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Figure 1: An OBJ dataset (triangles without attributes; left) is converted to CityGML (se-
mantically structured polygons; middle), allowing it to be used to compute the
insolation of the roof surfaces. The right model shows the conversion back to
OBJ with the insolation value preserved as a material, and an automatically gen-
erated colourbar.
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We investigate the automatic conversion between two substantially different
formats used in 3D city models: the ubiquitous but semantically poor Wavefront
OBJ and the semantically rich but less used OGC standard CityGML. We elabo-
rate on their differences and on the challenges involved in their conversion, such
as the inference of semantics in an OBJ file for their use in CityGML, and the
storage of these semantics back in OBJ. We implement two software prototypes:
a conversion of 3D building models from CityGML to OBJ (CityGML2OBJs), and
one fromOBJ to CityGML (OBJ2CityGML). By presenting both methods and im-
plementations, we aim at increasing the availability of CityGML datasets and the
possibility to create them in powerful 3D modelling software.
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1 Introduction

3D city models may be stored in a multi-
tude of different formats, which limits their
interoperability. Their conversion is thus
a topical subject in 3D geoinformation sci-
ence Stadler et al. [2009]; Donkers et al.
[2015]; Zlatanova et al. [2012].

In this paper we show how to convert be-
tween two prominent formats used for stor-
ing 3D citymodels: OBJ, which is character-
istic of 3D modelling and computer graph-
ics, and CityGML, characteristic for 3D GIS,
which has more powerful methods to store
attributes and georeferenced datasets. By
connecting the two, we also give our contri-
bution in bridging the two disciplines.

OBJ is an ubiquitous 3D format that has
wide software support in 3D modelling and
3D visualisation software. However, many
GIS software packages do not support OBJ,
or require certain semantics that are pro-
vided in CityGML, so it would be beneficial
to convert them to be able to perform spa-
tial analyses. On the other hand, the con-
version from CityGML to OBJ is beneficial
to take advantage of the high degree of sup-
port of OBJ in 3D modelling software.

The conversion from CityGML to OBJ is
not difficult, but it generally entails a loss
of data. We introduce a few mechanisms
to mitigate it. The conversion of OBJ
to CityGML requires inferring different
concepts to match the structural level of
CityGML.

We develop a method and implement it in
two software prototypes to enhance the ex-
change and storage of these two formats.
In this work we focus on 3D building mod-
els, however, the concepts can be applied to
other types of models with minor adapta-
tions.

2 Background and related
work

Kavisha et al. [2015] investigate the conver-
sion from COLLADA to CityGML. They fo-

cus on the conversion of texture and ge-
ometry. Diakité et al. [2014]; Boeters et al.
[2015] develop methods to extract seman-
tics from 3D buildings stored without them
(as is done in OBJ), based on geometric
and topological information. Donkers et al.
[2015]; El-Mekawy et al. [2012] demonstrate
the semantic mapping between IFC and
CityGML. Scianna [2013] investigates the
use of computer graphics software to han-
dle 3D GIS data for GIS purposes, and con-
cludes that there is potentially a high degree
of synergy. Zhang et al. [2014] raises the im-
portanceof semantics in computer graphics
visualisation.

3 Overview of datamodels

3.1 OBJ

OBJ (Object file) is a geometry definition
file format developed in 1980s by Wave-
front Technologies for one of their prod-
ucts. Since then it has gained prominence
and has achieved wide support, becoming
the most widespread format in 3D mod-
elling and visualisation software. Because
in practice many 3D city models are stored
in OBJ, and the format has been used in the
GIS community (e.g. see Arroyo Ohori et al.
[2015]; Dimopoulou et al. [2014]; Rumor
and Roccatello [2009]; Frommholz et al.
[2015]), OBJ can also be considered as a 3D
GIS format.

The OBJ standard is powerful in theory but
its support is limited in practice. For in-
stance, OBJ files support complex geome-
tries including Bézier, B-spline, Cardinal
and Taylor surfaces. However, most soft-
ware that reads OBJ files only supports tri-
angles or polygons.

3.2 CityGML

The Open Geospatial Consortium standard
CityGML Gröger and Plümer [2012]; Open
Geospatial Consortium [2012b], is an XML-
based format for storing 3D citymodels that
are structured into semantically meaning-
ful parts. It is a format that is intended for
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spatial analyses, such as estimating the en-
ergy demand needed for heating Strzalka
et al. [2011]. On the other hand, CityGML is
also gaining adoption for visualisation pur-
poses Gesquière and Manin [2012]; Evans
et al. [2014].

CityGML provides thematic classes to store
different classes of objects, e.g. buildings,
tunnels, and bodies of water. Further, the
data model supports assigning a semantic
theme for each surface. In case of the ex-
terior of buildings, there are classes such as
GroundSurface—essentially the footprint
of a building, and RoofSurface, which de-
notes the surfaces representing the roof.
This standardised semantic information is
advantageous for many use cases, for in-
stance, in estimating the solar irradiation
of rooftops, where only geometries stored
as RoofSurface are considered in the anal-
ysis Biljecki et al. [2015a].

CityGML provides five standard LODs:
LOD0 is a 2D footprint, LOD1 is a block
model obtained with extrusion, LOD2
is an upgrade of the former with simple
roof structures and semantically enriched
boundary surfaces, LOD3 are architec-
turally detailed models with fenestration,
and LOD4 contains interior Kolbe [2009].
The LOD concept in CityGML is different
from the one in computer graphics since it
denotes the model’s spatio-semantic adher-
ence to its real-world counterpart Biljecki
et al. [2014].

A significant disadvantage of CityGML is
that currently it is not as widely adopted as
OBJ, and that its storage footprint is consid-
erably larger.

3.3 Comparison and challenges

A comparison of the two formats is given
in Table 1. We elaborate here the main dif-
ferences that are relevant when it comes to
their conversion:

1. OBJ datasets usually come as sets of
polygons or triangles, while CityGML
geometry is based on the types de-
fined in the Geometry Markup Lan-
guage (GML) Open Geospatial Con-

Table 1: Comparison of OBJ and CityGML.
Formats

Concept OBJ CityGML

Audience 3D modelling GIS
Format Plain text XML
Geometry Polygons GML
Semantics Weak Strong
Georeferenced Partial Yes
Adoption High Low
Storage footprint Medium Large

sortium [2012a], supporting polygons
with holes, solids, and other more
advanced concepts. Consequently,
one CityGML surface is usually repre-
sented by multiple faces (triangles) in
OBJ.

2. CityGML supports thematically differ-
entiated objects and surfaces, in con-
trast to OBJ where there is no standard
way to differentiate them based on at-
tributes.

3. Attribute support is limited in OBJ,
while in CityGML several can be as-
signed to objects or to their parts.

4 Conversion fromCityGML
toOBJ (CityGML2OBJs)

The conversion of CityGML to OBJ is not
difficult, but it entails loss of information
since it is not possible to preserve several
concepts presented in Section 3.3. However,
we mitigate this and partially preserve in-
formation in several solutions which we in-
troduce below, and implement in a software
prototype CityGML2OBJs.

• OBJ cannot differentiate between dif-
ferent buildings as CityGML, so in our
approach geometries are segregated in
objects (o notion in the OBJ) with
the same ID of the original CityGML
<gml:id> of an object.

• The software separates surfaces accord-
ing to their CityGML semantic class.
However, OBJ has limited support for
semantics. We hence store groups of
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equivalent semantic surfaces in sep-
arate OBJ files. This is reflected in
the plural ‘OBJs’ in the name of the
package, as a CityGML dataset is con-
verted to multiple OBJs. E.g. the con-
version of Delft.gml results in Delft-
WallSurface.obj, Delft-RoofSurface.obj,
etc.

• OBJ has limited support for attributes.
As a solution to preserve attributes we
have decided to take advantage of OBJ
materials. Therefore, quantitative at-
tributes of buildings (e.g. year of con-
struction) are converted to a material
of a specific colour assigned to all faces
of the building. The colour is assigned
according to a colourmap that is gener-
ated based on the range of values found
in the dataset. This process is aided by
matplotlib Hunter [2007], and a refer-
ence colourmap is rendered and stored
separately.

• OBJ is not a geospatial format, so a
geodetic datum is generally not stored
together with the data. In addition,
3Dmodelling, rendering andCAD soft-
ware generally uses local coordinate
systems, using small numbers around
the origin. For this reason, during the
conversion we find the centroid of the
geometry, and translate the dataset so
that the centroid corresponds to the
origin of a local coordinate system cen-
tred at (0, 0).

The process of the conversion is briefly de-
scribed in the continuation. The objects in
CityGML are parsed and considered sepa-
rately. A validator of geometry has been
built to check the polygons for validity ac-
cording to relevant applicable criteria de-
fined in the standard ISO 19107:2003(E) ISO
[2003] and Ledoux [2013], such as the
planarity of polygons. The polygons of
each building are triangulated with Trian-
gle Shewchuk [1996], and the resulting tri-
angles are first stored in separate sets for
each semantic class, and then as a group
for each building. After the dataset was
processed, the algorithm finds recurring
vertices, re-indexes the faces to point to a
unique point, and stores them only once to

save space. Finally, the OBJ files are writ-
ten.

Fig. 1 shows an example of the conver-
sion. A CityGML dataset (middle), which
was enriched with solar irradiation values
(from the software Solar3Dcity Biljecki et al.
[2015a]), is converted to OBJ (right). The
colourmap, which is automatically gener-
ated in the process, is also shown.

5 Conversion fromOBJ to
CityGML (OBJ2CityGML)

Technically OBJ can be directly converted
to CityGML (as a soup of non-classified and
non-structured triangles), but that does not
take advantage of the capabilities of the for-
mat, and in CityGML triangles are prac-
tically used only to store terrain. Here
we attempt to infer the missing concepts
from OBJ to match the structural level
and conventional usage in CityGML, and
have implemented a software prototype
OBJ2CityGML. Our approach consists of
the following steps: detecting the LOD
of the OBJ dataset, detecting objects (con-
nected components) and polygons (set of
adjacent coplanar triangles), merging tri-
angles into polygons, and inferring the se-
mantic class of each polygon based on their
normals.

5.1 Detection of the LOD

Research has been done to automati-
cally detect the LOD of 2D (cartographic)
datasets Touya and Reimer [2015], however,
no equivalent work exists in 3D.

We have detected the LOD in the following
way: if all surfaces in the dataset are found
to be horizontal or vertical the dataset is
considered as LOD1. If there are sloped
roofs the dataset is either LOD2 or LOD3.
However, since we are not aware of many
LOD3-grade models stored in OBJ, we clas-
sify them as LOD2.

It is important to perform this step in the
beginning, so in case the dataset is of an
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LOD1 (which does not require semantically
differentiated surfaces) the semantic classi-
fication can be skipped.

5.2 Two-step segmentation of
triangles

5.2.1 Detection of objects

The first step is to group the triangles
into those forming connected components,
which represent individual buildings. This
is a prerequisite for CityGML, in which
structure the topmost node is cityObject-
Member.

In order to do this, all edges of the trian-
gles in the dataset are first indexed. Then,
for each triangle, the algorithm detects the
adjacent triangles by detecting the shared
edges from the index. In a second pass, the
algorithm, finds distinct groups of faces that
do not share any edge. The outcome of this
process is illustrated in Fig. 2.

5.2.2 Detection of polygons

In the second step, for the triangles of each
building, a similar algorithm has been em-
ployed to find triangles that form a planar
surface that can be merged into a polygon
and written in GML. Themain difference is
that besides the shared edges, the algorithm
tests the orientation of the normal of two
adjacent triangles. If they are adjacent and
have the same normal, it means that they
form a planar surface (Fig. 3).

5.3 Construction of polygons from
triangles

At this phase, the process has a list of trian-
gles that form a planar surface, which has
to be converted to a polygon (see Fig. 3).
All edges that form the outer boundary of
the surface are part of only one triangle,
while those that are not are in more than
one triangle. Hence, we find all such edges,
and connect them in a ring that forms the
boundary of the polygon. The sequence of

Figure 2: First step of the segmentation of
triangles to find standalone city
objects (here coloureddifferently).

the edges has been found by matching the
start/end points of the set of edges, and the
orientation of the resulting ring has been
corrected according to the normal of the tri-
angles.

Figure 3: After adjacent planar triangles are
found (differently coloured sur-
faces), they have to be merged into
polygons. In this process we find
the outer boundary (outlined in
red for one of the polygons), and
construct the polygon from the se-
quential edges.

5.4 Normal-based classification of
semantics

The semantic segmentation and classifica-
tion of urban features is a topical subject in
computer science Martinović et al. [2015];
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Xiong et al. [2013]. We follow the approach
of Diakité et al. [2014] and Boeters et al.
[2015], who have shown that the semantic
class of a surface can be deduced from the
orientation of its normal. For instance, a
surface whose normal is horizontal is most
likely a wall.

5.5 Storage as CityGML

In the last step, our structured geometry is
written to CityGML. In the process, each
building and polygon are assigned a unique
identifier (UUID). The following example
shows an excerpt of an OBJ representing
a rectangular ground surface (two triangles
forming a rectangle):

v 7.3257 5.6967 0.0
v 0.0 0.0 0.0
v -2.7931 3.5918 0.0
v 4.5326 9.2885 0.0
...
f 1 2 3
f 3 4 1
...

which is detected as a planar surface within
a building of an LOD2 dataset, labelled as
a ground surface, and finally converted to
the geometry in GML and the structure of
CityGML:

<cityObjectMember>
<bldg:Building
gml:id=”...”>
...
<bldg:boundedBy>
<bldg:GroundSurface>
<bldg:lod2MultiSurface>
<gml:MultiSurface>
<gml:surfaceMember>
<gml:Polygon
gml:id=”...”>
<gml:exterior>
<gml:LinearRing>
<gml:posList>
0.0 0.0 0.0
-2.7931 3.5918 0.0
4.5326 9.2885 0.0
7.3257 5.6967 0.0
0.0 0.0 0.0

</gml:posList>
...

Notice the increased storage footprint of
CityGML in comparison to OBJ (cf. Biljecki
et al. [2015b]).

6 Discussion

For testing the implementation we have
used procedurally generated CityGML
models from Random3Dcity Biljecki et al.
[2015c]. An impression of the dataset is
also shown in Fig. 2 and Fig. 5. The advan-
tage is that this is one of the rare instances
of multi-LOD datasets available, so the
performance of data in multiple LODs can
be tested. We have also used real-world
data, a 3D model (LOD1) of the campus of
the Delft University of Technology Ledoux
and Meijers [2011], see Fig. 4.

Figure 4: In this LOD1 example the level
of detail was correctly inferred
from the OBJ dataset, hence, in
the conversion toCityGML the de-
duction of the thematic surfaces
was skipped. OBJ dataset courtesy
of Ledoux and Meijers [2011].

The results of the prototypes are valuable
considering the simplicity of the approach.
However, there are some limitations that
present opportunities for future work. For
instance, the normal-based approach for
the classification of surfaces can only dis-
tinguish between a low number of classes—
for example, it cannot differentiate between
a roof, and a terrace or garage top (see
Fig. 1). Advancing the method would re-
quire substantially more sophisticated ap-
proaches, probably reaching into the pat-
tern recognition discipline. Another lim-
itation is that the method does not detect
polygons with interior geometry, or closed
geometries such as solids.
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7 Conclusions and future
work

This paper presents an approach to convert
a 3D city model stored in OBJ to CityGML,
and vice versa. Allowing for the automatic
conversion between these two quite differ-
ent formats benefits practitioners from the
best of bothworlds—the ubiquitous support
of OBJ in 3D modelling software, and the
semantics and support of CityGML in GIS
software. For instance, as a use case of the
developed software, a CityGML dataset was
prepared for 3D printing by converting it to
OBJ (Fig. 5), which cannot be achieved di-
rectly. On the other hand, an OBJ can be
converted to CityGML to run a spatial anal-
ysis such as the estimation of the insolation
(see Fig. 1).

Figure 5: As a use case of CityGML2OBJs,
we have converted a procedurally
generated dataset in CityGML to
OBJ for 3D printing purposes.
Due to the limited software adop-
tion, without such a tool CityGML
datasets cannot reach their full po-
tential. CityGML data source: Bil-
jecki et al. [2015c].

There are many scientific and software op-
portunities in this area, and in this pa-
per we have tackled only a part of the se-
mantics that can be applied to a CityGML
file. For future work we aim to detect more
semantic classes within a city object and
their labelling (e.g. as buildings, roads and

trees). We also intend topreserve additional
CityGML features that are not so easily han-
dled (e.g. coordinate systems).

We also aim to handle the geometric er-
rors that are commonly found in OBJ
files Ledoux et al. [2014], as well as the auto-
matic conversion of the more advanced ge-
ometry types supported by OBJ (e.g. Bézier
surfaces) into CityGML.
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