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ABSTRACT:

Road network asset management is a challenging task as many data sources with different road asset location accuracies are avail-
able. In Australia and New Zealand transport agencies are investigating into harmonisation of road asset data, whereby two or more
data sets are merged to create a new data set. Currently, identifying relations between road assets of the same meaning is not always
possible, as road authorities of these countries use their own data structures and standards. This paper employs Semantic Web Tech-
nologies, such as RDF/Turtle ontologies and semantic rules to enable road network conflation (merge multiple data sets without
creating a new data set) as a first step towards data harmonisation by means of information exchange, and shifts road network data
from intersections and road nodes to data sets considering the accuracy of the data sets in the selected area. The data integration
from GeoJSON into RDF/Turtle files is processed with Python. A geographic coordinates shifting algorithm reads unique data
entries that have been extracted from RDF/Turtle into JSON-LD and saves the processed data in their origin file format, so that a

closed data flow can be approached.

1. INTRODUCTION

Road network data harmonisation is an ongoing activity within
transport agencies in Australia and New Zealand (Austroads,
2018). In future, transport agencies of these countries are su-
posed to migrate into an unified data standard for road man-
agement and investment (Martin et al., 2019), however, this
data standard is currently not used. With the use of Semantic
Web Technologies, data sets from different data sources can be
merged even if they do not share the same metadata specifiers,
as long as the data sets use data values of the same meaning
(Niknam , Karshenas).

Within the Semantic Web, data is available in the Resource De-
scription Framework (RDF) format, and is represented as triples
in the form of a subject, predicate and object (Berners-Lee et
al., 2001). For instance, a triple regarding the road network can
have as structure ‘National Route 1’ (subject), ‘has road name’
(predicate) ‘Ennis Avenue’ (object). The Semantic conceptual-
isation (called ontology) is a set of classes, data types, object
properties, data properties and individuals (Gruber, 2009). As
the ontology classification is built on simple triples, an ontol-
ogy can be enhanced with the use of the Semantic Web Rule
Language (SWRL) (Horrocks et al., 2004). An ontology for
the road network has been developed by Varadharajulu et al.
(2016) with the application of an automated decision making
processes for spatially related transactions, such as the verifica-
tion of a valid road name (whereby a road name of a new road
cannot be used again within 10 km in city areas and 50 km in
rural areas).

The proccess of combining two data sources (with informa-
tion of the same meaning) into a single source is called con-
flation (Longley et al., 2005; Seth , Samal). Ruiz et al. (2011)
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provide an overview of theoretical and practicable data con-
flation techniques, while differentiating conflation applications
into process categorisation, geospatial database models and en-
tities used. For example, Zhang et al. (2016) developed an auto-
mated road network conflation approach to transfer pedestrian
ways from ATKIS into NAVTEQ with a conflation correctness
0f 99.35% for whole of Germany (about 360,000 kmz).

This paper presents the use of Semantic Web Technologies re-
garding a selected road network selection of about 0.2 km?
(containing intersections, road nodes, roundabouts and signs)
within Western Australia. The road network data is taken from
different data sources, whereby each data source is represented
by an own ontology. The origin data format of the road network
data is GeoJSON. The GeoJSON data sets will be processed
into RDF/Turle ontology files with a developed Python script,
and further merged into a single ontology. Semantic relations
and semantic rules will be integrated to conflate the road net-
work data (e.g. a road is available in different data sets, a road
sign is part of an intersection and same geographic coordinates
are used by other data sources).

A further application of this paper is to shift geographic coordi-
nates (longitude and latitude) from intersections and road nodes
using a spatial processing algorithm developed with Python, so
that the different data sets will share the same road network
shape. The shifted coordinates of intersections are then further
saved with the added information about the shifted distances in
meters in the origin data source file format (GeoJSON). This ap-
proach allows that the data sets with the shifted coordinates can
be tranformed into ontologies with the above described Python
script.

The structure of this paper can be described as followed. The
proposed data sources of this approach will be introduced next.
The Semantic Web data model with ontologies and semantic
rules of this method will be then explained with the help of a
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flow chart. After that, results will be demonstrated related to
the coordinates shifting approach and the developed ontology
approach of this paper. At the end of this paper, this work will
be concluded.

2. DATA

The data sets presented in this paper are based on quality con-
trolled data sources generated by public authorities, such as
Main Roads Western Australia (MRWA) (intersections, road
signs, and road network data) and the Western Australian Land
Information Authority (Landgate) (simplified roads [publicly
available data set] and Shared Location Information Platform
[SLIP] data that include rich metadata information). The Open-
StreetMap (OSMAP) ontology in this paper uses OSMAP data
sets (map lines [roads], multistrings [e.g. state routes] and map
points [e.g. traffic signals and turning circles]) that are edited
by the OSMAP community on a trusted base.

The high-resolution aerial images used to visually compare the
coordinates of intersections and road nodes to the road network
shape are based on high-resolution airborne geo-referenced im-
ages by the company Spookfish/EagleView.

3. METHOD

The data flow of the approach of this paper is shown in the flow
chart in Figure 1. Data is collected from Landgate, MRWA and
OSMAP. To enable the work within a specific area data sets will
be initially loaded into the QGIS3 software. After selecting the
road network, this selection will be extracted with QGIS3 into
GeoJSON files. This has to be done interactivelly for each data
set. The horizontal sections of the flow chart explained next.

The Python script (P1) processes road asset GeoJSON files and
creates an RDF/Turtle ontology format for each source. Further
details on the ontologies (O1-O4) are provided in Section 3.1.1.
The ‘MRWA.ttlI’ (O1), ‘OSMAP.ttl’ (O2) and ‘Landgate.ttl’ (O3)
ontologies contain data individuals with separate entries for the
location representation (points, lines and multilines). The cre-
ated TTL files will then be integrated into their respective on-
tologies that are developed with Protégé and saved as OWL
files. A further ontology ‘Dataset.owl’ (O4) is used as the main
ontology with links to the ontologies (O1-0O3) and semantic
rules written in SWRL for the communication between these
ontologies (see Section 3.1.2).

The complete ontology is then merged into one file and saved
with Protégé as an JSON-LD (JSON for Linking Data) ontol-
ogy file (see Section 3.2.2). The single JSON-LD file now con-
tains the information of the previous described ontologies. The
Python script (P2) reads the JSON-LD ontology and extracts all
individuals. The benefit of extracting the individuals is that the
resulting data set ‘Dataset_Json-LD_individuals.json’ will con-
tain only the required information for the developed coordinates
shifting algorithm of this paper.

The final work of this data flow is done with the Python script
(P3) while shifting geographic coordinates from the MRWA on-
tology (intersections and road nodes) to the matching Landgate
SLIP data road nodes. The outcome of this process is saved in
the origin MRWA GeoJSON data structure with the additional
metadata information about the shifted distances in meters. The

created GeoJSON files of the MRWA road network and inter-
sections can be transfered with the Python script (P1) into RD-
F/Turtle ontologies, such as the initial MRWA data sets. This
approach activates that the data flow is performed in a closed
data circuit.

3.1 Semantic Web data model

The Semantic Web data model of this paper shows in Figure
2 that the ontology is subdivided into four ontologies OSMAP,
MRWA, Landgate and conflated data. Each ontology shares the
classes features and road network. The features’ classes include
information about the location of each individual and contain,
depending on the data source, the information about point coor-
dinates, linestrings and multilinestrings. Each data source has
its own data structure depending on the provided information
by the given data set and, therefore, the road network class has
a different structure in each ontology.

3.1.1 Ontologies This section gives an overview of the de-
veloped ontology classes. The content of the classes is en-
tered by semantic rules and ontology relations and are explained
later. The ontology classes have been developed for the used
Landgate, MRWA, OSMAP and conflated data ontologies.

MRWA (01)

The road network class of the MRWA ontology class structure
(see Figure 3) is categorised into: inventory (e.g. signs), inter-
sections, roads, road nodes and signs regulatory (e.g all signs,
stop and give way). The features class contains the geometry
of each MRWA individual and is grouped into linestrings and
point coordinates. Linestrings are used to represent the loca-
tion of road nodes. Point coordinates are used for the location
determination of intersections, signs and the point coordinates
extracted from linestrings. The ontology further contains a lo-
cation class to list regions and towns.

Validation rules have been implemented to evaluate a valid/in-
valid position of a give way and stop signs, such as a stop sign
must be within 15.0 m to the corresponding line, as well as be-
tween 0.6 and 5.0 m to the carriageway. However, the MRWA
provided information about the location of signs is not accu-
ratate, as for MRWA it is sufficient to know at which intersec-
tion a sign is located but not its exact location. Furthermore,
data sets of carriageways and stop sign line markings are usu-
ally not available within the data set, therefore, this paper will
not include the road signs validation rules in greater detail.

OSMAP (02)

The road network class of the OSMAP ontology class structure
(see Figure 4) contains information about cycle ways, traffic
signals, roundabouts, tertiary roads, secondary roads, service
roads and others. The OSMAP data set has richer informa-
tion compared to the MRWA and Landgate data sets, due to
the fact that OSMAP features cannot be selected before down-
loading the data sets. In addition to road network data, the
OSMAP data set provides information about captured buildings
that are not availabe within the available MRWA and Landgate
data sets, such as shops, kindergartens, police stations and fast
food restaurants but not used in this research. The location of
elements from the OSMAP data sets is described with the use
of multilinestrings, linestrings and point coordinates.

Landgate (O3)
The Landgate ontology class structure (see Figure 5) has cat-
egorised the road network into roads, roundabouts, connectors
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Action / Data sets

Dataset 1: Dataset 2: Dataset 3:
Main Roads Western Australia OpenStreetMap Landgate

MRWA_Intersections.geojson
MRWA_Signs.geojson
MRWA_Road_Network.geojson

- Maplines.geojson
- Multistring.geojson
- MapPoints.geojson

- RoadSimplified.geojson
- SlipDataset.geojson

Creates RDF/Turtle l
ontology of GeoJSON (P1)
see Section 3.2.1

Ontology (03)
see Section 3.1.1

Ontology (01)
see Section 3.1.1

Ontology (02)
see Section 3.1.1

Create OSMAP.ttl
-> import into OSMAP.ow!|

Create MRWA ttl
-> import into MRWA.ow|

Create Landgate.ttl
-> import into Landgate.ow!

==

4th ontology

Ontology (04)
see Section 3.1.1

Dataset.owl - Including Semantic rules for the comparison of the ontologies (01-04).
see Section 3.1.2

[ |
Merge ontology l

Merge (01) (02) (03) into (04)

Dataset.owl (single file used for further processing)

=

Save ontology

Output JSON-LD
[ |

Use Protégé to save RDF/Turtle ontology as JSON-LD - > Dataset.json (renamed from OWL to JSON)

The JSON-LD file can be read in a further process with a Python script for the processing of the
coordinates shifting algorithm.

Extract individuals (P2) l
see Section 3.2.2

Generate a JSON file of the JSON-LD ontology that contains only individuals and coordinates, as the
JSON-LD document includes the whole ontology information.

- File ‘Dataset_JsonLD_individuals.json”

=

Shift coordinates and
create MRWA GeoJSON
files (P3)

see Section 3.2.3

Read the JSON file ‘Dataset_JsonLD_individuals.json’ that contains all individuals.

- Shift MRWA intersections to Landgate Slip data road nodes
- Shift MRWA road nodes to Landgate Slip data road nodes
> Write results as GeoJSON files.
= MRWA_intersections.geojson
= MRWA_Road_Network.geojson.
The generated GeoJSON files are in the same format as the origin MRWA GeoJSON files with

the difference that the coordinates are shifted. The metadata information about the shifted
distances in meters will be added. The created MRWA GeoJSON files with the shifted
coordinates will be be used to create the shifted RDF/Turtle ‘MRWA.ttI’ document.

Figure 1. Workflow overview of the approach of this paper.
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Figure 2. The ontology model is subdivided into the ontologies OSMAP, MRWA, Landgate and conflated data. Each
ontology has has an individual structure and the illustration shows the first subclass of each ontology.
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Figure 3. Representation of the MRWA ontology.

(nodes within roundabouts), as well as tracks. The Landgate
data sets use multilinestrings to represent the location. How-
ever, a multilinestring consists of at least one linestring, and
one linestring has at least two point coordinates. The Landgate
simplified and SLIP data sets use the same data structure, so
that the data set can be categorised into the described classes.
The difference between these two data sets is that the simplified
data set uses a simplified road network representation (e.g. a
road is described by less road nodes) and a minimised metadata
collection compared to the Landgate SLIP data set.

Conflated Data (04)

The conflated data ontology class structure (see Figure 6) de-
scribe elements (e.g. intersections, road nodes and roundabouts)
that have been determined in the MRWA, Landgate and OSMAP
data sets. The intersection class lists elements that are con-
nected to an intersection, and the road class lists road nodes.
The geometry class contain multilinestrings, linestrings and point
coordinates that are used by all of the data sets.

3.1.2 Semantic Rules A collection of 88 semantic rules have
been developed to integrate the data sets in the above described
ontology classes and to let these different data sets from differ-
ent data sources communicate with each other. In the scope of
this paper not every single Semantic rule is explained, rather,
this paper will focus on a set of seven selected rules indicated
in Source Code 1. The explanation of these semantic rules is
indicated in the following list:

1. Allocate an MRWA road node to the Landgate SLIP data
set. The connection is done by comparing the MRWA
‘ROAD’ attribute with the Landgate ‘mrwaroadnumber’
attribute. If both values are equal, then the road data of
both data sources refers to the same road.
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1. mrwa:RoadNode(7a)
~ mrwa:ROAD(?7a, 7aValue)
~ swrlb:notEqual(?aValue, "")
~ landgate:Road(?b)
~ landgate:mrwaroadnumber (?b, ?7bValue)
~ swrlb:notEqual(?bValue, "")
~ swrlb:contains(?aValue, ?bValue)
-> dataset:isSameRoadAs(?a, ?b)

2. landgate:isPointCoordinates0f (?a, 7aValue)
-> dataset:PointCoordinates(?a)

3. landgate:Connector(?a)
~ landgate:MultilineString(?b)
~ landgate:hasMultilineCoordinates(7a, 7b)
landgate:hasLineCoordinates(?b, 7c)
landgate:LineString(?c)
~ landgate:Point (?d)
landgate:hasPointCoordinates(?c, ?d)
~ landgate:LATITUDE(?d, ?dLat)
~ landgate:LONGITUDE(?d, 7dLong)
mrwa:Intersection(?al)
~ mrwa:Point(?b1)
mrwa:hasPointCoordinates(?al, ?bl)
~ mrwa:LATITUDE(?bl, ?bllat)
~ mrwa:LONGITUDE(?bl, 7biLong)
swrlb:subtract (?rangelong, 7dLong, ?blLong)
swrlb:abs(?absrangelong, ?rangelong)
swrlb:subtract(?rangelat, ?dLat, ?blLat)
swrlb:abs(?absrangelat, ?rangelat)
swrlb:lessThanOrEqual(?absrangelat,
"0.00005"""xsd:decimal)
~ swrlb:lessThanOrEqual (?7absrangelong,
"0.00005"""xsd:decimal)
-> dataset:hasIntersectionPart(?7al, 7a)

4. mrwa:AllSigns>(7a)

~ mrwa:hasPointCoordinates(?a, 7b)

~ mrwa:Point(7b)

~ mrwa:LONGITUDE(?b, ?bLong)

~ mrwa:LATITUDE>(?b, ?bLat)
mrwa:Intersection(?al)
mrwa:hasPointCoordinates(?al, ?bil)
~ mrwa:Point(7b1)
~ mrwa:LONGITUDE(?bl, 7biLong)
~ mrwa:LATITUDE(?b1, ?bilLat)
swrlb:subtract (?rangelong, 7bLong, ?blLong)
swrlb:abs(7absrangelong, ?7rangelong)
swrlb:subtract(?rangelat, ?bLat, ?blLat)
swrlb:abs(?absrangelat, ?rangelat)
swrlb:lessThanOrEqual (7absrangelong,

"0.00025"~"xsd:decimal)

~ swrlb:lessThanOrEqual (?absrangelat,

"0.00025"""xsd:decimal)
-> dataset:hasIntersectionPart(?al, ?7a)

5. landgate:SPECIAL_PU(?a, ?b)
~ swrlb:stringEqualIgnoreCase(?b, "RO")
-> landgate:Roundabout (7a)

6. osmap:Residential(?a)
-> osmap:Roads(?a)

7. mrwa:RoadNode(?g)

~ mrwa:ROAD(?g, ?ss)

" mrwa:AllSigns(?s)

~ mrwa:START_SLK(?g, 7kk)

~ mrwa:END_SLK(?7g, 711)

~ mrwa:ROAD>(?s, 7ss)

~ mrwa:SLK(?s, ?ff)
swrlb:greaterThanOrEqual (?ff, 7kk)
~ swrlb:lessThanOrEqual (?ff, 711)
-> mrwa:hasRoadNode(7s, 7g)

)

(owl:Thing B<F=2— osmap:0!

Source Code 1. Seven semantic rules written in SWRL.
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osmap:FastFood
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Figure 4. Representation of the OSMAP ontology.
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Figure 5. Representation of the Landgate ontology.

_:LineCoordinates )

(_:PointCoordinates )

“MultilineCoordinates

( Roundabout )

Figure 6. Representation of the conflated data ontology.

When an individual of the Landgate data set has the at-
tribute ‘isPointCoordinatesOf’, then it is a point coordinate
of the ontology ‘dataset’.

Connect a Landgate roundabout connector to an MRWA
intersection. The semantic rules’ condition is that a point
coordinate of a Landgate connector must be within a range
of 0.00005 longitude (~ 4.7 m in this area) and 0.00005
latitude (~ 5.5 m in this area) of an intersection to be part
of it. The exact measurement in meters is not required as
it will most likely not occur that a second intersection will
apear in such a small range.

Connect an MRWA sign to an MRWA intersection. The
semantic rules’ condition is that a point coordinate of an
MRWA sign must be within a range of 0.00025 longitude
(~ 23.73 m in this area) and 0.00025 latitude (~ 27.68 m
in this area) of an intersection to be part of it. The exact

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-1V-2-W5-231-2019 | © Authors 2019. CC BY 4.0 License. 234



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-2/W5, 2019
ISPRS Geospatial Week 2019, 10—14 June 2019, Enschede, The Netherlands

### http://www.example.org/CONie/MRWA/PointCoordinates_115.716

51703_-31.69076300

mrwa:PointCoordinates_115.71651703_-31.69076300 rdf:type
owl:NamedIndividual ;

mrwa:LATITUDE -31.69076300 ;

mrwa:LONGITUDE 115.71651703 ;

mrwa:CRSIDENTIFIER "urn:ogc:def:crs:0GC:1.3:CRS84" ;

mrwa:coordinates "[115.71651703, -31.69076300]" .

### http://wuw.example.org/CONie/MRWA/MRWA_Sign_Stop_15294395

mrwa:MRWA_Sign_Stop_15294395 rdf:type owl:NamedIndividual ,

owl:Thing ;

mrwa:hasInventory mrwa:Sign ;

mrwa:hasPointCoordinates
mrwa:PointCoordinates_115.71651703_-31.69076300 ;

mrwa:hasRoad mrwa:MRWA_Road_PensacolaTce_1104583 ;

mrwa:ROAD_NAME_DECODE "Pensacola Terrace" ;

mrwa:0BJECTID 15294395 ;

mrwa:ROAD "1104583" ;

mrwa:ROAD_NAME "Pensacola Tce" ;

mrwa:COMMON_USAGE_NAME "Pensacola Tce" ;

mrwa:SLK 0.137 ;

mrwa:CWY "Single" ;

mrwa:TRUE_DIST 0.137 ;

mrwa:NETWORK_TYPE "Local Road" ;

mrwa:RA_NO "O7" ;

mrwa:RA_NAME "Metropolitan" ;

mrwa:LG_NO "110" ;

mrwa:LG_NAME "Wanneroo (C)" ;

mrwa:XSP "Verge" ;

mrwa:PANEL_COUNT 1 ;

mrwa:PANEL_O1_DESIGN "R1-1B" ;

mrwa:PANEL_O01_DESIGN_MEANING "STOP (750 X 750)" ;

mrwa:LATITUDE -31.690763 ;

mrwa:LONGITUDE 115.716517 ;

mrwa:REGULATORY_SIGN_TYPE "Stop" ;

mrwa:ROUTE_NE_ID 16518969 .

Source Code 2. Example of an MRWA point coordinate and a
STOP sign as RDF/Turtle format created by Python script (P1).

measurement in meters is not required as it will most likely
not occur that a second intersection will apear in such a
small range.

5. A Landgate roundabout will be classified, if the Landgate
attribute ‘SPECIAL_PU” has the value ‘RO’.

6. An OSMAP residential road is an OSMAP road.

7. Allocate an MRWA road sign to an MRWA road node. An
MRWA road node is identified by the attribute ‘ROAD’
and a start/end ‘SLK’ (straight line kilometres). If an MRWA
regulatory sign shares the same road and its ‘SLK’ is be-
tween the start/end ‘SLK’ of the road node, then the MRWA
sign is part of the road node.

The SWRL rules described in this section use prefixes instead of
the URI. The prefixes are mrwa (MRWA), landgate (Landgate),
osmap and dataset (conflated data) to refer to the ontology.

3.2 Data Processing

3.2.1 Create ontologies from GeoJSON (P1) The Python
scr-ipt (P1) is employed to create the Landgate, MRWA and
OSMAP ontology individuals as RDF/Turtle files. This script
includes features that are indicated in Table 1 to improve the re-
sult of the ontology, such as create additional individuals (e.g.
roads, regions and towns), add data properties (e.g. decode road
abbreviations) and allocate object properties (e.g. determine to
which road node a road node is connected). An example of
a processed MRWA point coordinate and STOP sign as RD-
F/Turtle format is shown in Source Code 2. For the selected
road network of this paper the generated RDF/Turtle files can
be summarised by counting the created features as followed:

e MRWA.ttl: 23 intersections, 31 line coordinates, 109 point
coordinates, 980 data properties, 1 region, 1 town, 12 roads,
31 road nodes, 7 signs, 96 is connected to, 38 has road, 57
has road node, 7 has inventory and 99 road names decoded.

e Landgate.ttl: 93 multiline coordinates, 93 line coordinates,
355 point coordinates, 2892 properties, 34 simplified roads,
74 SLIP roads, 116 is group of connectors, 51 is connected
to, 506 is connected to node, 36 is part of same round-
about, 40 has road, 110 road names decoded and 76 road
types decoded.

e OSMAP.ttl: 17 line coordinates, 129 point coordinates, 71
properties, 17 road nodes and 42 is connected to.

It has to be noted that the Landgate simplified and the Landgate
SLIP data sets both describe the same road network (containing
roads, connectors and roundabouts) in the ‘Landgate.ttl’ ontol-
ogy and, therefore, the evaluation count is larger (e.g. for coor-
dinates) compared to the ‘MRWA.ttl’ and ‘OSMAP.ttl’ files.

3.2.2 Extract individuals from ontology (P2) The Pyhton
script (P2) creates a data structure of the Landgate, MRWA and
OSMAP ontologies that include only individuals (geographic
coordinates are also represented as individuals), and saves the
result as a JSON file.

Before this step can be executed, the ontologies will be merged
as one ontology file to allow simpler data handling. After that,
the single file ontology will be converted from the RDF/Tur-
tle format into the the JSON-LD file format. This allows that
data will be readable with Python with a JSON parser. The
JSON-LD file now contains the whole ontology, including se-
mantic rules. However, the in the RDF/Turtle format used pre-
fixes (e.g. landgate, mrwa, osmap, swrl, owl, rdfs and xsd) are
no longer available after the conversion to JSON-LD. The pre-
fixes will be interactively added so that the JSON-LD file will
use the same prefixes as the initial RDF/Turtle document, such
as ‘owl:” for ‘http://www.w3.0rg/2002/07/owl#* and ‘landgate:’
for ‘http://ww-w.example.org/CONie/LANDGATE/").

After running (P2) and writing the results in the JSON docu-
ment ‘Dataset_JsonLD_individuals.json’, the created data struc-
ture covers in the first data layer individuals, point coordinates,
line coordinates and multiline coordinates as seen in Figure 7.
The second layer includes specific information regarding the
data sources (Landgate, MRWA and OSMAP). A third layer is
used to group the individuals into road asset types, such as inter-
sections, residential, road nodes, roundabouts, signs and other.
With such a data structure, all individuals can be represented in
an ordered way with respect to the different data sources.

3.2.3 Shift geographic coordinates and create GeoJSON
(P3) The Python script (P3) can be described as a 4 stage ap-
proach as visualised in the flow chart in Figure 8. In stage 1, the
Python script (P2) created file ‘Dataset_JsonLD_individuals.json’
will be parsed and converted to a multi-level dictionary. A data
structure will be created in stage 2 that contains all available
road names in the first layer. The MRWA data sets (intersec-
tions and road nodes), as well as the Landgate SLIP data sets
(connectors and road nodes) will be then added to the data struc-
ture and classified to the respective road names.

The developed geographic coordinates shifting algorithm is part
of stage 3 of the Python script (P3) flow chart. MRWA inster-
sections will be shifted to Landgate SLIP connectors at round-
abouts, otherwise to Landgate road nodes, and the MRWA point
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Table 1. Representation of the Python script (P1) functionality for the MRWA, Landgate and OSMAP data sets. This
script creates individuals, writes data properties and allocates object properties. The results are written as RDF/Turtle
files for each data source.

Create Individuals Data Properties Object Properties
. has has has is is is isPart
Data set / data processing Extract | Cract | Road Road Road Name | oint tne | Multiine | has has has Group | Con- Con- | Ofsame
Town / Type Name From / Middle /To | Properties ! . X Road
Road . Coordi- Coordi- Coordi- Road Inventory [ OfCon- nected nected Round-
Region Decoded | Decoded + Decoded Node
nates nates nates nectors To ToNode about
Signs_Regulatory_MRWA.geojson X X X X X X X
Road_Network_MRWA.geojson X X X X X X X
Intersections_MRWA .geojson X X X X
Landgate_Roads_Simplified.geojson X X X X X X X X
Landgate_Slip_Dataset.geojson X X X X X X X X X X X
0SM_Map_Lines.geojson X X X X
0SM_Map_Points.geojson X X X
0SM_Map_Multistring.geojson X X X X

Data structure ‘ Landgate SLIP road node linestring. The key points 1-4

follow the shifting approach such as illustrated in Figure 9
a) and b).

Individuals Po?nt Lir_w MuIt_iIine . ..
coordinates | coordinates | coordinates 5. If a road consists of two lanes, it is often represented by
sTelal2lalall2] two linestrings as seen in Figure 9 b). The related MRWA
Landgate H MRWA osmAP ‘ % z %@ z § H%ﬂ Z % intersection (indicated as yellow dot) will be then shifted
= = = between these two road nodes such as shown in Figure 9

c) to represent the geographic centre of an intersection. To
determine the right intersection location, road nodes in a
radius of 12 m of the intersection will be considered by
the shifting algorithm.

Connector
Road
Roundabout
Intersection
Road Node
Road
Sign
Other
Residential
Tertiary

Figure 7. Data structure generated with script (P2).

MRWA data

3) Shift geographic coordinates % A\
AN N\ P
fl) Load data Lo F— Shift MRWA intersections y \ ?\9,,«’
Dataset_JsonLD_individuals.json’ . N A
. i to Landgate Slip connectors q x
* Format input as dictionary ” -
4 S
Shift MRWA intersections Oo)o R 2
/ l N\ to Landgate Slip road nodes ® \ .
2) Create data structure \
Shift MRWA road nodes to b7 \
Add MRWA Add MRWA " NS
. . Landgate Slip road nodes %
intersections road nodes

) b) Yoy

Add | [Aad ! 4) Write GeolSON files . . . .
[tz:‘:iaczz"p} [:;‘gi"’;‘j’:s""} wong oo N eereeceons Figure 9. The shifting condition of MRWA geographic
I — MRWR.geojsonr} [MRWAgeojsoin' point coordinates is that a Landgate SLIP geographic

point or line must be a) within 5 meters as indicated. If a
road has two lanes as in b), then the related intersection
will be shifted to the centre of the intersection as in c).

Figure 8. The approach of the Python script (P3) is
indicated in four stages (load data, create data structure,

shift geographic coordinates and write GeoJSON files).

The results of the shifting algorithm will be written into Geo-
JSON files in stage 4. Therefore, the shifted MRWA intersec-
tions will be written in the file ‘Intersections_MRWA.geojson’
in the same format as the origin MRWA intersections data set,
with the added information about the shifted distances in me-
ters. The additional information of the shifted distances can be
. L used to highlight the intersections respective to the length of
1. If the coordinates of a Landgate connector are within a e gigtance in different colours (e.g. green for a small shift,

distance of 5.5 m to the intersection, shift an MRWA in- .1nee for an average shift and red for a large shift) and used
tersection to the nearest coordinates of a Landgate SLIP for interactive quality control inspection.

connector.

2. If the coordinates of a Landgate road nodes are within The shifted MRWA road nodes will be written into the file ‘Road._-
a distance of 5.5 m to the intersection, shift remaining  Network_ MRWA.geojson’ in the same format as the MRWA
shifted MRWA intersection to the nearest coordinates of  initial data set, with the added information about the shifted

coordinates of road nodes will be shifted to align with the pat-
tern of the Landgate SLIP data set. Details of the developed
geographic coordinates shifting algorithm is explained as fol-
lowed:

a Landgate SLIP road node. distances of each vertex in meters. This shifted distances are
3. Shift an MRWA road node coordinates to an adjusted not further processed. The reason is that a linestring consists
MRWA intersections. of multiple geographic points (at least two point coordinates)

4. Shift remaining MRWA road node coordinates to either a that are shifted individually and, therefore, currently a visu-
Landgate SLIP road node (if MRWA road node coordi- alisation of the shifted geographic coordinates is not possible
nates are within 5.5 m of Landgate SLIP road node co- with the employed Open Source Geographic Information Sys-
ordinates) or shift it to the nearest calculated point of a tem (QGIS3).
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4. RESULTS
4.1 Intersections and Road Nodes

The initial road network with the Landgate SLIP (green lines
and vertex points) and MRWA (red lines and vertex points, and
white intersections) data sets is displayed in Figure 10. It has
been chosen to shift the MRWA road network to the Landgate
road network as the Landgate SLIP data set is considered to
be of higher quality, due to the fact that the Landgate data sets
generally have a better representation of the road centreline.

Figure 10. Initial data set representation of the Landgate
SLIP and MRWA road networks.

Figure 11. Result of the shifted MRWA road network.

The result of the shifting algorithm of MRWA intersections to
Landgate SLIP data road nodes for the selected road network
is indicated in Figure 11. The green, orange and red dots are
used to visualise the shifted distances in meters. The intersec-
tions use the following colour filters: green (less or equal 2 m),

orange (greater 2 m and less or equal 5 m) and red (greater 5
m). One can see, that in most cases the intersection’s shift takes
place within 2 m. However, a shift between 2 and 5 m occurs
three times in this area.

While exploring these intersections by visual inspection, it can
be asserted that the new intersections better represent the cen-
tre of an intersection. In one instance an intersection has been
shifted by more than 5 m due to the fact that an MRWA in-
tersection is located between two road nodes, and the MRWA
authority positioned the intersection near to one road node.

The final visualisation of the developed shifting algorithm of

the MRWA road network (road nodes and intersections) is shown
in Figure 11. The outcome enables a better displayed road net-

work compared to the initial MRWA data set, as intersections

are now centred, and road nodes are generally no longer outside

of the pavement border. However, the representation of the road

centreline is still not perfect while shifting to the Landgate SLIP

data set. Therefore, this algorithm has the potential to benefit

of an additional road map analysis, such as the identification of

road centreline using aerial images.

4.2 Semantic Road Network

A reasoned ontology of an MRWA intersection of the selected
road network is indicated in Figure 12. As one can see, there
is sample information accessible that is mainly available due to
evaluating geographic coordinates of surrounding individuals
with SWRL rules. The Protégé property assertions view pro-
vides information about individuals and relations to other indi-
viduals. The first four rows of the object property assertions are
in this example generated by the Python script (P1), and shows
the connected point coordinates and MRWA road nodes.

MRWA_Intersection_RothesayHts_BellportPde: 14265230 — http://www.example.org/CONie/ MRWA/MRWA_Intersection_Rott

inskes mra:PointConminates_11570952447_ 3168087375
_Roadiode. oszs370
= mrwa:hasRoadNode mrwa:MRWA_RoadNode_BellportPde 10626700
= mrwa:hasRoadNode mrwa:MRWA_RoadNode_BellportPde 10626699
— Scstea 15 soss1eas TSaIRTTY
landgate:LG_Road_| 276190

= :hasIntersectionPart landgate:LG_SLIP_Road_BellportPde_239655
:hasIntersectionPart landgate:LG_SLIP_Road_BellportPde_239656
=:hasIntersectionPart landgate:LG_Connector_RothesayHts_260406
m=:hasIntersectionPart landgate:LG_SLIP_Road_RothesayHts_473770
=:hasIntersectionPart osmap:0SM_Residential_BellportParade_46610022
= hasIntersectionPart mrwa:MRWA_RoadNode_BellportPde 10626700
m=:hasIntersectionPart mrwa:MRWA_RoadNode_BellportPde 10626699
\_RoadNode._| 10626370
=:hasIntersectionPart landgate:LG_Connector_BellportPde_187305
= hasIntersectionPart osmapiOSM_Residential_BellportParade 46610019
:hasIntersectionPart mrwa:MRWA_Sign_GiveWay_15311055
=:hasIntersectionPart mrwa:MRWA_Sign_GiveWay_15311053
=:hasIntersectionPart osmap:0SM_Residential_RothesayHeights_46523192
=:hasIntersectionPart mrwa:MRWA_Sign_GiveWay_15311054
=:hasIntersectionPart landgate:LG_SLIP_Connector_BellportPde_239669
=:hasIntersectionPart landgate:LG_SLIP_Connector_BellportPde_239668
= :hasIntersectionPart landgate:LG_Road_BellportPde_182223
=:hasIntersectionPart landgate:LG_Road_BellportPde_182224
=:hasIntersectionPart landgate:LG_SLIP_Connector_RothesayHts_473790
=:hasIntersectionPart osmap:0SM_Residential_46610028

= isLineC :MRWA_Intersection_F

:_BellportPde_14265230
= isMultiineCoordinatesOf mrwa:MRWA_Intersection_RothesayHts_BellportPde 14265230
=:isPointC :MRWA_Intersection_f :_BellportPde_14265230

Data property assertions
= mrwa:ROAD_NAME_FROM_DECODE "Rothesay Heights"
= mrwa:SHIFT_METERS 3.04601458668605
= mrwa:NODE_DESCR "Rothesay Hts & Bellport Pde”
= mrwa:NODE_NAME “115014"
= mrwa:ROAD_NAME_FROM “Rothesay Hts"
= mrwa:ROAD_NAME_MIDDLE_DECODE "*

8 mrwa:NODE_TYPE "Local Road Node"

= mrwa:ROAD_NAME_TO "Bellport Pde”
mrwa:OBJECTID 14265230

= mrwa:ROAD_NAME_MIDDLE "*

= mrwa:ROAD_NAME_TO_DECODE “Bellport Parade"

Figure 12. Property assertion view of an MRWA
intersection after reasoning with Pellet in Protégé.

The yellow block indicates object property assertions that has
been reasoned by Pellet (Java based OWL 2 reasoner) with re-
spect to the developed SWRL rules. For instance, it has been

This contribution has been peer-reviewed. The double-blind peer-review was conducted on the basis of the full paper.
https://doi.org/10.5194/isprs-annals-1V-2-W5-231-2019 | © Authors 2019. CC BY 4.0 License. 237



ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume IV-2/W5, 2019
ISPRS Geospatial Week 2019, 10—14 June 2019, Enschede, The Netherlands

determined that a Landgate data set exists with same point coor-
dinates, three Give Way signs are at the intersection, this inter-
section is a roundabout (connectors are only available at round-
abouts) and OSMAP roads are connected.

The data property assertions (e.g. object id, road name, road
type and road description) are provided by the MRWA data
source. The Python script (P1) has delivered the information
about roads that are connected to the intersection by separating
the description at the ‘&’ sign (see road name from/middle/to)
and has further decoded road name abbreviations (e.g. ‘Wy’
into ‘Way’ and ‘Pde’ into ‘Parade’). The attribute ‘SHIFT -
METERS’ indicates that this data set has been shifted by Python
Script (P3).

5. CONCLUSIONS

The paper demonstrated that it is possible to conflate different
road network data sets and sources using Semantic Web Tech-
nologies. The advantage of using these technologies is to im-
plement data sets directly as such called Linked Data without
creating a new data set (provided that the data source enables
a Linked Data capable format, such as RDF/Turtle or JSON-
LD). Data sets are converted from different data sources (e.g.
Landgate, MRWA and OSMAP) using Python into RDF/Tur-
tle files. An ontology for each data source has been developed.
And a further ontology is used for the data conflation between
the different data sources.

It has been detected that the Landgate data sets have a higher
accurancy regarding the centre position of intersections and the
representation of the road centrelines. Therefore, investigation
was carried out into a geographic coordinates shifting algo-
rithm to shift MRWA intersections and road nodes to Landgate
road nodes. The shifted coordinates are then saved in the ori-
gin MRWA GeoJSON format with all metadata information re-
tained. A metadata information is added to the MRWA inter-
sections GeoJSON file to inform about the shifted distances in
meters. The created data sets are evaluated, as well as displayed
with QGIS3, and transformed into RDF/Turtle ontologies. In
the future the aim is to nominate one data set and to shift all oth-
ers to this data set, as well as to use available metadata such as
‘last update’ or ‘method of capturing’ to introduce more com-
pare rules.

The evaluation of the Semantic road network verified that sur-
rounding objects can be determined with the use of SWRL.
For instance, while considering an MRWA intersection the con-
nected Landgate, MRWA and OSMAP road nodes are deter-
mined with the help of geographic calculations regarding dis-
tances in longitude and latitude. Currently, the framework was
tested on a small road network.

In future developments, the framework will be tested on a larger
area. The implementation of the Shapes Constraint Language
(SHACL) to evaluate the road network is also a possible next
contribution, provided that a working SHACL plugin will be
available for Protégé.

Furthermore, the outcome of this paper can be used as a solid
base for further contributions. Therefore, investigation can be
done in multiple areas, such as ontology based support of IFC
(Industry Foundation Classes) and OGC (Open Geospation Con-
sortium) standards to unify metadata definitions, as well as the
improvement of the road centreline representation with involv-
ing geographic referenced aerial images.
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