ONTOLOGIES FOR URBAN SOCIAL-ECOLOGICAL SYSTEMS: PAST,
PRESENT AND FUTURE

Cédric Pruski

Senior Researcher
ITIS — Luxembourg Institute of Science and Technology

8th Architecture and Environment International Symposium, Vienna, 2" of February 2023




Table of contents

0 -l What are ontologies?

How are ontologies used in Urban social-ecological
systems?

03 Open challenges

LUXEMBOURG
INSTITUTE OF SCIENCE
AND TECHNOLOGY

LIST¢




WHAT ARE ONTOLOGIES?




FROM DATA TO WISDOM

Data:

« Collection of facts in a raw or unorganized
form such as numbers or characters.

Information:
*  Processed data

Knowledge:

 Useful information

Wisdom:
* Integrated knowledge
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ONTOLOGIES

The heart and soul of the Semantic Web

Consensual

Machine processable .
view

“An ontology is a formal, explicit specification of a shared conceptualization”

Entities are

explicitly defined Abstract representation

of real word entities
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EXAMPLE

Hierarchy of concept Entities description

Urban system ontolog

Class hierarchy: ParkingArea

osere

) Day of week
@ GCISheltersThing
© HouseholdOntologyThing
iContactThing
@ LandUseOntologyThing
@ LBCSThing
@ Node
© Occupant
& OMThing
) OrganizationThing
) OrgOntologyThing
@ ParkingOntologyThing
@ EVCharger
gArea
0 GarageParkingArea
0 lllegalParkingArea
© LoadUnloadParkingArea
0 LotParkingArea
@ ParkingFacility
@ ParkingSpace
) AccessibilityParkingSpace
@ GreenVehicleParkingSpace
@ EVParkingSpace
0 StreetParkingArea
© ParkingAreaPD
@ ParkingPaymentMethod
@ ParkingPolicy
@ ParkingRate
@ ParkingService
@ PersonOntologyThing
@ Population
) Quantity
@ rdfs:Resource
 RecurringEventThing
@ ResourceOntologyThing
@ Road_Element
@ Schedule
& SchemaOrgThing
& SchemaOrgThing
© SchemaOrgThing
) SchemaOrgThing
@ spatialLocOntologyThing
) SSNThing
& Temporal entity
@ TimeOntologyThing
@ TimePeriod
@ TransitOntologyThing
@ TransportationOntologyThing
@ TravelCostOntologyThing

= = g Annotations: ParkingArea

Annatations
dadescription

Parking Area refers to some area that enables parking of Vehicles.

A Parking Area may contain sub-Parking Areas, the area of which may change.

A Parking Area has some Parking Policy

A Parking Area has some owner.

A Parking Area may provide car changing stations.

A Parking Area has some Location.

A Parking Area may be occupied by some Vehicle (however, it might also be occupied by some debris or activities such as construction).

There are different types (subclasses) of Parking Area, such as Street Parking Area, Lot Parking Area, Garage Parking Area, lllegal Parking Area, Loading/Unloading Zone Parking Area,
Accessibility Parking Area

Axioms
(expressed in

cription: ParkingArea ATIEmE

L mm— Description Logics)

{0 associatedLocation some Feature
@ existsAt exactly 1 'Temporal entity'
) hasEVCharger only EVCharger

" hasOwner only
(Person or Organization)

0 hasParkingPolicy only ParkingPolicy

@ hasParkil ice only Parkil ice

{0 hasSubParkingArea only ParkingArea

" hasVehicleCapacity only
(Capacitysize

and (cardinality_of only (defined_by only Vehicle)))
) isOpen exactly 1 xsd:boolean
) Manifestation
) occupiedBy min 0 Vehicle
0 occupiedBy only Vehicle

) parkingAllocatedTo only
(Building or Organization or Person or Feature)

) ParkingOntologyThing
General class axioms
SubClass Of (Anonymous Ancestor)

On ionOf only TimeVaryingConcept
@ existsAt exactly 1 'Temporal entity'
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BENEFITS OF USING ONTOLOGIES

O KNOWLEDGE
MANAGEMENT O

DECISION-
= MAKING




HOW ARE ONTOLOGIES USED IN URBAN
SOCIAL-ECOLOGICAL SYSTEMS?

Pruski, C., and Sunguroglu Hensel, D. ""The Role of Information Modelling and Computational
Ontologies to Support the Design, Planning and Management of Urban Environments: Current Status — snirurt o stienes

LISTS)

and Future Challenges." Informed Urban Environments. Springer, Cham, 2022. 51-70. A TECHNOLOOY



MAIN USAGE

Knowledge

Knowledge representation

discovery
Data

Integration Knowledge

retrieval
Decision
support v
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KNOWLEDGE REPRESENTATION

10

... and knowledge retrieval

Models for representing knowledge
* BIM for representing buildings and surroundings (OWL version of BIM)
* Modelling of smart city, green/blue area (http://smartcity.linkeddata.es)
« Semantic interoperability for robot navigation

Ontology-based information retrieval for:
« Simulation purpose: models needs to be instantiated with data to produce a result
« Recommendation done based on data extracted from knowledge/data base using ontology
« Sustainability indicators computation
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EXAMPLE

- i i i i=lParkingArea
Ontology-based information retrieval Faicngn s HUR

@ lllegalParkingArea

@ LoadUnloadParkingArea
' LotParkingArea

@ ParkingFacility

What are documents =~ s
talking about Parking
area?

new query: parking area or

Initial query: parking area . ga Garage Parking area or
i @‘ lllegal Parking area or ... or

Street Parking area
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DECISION SUPPORT

Decision making / decision assistance / ...

« Simulation
* Ontology-based method to predict urban form
« Simulation in agricultural systems modelling

« (Home) Garden management
« Building energy performance assessment using linked data and cross-domain semantic reasoning.

« loT data for water management (use of linked data and ontology to find data on the Web to take
decisions)

« Recommender systems development
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KNOWLEDGE DISCOVERY

Building classification

13

Ontologies for urban planning

Classification of land use according to different characteristics including zoning, services,
infrastructure and easement

Classification of images representing buildings into “Residential/Small Buildings”, “Apartment
Buildings”, and “Industrial and Factory Building” classes by means of domain ontology and machine
learning techniques.

Classification of shops in urban environment using an ontology of geographical concepts to
automatically propagate business category information and create a large, multi label, training data

Using a knowledge graph to support automatic generation of dashboards (i.e. mining KG content to
generate KPIs)
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EXAMPLE

Ontology-based images classification
Ontology

What category does this
Image belong to?

Vertical

Training using
annotated

dataset I

Classification

Machine learning

model
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DATA INTEGRATION

Data fusion / merging / mapping /...

 Ontologies for integrating GIS and BIM

» CityGML for modelling 3D city. It can be used to integrate data from different sources such as BIM,
terrain data, and sensor data.

» Linked Data method to integrate data from different sources, by using URIs to identify entities and
RDF to describe the relationships between them.

* Integration of BIM and Building Topology Ontology

* Integration with other types of models, such as energy models and computational fluid dynamics
models, to provide a more comprehensive representation of the building and its interaction with the
surrounding environment.
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OPEN CHALLENGES

Pruski, C., and Sunguroglu Hensel, D. ""The Role of Information Modelling and Computational
Ontologies to Support the Design, Planning and Management of Urban Environments: Current Status — snirurt o stienes Ll ST @
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ONTOLOGIES HAVE TO BE FAIR

To maximise impact

Observation: Current SES projects involving ontologies fail to make the ontologies
available which limits impact

 Publish the ontology at a permanent URL

 Reference the ontology in dedicated ontology portals (LOV, Bioportal ...)

 Use standard metadata for describing the ontology and its content (e.g. Dublin
CORE, Schema.org ...)
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EXPLOITATION OF REASONING GAPABILITIES

Observation: Ontologies are mainly used for their modelling capabilities but their

reasoning capabilities remain largely underexploited.

Data quality

In urban SES, the data is often
incomplete, inconsistent, and of low
quality, which makes it difficult to reason
with.

Data integration

In urban SES data is often collected and
stored by different organizations and in
different formats.
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Data quality

Urban SES are complex systems with
many components and relationships, and
the number of concepts and relationships
represented in an ontology can quickly
become large.

Human-in-the-loop
Urban SES are shaped by human
decision-making and interactions, and
reasoning with ontologies alone may not
be sufficient to capture these aspects.
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MAINTENANCE OVER TIME

Observation: Current SES projects involving ontologies fail to maintain the ontologies
over time

 Ontology content must be:
* Revised
* Enrich with new concepts
» Linked with other artefacts

« Ontology changes must be documented and propagated to preserve consistency in
the underlying systems
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UNDER EXPLOITATION OF DATA AND KNOWLEDGE

Observation: Urban SES generate large amount of data that remain unexploited

 Heterogeneity and complexity issues: different KR, data and information models are
used in the same context

» Lack of standardization: Urban SES are complex systems with many components and
relationships, and the lack of standardization can make it challenging to share and
integrate knowledge across different systems and organizations.

« Expertise: Combining symbolic and sub-symbolic approaches requires a high level of
expertise in both fields, and can be challenging for organizations that lack the necessary
resources and skills.
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thank you

contact information

For more info, please
contact me at

cedric.pruski@list.lu
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