
1

The road from maps to 3D representations 
and beyond

Martien Molenaar

International Institute for 
Geo-Information Science and Earth Observation

(ITC)

� ��� � �� � � � 	
�� � � 
 �� � � �	� � � ��	� � �� � � � ��� �� � �	� � 	� � � � �� ��� � � �� � � �� � � � � �

The map paradigm

The evolution of the map paradigm
(objects and topology)

Towards 3D representations
(process simulation)

3D representations

Beyond 3D representations: 3D topology

And what that means for the GI-sector
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The map paradigm
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The map paradigm
geospatial data handling process
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The map paradigm
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Road

Road section

Built-up

Roads

Land use

Vegetation

«samengesteld»
Road

+Type[1]
+Wegtype[1]
+Hoofdverkeersgebruik[1]
+Fysiek voorkomen[1]
+Kruisingstype[1]
+Verhardingsbreedteklasse[1]
+Verhardingsbreedte[1]
+Verhardingstype[1]
+Verhardingsmateriaal[1]
+Aantal rijstroken[1]
+Rijrichting[1]
+Toegankelijkheid[1]
+Status[1]
+Geometrie[1..*]

«basis»
Road section

0..1

1..*

+Type[1]
+Beschrijving[1]
+Nauwkeurigheid[1]
+Actualiteit[1]

Algemeen::Source

+Hoogteniveau[1]

«subklasse»
Crossroad sect ion

*

1

+TOP10_ID[1]
+Begindatum[1]
+Versienummer[1]
+Versiedatum[1]
+Einddatum[0..1]
+Dimensie[1]
+TDN-code[1]

«superklasse»
Algemeen::Geographic object

0..1

0..1

*

*

*

*

+Naam[0..*]

Algemeen::Geographic name
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object-oriented modeling: map objects or terrain objects?
uml (unified modeling language)

Courtesy Menno-Jan Kraak
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Point object

Line object

Area object

Id   class  a1 a2 … ap

Id   class  a1 a2 … al

Id   class  a1 a2 … av

The evolution of the map paradigm
Spatial object modeling
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Spatial complex

UM is the universe of map M, 

i.e. UM is the set of all objects 
occurring in M

GM is the geometry of map M,

i.e. GM is the set of all geometric 
elements of M: nodes, edges, faces

The evolution of the map paradigm
Spatial object modeling
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Face fa

Edge e

Le[ e, fa ] =1

Face fb

Ri[ e, fb ] =1

Object Ok Object OL

Part22 [ fb, OL] = 1Part22[ fa, Ok] = 1

The evolution of the map paradigm
Topological object modeling
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UM is a complete coverage if

each face of GM belongs to at least one 
area object O of UM so that Part22[ f, O] =1

UM forms a spatial partition if

UM forms a complete coverage and

each face of GM belongs to exactly one
area object O of UM so that Part22[ f, O] =1

The evolution of the map paradigm
Topological object modeling
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Towards 3D representations

Towards 3D representations
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3D representations
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3D representations
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3D representations
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3D representations

Courtesy George Vosselman
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Modelling of irregular objects

What is a ‘building’ ?
How many buildings do we see ?

- physical outlines (what we see)
- functionality (context)

Spatial modelling depends on
application context:

- architecture
- cultural and antropology
- census (habitants etc.)
- cadastral / ownership
- ...
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Representation of 3D objects

Courtesy George Vosselman



11

3D topology
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3D topology

i

j
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3D topology
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3D topology
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urban planning in Enschede

Courtesy Menno-Jan Kraak

methodology
database
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technology data model technology
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What does that mean for the GI-sector?
geospatial data handling process

world model
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(external) INSTITUTIONAL 
SETTING

(external) INSTITUTIONAL 
SETTING

(external) INSTITUTIONAL 
SETTING

Organisational
infrastructure

Business
strategy

Geo-ICT 
architecture

Geo-ICT
strategy

Business &  Geo-ICT environment
Institutional Setting

GI  PROVIDER

What does that mean for the GI-sector?

Courtesy Yola Georgiadou

What does the development of 3D representations 
mean for the specification and provision of 
topographic core data?

How will the development of topologically structured 
3D (city) representations affect this?

Which scientific and technical disciplines should be 
involved? Required competences and capacity

What institutional arrangements are required for the 
operationalization of these concepts?

What does that mean for the GI-sector?
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