as drawn lines,
boundary parts in maps of real estates in-
clude further attributes. Such attributes are
the type of the boundary part displayed by
the special type of line drawing as well as
directly given information like length and
direction of the real boundary part as writ-
ten text in the map.

Given a precise map with detailed attri-
bute values, the generation of a text only
requires the definition of (a) a starting point
and (b) the direction of description (clock-
wise/ counterclockwise). Topological infor-
mation such as connectivity between boun-
dary parts can be modeled in the semantic
network. This information can be directly
used to deduce the succession of boundary
parts in the description.

In case a map is only a sketch of the real
situation, such a vague map can nevertheless
be transferred to a vague text where relative
relations between boundary parts are ex-
pressed by relative textual information. In
order to generate a text from a vague map,
a starting point has to be chosen and to be
described as meeting point between neigh-
boring real estates. Similar to the generation
of a precise map, the direction of the des-
cription (clockwise / counterclockwise) has
to be decided.

4.2 Results of the Application of the
Disaster Management Domain

For processing, a computational representa-
tion of the reported information is needed.
A standard formalism of computational lin-
guistics for representing extracted informa-
tion is the typed feature structure. These
typed feature structure is an XM L-represen-
tation (Extensible Markup Language) of the
relevant information. Here, the extraction
was done by an operator, who has to register
the relevant information into the graphical
user interface (GUI, an input mask for the
domain requirements) and the application
generates the XML.

Reports of the disaster management do-
main in general include temporal uncertain-
ties as well as semantic and spatial ambigui-
ties. By explicit modeling of temporal as-
pects in the DM? (cf. Section 3.3), a basis
for both, historiography and temporal rea-
soning are given. Temporal reasoning pro-
vides a possibility for solving ambiguities by
using interval algebra? and allows building
up a temporal context. This temporal con-
text is focused on searching for events which
take place in the same frame in time. De-
tailed considerations of domain specific
temporal logic are given by WERDER et al.
(2007). Semantic ambiguities are amongst
others a result of alternative (Fufballplatz
vs. Bolzplatz), multiple (Bahnhofstrafe,
exists 3 times) and abstract (church without
specific name) object denotations and can
be limited or solved by a-priori knowledge,
given by the DM2. In consequence of the
diversity of this task, collecting as well as
modeling of such background knowledge is
very comprehensive and complex. Spatial
ambiguities are an effect of using adverbial
phrases and spatial identifiers. Such terms
like behind or north of are already given by
descriptions of spatial scenes within the re-
ports. Because of the diverse types of am-
biguities different approaches for reducing
and solving are necessary.

2 Here the interval algebra of (ALLEN & FERGU-
SON 1994) is used.
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One method for solving is using context
knowledge based on the reports. Initial situ-
ation for processing is a range of reports de-
scribing one or maybe more events®. First
indicator of dependence between diverse re-
ports and their facts is the time frame of
receiving. Thus the first context is a tem-
poral one. Next point of interest for process-
ing and basis for creating a further level of
context is the location. If compatible events
like a cloud of gas and an explosion are at
the same frame in time and close to each
other, coherence is probable. Proximity for
creating a local context is possible by the
introduction of the so-called event horizon,
which defines the sphere of influence of a
specific event. This sphere of influence de-
pends in shape and size on the reported fact.
According to that approach, the reported
facts are related whenever their event hor-
izons overlap. This location context now of-
fers possibilities to analyze and evaluate the
reported facts. In this knowledge based rea-
soning process the reported facts are first
evidences for a respective event, a so-called
hypothesis. The reasoning is made possible
by defining conditions and relations be-
tween them. These basic relations are
AN B, AV B and A— B which are quite
simple relations but adequate for represent-
ing the important dependences. Such de-
pendences are for example, gas A explosion
— fire. Furthermore the relations are com-
plemented by a certainty factor which rep-
resents a weighting for evaluation. That way
the credibility of a fact respectively the cre-
dibility of the reporter can also be consider-
ed. Result of this reasoning is an array of
possible events including an evaluation. For
the above-mentioned example of the gas and
the explosion, the possible hypotheses are
the events fire, toxic cloud and building dam-
age. Detailed explanations of this procedure
are given by (Lucas et al. 2007).

3 According to definition, an event relates to just
one object.

5 Conclusions and Outlook

Due to the various levels of detail for spatial
attributes within descriptions of spatial
scenes, four levels of abstraction were de-
fined for an application of the Brazilian ow-
nership cadastre. These levels allow process-
ing of spatial phrases under considerations
of the inherent uncertainty. For processing,
an adequate representation of knowledge is
also necessary, especially for including con-
text dependent as well as external knowl-
edge. For a disaster management applica-
tion, the levels of abstraction were adapted
from the cadastral application and adjusted
to the domain requirements. The verbal re-
presentation of the facts demands the use
of complex structures of knowledge mode-
ling and representation, as given by ontolo-
gies. For a more robust spatial reasoning
process the linguistic vagueness and the
mental model have also to be taken into ac-
count. Furthermore the area of validity for
the spatial identifiers has to be represented
exactly by a weighting function e.g., by
fuzzy logic.
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Berichtigung

Photogrammetric Measurements in
Oblique Aerial Images

von Joachim Hohle im Heft 1/2008

Die Formeln auf Seite 8 miissen richtig hei-
Ben:
Boack = t+ a(back) and By, = t — a(front)

Berichte von Veranstaltungen

7. Oldenburger 3D-Tage
vom 30.—31. Januar 2008

Die siebte Konferenz fiir ,,Optische 3D-
Messtechnik — Photogrammetrie — Laser-
Scanning* (Oldenburger 3D-Tage) wurde
vom 30. bis 31.Januar 2008 an der Fach-
hochschule Oldenburg veranstaltet. Zu der
Veranstaltung hatten Prof. Dr. THoMAS
LunMANN vom Institut fiir Angewandte
Photogrammetrie und  Geoinformatik
(IAPG) und Prof. Dr. HEINZ-JURGEN PrZY-
BILLA vom Arbeitskreis Nahbereichspho-
togrammetrie der Deutschen Gesellschaft
fir Photogrammetrie, Fernerkundung und
Geoinformation (DGPF) eingeladen. Zu-
dem wurde die Konferenz von dem Institut
fir Mess- und Auswertetechnik und dem
Institut fir Innovations-Transfer Emden,
FH Oldenburg unterstiitzt. Auch die siebte
dieser jahrlich ausgetragenen Konferenz
wurde wie ihre Vorgingerveranstaltungen
durch eine Fachausstellung begleitet.

Die Einleitung iibernahm Prof. LUHMANN
mit einem Abriss iiber die vorangegangenen
sechs Veranstaltungen. In ihren anschlieBen-
den GruBworten betonte die Préisidentin der
Fachhochschule Oldenburg/Ostfriesland/
Wilhelmshaven, Frau VERA DOMINKE, den
hohen Stellenwert der dreidimensionalen
Mess- und Auswertetechnik nicht nur an der
Hochschule sondern auch fiir die Region.
Sie wies darauf hin, dass dadurch auch ein
erheblicher Anteil an der Bewerbung der
Stadt Oldenburg fiir den Titel ,,Stadt der
Wissenschaft geleistet wird. Die Konferenz

gliederte sich in insgesamt 11 Sitzungen, von
denen 10 jeweils parallel zu den Themen-
schwerpunkten Dynamische Prozesse, La-
serscanning, Mikroskopie, Genauigkeitsprii-
fung von Laserscannern, Optische Messver-
fahren, Sensoren, Algorithmen, Anwendun-
gen und Bildverarbeitung abgehalten wur-
den. Die Vortragsreihe wurde mit dem Bei-
trag von Prof. NORBERT PrEIFER, TU Wien,
zum Thema ,,Range-cameras.: Kalibrierung
und Modellierung in 5D eroffnet. Er zeigte
darin auf, dass die aktuellen Entwicklungen
in der dreidimensionalen Datenerfassung
noch ein hohes Innovationspotenzial besit-
zen und sich neue Anwendungsperspektiven
ergeben.

In zwei weiteren Sitzungen verwiesen die
Hersteller auf aktuelle Entwicklungen zu
den genannten Themenschwerpunkten und
zeigten damit die Ausgewogenheit der Ver-
anstaltung zwischen Forschung und An-
wendung auf. Der Veranstaltung wohnten
239 Teilnehmer aus sechs Nationen bei, was
auf die Aktualitdt der Konferenzinhalte und
den hohen Praxisbezug der Veranstaltung
zurilickzufithren ist. Den sozialen Hohe-
punkt der Veranstaltung bildete das tradi-
tionelle Griinkohlessen in der Weser-Ems
Halle.

Aus den Sitzungen, die der Nahbereichs-
photogrammetrie zugeordnet werden kon-
nen, ist Folgendes zu berichten:

In der Sitzung Dynamische Prozesse wur-
de die besondere Problematik bei der Ver-
messung dynamischer Prozesse zur Diskus-
sion gestellt. Die Anwendungen reichten da-
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bei von der Erfassung orthopiadischer Lauf-
parameter zur Ganganalyse, liber das was-
serbauliche Versuchswesen und die Bestim-
mung von Flugzeuggeschwindigkeiten auf
Rollbahnen, bis hin zur Vermessung von
Baumpositionen.

Durch den Vortrag tber die Physiologie
und Funktion der Retina — Moderne Metho-
den der Mikroskopie wurde die Sitzung Mik-
roskopie eingeleitet. Dem Auditorium wur-
de ein Uberblick iiber das Auflésungsver-
mogen von konventionellen und kofokalen
Mikroskopen gegeben. Mit einem Beitrag
zur bildbasierten 3D-Oberflichenrekons-
truktion sowie Oberflichencharakterisie-
rung wurde die Sitzung abgerundet.

In der Sitzung Optische Messverfahren
wurde in dem ersten Vortrag liber die An-
wendung von 3D-Messtechnik in der denta-
len Implantologie berichtet. In dem zweiten
Beitrag stand die Verwendung eines Mehr-
kamerasystems in einer parallelkinemati-
schen Werkzeugmaschine zur Diskussion.
Weiter wurde iiber die flichenhafte 3D-
Merkmalsbestimmung an Werkzeugoberfla-
chen sowie von der photogrammetrischen
Freiformerfassung aus Bildsequenzen be-
richtet.

Hinsichtlich aktueller Beitrdge im Bereich
Sensoren wurde iiber die Evaluierung der
Leica,,Image Assisted Total Station* fiir die
konkrete Aufgabenstellung der Oberfla-
chenrekonstruktion, liber kabellos handge-
fihrter 3D-Scanner mit WLAN sowie einen
Beitrag zur Stabilitdt digitaler Kameras und
zur schnellen, optischen 3D-Untersuchung
biologischer Objekte mit Mikrospiegelar-
rays berichtet.

In den letzten beiden Sitzungen wurden
aktuelle Arbeiten zu Algorithmen und der
Bildverarbeitung diskutiert. Die Betrdge im
Bereich Algorithmen reichen von erweiter-
ten Verfahren zur Mehrmedienphotogram-
metrie, automatische Orientierung von zwei
Stereokamerasystemen, der 3D-Kartierung
mittels Punktwolken bis hin zum Funktions-
prinzip der Ensemble-Korrelation. Im Be-
reich der Bildverarbeitung wurde tiber aktu-
elle Forschungsarbeiten zur Risserkennung
mittels Neuronaler Netze, der digitalen
Echtzeit-Stereobildverarbeitung mit dem

DMSoC sowie von Verfahren zur automa-
tischen Auswertung von terrestrischen La-
serscannerdaten und einem Mehrkamera-
system zur raumlichen Vermessung von Ob-
jektkonturen berichtet.

Die zweite Vortragschiene war liberwie-
gend durch Vortriage zur Prifung und An-
wendung von terrestrischen Laserscannern
(TLS) sowie zur Modellierung von TLS-Da-
ten gepragt. Dabei standen zunichst Frage-
stellungen zur Modellierung, der Sensorent-
wicklung und dem dynamischen Laserscan-
ning im Vordergrund. Unter dem Thema
,,Segmentierung und Datenapproximation
von Laserscanneraufnahmen mittels statisti-
scher Methoden'* wurden vielversprechende
Forschungsansitze priasentiert, mit denen
zuklnftig automatisierte Auswerteprozesse
fir TLS-Punktwolken ermoglicht werden
sollen. In einem Vortrag zum Thema ,, Echo-
signaldigitalisierung und Full-Waveform Pro-
cessing fiir terrestrisches Laser Scanning*
wurde aufgezeigt, dass analog zum airborne
Laserscanning auch mit TLS die Erfassung
von DGM, DTM und DOM mdglich sein
wird. Die Verkniipfung von GPS und TLS
wurden im Vortrag ,.Ein Verfahren zur
schnellen statischen Georeferenzierung von
3D-Laserscans* und dynamisches Laser-
scanning unter dem Titel ,, Validierung eines
TLS-basierten  Mobile-Mapping-Systems**
vorgestellt.

Im Vortragsblock ,,Genauigkeitspriifung
von Laserscannern‘* stellten Vertreter einzel-
ner Hochschulen ihre aktuellen Arbeiten auf
diesem Gebiet vor. Dabei wurden neben den
unterschiedlichen Ansétzen zur Priifung ter-
restrischer Laserscanner auch ein Beispiel
handgefiihrter Scanner am Messarm vorge-
stellt. Die sich dem Vortragsblock anschlie-
Bende Diskussion zeigte, dass die sehr hete-
rogenen Genauigkeitsdefinitionen seitens
der Hersteller eine Vergleichbarkeit der Sen-
soren flir den Anwender stark beeintréch-
tigt. Des Weiteren wurde der Mangel an ein-
heitlichen Priifverfahren fiir TLS herausge-
stellt, die eindeutige Aussagen sowohl iiber
die Leistungsfihigkeit als auch temporale
Verdnderungen der Sensoren ermdglichen.

Aus der Diskussion entwickelte sich eine
Initiative zur Griindung eines runden Ti-



Berichte von Veranstaltungen

229

sches ., Priifung und Genauigkeit des terrestri-
schen Laserscanning**. Die Zielsetzung die-
ser Initiative ist es, im Konsens zwischen
Anwendern, Herstellern und Forschungs-
institutionen eine Vereinheitlichung von Ge-
nauigkeitsangaben und aussagekriftigen
Prifverfahren herzustellen. Dazu soll zu-
ndchst eine Bestandsaufnahme der aktuellen
Aktivititen erfolgen, um darauf aufbauend
eine Harmonisierung und Weiterentwick-
lung der Verfahren, vergleichbar mit den
VDI/VDE Richtlinien 2634, durchzufiih-
ren. Die Federfiihrung dieser Initiative wur-
de den Professoren STAIGER, Leiter des
DVW Arbeitskreises 3 ,, Messmethoden und
Systeme* und PRZYBILLA, Leiter des Ar-
beitskreises Nahbereichsphotogrammetrie
der DGPF, tibertragen. Weitere Beratungen
sind fiir den Zeitraum Mai bis Juni 2008 so-
wie eine gemeinsame Zusammenkunft mit
Herstellern von TLS-Systemen parallel zur
INTERGEO 2008 in Bremen vorgesehen.

Unter dem schlichten Titel ,, Anwendun-
gen*  wurde in einem Vortragsblock das brei-
te Anwendungsspektrum dreidimensionaler
Messtechnik zusammengefasst. Darin wur-
den Anwendungen des TLS in Archéologie
und Denkmalpflege vorgestellt, aus der In-
dustrievermessung die Anwendung photo-
grammetrischer Verfahren zur Inspektion
von Drehgestellen bei der Deutschen Bun-
desbahn gezeigt sowie dynamische Messun-
gen von Flugeldeformationen bei Flugzeu-
gen wihrend des Fluges demonstriert.

In den beiden Vortragsblocken des Her-
stellerforums stellten Firmen aktuelle Ent-
wicklungen und Highlights ihres Produkt-
portfolios vor. Darin wurden sowohl neue
Sensoren zur 3D-Objekterfassung gezeigt,
als auch Einblicke in die Leistungsfihigkeit
der Auswertetechnik gewihrt, iber die sich
die Kongressteilnehmer auch vertiefend in
der begleitenden Fachausstellung ausgiebig
informieren konnten.

Die Veranstaltung bot zusammenfassend
einen interessanten Mix aus Forschung,
Entwicklung und Anwendungen in der op-
tischen 3D-Messtechnik und einen Einblick
in ihr breites, interdisziplinires Anwen-
dungsspektrum. Durch eine gelungene Zeit-
planung wurde den Teilnehmern ausrei-

chend Gelegenheit zum Gedankenaustausch
geboten. Da sich die 3D-Messtechnik dyna-
misch weiterentwickelt, bleibt die Hoffnung,
dass auch im nédchsten Jahr die Tradition der
Oldenburger 3D-Tage fortgesetzt wird.

AXEL WENDT, Hildesheim
HEemnz RUNNE, Dessau-RoBlau

EARSeL SIG Workshop
vom 5.-7. Marz 2008 in Bochum

Vom 5.-7. Mérz 2008 wurde ein internatio-
naler Workshop der EARSeL Vereinigung
(European Association of Remote Sensing
Laboratories) an der Ruhr-Universitit Bo-
chum veranstaltet. Unter dem Arbeitsthema
,,Remote Sensing — New Challenges of High
Resolution** trafen sich mehr als 70 interna-
tionale Wissenschaftler. Eine Neuerung
stellte die Tatsache dar, dass gleich vier sog.
Special Interest Groups (SIG) an einem Ort
zusammenkamen: 3D Remote Sensing, De-
veloping Countries, Radar Remote Sensing
und Urban Remote Sensing.

Der Eroffnungsvortrag wurde von Ri-
CHARD SLIUZAS vom International Institute
for Geo-Information Science and Earth Ob-
servation (ITC) in Holland gehalten. Er gab
einen fundierten Uberblick iiber das weit ge-
facherte Spektrum der vier SIGs vor dem
Hintergrund der urbanen Planung, speziell
der Erfassung von ungeplanten Siedlungen
in Entwicklungsldndern.

Die ersten parallelen Sitzungen der SIGs
3D und Developing Countries handelten
von neuen Mdglichkeiten, die der Stereosa-
tellit Cartosat bietet und von der Anwen-
dung hochauflésender Bilddaten zum Moni-
toring von Prozessen in Entwicklungsldn-
dern. Eine Landnutzungsanalyse von Pe-
king auf Basis von ASTER und SPOT Da-
ten und von Miinchen mit hyperspektralen
Bilddaten folgte in der SIG Urban Remote
Sensing. Parallel dazu wurde in der SIG De-
veloping Countries iiber generelle Kartier-
methoden auf Basis hochauflésender Bild-
daten referiert und das Monitoring zur Er-
stellung einer BIO-GEO-Datenbank fiir den
Himalaya vorgestellt. Hyperspektrale Bild-
daten sind insbesondere fiir das urbane Mo-
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nitoring geeignet, weil sich die vielfiltigen
Oberflichenmaterialien aufgrund ihrer indi-
viduellen Spektren gut differenzieren lassen
(SIG Urban RS). Ein multi-sensorales Mo-
nitoring von Bangladesh und die Ableitung
eines speziellen Armutsindexes aus Ferner-
kundungsdaten waren Themen der SIG De-
veloping Countries. Die anschlieBende Sit-
zung der SIG Radar befasste sich in zwei
Vortrdgen mit der Analyse von Briicken
(insbesondere von Schiden an Briicken), ein
weiterer Vortrag stellte den Nutzen von Ra-
dardaten zur Abschitzung von Gebdudeho-
hen vor. Im letzten Vortrag wurde der Test
einer Methode zur Verknlpfung von Ho6-
henmodellen aus LIDAR und InSAR dar-
gestellt. Die Genauigkeit liegt derzeit bei et-
wa 40 % und hat noch Potential zur Verbes-
serung. Die folgende Sitzung der SIG 3D
hatte zwei Vortriage zur 3D-Stadtmodellie-
rung und zum Einsatz von Quickbird Daten
in der Verwaltung der Stadt Istanbul, um
neu errichtete Gebdaude zu detektieren. In
der anschlieBenden Sitzung der Radar SIG
wurden erste TerraSAR-X Daten und Er-
gebnisse der Auswertung auch mit objekt-
orientierten Bildanalysemethoden vorge-
stellt. Mit der Kombination von TerraSAR-
X und optischen Bilddaten durch ,,Ehlers
Bildfusion® erdffnen sich zukiinftig neue
Moglichkeiten der Visualisierung. Parallel
dazu wurde eine SIG Sitzung mit dem The-
ma Urban Remote Sensing abgehalten und
hier Ergebnisse des Langzeitmonitorings
der Stadt Graz mit hochauflésenden Bildda-
ten prasentiert. Die Kombination von multi-
und hyperspektralen Bilddaten fiir eine
stadtische Verdnderungsanalyse wurde ge-
zeigt und abschlieBend eine neue Methode
der Segmentierung und objekt-orientierten
Bildauswertung eingefiihrt. Die Bilddaten
der Corona Missionen aus den 1960er Jah-
ren sind heute sehr wertvoll fiir die Rekons-
truktion des damaligen Zustandes (SIG
3D). Im Vergleich mit aktuellen Bilddaten
wurde beispielhaft an Corona Daten in meh-
reren Regionen im Stidwesten Deutschlands
die Landnutzungsinderung aufgezeigt.
Luftbildserien werden in Portugal verwen-
det, um die Erosion der Atlantikkiiste zu
kartieren. In einer parallelen Sitzung der

SIG Developing Countries wurde eine Me-
thode vorgestellt, mit der Bodenerosion in
der Ukraine analysiert wird, und abschlie-
Bend eine Moglichkeit der Erfassung von
Malaria Erkrankungen in Kamerun mit
dem populdren Programm Google Earth
vorgestellt. Neben den Vortragsreihen wur-
den in einer Postersession weitere wissen-
schaftliche Arbeiten prasentiert.

Das Konzept der parallelen Tagung von
vier EARSeL SIGs kann als sehr positiv ge-
wertet werden. So gelang es vielen Teilneh-
mern, liber den Rand der eigenen SIG hi-
naus auch Einblicke in aktuelle Forschun-
gen von Teilnehmern anderer SIGs zu erhal-
ten. Da die Schnittmenge der vier Themen-
bereiche naturgemdll groB ist, kann das
Konzept der gemeinsamen Tagung den eige-
nen Horizont nur positiv erweitern und soll-
te unbedingt in Zukunft fortgesetzt werden.

Der Workshop wurde von einem sehr an-
sprechenden Rahmenprogramm begleitet,
das genug Raum und Zeit fiir den person-
lichen Erfahrungsaustausch bot. An dieser
Stelle sei dem Gastgeber der Ruhr-Univer-
sitdt Bochum, CARSTEN JUERGENS und sei-
nem engagierten Team ein groBes Lob fiir
die professionelle Gestaltung und fiir die
Rundum-Versorgung gesagt. Fiir die techni-
sche Organisation durch EARSeL muss ins-
besondere GESINE BOTTCHER (Leibniz Uni-
versitit Hannover) herzlich gedankt wer-
den, die einen reibungslosen Ablauf sicher-
stellte.

MATTHIAS MOLLER, Bamberg

3D-Forum Lindau -
Ansichten, Einsichten, Aussichten
vom 11.—12. Marz 2008 in Lindau

In der Inselhalle Lindau fand das siebte ,,In-
ternationale  3D-Forum  Lindau**  statt.
Schnell entwickelte sich diese Veranstaltung,
seit der Premiere im Februar 2002, zu einem
Muss fiir die Kenner und Koénner der drei-
dimensionalen (3D) Stadt- und Land-
schaftsmodelle. Auch in diesem Jahr ist es
wieder gegliickt, das Fachpublikum aus
Wirtschaft, Wissenschaft und Verwaltung
mit aktuellen Themen und interessanten Re-
ferenten zu begeistern.
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Unter der bewihrten Leitung von Dipl.-
Ing. CLaus BiHL (Vermessung, Stadt Lin-
dau) und Dr.-Ing. AcHiM HELLMEIER (Re-
al.IT, Schwébisch Gmiind) gelang es erneut,
ein Programm zusammenzustellen, das mit
den Schwerpunkten ,,Virtuelle Globen und
Luftbild-Schrigaufnahmen®, ,,Das Thema
3D im Tief- und Wasserbau'* und ,,Virtuelle
Stadtmodelle fiir Stadt- und Standortmarke-
ting** genau die Themen zusammenfasst,
welche die Fachwelt zur Zeit bewegen.

Stadtbaudirektor GEORG SPETH erdffnete
mit einer herzlichen BegriiBungsrede den
ersten Tag. Er konnte einen neuen Teilneh-
merrekord von erstmals knapp tiber 100
Gisten aus sechs Nationen vermelden, tiber
den sich auch die Mitveranstalter, die Stadt-
werke Lindau GmbH & Co. KG und der
DVW (Deutscher Verein fiir Vermessungs-
wesen) sehr freuten.

Bevor Dr. JoseF KAUER (Microsoft
Deutschland GmbH, Miinchen) ein Schwer-
punktthema aufgriff und tiber neue Ansitze
bei virtuellen Globen, in diesem Fall das
Produkt ,,Virtual Earth referierte, lies
Prof. Dr. ARMIN GRUN (ETH Ziirich) tief
und intensiv in die theoretischen Grundla-
gen und die zu bewiltigenden Problemati-
ken des 3D-Mappings aus hochauflosenden
Satellitendaten blicken. Sehr interessant,
vor allem fiir die anwesenden Fachleute aus
der Lindauer Stadtverwaltung, war der Vor-
trag von Dipl.-Ing. KarRL-HEINZ SCHRAMM
iber ,,Sechs Jahre Stadtmodell Bamberg —
Von der Bebauungsplanung bis zum Standort-
marketing*‘. Mit ansteckender Begeisterung
berichtete er iliber eine Vielzahl iberzeugen-
der, in Bamberg praktizierter Einsatzmog-
lichkeiten virtueller Stadtmodelle. Neben
Brand-, Hochwasser- und Schallausbrei-
tungssimulation bietet ein 3D-Stadtmodell
auch unvergleichliche Moglichkeiten in der
Stadtplanung. Vom Architekturwettbewerb
bis zur Priasentation beim Biirger sind die
3D-Modelle in den Entscheidungsprozessen
der Stadt Bamberg nicht mehr wegzuden-
ken.

Nach der Mittagspause informierte JUR-
GEN OHNEBERG (IT-Leiter, Stadtwerke Lin-
dau) iiber den aktuellen Stand und die ver-
schiedenen Moglichkeiten des in das Inter-

netportal der Stadt Lindau (www.lindau.de)
eingebundenen  Standortinformationssys-
tems VisitCity. Auf der geografischen
Grundlage eines interaktiven Stadtplans
kann sich der Besucher auf ein breites Infor-
mationsangebot, vom aktuellen Luftbild
iber die Anzeige gewlnschter Anbieter
(Hotels, Apotheken, Gaststitten, Kinder-
girten, Badckereien, usw.) bis zu touristi-
schen Highlights oder dem Stadtbusnetz mit
seinen Haltestellen samt Abfahrtszeiten
freuen. Weiter aufgewertet werden wird die-
ses System in néchster Zeit durch die Ein-
bindung von 3D-Modellen Lindauer Se-
henswiirdigkeiten oder gar eines kompletten
3D-Stadtmodells.

Von der gelebten Praxis in Bamberg und
Lindau zuriick in die vorausblickende Wis-
senschaft fithrte anschlieBend Prof. Dr. JUR-
GEN DOLLNER vom Hasso-Plattner-Institut
an der Universitat Potsdam mit dem aktuel-
len Stand der automatisierten Herstellung
komplexer 3D-Stadtmodelle. Ganz neue
Moglichkeiten, von vielen Besuchern mit
Spannung erwartet, beleuchtete CARSTEN
VON RyMON-LipiNsk1 (Blom Deutschland
GmbH) mit seinem Vortrag ,,Pictometry —
Eine innovative Losung fiir 3D-Stadtmodel-
le**. Hierbei werden neben den klassischen
Reihen-Senkrechtaufnahmen bewusst,
durch spezielle Kameraanordnung, die Be-
trachtung sehr bereichernde, geoditisch
brauchbare Schrigbilder geliefert.

Abgerundet wurde das Vortragspro-
gramm am Nachmittag durch zwei Berichte
praktischer Anwendungen von 3D-Model-
len im Tiefbau. Zuerst stellte Dipl.-Ing.
BERND ZIMMERMANN vom Ingenieurbiiro
Zimmermann & Meixner in Amtzell seine
Arbeit mit 3D-Geldndemodellen als not-
wendige Grundlage fiir Regenriickhalte-
maBnahmen vor. Am brandaktuellen Bei-
spiel der Hochwassergefihrdung Lindaus,
vor allem durch die Oberreitnauer Ach, er-
klarte er die Verwendungsmoglichkeiten der
durch eigene tachymetrische Aufnahmen er-
ginzten Lindauer Laserbefliegungsdaten
von 2001. Die 3D-Geldndemodelle, auf der
einen Seite der Ortliche, urspriingliche Be-
stand, auf der anderen Seite die geplanten,
und zum Teil inzwischen auch fertig gestell-
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ten Regenriickhaltebecken und gednderten
Achufer, kamen in der Berechnung der Be-
ckenvolumen, der geplanten, theoretischen
Hochwasserlinien und der Ermittlung von
zu bewegenden Erdmassen zum Einsatz.
Zum Schluss erklarte Dipl.-Ing. WERNER
RIEGER, vom Landratsamt Neckar-Oden-
waldkreis, wie er erfolgreich virtuelle Mo-
delle als Entscheidungshilfe fiir Stralenbau-
projekte zur Anwendung brachte. Nach
jahrzehntelanger Planung verschiedener
Trassenvarianten und deren Anbindungs-
moglichkeiten ans bestehende Strallennetz
konnten die Entscheidungstriger, wie auch
die dauBerst kritischen Vertreter verschiede-
ner Biirgerinitiativen erst mit dem Einsatz
der 3D-Modelle von der Richtigkeit und
auch Vertraglichkeit der von den Planern
vorgeschlagenen Variante liberzeugt wer-
den.

Die Qualitdt und der hohe Stellenwert des
Lindauer 3D-Forums liegen nicht allein in
den fein ausgewdhlten Vortragen und der
Kompetenz ihrer Referenten, sondern auch
in der regen Diskussion der einzelnen Bei-
trage auf hohem fachlichen Niveau. Auch
der traditionelle Ausklang des ersten Tages
in einer gutbiirgerlichen Inselwirtschaft, bei
dem sich zu deftiger Brotzeit und vielleicht
dem einen oder anderen Starkbier die Vor-
tragenden und Giéste noch einmal ganz ent-
spannt austauschen konnen, trigt zum gu-
ten Ruf der Veranstaltung bei.

Angenehm tberrascht zeigten sich die
Veranstalter iber die hohe Teilnehmerzahl
am zweiten Veranstaltungstag. Prof. Dr.-
Ing. VOLKER CoORS (Hochschule fiir Tech-
nik, Stuttgart, Fachbereich Geoinforma-
tion) leitete durch den ersten Teil des Work-
shops und stellte die Themen ,,Integration
von 3D-Stadtmodellen in eine GIS-Umge-

bung* und ,,Fortfiihrung von 3D-Stadmodel-
len** vor. Prof. Dr.-Ing. GONTER POMASKA
(Fachbereich Architektur und Bauinge-
nieurwesen, Fachhochschule Bielefeld), seit
Jahren Dreh- und Angelpunkt des Work-
shops, fithrte anschlieBend sehr praxisbezo-
gen durch die Bereiche ,,3D-Bauwerksmo-
dellierung**, , Einfithrung in KML* und
,»Mobile GPS-Navigation*.

Neben den steigenden Besucherzahlen,
sowohl des Vortragsprogramms als auch des
Workshops, wichst auch die kleine Fach-
messe im Foyer der Inselhalle. Acht Ausstel-
ler aus den Bereichen Software, Dienstleis-
tung und Ausriistung nutzten dieses Jahr
diese gute Gelegenheit und bereicherten die
Veranstaltung nicht nur mit ihren aktuellen
Produkten, sondern auch mit freundlichem,
diskussionsbereitem Personal. Der Auf-
wartstrend bestétigt die Linie der Veranstal-
ter und so freut sich die Fachwelt auf ein
Wiedersehen in Lindau 2009.

ANDREAS LINDENMULLER, Lindau
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D=Secure

DESECURE ist ein Verbundprojekt mit dem
Ziel der Verbesserung der satellitengestiitz-
ter Kriseninformation in Deutschland. Das
Projekt wird tiber das DLR Raumfahrtma-
nagement gefordert. Die Koordination von
DESECURE obliegt der Abteilung Umwelt &
Sicherheit im Deutschen Fernerkundungs-
datenzentrum des DLR.

Schnellere Krisenlageinformationen mit
Hilfe von Satellitendaten

Mit der weltweiten Zunahme von Naturka-
tastrophen, humanitiren Notsituationen
und zivilen Gefahrenlagen steigt auch der
Bedarf an zeitnaher, priziser und flichen-
deckender Lageinformation. Diese aktuel-
len und umfassenden Informationen kon-
nen inzwischen zu einem grofBen Teil durch
Analyse von satellitengestiitzten Fernerkun-
dungsdaten bereit gestellt werden. Voraus-
setzung hierfiir ist die Sensor- und System-
entwicklung. Innerhalb der letzten 10 Jahre
haben Satellitenbilder eine Qualitdt im Be-
zug auf Verfligbarkeit und Genauigkeit er-
reicht, die es ermoglicht, sie routinemaBig
fir die Gewinnung von zeitnaher Krisenin-
formation einzusetzen. Ferner sind Struktu-
ren und Kapazititen notwendig, die eine
schnelle Aufnahme und Aufbereitung der
Satellitendaten ermoglichen.

Ubergeordnete Ziele & Verbundpartner

Die Bereitstellung von Krisenlageinforma-
tion mit Hilfe von Satellitendaten ist eine
hoch-komplexe Aufgabe, bei der vor allem
Schnelligkeit sowie geometrische und the-
matische Genauigkeit der gewonnenen In-
formation von lbergeordneter Bedeutung
sind. Die Gewinnung von satellitengestiitz-
ter Kriseninformation erfolgt heute noch zu
einem tiberwiegenden Teil durch visuelle In-
terpretation der unterschiedlichen Bildda-

ten, da das semantische und synoptische
Bildverstindnis von geschulten Bildinter-
preten bis heute kaum oder nur sehr schwer
in standardisierten und automatisierten Al-
gorithmen, allgemeingtiltig und fir die ver-
schiedensten Bildquellen gleichsam geltend,
gefasst werden kann. Folglich gibt es hier
ein bedeutendes Entwicklungspotential und
verschiedene Forschungsfragen fiir die Op-
timierung der Notfallkartierungen. Ferner
gibt es auch im Bereich des Datenempfangs
und der Vorverarbeitung der Satellitenbild-
daten Potential zur Verbesserung, vor allem
in Bezug auf Geschwindigkeit und Genauig-
keit. Daher ist das iibergeordnete Ziel des
Verbundprojektes die Verbesserung der ope-
rativen Bereitstellung von Krisenlageinfor-
mationen, u.a. um die Arbeiten am Zent-
rum fiir satellitengestiitzte Kriseninforma-
tion (,ZKI‘- Service des DFD) zu unterstiitz-
ten.

Hierfiir wird der gesamte Produktions-
zyklus von satellitengestiitzter Kriseninfor-
mation (Satellitendatenempfang, Prozessie-
rung, Informationsextraktion, Kartener-
stellung und -bereitstellung) bis Ende 2010
analysiert und verbessert.

Insbesondere soll durch das Projekt DE-
SECURE eine Stirkung der in Deutschland
verfiigbaren methodisch-technischen Not-

R 3 o emicsmim s

Arbeitsablauf im Notfallkartierungskontext



234

Photogrammetrie « Fernerkundung « Geoinformation 3/2008

fallkartierungskapazititen erzielt werden,
u. a. durch die Optimierung der Schnittstel-
len zwischen den Partnern aus Forschung
und Industrie und die Entwicklung neuer,
nach Moglichkeit standardisierter Metho-
den der Informationsgewinnung aus Satelli-
tenbilddaten. Neben dem Deutschen Fern-
erkundungsdatenzentrum sind das Institut
fir Methodik der Fernerkundung des DLR
sowie die Industriepartner Definiens, GAF,
Infoterra, PRO DV und RapidEye sowie die
technischen Universitdten Berlin und Miin-
chen beteiligt.

infoterra
GAFAG

—RapidEye
PRO D\

DEFINIENS

Enge Kontakte zu deutschen und europi-
ischen Lagezentren sowie weiteren Nutzern

Fiir das Projekt DESECURE sind vor allem
Zivilschutz- und Hilfsorganisationen (z. B.
THW, DRK) sowie besonders die deutschen
und europdischen Lagezentren von Bedeu-
tung. Dazu zdhlen das Gemeinsame Melde-
und Lagezentrum des Bundes und der Lin-
der (GMLZ), das Lagezentrum des Auswar-
tigen Amtes (AA) und das ,Monitoring and
Information Centre* der FEuropdischen
Kommission (MIC).

Daher werden in DESECURE Nutzerbedarf
und Informationsanforderungen auf ver-
schiedenen Ebenen (international, national
und regional) gesammelt und in einer Nut-
zerdatenbank zusammengefiihrt. Ziel ist es

unter anderem dabei, die Nutzer fiir den
Einsatz von satellitengestiitzter Kriseninfor-
mation zu sensibilisieren.

Deutsche Satelliten TerraSAR-X und Rapid-
Eye liefern Daten fiir Notfallkartierungen

Mit dem Projekt DESECURE werden die
deutschen Sensoren TerraSar-X und Rapid-
Eye in die Krisenkartierung eingebunden
und damit neben den deutschen auch den
europdischen Nutzern bekannt gemacht.
Ferner werden durch Universitdten und In-
dustriepartner technisch operative Analyse-
methoden geschaffen, die die Anwendungs-
entwicklung und Vermarktung der Daten
und Informationsprodukte auch iiber den
Krisensektor hinaus starken.

DESECURE im europiischen Kontext

Der Aufbau von Krisenkartierungskapazi-
taten auf deutscher Seite geht einher mit
dem Ausbau der GMES Aktivititen auf
europdischer Ebene. GMES (Global Moni-
toring for Environment and Security) ist
eine gemeinsame Initiative der Europé-
ischen Kommission und der europiischen
Raumfahrtagentur ESA fiir Globale Um-
welt- und Sicherheitsiiberwachung. Ziel ist
es, eine eigenstidndige, dauerhaft verfiigbare,
kosteneffiziente und nutzerfreundliche Be-
obachtungskapazitit fiir politische Ent-
scheidungstriger und Behorden zu schaffen.

Durch DESECURE wird gewéhrleistet, dass
die deutsche Position im Bereich der Not-
fall- und Krisenkartierung besser vernetzt
und im europdischen Kontext verankert
wird.

Weitere Informationen und Kontakt

e-mail: Monika.Gaehler@dlr.de
Info: www.desecure.info

MOoONIKA GAHLER
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Universitat Ziirich

Dipl.-Ozeanograph FELIX MORSDORF pro-
movierte am 05.02.2007 am Geographi-
schen Institut (Fernerkundung / RSL) der
Universitdt Zirich mit der Arbeit ,,LIDAR
Remote Sensing for Estimation of Biophysi-
cal Vegetation Parameters** zum Dr. sc. nat.

Promotionskomitee: Prof. Dr. KLAUS
ITTEN, Dr. BRITTA ALLGOWER, Dr. ERICH
MEIER, Prof. Dr. ROBERT WEIBEL, Dr. EM-
MANUEL BALTSAVIAS

Kurzfassung:

Waldbrinde stellen eine enorme Bedrohung
fir Menschenleben und 6konomische Werte
in vielen Landern dar. Diese Feuer sind 6ko-
logische Prozesse, welche raumlich und zeit-
lich variierenden Randbedingungen unter-
worfen sind. Airborne (flugzeugbasiertes)
laser scanning (ALS) ist eine aktive Ferner-
kundungsmethode, welche die direkte Mes-
sung der Position von zuriickstreuenden
Elementen auf der Erdoberfliche ermdg-
licht. Durch die Abtastung der Erdoberfld-
che mit einem Laserstrahl erzeugen ALS
Systeme eine dreidimensionale Punktwolke,
welche die strukturellen Eigenschaften der
Vegetation enthalten sollte. Deswegen wur-
de vermutet, dass man aus dieser Punktwol-
ke Information tber die rdumliche Vertei-
lung von Brandgut extrahieren kann, welche
hilfreich zum Einschéitzen des Risikos oder
der Auswirkungen von Waldbrianden sein
konnte.

Die vorgelegte Dissertation beschaftigt
sich mit der Ableitung von struktureller In-
formation aus ALS Daten in ihrer rohen,
unverarbeiteten Form (3D-Punktwolke)
und versucht robuste Methoden zur Bestim-
mung von biophysikalischen Vegetationpa-
rametern zu entwickeln, zu implementieren
und zu validieren. Eine Methode zur Erfas-
sung der Geometrie von Einzelbdumen wur-
de entwickelt und mit Hilfe von Feldmes-
sungen validiert. Es wurde gezeigt, dass
Eigenschaften wie Baumposition, Baumho-

he und Kronendurchmesser in einem auto-
matischen Verfahren aus der Punktwolke
abgeleitet werden konnen, und dieses mit
einer Genauigkeit, welche der von Feldmes-
sungen entspricht. Ebenfalls wurde eine Me-
thodik entwickelt, die es erlaubt Grof3en, die
die Dichte der Vegetation beschreiben, aus
ALS Daten abzuleiten. Hierzu wurden der
Blattflichenindex (leaf area index, LAI) und
der Bedeckungsgrad (fractional cover, fCo-
ver) mit Hilfe von physikalisch basierten
Statistiken der einzelnen ALS Echotypen
(erstes und letztes Echo, first/last echo) und
Regressionsmodellen bestimmt. Die Vali-
dierung dieser Methode erfolgte mittels
Feldmessungen, welche mit differentiellen
GPS auf einige Zentimeter genau lokalisiert
waren. Dadurch war es moglich, Feldmes-
sungen und die aus den ALS Daten abge-
leiteten Parameter auf kleinen Skalen von
wenigen Metern zu korrelieren, im Gegen-
satz zu bisherigen Methoden, welche meist
auf der Fldche eines Bestandes implemen-
tiert wurden.

Die entwickelten Methoden verfiigen
iiber einen hohen Grad der Automation, so-
bald sie mit Feldmessungen kalibriert wer-
den, und sind unempfindlich gegeniiber An-
derungen des Abtastwinkels, zumindest fiir
den kleinen Bereich in dem der Winkel des
in dieser Arbeit verwendeten Systems va-
riiert. Hingegen beeinflusst eine groBere An-
derung der Flughdhe die Methoden zur Ab-
leitung der Vegetationsdichte erheblich,
wiahrend die Methode zur Einzelbaumex-
traktion weniger beeinflusst wird. In beiden
Fillen ist allerdings eine Rekalibrierung der
Algorithmen mit Felddaten fiir unterschied-
liche Flughohen erforderlich, es sei denn,
man kann die Auswirkungen der veridnder-
ten Flughohe fiir jeden Parameter direkt
quantifizieren.

Die im Rahmen dieser Arbeit entwickel-
ten Methoden und Algorithmen zur Ablei-
tung von Struktur und Dichte der Vegeta-
tion unterstreichen das grofB3e Potential von
ALS Daten fiir die Extraktion von biophy-
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sikalischen Parametern der Vegetation. Aus
den gewonnenen Erkenntnissen ldsst sich
weiterhin die Schlussfolgerung ziehen, dass
man die Interaktion des Laserpulses mit den
streuenden Objekten besser verstehen muss,
um dieses Potential weitergehend ausnutzen
zu konnen.

Universitat Ziirich

Dipl. El.-Ing. ETH MAURICE RUEGG pro-
movierte am 31.07. 2007 am Geographi-
schen Institut (Fernerkundung / RSL) der
Universitdt Zurich mit der Arbeit ,,Ground
Moving Target Indication with Millimeter
Wave Synthetic Aperture Radar** zum Dr.
Sc. nat.

Promotionskomitee: Prof. Dr. KrLAUS
ITTEN, Prof. Dr. DANIEL NUEScH, Dr. ERicH
MEIER, Dr. KONRAD SCHMID

Kurzfassung:

Die Bewegtzielerkennung (ground moving
target indication — GMTI) bei Radar mit
synthetischer Apertur (synthetic aperture
radar — SAR) liefert Informationen zu be-
wegten Objekten in Radarbildern der unbe-
wegten Erdoberfliche. Wihrend allgemeine
Anwendungen so unterschiedliche Themen
wie Messungen von Meeresstromungen und
Gletschereisfluss beinhalten koénnen, ist
Millimeterwellen (mmW) SAR gut geeignet
fiir Aufgaben in der Verkehrsiiberwachung,
Aufklarung und der Identifikation von spe-
ziellen Bewegungen wie Objektvibrationen
und -rotationen. Mittels einer ausfiihrlichen
Analyse von Bewegungen in einem SAR
Systemmodell zeigt diese Dissertation die
Effekte von konstanten und beschleunigten

Zielbewegungen wie auch von Vibrationen
und Rotationen in mmW SAR auf.

Ein effizienter Ansatz der Bewegtzieler-
kennung ist der Einsatz von mehrkanaligen
SAR-Systemen und einer raumlich und zeit-
lich variierenden Analyse von bewegten Ra-
darzielen. Dadurch wird sowohl eine Indi-
kation als auch eine Korrektur von Posi-
tionsverschiebungen im SAR Bild und eine
Schitzung der radialen Geschwindigkeits-
komponente solcher Ziele mdglich. Die klei-
ne Wellenldnge des Radars bet mmW SAR
bietet eine hochempfindliche Bewegungsde-
tektion und Messung der Objektgeschwin-
digkeit. Die vorliegende Arbeit bespricht
theoretische Uberlegungen, die spezifisch
fiir mmW SAR GMTI sind, einen adaptiven
Algorithmus, um Geschwindigkeits- und
Positionsinformationen von Bewegtzielen
mit Amplituden-vergleichendem Monopuls
Radar zu erhalten und eine Diskussion zur
Beseitigung von GMTI Blindgeschwindig-
keiten und Mehrdeutigkeiten der Objekt-
geschwindigkeit mittels Zweifrequenz-SAR.
Vier groBangelegte Experimente mit dem
FGAN MEMPHIS mmW System in unter-
schiedlichen Umgebungen werden vorge-
stellt.

Freie Universitat Berlin

Universititsprofessor Dr. Joachim Hill, In-
haber einer C4-Professur fir Fernerkun-
dung im Fachbereich VI der Universitit
Trier, hat vom Senator fiir Bildung, Wissen-
schaft und Forschung in Berlin, einen Ruf
auf die Professur , Fernerkundung und
Geoinformatik* im Fachbereich Geowis-
senschaften an der Freien Universitit Berlin
erhalten.

Veranstaltungskalender
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2.-7. Juni: 28" EARSeL Symposium &
Workshops “Remote Sensing for a Changing
Europe” in Istanbul, Turkey. Info: www.ear
sel28.itu.edu.tr

6. Juni: Forum Geoinformation “Airborne
Laserscanning”, Hochschule Miinchen. In-
fo: www.hm.edu/geo

10.-12. Juni: GIS/SIT 2008 — Schweizer Fo-
rum fiir Geoinformation, Universitéit Ziirich-
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Irchel, Schweiz. Info: www.akm.ch/gis_sit
2008

14.-19. Juni: FIG XXXI General Assembly
& Working Week in Stockholm. Auskiinfte
durch: FIG Office, e-mail: fig@fig.net, Info:
www.fig.net/events/2008/fig_2008_stock
holm.pdf

20.-21. Juni: 11" ICA Workshop on Map
Generalisation and Multiple Representa-
tions, Montpellier, France. Info: ica.ign.fr

24.-25. Juni: 5. Hamburger Forum fiir Geo-
matik im Biirgerhaus Hamburg-Wilhelms-
burg. Info: www.hcu-hamburg.de/geoma
tik/forum2008

24.-26. Juni: IEEE Conference on Computer
Vision and Pattern Recognition in Anchora-
ge, Alaska, USA. Info: vision.eecs.ucf.edu

30. Juni — 3. Juli: International Workshop on
Computational Geolnformatics — COMP-
GEO’08, University of Perugia, Italy. Info:
www.gdme.nl/compgeo

1.—4. Juli: Geoinformatics Forum Salzburg
(GI_Forum2008). Info: www.gi-forum.org

3.—11. Juli: XXI ISPRS Kongress in Beijing,
China. Auskiinfte: Prof. Chen Jun (Con-
gress Director), e-mail: congressdirector@
isprs2008-beijing.org oder loc@isprs2008-
beijing.org, Info: www.isprs2008-beijing
.org

13.-20. Juli: 37" Scientific Assembly of the
Committee on Space Research & Associated
Events — COSPAR 2008, ‘50" Anniversary
Assembly‘‘ in Montreal, Kanada. Auskiinf-
te: COSPAR Secretariat, Tel.: +33-1-44-
767510, e-mail: cospar@cosparhq.cnes.fr

4.-9. August: GEOBIA 2008 — Pixels, Ob-
jects, Intelligence: ‘“Geographic Object
Based Image Analysis for the 21** Century”
in Calgary, Canada. Auskiinfte: Geoffrey
J.Hay, Tel.: +1-403-220-4768, e-mail:
gihay@ucalgary.ca, Info: www.ucalgary.ca/
GEOBIA

8.—~11. September: 10" International Sym-
posium on High Mountain Remote Sensing

Cartography (HMRSC-X) in Kathmandu,
Nepal. e-mail: pmool@icimod.org, Info:
menris.icimod.net/ HMRSC-X

17.—18. September: Praxisworkshop ,,GIS &
Internet*, Universitit der Bundeswehr
Miinchen. Info: www.unibw.de/bauv11/geo
informatik

22.-23. September: AgA — Arbeitsgruppe
Automation in Kartographie, Photogram-
metrie und GIS in Frankfurt am Main beim
Bundesamt fiir Kartographie und Geodaésie,
Info: www.ikg.uni-hannover.de/aga

30. September — 2. Oktober: INTERGEO
2008 in Bremen. Info: www.intergeo.de/
deutsch/page/main/index.php

8.-9. Oktober: 2. Hamburger Forum Geoin-
formationen fiir die Kiistenzone an der
HafenCity Universitit Hamburg. Info:
www.gis-kueste.de

12.-18. Oktober: ECCV 2008 — European
Conference on Computer Vision in Marseille.
Info: eccv2008.inrialpes.fr

12.—14. November: Digital Earth Summit on
Geoinformatics: Tools for Global Change Re-
search. Wissenschaftspark Albert Einstein,
Potsdam. Info: www.isde-summit-2008.org

8.—11. Dezember: 19" International Confe-
rence on Pattern Recognition in Tampa, Flo-
rida, USA. Tampa Convention Center, Info:
www.icpr2008.org

2009

16.-19. Mirz: ISPRS WG VII1/12, 6" EAR-
Sel. SIG IS Workshop “IMAGING
SPECTROSCOPY: Imaging Spectroscopy:
Innovative tool for scientific & commercial
environmental applications” in Tel-Aviv,
Israel. Auskiinfte: Prof. Eyal Ben-Dor,
e-mail: bendor@post.tau.ac.il, Info: www.
earsel6th.tau.ac.il

29. September — 2. Oktober: ICCV2009 — In-
ternational Conference on Computer Vision
in Kyoto, Japan. Info: www.iccv2009.org
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Zum Titelbild

Abstraktion von Geoinformation

Das Titelbild zeigt eine Collage von Abbil-
dungen aus den Arbeiten des DFG-Biin-
delprojekts ,,Abstraktion von Geoinforma-
tion. Es visualisiert die vier Datentypen,
die im Projekt bearbeitet wurden: Vektorda-
ten, Bilddaten, 3D-Oberflichendaten sowie
Sprache. Einen Uberblick iiber das Biindel
gibt das Editorial und Details sind in den
einzelnen Artikeln in diesem Heft zu finden.

MONIKA SESTER, e-mail: Monika.Sester@
ikg.uni-hannover.de
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