Web of Simulation ontology (WoSO): Integration of
Building Performance Simulations in 10T Systems

Zehor Thilleli HOUNAS, Maxime LEFRANCOIS, Antoine ZIMMERMANN, Bruno TRAVERSON.

=%
<
IMOs AT Szenr

Saint-Etienne

14/06/2024 Zehor HOUNAS / LDAC2024



Context

Data processing
and reasoning on
semantic knowledge

@

O

Communicate

(A)
55&)

Sensing

loT system

Actuating

(A) : in current loT applications, physics phenomena
occurring in a complex and heterogeneous cyber-
physical system, such as a smart building, are poorly

reflected

=) Simulation
dels
E mo

J

£y
# A

[ 7

| T

Q

Physics phenomena
6 occurring in a home

All Icons used are provided by flaticon.com

: according to the conceptualization of digital
twins, simulations of these physics phenomena allow
to anticipate the temporal evolution of the cyber-

physical system



Motivation

Combination of simulation and semantic knowledge of the
physics phenomena will improve decision-making process of loT
systems deployed in smart buildings.



Use case EDF R&D

Integrate the simulation models of an office building in EDF Lab
into its building performance management system

loT devices
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| Use case Mines Saint-Etienne

Contribute to the improvement of the 10T control system in the DigitalTwin of
the school building.

When to heat the building to reach the
desired temperature at a given time?

Temperature in room 429 of the Espace Fauriel
building on 26/01/2023
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Figure : 3D model of the school building.
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| Objective

All lcons used are provided by flaticon.com

Integrating physics phenomena simulation in loT system
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Hypothesis: Integrating physics

phenomena simulation in loT
systems would improve the
accuracy of the reasoning system
and the energy efficiency.
Question: How to enable the

interoperability between the
simulation model and the
reasoning system?



' Approach

Proposed approach to integrate physics phenomena simulation in loT system

We use the ontology to enhance

setpoint data ——e—s1 107 control system based on knowledge representation by
Sensed data —e—+— ontology. —— OUuT idi h d bul d
Simulated data A providing a shared vocabulary an
data structure.
L Simulation model exported to We propose to use the FMI

’ ——

i FMU format. standard to simulate the model
and semantic web technologies to

create a control loop between the
simulation and the control system.
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Requirements

Req.1: The ontology module has to enable the representation of the
simulations described by the FMI standard.

Req.2: The ontology module has to be compliant with the reference
ontologies in loT.

Req.3: The ontology module has to manage the data exchange between
simulations.



State of the art

Frameworks [1,2] provide a single data model that represent all
the data resources needed for simulation to be executed.
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Methodology

Overview of the methodology to develop and test WoSO methodology

Web of Simulations Ontology ( WoSO ) is a high-level description T -Q
of simulations and IoT system that relies on the standard S o T
Functional Mock-up Interface (FMI) and extends a reference loT — — T
ontology (SAREF). CTU S e e
CQ1 What is the model executed by a simulation? 1 :w Emmm Eg
SELECT * WHERE { Ss woso:isExecutionOf ?m } (E-fremried medas =

=t

CQ2 What are the inputs, outputs, and parameters, of the simulation?
SELECT ?i WHERE {?s saref:hasintput ?i}

SELECT ?0 WHERE {?s saref:hasOutput ?0}

SELECT ?i WHERE {?s woso:hasparameter ?p}

ID@C

CQ3 What are the start time, end time, and duration, of the simulation?
SELECT ?s ?st ?et ?d WHERE {?s woso:hasExecutionStartTime ?st.?s woso:
hasExecutionEndTime ?et.?s woso:hasExecutionDuration ?d}
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Overview of WoSO

Overview of the WoSO ontology using the Chowlk visual notation

:I WoS0 concepts woso:SimulationModel
SAREF concepts =0 pemmmmmm e e e e = ]

) ) - »  saref:Propert
:woso:versmn : xsd:string wosoiisRelatedToProperty S

ywoso:format : xsd:string
iwoso:formatVersion : xsd:string
'wose:hasInputDescription : xsd:string
:woso:hasOutputDescription : xsd:string
¥, woso: hasParameterDescription : xsd:string
Iwoso:author : xsd:string
'woso: copyright : xsd:string
\woso:license @ xsd:string T

woso:models

saref: FeatureOfInterest |«

woso:isModeledBy
saref:UnitOfMeasurement

iwoso:generationTool : xsd:string
'wose:generationDateAndTime @ xsd:dateTime
1

woso:hasUnit
1

S -=a

woso:isExacutionOf woso:SimulationVariable
saref:madeBy woso:Simulation i
«— saref:haslnput—":

saref: Device |

. H > 1
saref:madeExecution | .—saref:hasOumut—)':saref: hasValue :rdf:Literal

Isaref:hasStartTime : xsd:dateTime ! i
:saref:hasEndTime : xsd:dateTime ——woso-hasParameter——>,
(saref:hasExecutionTime : time:TemporalEntity :
) J

1

saref:hasFuntion " saref:isOfferedBy

https://purl.org/woso

k4

woso:PredictingFunction woso: PredictionService
saref:Function saref:Service
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Conclusion

We introduced the Web of Simulation Ontology (WoSO) as a foundational
framework for integrating Building Performance Simulations (BPS) into
Internet of Things (1oT) systems, with the aim of optimizing energy
management in smart buildings.

We are working on the implementation of WoSO for the use case of
building energy management efficiency. The building is a tertiary building

located on EDF R&D site and is equipped with an loT control system and a
building thermal model.



11/12/2023

https://purl.org/woso

Thank you. Any question?
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