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Figure 2. UML diagram of the improved CityGML Transportation Model
4.2.2 Four Levels of Detail instead of Five 
Löwner et al. (2016) propose a new LoD concept representing all 
city features in just four levels of detail. Following this idea, it is 
proposed to model street space objects of the ‘Transportation 
Model’ in LoD0-LoD3. Figure 3 shows a ‘real world’ street 
segment with multiple thematic parts. It is indicated that an areal 
LoD1 representation should contain the entire width of the street, 
including sidewalks, kerbstones or barriers. A more detailed 
segmentation into TrafficSpaces and AuxiliaryTrafficSpaces 
should be realised starting from LoD2 while LoD3 additionally 
allows the representation of subtle structures such as manholes or 
roadway damages. This is very similar to the way how building 
models are represented thematically more detailed in CityGML 
with increasing LoD. 
 

 
Figure 3. Street section in LoD1-3 

In addition to areal models, figure 4 further specifies which street 
axis should be used for linear representations in each LoD and 
also gives an example for the representation of roadway damages 
in LoD3. These holes in a street surface can extend over more 
than one road section and therefore should be modelled as a 
separate class (and not as a part of a Section) and spatially 
represented by MultiSurface geometries. 

 
Figure 4. Linear and areal representations in LoD0-3 

As long as roadways are not topologically separated, streets are 
represented by a single centreline per driveway in LoD0 and 
LoD1. Starting from LoD1, street space can be modelled by 
linear and/or areal objects respectively. In addition to the 
driveway centreline, linear representations for footpaths and 
bikeways become possible in LoD2, thus enabling a more 
detailed thematic decomposition of street space. While 

driveways are still represented by a single TrafficSpace object in 
LoD2, LoD3 representations finally contain one TrafficSpace 
object for each individual driving lane. Figure 5 shows a direct 
comparison of linear network representations in LoD0 and LoD3. 
While lod0Netwoks are modelled with one axis per driveway and 
section (defined in the following paragraph) connected with 
nodes representing intersections, lod3Networks contain separate 
lines for each individual driving lane, following every possible 
way a car could take. This automatically implies a predecessor/ 
successor concept useful for some applications. 
 

 
Figure 5. Comparison of the lod0Network and lod3Network 

representation of an intersection 
 
4.2.3 Introducing sections 
A proposed concept to divide street networks into several 
sections is illustrated in figure 6. 

 
 

Figure 6. Illustration of road sections 

Road objects representing an entire street could be split into 3 
different types of sections declared by class attribute values 
defined in a corresponding code list. These types are 
‘road_segments’ (Nr. 1, 2, 4, 5, 6, 8 and 9), ‘intersections’          
(Nr. 3) and ‘roundabouts’ (Nr. 7). In the given example Road A 
consists of Sections Nr. 1, 3, 5, 7 and 9 while Road B is composed 
of Sections Nr. 2, 4, and also 3. This means Road A and Road B 
share Section 3. In order to avoid a redundant representation of 
this shared object, XLinks are used in the CityGML instance 
document to reference the shared section. This is visualized in 
figure 7.  
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Figure 7. Instance diagram illustrating the referencing of a 
section shared by two roads  

Usage of the XLink concept to avoid redundant representations 
is explained in more detail in the CityGML specification 
document (Gröger et al. 2012).      
 

5. IMPLEMENTATION FOR NEW YORK CITY 

The detailed representation of the street space is tested using the 
example of New York City. The NYC Open Data Portal provides 
an extensive number of datasets, including geometric as well as 
semantic information on street space objects for the entire city 
suitable for detailed street space modelling.  
 
5.1 Data sources 

There are three main data sources used to generate a detailed 
streets space model of New York City. Within a study project 
conducted by the Chair of Geoinformatics of the Technical 
University of Munich a semantic 3D city model of New York 
City was generated (Kolbe et al. 2015). The produced CityGML 
datasets are available for download on the project website3.3.  
The provided road dataset includes a LoD0 line-network 
representation and is the basis for the street model generated in 
this work. The second major data source is the so called ‘NYC 
Planimetric Database’ provided in the New York City Open Data 
Portal. This contains representations of a variety of features such 
as roadbeds, sidewalks, or parking lots in the form of areal 
Shapefile data. Additional data is gathered searching websites of 
the NYC Department of Transportation and the NYCD of City 
planning. This includes information such as speed limits and 
pavement ratings as well as guidelines with respect to the 
physical dimensions and used materials of street space objects 
described in the so called ‘NYC Street Design Manual’.     
 
5.2 Implementation 

All data transformations and manipulations were performed 
using the Software ‘Feature Manipulation Engine’ (FME 
2016.1). For the storage, management and integration of the large 
amounts of data generated the open source geodatabase 
3DCityDB Version 3.3 was employed. The actual implemen-
tation had to be based on the currently valid CityGML2.0 
Transportation Model but already considered suggestions made 
in the previous chapter of this article. 
 
5.2.1 Data preparation 
First, the data provided by the ‘Planimetric Database’ had to be 
transformed into the coordinate reference system (EPSG:32118) 
used by the mentioned project. Second, suitable test areas were 
selected in order to try out different implementation approaches 
with a manageable amount of data. Also very complex scenarios 
such as highway interchanges had to be filtered out and modelled 
separately. After these preparations, the input data consisted of 
street centrelines with a large number of attributes, additional 
datasets containing further attributes for each centreline segment 
and accurate areal data on multiple thematic features such as 
roadbeds, sidewalks or traffic islands (Planimetric Database). 
The main tasks are to integrate these data collections into one 
CityGML compliant dataset.     
 
5.2.2 Data enrichment 
Additional attributes like speed limits, pavement ratings, or 
number of lanes from mentioned datasets were matched to the 
already CityGML compliant centreline data via corresponding 

                                                                    
3 https://www.gis.bgu.tum.de/projekte/new-york-city-3d  

attributes such as ‘street name’ or ‘segment ID’. The information 
contained in this ‘new’ centrelines dataset then was transferred to 
corresponding areal roadbed geometries using a spatial matching 
method. All available street space objects like sidewalks, parking 
lots etc. then where manipulated semantically and geometrically 
in order to achieve a detailed semantic 3D street space model of 
the entire city. Specifications concerning physical dimensions 
such as sidewalk heights etc. were implemented based on 
specifications provided by mentioned ‘NYC Street Design 
Manual’. Due to the huge amount of data multiple thematically 
divided CityGML files were generated for each street space 
object class respectively. These include 11 thematic object 
classes with a total of 508,660 objects, each one assigned to the 
most fitting of the 3 possible subclasses Road, Square, or Track. 
The CityGML datasets generated were further processed in two 
different ways. Firstly, using 3DCityDB KML-/COLLADA-files 
as well as corresponding spreadsheets were generated for each 
thematic class individually in order to integrate semantic and 
geometric information in terms of a tiled KML visualization 
model. This was achieved using the ‘3D-Web-Map-Client’ (see 
(Chaturvedi et al.  2015), (Kolbe et al. 2016)) and visualized with 
the open source ’WebGL Virtual Globe Cesium’.   
Secondly, a smaller area was selected and enhanced with suitable 
textures to accomplish a more realistic visualization. Also, the 
data structure of this excerpt was adjusted by introducing 
TrafficAreas and AuxiliaryTrafficAreas, thus further specifying 
individual street space objects and generating a LoD2 street space 
model. In order to express affiliations to top-level features each 
object was linked to superordinated Road, Square, or Track 
objects. Being based on CityGML2.0, the section concept 
introduced earlier could not be implemented explicitly yet but 
was already taken into account by creating individual Road 
objects for each section based on the suggestions made in chapter 
4, thus proving the practicability of the concept. More detailed 
information on the actual implementation including the FME 
workbenches can be found on the project’s GitHub page4. 
 
5.3 Results 

Figure 8 illustrates the generated detailed 3D street space model 
in LoD2. The upper image is a screenshot of the mentioned 3D 
Web-Map-Client implemented for the entire city showing the 
area around Columbus Circle south west of Central Park. The 
lower image displays an excerpt of the generated 3D model 
showing an intersection with textured roadbeds as well as raised 
sidewalks, curbs, and traffic islands. Among other improve-
ments, intersections are represented as separate, non-overlapping 
features containing information on all intersecting street names. 

4 https://github.com/tum-gis/3d-model-new-york-city  

Figure 8. Visualization of the achieved results 
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Please note, that this road space model is not the result of a 
procedural generation, but reflects the exact layout of the real 
street space of NYC. Hence, it can be used for quantity take-off 
(e.g. paved surface area of Broadway) or measurement tasks. 
 

6. CONCLUSION AND OUTLOOK 

This paper discussed a range of applications which require the 
detailed 3D representation of the street space. It was shown that 
most existing standards on street space modelling provide linear 
and parametric representations, mostly in 2D, only. In order to 
cover the specific use case requirements, extensions and 
improvements to the CityGML Transportation Model for the 
detailed spatio-semantic representation of the street space were 
made. In the new model, each LoD can have a center line 
representation, a surface based representation, or both. While 
LoD0 consists of just a generalized linear network, LoD1 
augments this by the representation of the 3D surface geometry. 
In LoD2 the street surfaces are partitioned into roadbed, 
pedestrian walkway etc. In LoD3 even the individual driving 
lanes are semantically and spatially separated making these 
datasets usable for vehicle navigation and detailed traffic 
simulations. In LoD3, TransportationComplexes can have holes, 
e. g. to model gully openings, road damages, or manholes. Road 
sections are represented explicitly allowing to model a long road 
as one object consisting of sections which are sub classified into 
road segments, intersections, and roundabouts. Furthermore, 
clearance space above the traffic surfaces can be represented by 
3D solids. The concepts are illustrated by the detailed 
representation of the street space for New York City. This 3D 
model was generated using multiple datasets from the NYC Open 
Data store and is provided in CityGML on the project homepage.  
In the future, the data model should be further extended by a 
linear referencing method. Also, a concept for representing zones 
for speed limits etc. could be added. Currently, we are also 
working on using the NYC 3D street model to derive input 
datasets for the micro traffic simulation software VISSIM. 
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