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room name or number can be assigned to a dual node 
representing the room; a distance between two rooms or a 
weight used by graph traversal algorithms can be assigned to a 
dual edge connecting two dual nodes (see Figure 4). 
 
In the example shown in Figure 4, doors are represented as flat 
cells. Their volume is zero, but still each door has an associated 
dual vertex. If, for some reason, flat cells are not allowed in the 
model, then doors can be represented as an attribute assigned to 
a connection between rooms, e.g. attribute ‘door’ may take two 
values: ‘yes’ or ‘no’. 
 

 
 

Figure 4. Semantic information represented by attributes. 
 
 

3. BUILDING EXTRUSION 

Building extrusion from 2D footprints is one of the simplest 
methods of 3D city modelling – buildings are represented as 
basic blocks. However topological consistency should be taken 
into consideration to avoid block overlapping or duplication – 
Ledoux and Meijers (2010) proposed the node column approach 
extrusion method. The algorithm takes as an input a set of 
polygons, and the result is a set of topologically consistent and 
valid blocks. Input polygons should be validated first to assure 
the topological consistency – it is easier to validate a polygon 
than a 3D object. One of the advantages of the method is that 
faces shared by adjacent blocks are not multiplied. 
 
The process of extrusion, using the DHE and the construction 
method proposed in this paper, can be represented as a sequence 
of Euler operators. This is based on the node column approach: 
however some small modifications were introduced. A simple 
example is shown in Figure 5: 
a) A footprint of two building parts of different heights to 
extrude. 
b) In the first step two adjacent polygons are created. Note the 
shared edge between polygons is not duplicated. A sequence of 
Euler operators: (the left polygon) MVVFS, MEV×2, MEF, (the 
right polygon) MEF, MVE×3. 
c) All vertices are extruded. Different heights of building parts 
are taken into consideration when the end points of the shared 
edge are extruded. A sequence of Euler operators: (the left 
polygon) MEV×2, (the shared edge) MEV×4, (the right 
polygon) MEV×3. 

d) ‘Roof’ edges are created. A sequence of Euler operators: (the 
left polygon) MEF×4, (the right polygon) MEF×5.  
e) Technically, two building parts are represented as one cell 
(without a face in between the parts). 
f) To split the cell into two parts the Split by Face operator is 
used. It creates a face between the parts. 
g) The result is a complex of connected cells.  
 
This method is suitable for building exterior representation. It 
can also be used for simple interior modelling – footprints of 
rooms on all building levels can be extruded to a predefined 
height which corresponds to the level of the footprints on the 
next floor. Rooms from different floor can then be linked into a 
single complex. However, this method is not suitable for 
complex interiors with sloping walls or intermediate levels 
within some floors. 
 

 
 

Figure 5. Building extrusion from a footprint: a) the footprint; 
b) two adjacent polygons; c) node extrusion; d) face generation; 
e) the building is represented as one polyhedron; f) a new face 

is added; g) the building is represented as two blocks. 
 
 

4. CITYGML BUILDING INTERIORS 

More detailed models are available in the CityGML LOD4. The 
room geometry is represented as a set of faces forming a closed 
cell, and each face as a list of vertices. There are also walls, 
windows, doors, furniture and other entities present, but rooms 
can be easily extracted from the model. Construction of single 
rooms using the DHE is straightforward, but topology in 
CityGML is limited - some models store shared faces between 
two entities only once, and then a link to the shared face is 
provided instead of an explicit list of cell faces. This is not 
compulsory, and connections between rooms need to be 
computed. One of the common situations is a room sharing a 
wall with two smaller rooms (see Figure 6). Before the rooms 
are linked it is necessary to split the big face into parts which fit 
faces from adjacent rooms. Once the connection is set, 
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navigation in the model is available without any geometrical 
computation. 
 
The resulting models can be enriched with the semantic 
information included in a CityGML model. For example, 
attributes assigned to a cell give it a new meaning, e.g. this is a 
storeroom, or this is meeting room; attributes assigned to a 
connection between cells can change relations between rooms, 
e.g. there is a thick wall between rooms – there is no passage, or 
else the wall is very thin – you can break through in case of an 
emergency. These attributes can be used in analysis by graph 
traversal algorithms, since the model has a graph structure. 
 

 
 

Figure 6. A big room with two smaller rooms sharing a face:  
a) original rooms; b) splitting a face; c) rooms linked into a 

complex. 
 
 

5. CONCLUSIONS 

The DHE is a general data structure that can be used for 3D 
spatial modelling, including building exterior and interior 
models. Thanks to the implemented 3D Poincaré duality the 
number of basic construction entities is limited to two, i.e. 
edges and nodes – which allows for a straightforward boundary 
representation. Thus CityGML building models can be easily 
reconstructed: however, topological relations between the cells 
forming the model need to be computed, as these relations are 
not compulsory in CityGML and topology implementation is 
basic. 
 
The proposed CAD construction method based on Euler 
operators allows not only changing the geometry, but also 
provides automatic topology. This is an important property 
which, together with semantic information described by 
attributes, makes models suitable for 3D GIS analysis – for 
example, standard graph traversal algorithms can be readily 
implemented. 
 
The next planned improvement is to unify 3D buildings with 
the external terrain, which in CityGML is represented as a 2.5D 
model. This will broaden the possibility of 3D city model 
analysis. 
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