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Abstract:

CityGML (Groger et al. 2012) is a widely adopted standard by the Open Geospatial Consortium (OGC) for the
representation and exchange of 3D city models. It defines the three-dimensional geometry, topology, semantics, and
appearance of the most relevant topographic objects in urban or regional contexts. The representation of semantic and
topological properties makes it possible to query such 3D city data to perform analysis in various applications.
However, the potential of query answering over CityGML data has not been fully exploited. The official GML/XML
encoding of CityGML is only intended as an exchange format but is not suitable for query answering. The most
common way of dealing with CityGML data is to import them into the 3DCityDB system as relational tables and then
query with the standard SQL query language. One limitation of this approach is that it is not compliant with Knowledge
Graph standards, and thus it is difficult to interoperate with other open Knowledge Graphs (e.g., Wikidata, DBPedia).
There have been early attempts to convert CityGML to knowledge graphs (Chadzynski et al. 2021), which uses a
straightforward ad-hoc implementation.

In our previous work (Ding et al. 2022), we have described the CityGML VKG framework to expose the 3DCityDB as a
Virtual Knowledge Graph (VKG) (Xiao ef al. 2019). In this framework, a VKG specification (i.e., an ontology and a
mapping) is used as input to the popular VKG system Ontop (Calvanese et al., 2017) to expose the underlying
CityGML data as a VKG. This VKG can be queried using the standard SPARQL query language. We have also shown
the feasibility by a minimal proof-of-concept system (Ding et. al 2022). In this work, we significantly extend this
implementation and demonstrate some interesting queries.

Test data. We use the CityGML building 3D model data at LoD2 of the municipality of Tartu, Estonia' from 2022 as
test data (Figure 1). The GML file has a size of 300MB and comprises 20742 buildings.

Virtual Knowledge Graph Specification. We adopt the CityGML ontology? created by the University of Geneva. We
have developed a suitable RZRML mapping to 3DCityDB using the ontology editor Protégé with the Ontop plugin. We
extended the 4 mappings from the previous implementation to 161 mappings, which now cover most of the classes of
the CityGML ontology.

! https://geoportaal. maaamet.ee/eng/Download-3D-data-p837.html
2 http://cui.unige.ch/isi/onto//citygml|2.0.owl

Abstracts of the International Cartographic Association, 6, 53, 2023.
31st International Cartographic Conference (ICC 2023), 13—-18 August 2023, Cape Town, South Africa.
https://doi.org/10.5194/ica-abs-6-53-2023 | © Author(s) 2023. CC BY 4.0 License.



20of3

. o
RS .,
.
o . e
P * : .
. ..
P
. .s
.
‘ - >
- -'
N -
- .t “
g R
o [
CRS
. .
- p
C e, .
2 Lo Y
. .
N PV N .
o - B I no O
. 22 F - ei_ R
. 4 - *
a = ,.ix #
[ U o
T e i
.. - L4
- . R 3
3
ve . -
‘ e’ 2 X
% .. = ﬂ:. 'E' o ..-'};
ce. . . Za I
Al S ¢
. g N . .
~. <

Figure 1. The test 3D building data of the municipality of Tartu (left) with a small area enlarged (right).

Example queries. Based on the ontology and mappings, we could formulate and execute more complex queries. Two
example queries are shown in Figure 2. The first query (Figure 2 left) retrieves buildings with height over 40 meters.
The second query (Figure 2 right) retrieves building solids and their addresses, and orders the results by the number of
surfaces on the building solids. This query is more complicated and uses aggregation operations. Regarding the results
from the second query, we found that the building with the address “Ludvig Puusepa tdnav 8” is the most complicated
building regarding the number of surfaces (with 640 surfaces) and refers to the Tartu University hospital. The second
most complicated building at “Ringtee tdnav 75a” (with 483 surfaces) refers to a big shopping mall.

6 # 02: Get buildings with height over 40m

L3
'3

SELECT ?address_label 7buildingHeight ?address_geom

Building .

asurediieight ?buildingHeight .
# Get buildings over 40 meters
FILTER(?buildingeight > 40) .

?x bl ss ?address_id .
1 7address_id rdfs:label 7address_label .

?address_id geo:asiiKT ?address_geom .

1
1
1
1
1
15 # EPSG 3301 used
1
1
1

# 04: Get all surfaces of buildings, rank by most surfaces
v SELECT ?building ?address label (COUNT(?geom) AS 2count) {

4 ?x grp:parent ?parent .

?building bldg:lodzMultiSurface ?parent .

2address_id .

?7address_id rdf
}
» GROUP BY ?building ?address_label

abel ?address_label .

ORDER BY DESC(Zcount)

KA
'3

=2 Response  PivotTable =~ Google Chat Geo & </> a3 Response ~ PivotTable ~ Google Chart 3 |
Showing 1 to 8 of 8 entries (in 0.085 seconds) Search: I:l Show[50 <] entries Showing 1 to 50 of 18,133 entries (in 2.299 seconds) Search: : Show |50 |entries
address_label $ buildingHeight  # address_geom 4 building 9 address_label ¥ ' count 8
. 1 hitp//cui.unige.ch/citygml/2.0/building/7053  Ludvig Puusepa téanav 8 "g4Q" " xsdintager
1 Viike-Turu tanav 5 g 1grosaave M LGJIg_’T'IPOINT 2 (647393688 6600237 9 ¥g 9 ] P
) 2 http//cui.unige.ch/citygml/2.0/building/5403  Ringtee tanav 75a 483" xsdinteger
Arxsd "MULTIPOINT Z (6474170.9 659743.67 N, ) an
2 Soolatinav8 '52.07"""xsdidouble 3’::'3; S o 3 hitp//oui.unige.ch/citygml/2.0/building/10301  Friedrich Reinhold Kreutzwaldi tanav & #4247 xsdinteger
o 4 http://cui.unige.ch/citygml/2.0/building/12232  Kopli tanav 1 4163k nteger
3 Ludvig Puusepatanav8 51,01+ sddoisie 51\;3LT|P0|NT 7 (6473030.23 esrorroz
-32) 5 httpi//cui.unige.ch/citygml/2.0/building/10266  Turu tanav 2 356" " xsdinteger
4 Jaani tanav 5 *58,521*xad:double ;f%" SN IR e " 6  http//cul.unige.ch/citygml/2.0/building/17471  Friedrich Reinhold Kreutzwaldi tanav 56 "34g**xsdinteger
. 7 http/cui.unige.ch/citygml/2.0/building/5715  Tehase tanav 19¢ 331" xsdintager
5 Valke kaar83 149,04+ sd double GI\ZJIULTIPOINT Z(6473141.27 65832192
4 8 http://cui.unige.ch/citygml/2.0/building/9576  Friedrich Reinhold Kreutzwaldi tanay 62~ "285*""xsdinteger

Figure 2. Two example queries. The first query (left) retrieves buildings with heifght over 40 meters and the second one (right)
retrieves all surfaces of buildings ranked by the number of surfaces on the building solids.

Conclusions. We have extended the work of Ding et. al (2022) for exposing CityGML data as a VKG by enriching the
mappings significantly and testing more complicated queries on a larger test area (from one university campus to one
city). In the future, we will extend the coverage of the mapping, integrate other datasets into the VKG (e.g., digital
landscape model data), and apply the technology in real-world applications. Moreover, we would like to develop
intuitive visualizations for understanding the queries and query results using specific techniques, e.g., cartographic
representations.
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