
Europe is building a knowledge economy.  It is enshrined in the Lisbon
Agenda (http://en.wikipedia.org/wiki/Lisbon_Strategy).  A knowledge econo-
my can only be built by sharing information.  The concept behind the knowl-
edge economy is not only the vehicle to build a homogenous market in
Europe.  In the utility space significant sums have been invested in collecting
data about underground assets.  Despite this, it is well known that the com-
pleteness and quality of these records is deficient.  What this article attempts
to do is to examine some potential opportunities to overcome the current
state by employing metadata and ontology concepts.  It is argued that this
will facilitate interoperability.  The article does not tackle the issue associated
with data privacy that results from the competitive environment within
which the utility companies operate.

Metadata and Ontology
Practically speaking, ontology is the expression of classes of objects, their
attributes and relationships all with the ultimate goal of allowing the com-
puter to search for and analyse information from the Web without human
intervention (“the Semantic Web”).  A language (“OWL”) has been developed
to express ontologies and, naturally enough, is composed of XML elements.

However, we are interested in the use of these concepts and thus we are
after the business benefits.  So rather than drill down into definitions what
we are proposing here is how these constructs can be implemented to reuse
data that are missing these metadata.

Metadata from Data using Conformance Checking 
A particular individual or group typically collects data for one or a small num-
ber of specific uses.  By the very nature of the collection process, many
aspects of the data are specific to the originating application and these con-
straints of the data acquisition process act to limit the useful range of appli-

cation of the data in future.  This is not an auspicious start to the quest for
interoperability, where the basis for discovering and use of data are essential
prerequisites to increasing domain knowledge.  

Take for example the underground asset domain that is providing the
essential fabric of life.  The knowledge is contained within single function
entities and yet the underground real world is characterised by congestion.
This is a clear case for data exchange, notwithstanding the driver of third
party damage caused by digging holes in the road.

What we can do however if we do not know the provenance of the data
is to examine the data itself.  Take the high level ISO19113 (geographic infor-
mation – quality principles) measures of: Completeness, Logical Consistency,
Positional Accuracy, Temporal Accuracy, Thematic Accuracy.  Using the Radio
Studio Toolset it is possible to abstract both the validation rules and from
there automatically create metadata from the conformance tests.

Deriving benefits from ontology
There is a significant amount of work going on as part of the VISTA project to
tackle the issue of heterogeneous data and I am indebted to the researchers
for what follows (http://www.vistadtiproject.org).  A framework for conflating
utility asset data is based on three integration types of which we will only dis-
cuss the semantic type.  Part of the solution to semantic integration relies on
a dictionary to reduce the semantic heterogeneity.  It does this by addressing
the problems caused by:
• The same asset type is given different names by different companies
• A different asset type being given the same name by different companies.

The degree of schematic granularity can further affect the results.  For
example two different companies lay exactly the same water pipe, one com-
pany refers to the material at a fine level of granularity (LDPE – Low Density
Polyethylene; synonym: Alkathene) and another refers to the material at a

The congested subterranean world of pipes and cables provides perhaps the ultimate
challenge for the achievement of data sharing and interoperability.  1Spatial shows
how the use of the concepts of ontology and metadata can help.
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coarse degree of granularity (plastic).  Both terms are correct and fit for the
internal business purposes but present challenges for semantic integration.

Taking these ideas forward, we can translate them into business benefits.
Take a typical quality checking process that is familiar, such as checking for
spikes in the linear features.  A “check for spikes” rule (script) could be written
for each linear feature (cables, fiber cables, pipes, sewers etc,).  This is not effi-
cient, although a trivial cut and paste could be employed, but this is not the
cost issue.  The cost issue comes from the ongoing maintenance of the rule
base, when new types are added or the rule changes.  Will the script creator
(a) be still available or (b) remember all the places to alter the script?  

However, using the ontology support a logical model can be created that
groups features together: Thus a class called linear assets is developed encap-
sulating cables, air pipes, cables, mains, sewers.  This adds significant value
when a multi-utility operation owns more than one asset in a region.  The
spike rule is then applied to the linear asset class where the linear asset class
is the route node of the rule and therefore works across a group of features.

This is carried out in practice, by defining the class called “Linear Assets”
defined, with various sub-classes.  Using programmes such as Protégé the
class structure is exposed.  For example Linear Assets might have sub-classes
comprising Cables; Fiber_Cables; Pipes and Sewers.  This class hierarchy may
then be read by Radio Studio Toolset to derive these benefits (see example).

Summary
The mere presence of particular data elements does not guarantee that they
are fit for purpose in new applications.  Interoperability of services, which
exchange and reuse spatial information, is dependent on interoperability of
the underlying spatial information at both syntactic and semantic levels.
Concepts such as metadata and ontology can be exploited to provide real
business benefits.
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Let’s illustrate the process with a few simple conceptual consistency
checks.  We know that clean water pipes do not connect to sewers, or
that a 6” pipe does not connect to a 90mm pipe without an adaptor.  The
following rule tests the second example.  If pipes with different diameters
are connected at their end points, there should be an adapter feature of
type converter located at that same point (Fig.1a) and the logic is as in
Fig.1b.  

The data validation rule might be expressed in prose as follows:
Check for PIPE objects A that for all PIPE objects B for which
ends_of(PIPE:A.geometry) intersects ends_of(PIPE:B.geometry) and
PIPE:A.DIAMETER does not equal PIPE:B.DIAMETER check that there is at
least 1 ADAPTER object for which ADAPTER.geometry intersects
ends_of(PIPE:A.geometry) and ADAPTER.geometry intersects
ends_of(PIPE:B.geometry) and ADAPTER.TYPE equals “CONVERTER”

The above example is based on using the Radius Studio toolset, which
allows data quality issues to be addressed by creating data validation
rules.  Data are traversed using rules.  A type of logic in the above exam-
ple is a structured tree of hierarchical conditions, against which features
can be tested.  The rules are expressed in a form independent of any data
store, which means that rules can be easily re-used with different schema
and data sources.  It invokes a task type, Check Rules, which checks a
defined set of rules on the data and reports non-conformances.  It is also
possible to publish conformance-checking results to a catalogue server.
Published metadata consists of data quality items (qualitative and quan-
titative metrics) and is encoded in a standard form (ISO 19139).

The final results of the conformance tests are obtained in the form of
metadata, which is compliant to the conceptual model of ISO 19115
Metadata and encoded in the form recommended in ISO 19139.  The
results are supplied within the DQ_DataQuality metadata element as
DQ_Element descriptors.  The nameofMeasure and measureIdentification
are taken from the corresponding rule or ruleset identifier.  The dateTime
is taken from the completion time of the conformance check and the
results (DQ_Result) are compiled from the appropriate summary statistics
within the conformance checking session.  The metadata can be pub-
lished automatically to a compliant OGC Catalogue (OGC, 2005) for long-
term archiving and to facilitate discovery of data with appropriate quality
characteristics.  

So although the originator never set out to collect metadata, this
means that sufficient metadata can be published in catalogues for other
users to assess its fitness for use for their own purposes.

RADIO STUDIO TOOLSET – How to 
Create Validation Rules and automatically
create Metadata

Fig.1a – “Different diameter pipes must be connected by an adaptor”

Fig.1b – Data Validation Rule Logic

Simple class hierarchies can be used in the Radius Studio toolset to
increase efficiency and greatly assist rule authoring and assertion.
The rule written about the class “Linear_Assets” will automatically be

applied to all sub-classes.  The
ontology can be read in as an
OWL (Web Ontology
Language) file and the same
hierarchy can be used to map
the data layers to the ontol-
ogy classes.  This is shown in

Fig.2, where the “Source” data layers are mapped to the ontology
classes in the yellow box.

When rules are defined, the ontology classes can be used as the
root node of the rule.  In the example above, the “Linear_Assets” class
is used.  When the rule is invoked, the check will be automatically run
against all classes that inherit from “Linear_Assets” in the ontology.
The following rule checks all “Linear_Assets” that there are no geomet-
ric spikes.  It will be applied to pipes, sewers, cables and fiber_cables.

RADIO STUDIO TOOLSET – How to 
derive Benefits from Ontology

Fig. 2 – “Source” data layers
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