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Abstract. This article presents a Data Quality Assurance
(DQA) tool for 3D city buildings, which is developed us-
ing the FME Workbench application. It evaluates the qual-
ity of both CityGML and CityJSON data sets against pre-
defined rules and produces quality information in the tab-
ular or geometrical format. All violations are categorized
based on their severity, which means that the tool can auto-
matically discard or fix some of the found errors. By doing
so, the tool can play an important role in Spatial Data In-
frastructures (SDI) and improve data integration processes
by improving data quality and interoperability.
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1 Introduction

Spatial data quality (SDQ) has become an increasingly rel-
evant topic in the field of geographic information sciences
(Devillers et al., 2010). Multiple SDQ standards (e.g. ISO
19157) and recommendations (e.g. Beare et al. (2010))
have been published, but on a practical level, data quality
depends on how data is used (Ledoux and Wagner, 2016).
For example, the data that is used for visualisation pur-
poses does not require similar quality criteria than the data
used for solar power analyses.

Especially 3D building data can contain many quality de-
ficiencies due to its geometrical and semantical complex-
ities. Data sets are not always interoperable, consistent,
standardized, or managed properly (Stoter et al., 2020).
Therefore, common methods for the DQA are needed.

This article proposes an useful method for the DQA of 3D
buildings data. With the help of the tool, problems with
data quality can be evaluated and repaired automatically.
That eases data integration, increases data reliability, and
most importantly improves data quality.

2 Methods

The DQA tool was created by using the FME Workbench
application. The FME was chosen because its graphical
user interface is easy to use in Extract, Transform and
Load (ETL) processes. It also supports both CityGML and
CityJSON data formats, which are the most common for-
mats to model 3D buildings Ledoux et al..

Figure 1. A figure illustrating basic functionality of the tool.

The basic workflow of the DQA tool is fairly simple (see
Figure 1). It uses CityGML or CityJSON data sets as an
input, processes them, and produces an output file con-
taining all invalid features and related quality information.
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Figure 2. The rule hierarchy and severity levels of the tool.

Users can choose whether they want results in tabular or
geometry format. The latter enables visualization of the
results.

The tool contains over 40 quality rules, and some of them
consist of several sub-criteria. Most quality rules are based
on the pre-defined transformers of the FME, like Geome-
tryValidator. Therefore their functionalities could not be
edited, since the FME is not an open source software.
The rest of the rules were constructed from smaller pieces
of transformer, or their algorithms were built completely
from the scratch.

The quality rules are classified on the basis of their out-
comes. Totally, there are three different options for each
rule. If the feature or part of it does not pass the rule, it can
either be discarded, repaired or noted. Because of that, the
rules have an elaborated hierarchy (see Figure 2), which
prevents errors from recurring under the other rules. For
example, fixing geometry error in building boundary may
produce degenerated faces, which in turn prevents check-
ing for building voids (Safe Software, 2022).

The quality rules and their hierarchy vary between the
CityGML and CityJSON formats due to different encod-
ing. Both formats have unique hierarchical structure and
different level of complexity (Ledoux et al., 2019). The
CityGML contains more mandatory parts related to ge-
ometry and attributes, more complex geometries and hier-
archies, as well as extended links (xlink:href) to connect
building elements (Open Geospatial Consortium, 2021;
Ledoux et al., 2019; Hugo, Ledoux and Balázs, Dukai,
2021).

3 Results

The tool was tested by using CityGML 3D building data
from Ranua, which is the city in Northern Finland. The
area contained 30 640 features, 7660 of them were LoD2
buildings, and rest of them were building parts, like Roof-
Surfaces and WallSurfaces. The complete data set is avail-
able from https://tiedostopalvelu.maanmittauslaitos.fi/tp/
kartta?lang=en.

Figure 3. Self-intersection error in the example data set.

By using the default parameters of the tool, totally 15 rules
were violated at least once. The most remarkable deficien-
cies were missing xlinks and addresses, which were re-
ported for every building (total 7660 errors). They are not
severe errors alone as they are not required according to
the standards (see Open Geospatial Consortium (2021))
but they may cause problems in data integration processes
due to requirement of harmonized and interoperable data
(Mohammadi et al., 2010). In addition, the tool found
totally 424 spikes, 116 self-intersections (see Figure 3),
108 duplicate concecutive points, 90 unclosed solid sur-
faces, 65 invalid solid orientations and 16 multiple con-
nected components. Four errors had less than ten occur-
rences, like overlapping grounds or non-planar surfaces.
The FME’s GeometryValidator transformer (see Safe Soft-
ware (2022) is able to fix most of the errors automatically.
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When thinking about SDIs, the most interesting part is
readiness for data integration. The good news is that the
data did not contain any duplicate identifiers or geome-
tries. Only a few buildings were overlapping and none
of them were degenerated or corrupted. Also, semantics
were modelled correctly since every buildings contained
their mandatory BoundarySurfaces, like Wall- and Roof-
Surfaces.

4 Discussion

In addition to the improved data quality itself, the tool
helps to assess current data quality level, which is espe-
cially important in the context of SDIs. One of the biggest
challenges of SDIs is the data integration, which requires
known quality. Integration of multi-source data sets is dif-
ficult, if data sets are not harmonized, interoperable or in
the same level of quality (Mohammadi et al., 2010; Jakob-
sson and Giversen, 2007).

For that reason, DQA should be an integral part of data
management. Data quality should be controlled in all
phases of its life cycle (Beare et al., 2010), because objec-
tives of data depend on these phases (Loshin, 2010). For
example, data producers compare data to its conceptual
model in order to avoid errors, while end users compare
data to its suitability for specific uses (ISO 19157). Only
one principle is valid for all phases: errors are easier and
cheaper to fix as soon as possible (Di Zio et al., 2016).

The proposed tool is not only suitable for DQA of 3D
buildings. With a little modifications, it could be used for
assuring other data formats or completely other kinds of
rules, like business and life cycle rules. In addition, a com-
bination of the DQA and artificial intelligence methods
would result in very interesting possibilities. This could
further increase automation, and thus decrease human ef-
fort as well as error possibility. In the long run, automa-
tion enhances overall efficiency of workloads and produce
more uniform quality (Beare et al., 2010).

5 Conclusion

This paper proposed an FME-based tool to assure data
quality of 3D buildings, demonstrated its results by using
the real CityJSON and CityGML data, and finally consid-
ered the tool usage in data integration. Further possibilities
were discussed.

The tool, its instructions, and all implemented quality rules
can be accessed through the project’s GitHub repository:
https://github.com/opengeospatial/GEOE3.
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