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Overview

»  Digital Twins (DT)
» DTin PETWIN
» DT Data Management Component requirements

»  OSDU Data Platform for DTs: Strengths and Opportunities
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Digital Twin (DT) for Production system

Production system

\’

» “A set of adaptive models S RN .o,
that emulate the behaviour S ——
of a physical system in a
virtual system getting real
time data to update itself
along its life cycle.”

Sensors and gauges

» DTasa:
— Descriptive system
— Predictive system
— Prescriptive system

Digital Model
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Actuators
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DT Reference Architectures

Earlier architectures

» Three-dimensions (GRIEVES, 2014)

« JUTRN .

Connections

Physical Space Virtual Space
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DT Reference Architectures

Earlier architectures Evolution
» Three-dimensions (GRIEVES, 2014) » 5-Dimensions (TAO; ZHANG, 2017)
Service
Systems
()Ig:ﬁrr\ai:;it\i’gn@ data ‘driving C:g:ﬁ;?:;;{gn@
« JURTRRY . = .
Connections » Data Management Component
Physical Space Virtual Space driving data datal driving

Physical Interactive @ Virtual
Space Optimization Space
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Digital Twin in PETWIN

Application level: data visualization, prediction,
simulation, analysis

Integrated view:
domain ontology

Active ontology x Entities x | Individuals by class x| DL Query X
\CIasses Object properties  Data properties  Annotation properties
Ciass hierarchy:immaterialentty ]

Class hierarchy: immaterial entity
we. %
v-® owl Thing
¥ ® entity
v @ continuant
»® generically dependent continuant
v ® independent continuant
> lmmalellal entity
v ® material entity
® fiat object part
v--® material geologico
@ fluido da terra
® rocha
v ® object
v © objeto geologico
v ® geological unit

Open Subsurface Data Universe

© bioconstruct
v © deposit

Persistence in corporate and cloud-based databases | o meienn "

Open models and industry standards
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Digital Twin in PETWIN

Application level: data visualization, prediction,
simulation, analysis

Integrated view:

: Service
domain ontology

Systems

data driving

Active ontology x| Entities Xllnd\vlduels by class XIDL Query X‘

\CIasses Object properties  Data properties  Annotation properties
we. %
e Data Management Component
¥ ® entity
v @ continuant

»® generically dependent continuant
v ® independent continuant
b 1 aterial ey
v ® material entity P P
 fat object part driving data data driving
v ® material geologico
@ fluido da terra

Open Subsurface Data Universe

® rocha
v ® object
v © objeto geologico
v ® geological unit
© bioconstruct

: . ‘ Physical i
Persistence in corporate and cloud-based databases y Virtual

» & magmatic unit

Open models and industry standards Space Space
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DT Data Management requirements

Service
Systems .
e \ariety
data driving g VO|Ume

e Velocity

Data Management Component e \/alue

e \/eracity

driving data data driving
Physical Virtual
Space Space

Correia, J.B.; Abel, M.; Becker, K. Data Management in Digital Twins: a Systematic Literature Review. Knowledge and Information Systems, 2023.
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Lake(house)

e Acquisition
e Data Analysis @ e @ @

Reports  geience Learning

L Data [ 1 SQL APIs 1] Dfltjeglaratni\e:
Curation E|—|]

[ Metadata APls ]
e Data Storage NS N— [
e Data Usage
(Service
SySte m S) Structurengeml.strugz;]ed[Ezns%ctured Data
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DT Data Management requirements

— a6 @&

B Data Machine
Service e Science  Learning
Systems ) ) ) 1
| soLAPis | Declarative
DataFrame APls
data driving
Metadata APls

] ] | |

Data Management Component

driving data data driving

Physical Virtual ) t
Space Space 8 >] [(]') @

Structured, Semi-structured & Unstructured Data
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similar to a data lake

e integration of
heterogeneous data
(native format)

e support for physical
and logical
organization

e various user profiles

* metadata and
enforced quality

e scalability for storage
and processing

e applied to knowledge
extraction
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DT Data Management Component

»

»

»

»

»

Data at different abstraction levels
— Data - Information — Knowledge

Integrate DT data pipelines

Provide data storage, abstraction,
consistency

Support for data search/discovery and
analysis

Promote interoperability, high
cohesion and low coupling among DT
systems
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Data Management Component

data driving

driving data

Service
Systems

Physical
Space

data driving

Virtual
Space
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Can OSDU Data Platform provide core functionality?

Service Systems

Data Management Component

Applications

Domain APIs Domain APIs

|OSDU Wellbore| | OSDU Seismic
DDMS DDMS

0OSDU Data Platform Core Code

Service Provider Interface

CSP Implementation Ccsp i ‘ Ccsp
A
driving data data driving
Physical Space Virtual Space

Correia, J.B.; Becker, K. Data fusion core of a digital twin from the oil and gas industry. SBBD 2021.
Correia, J.B. et al. Data management in Digital Twins for the Oil and Gas Industry: beyond the OSDU Data Platform. JIDM 2022.OSDU
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OSDU DP architecture roles

»  System of records (SoRc)

Microservices architecture
Cloud native, provider-agnostic
Centralized storage

Long-term data

»  System of engagement (SoE)

Decentralized storage (edge)

Real-time short-term data

»  System of reference (SoRf)

DT Predictive role

Trusted source to feed ML with accurate
data — Golden Records

Related to Data Lake(house)

Copyright © The Open Group 2021

Applications

i 17

' Domain APIs | | Domain APIs |

OSDU Wellbore| |OSDU Seismic
DDMS DDMS

' Generic APIs |

OSDU Data Platform Core Code

Service Provider Interface

CSP Implementation

CSP Implementation

CSP Implementation

PUBLICA
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OSDU DP data modelling

» Metadata through schemata describing the Lo P m e

(authority):(namespace):(data type): + Schemas and records are associated by KIND

business context and the technical aspects B o g w10
O :g‘:la;?g "?:;: i‘I;mD"am f\: Ir-eDc:r':i::quires at least one ACL
»  Significant efforts in aligning schemata with one o). L
. . Legal Records Lists (ACL)
existing standards - :
— Reference data vs. PPDM value list :";e"”"wg;"e“:dmm

on and constitute the main data for the system Dataset Details
: H . Dataset « Files are stored on
— Master data vs. previous Energistics - e Cotetors,

standards

— Master data for production inspired by
CFIHOS

—  Etc

PUBLICA 14 OSDU
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Can OSDU DP provide core functionality?

Service Systems

drivingl I data

Physical Space
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indin or o
s st
[Entitemens] OSDU Core Services Partiion] [CRS Cataiog) [CRS Conversion]| | 17

<

data l Idriving

Virtual Space

Benefits

»

»
»
»
»

»

»

PUBLICA

Ingestion of heterogeneous data in
their native format;

Covers the basic life-cycle

Provides a SoRc, a SoE and a SoRf;
Cloud native and provider-agnostic;
Scalable data storage and processing;

Breaking down silos
— All data in a single platform;
— No manual data transfer among applications;

Unlock innovation in academia and industry

. OSDU



Is OSDU DP enough?

Service Systems

driving data data driving

Physical Space Virtual Space

Challenges and opportunities

» Absence of patterns modeling, rigorous semantics for
schema definition and extensions (e.g. missing
concepts);

- how to balance flexibility with needs to merge/interoperate
(without mapping)?

» Time necessary for addressing schemata for new
domains (e.g. production)

- Significant (hard, hard) work has been done, strategies to
accelerate data type definitions are under consideration

- how to create customized descriptions that can survive
overtime?

» Can explicit domain semantics contribute to modeling
issues and extend core functionality?

» Are existing lineage mechanisms sufficient for
decision-centric environments?
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Is OSDU DP enough?

Service Systems

Challenges and opportunities

dat d
° al rvine » Absence of patterns modeling, rigorous semantics for
schema definition and extensions (e.g. missing
concepts);

- how to balance flexibility with needs to merge/interoperate
(without mapping)?

CarEmie crldman Transformation » Time necessary for addressing schemata for new
Erniclery s Garcee) il CETIETR e domains (e.g. production)

data lineage - Significant (hard, hard) work has been done, strategies to
accelerate data type definitions are under consideration

- how to create customized descriptions that can survive
overtime?

OSDU Data Platform Core Code

Sarvica Provider ntertace.

driving Tdata data Td”‘“”g »  Can explicit domain semantics contribute to modeling
issues and extend core functionality?

Physical Space Virtual Space

» Are existing lineage mechanisms sufficient for
decision-centric environments?
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OSDU DP modeling

! '

’ Reference-data--UnitQuantity: \ [ Reference-data-- \

WHAT - Production (Rate m®, pressure psi, temperature °F)
WHERE - Location (field, basin..), wells, perforations intervals
WHO - Operators, organizations, workers (engineer)

WHEN - Time series (timestamp)

WHY - Extended well test
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OSDU DP + Ontology

Ontology 0OSDU Data Model
BFO:Immaterial Entity BFO:Quality
i i ,
BROS Physical Property \ . T Master data~ Master-data- Masler-data—- Master-data—
Well: WelllD Organisation: Field: Basin: GeoPolitical Entity:
f } OrganisationName FieldName BasinName GeoPaliticalEntityName
- == == -_"'--\-_
io-mmm T (-~
Y
Wellbore Bottomhole Pressure Bottomhole Temperaturé N
~
/]\ RO:inheres in /m | | y —
Master data Work-product-component--Time Series:
1AO:is about IAO:is about WellborelD TimeSeriesID
Bottomhole Pressure Time Bottomhole Temperature - g
Series Time Series - ———
- - . N eysearsarsl
I z” '_ I - ~ . | Reference-data--UnitQuantity: CSV content
=== PropertylD
J7 B
-
-
-
-
-
IAO:Time Sampled Measurement Legend:
Data Set egend:
= = = |nstance level connection

= = = Schema level connection

SOSA, SSN
O3PO, OntoTag

Standards: CFIHOS -
19 OSDU
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OSDU DP + Ontology

Ontology
BFO:Immaterial Entity BFO:Quality
BFO:Site Physical Property A
N
.
- - - - — S
-———— o e
- I | hJ =~
N
Wellbore Bottomhole Pressure Bottomhole TemperaturB N
~
/I\ RO:inheres in /Q | |
IAQ:is about IAQ:is about

Bottomhole Pressure Time

Series

Bottomhole Temperature

Time Series

T {4,
S
- - ——,‘

-
-
-
-
-
-
-

IAO:Time Sampled Measurement

Data Set

-

SOSA, SSN
O3PO, OntoTag
Standards: CFIHOS

OSDU Data Model

v |
Master-data-- Master-data-- Master-data--
'cs:ltlewem Organisation: Field: Basin:
. OrganisationName Fi Basil GeoPoliticalEntityName

Master-data—

Wellbore:
4 WellborelD
~
T ST
Joe==" =~ ~ o _ | Reference-data—-UnitQuantity:
PropertylD

|
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Legend:

Instance level connection

Schema level connection
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Questions?




