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8 Spatial model 

Spatial properties of CityGML features are represented by objects of GML3‟s geometry model. This model is 
based on the standard ISO 19107 „Spatial Schema‟ (Herring 2001), representing 3D geometry according to the 
well-known Boundary Representation (B-Rep, cf. Foley et al. 1995). CityGML actually uses only a subset of the 
GML3 geometry package, defining a profile of GML3. This subset is depicted in Fig. 8 and Fig. 9. Furthermore, 
GML3‟s explicit Boundary Representation is extended by scene graph concepts, which allow the representation 
of the geometry of features with the same shape implicitly and thus more space efficiently (chapter 8.2). 

8.1 Geometric-topological model 

The geometry model of GML 3 consists of primitives, which may be combined to form complexes, composite 
geometries or aggregates. For each dimension, there is a geometrical primitive: a zero-dimensional object is a 
Point, a one-dimensional a _Curve, a two-dimensional a _Surface, and a three-dimensional a _Solid (Fig. 8). 
Each geometry can have its own coordinate reference system. A solid is bounded by surfaces and a surface by 
curves. In CityGML, a curve is restricted to be a straight line, thus only the GML3 class LineString is used. 
Surfaces in CityGML are represented by Polygons, which define a planar geometry, i.e. the boundary and all 
interior points are required to be located in one single plane.  
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Fig. 8: UML diagram of CityGML‟s geometry model (subset and profile of GML3): Primitives and Composites. 

Combined geometries can be aggregates, complexes or composites of primitives (see illustration in Fig. 10). In 
an Aggregate, the spatial relationship between components is not restricted. They may be disjoint, overlapping, 
touching, or disconnected. GML3 provides a special aggregate for each dimension, a MultiPoint, a MultiCurve, a 
MultiSurface or a MultiSolid (see Fig. 9). In contrast to aggregates, a Complex is topologically structured: its 
parts must be disjoint, must not overlap and are allowed to touch, at most, at their boundaries or share parts of 
their boundaries. A Composite is a special complex provided by GML3. It can only contain elements of the same 
dimension. Its elements must be disjoint as well, but they must be topologically connected along their bounda-
ries. A Composite can be a CompositeSolid, a CompositeSurface, or CompositeCurve. (cf. Fig. 8).  


