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Industrie 4.0 — lloT, data as the focus

Concepts such as the Industrial Internet of Things (lloT) and

Industrie 4.0 have gained positive momentum and are accepted

as the future for industrial process lifecycle

* from requirement definition to design, testing,
operation, maintenance and decommission

e a wealth of static (e.g. design) and dynamic (e.g. real-
time operation) data sources are becoming available



Opening up industrial data

To enhance the adoption of lloT we need open standards for data sources of

our industrial process and an open standard communication framework to
exchange this information

* Enable interoperability between tools, easier handover
— Owner/Operators and subcontractors
— Between design lifecycle phases

* Future-proof design data, consider systems with long lifecycles
* Mine the knowledge of past designs, generative design technologies

* Make the business proposition of developing lloT services more attractive
to SMEs



An open lloT ecosystem

An lloT ecosystem based on standards for interoperability

lloT services

Decision Safety/Security Licensing,

Optimization support assessment [l maintenance
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lloT nodes concept (partial)

Data mining lloT node

Image from Amazon.com

Process lloT

OPC UA over
wifi or lan

Simulation lloT node

Image from Amazon.com

Arduino interface
(e.g. 12C/SPI) to
local loT devices
(sensors, etc)

Automation lloT node

Image from Adafruit

Local loT sensors

OPC UA
over
Internet

shuttersteck’

Image from
thearduinostore.com




DEXPI specification

 The DEXPI specification further defines the ISO 15926
standard to enable adoption by CAE vendors for Piping and
Instrumentation Diagram (P&ID) data exchange

 The DEXPI group includes owner-operators, software vendors,
service providers and research institutions

* A stable version of the DEXPI specification is ready, the focus
is now the CAE implementations



DEXPI group overview

Owner / Operators EPC

> BASF > Air Liquide

» Bayer

» Covestro

» EVONIK e
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Software Vendors /@&/ fr,,.\ o
» Autodesk % Resgarch Organizations
» Aucotec > AGCAPE_ e.V.
» Aveva » VTT of I_=|n|and
» eVision » TU Berlin
> Hexagon » RV\_ITH I-\:achen
» PTC University _
» Siemens » Tecgraf/PUC Rio
» X-Visual

» CFIHOS
» NAMUR



P&ID main components
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International Standards

® DEXPI specification based on international standards
® Applicable for IEC, ISA and DIN based P&IDs

Plant Apparatus / | Piping Instrumentation Communication
Structure | Machines components

ISO 10209 ISO 10628 ISO 10628 IEC 62424 ISO 15926
IEC 61987 Proteus 4.0.1 (formerly
XMPlant)
(ANSI 5.1)

(DIN 19227)



DEXPI interfaces of CAE systems DEXPI G52,

DEXPI Interface

Autodesk AAUTODESK. AutoCAD P&ID 2019 Import & Export
Aveva -AVEVA Aveva PID Import & Export
Intergraph INTERGRAPH' SmartPlant PID Export
Siemens SIEMENS Comos PID Import & Export
VITT J—m Apros Import

X-Visual XVISUAL PID Import



P&ID data — DEXPI OPC UA m

An lloT ecosystem based on standards for interoperability

lloT services

Optimization Decision Safety/Security Licensing, °Jl" lL°
Support assessment maintenance

... : IEC 62541/0PC UA
lloT Communication (standard interfaces) =  + companion

l' 1 l l l specifications

System design
(e.g. 1SO 15926
DEXPI, BIM)




Data handover (example)

Dynamic data handover (lifecycle phases, subcontractors)

Design lifecycle

Detailed process

. design ) | 3P design
Process early design .. &
(Process Flow Diagram) > (Piping and DEXPIOPC UA
Instrumentation )  Control
Diagram) automation
23 software
-

Subcontractors




DEXPI OPC UA companion specification

Work started in Spring 2017 for developing an OPC UA
companion specification for the DEXPI specification
e 11 WG meetings so far

 The engineering work for the specification is now done
— Nodeset development, prototype implementation

* The specification document is mostly complete

— We aim to have a good complete draft by the end of the year, ready to be
sent to the TAC for the next steps



DEXPI OPC UA WG members

OPC Foundation: DEXPI group:
Jouni Aro, Prosys OPC Nikolaos Papakonstantinou, VTT (WG leader)
Betsy Hawkinson, Honeywell Heiner Temmen, Evonik
Karl Deiretsbacher, OPC Foundation Michael Wiedau, Evonik
John Gillerman, Grid Cloud Systems Manfred Theissen, Aixcape
Stefan Hoppe , OPC Foundation David Vazquez-Landa, BASF
Armin Fricke, Capital-Gain Cons. Tommi Karhela, Semantum
Rod Stein, Matrikon OPC Juha Kortelainen, VTT

Sandra Fabiano, Yokogawa Reiner Meyer-Roessl, Autodesk



DEXPI OPC UA example,

P&ID model

B Unified Automation UaExpert - The OPC Unified Architecture Client - Proteus

File View Server Document Settings Help

B K

w M? ] B @ x ““\-) (Nn
Address Space 5 X
3 N Highiight v

P | Objects -

> o AdditionalData
4 % PlantModel
4 3% Plant
4 & HeatExchanger?
» @0 DesignHeatFlowRate
I €D DesignHeatTransferArea
> ¢ H1007-C1
b % H1007-C2
b g% H1007-N1
b H1007-N2
b e H1007-N3
b & H1007-N4
b @@ PlateHeight
> Plate\Width
b €D TagNamePrefixdssignmentClass
b @@ TagNameSequenceNumberdssignmentClass
g & HeatExchangerd
&% PI4T12.01ILF
&% P14712.01_PIF
I % PI4712.02_PIF
© &% PI4712.02_PIF_AS

W nratcnnt T C
< 1 |

m

[E=NEOR *x
Attributes & X
[Pk © o
Attribute Walue ke
4 Nodeld Nodeld
Namespacelndex 2
IdentifierType Numeric
Identifier 2240
NodeClass Variable
BrowseName 2, "PlateHeight"
DisplayName ", "PlateHeight"
Description ik
WriteMask 0 =
UserWriteMask 0
4 Value
SourceTimestamp 1.1.1601 2:00:00.000
SourcePicoseconds 0
ServerTimestamp 1.11.2018 11:07:30.278
ServerPicoseconds 0
StatusCode Good (0x00000000)
Value 850
4 DataType Double Wil
Namespacelndex 0
IdentifierType Numeric
Identifier 11 [Double]
WalueRank -1

[ References I Attributes |

The UaExpert OPC UA client browses a Piping and Instrumentation Diagram (P&ID) over OPC UA




Lessons learned so far

OPC UA’'s metamodel supports single inheritance, that is an
issue for metamodels that include multiple inheritance

— In this specification we used an additional hierarchy document for the
DEXPI classes

The specification document has redundant information
engineering work for the specification is now done

— Long lists of ObjectTypes, enumerations, in the main document, info
overlapping with the nodeset xml file

Mapping of engineering units is a pain...
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POSC Caesar Reference Data Library (DEXPI) to UNECE

(OPC UA) mapping o

f units (Excel)

Unit group LInit name UMECE Common Code UNECE Name Additional corversion Motes
PorwerUnit Fi comvatt s picowatl
Porwerlnit Te mrwratt [51] terawvatt
PowerUnit it AT et
MET aore-foot (based on .S, survey foot)

Wolurmelnit Acref oot
YolumeUnit Barrel 57 barrel (UK petroleum) |Assuming UK barrel, the US is sepal
Wolumelnit BillionFoottubed 7 ? rmultiply val ue by 1000000000 and use "'cubicfoot"
Wolurnelnit Centilite art certittre
Volumelnit CentimetreCubed [ee] cLbic certimetre
Wolumelnit Cubern I ? LInitnot found
Walumelnit Decilitre CLT decilire
Wolurmelnit Decirnetretubed ChiG cubic decimetre
Wolurmelnit FootCubed FTG cubic foot
Yolumelnit Hed@arehlete T T multiply value by 10000 and use "'qabicmeoe”
Yolumelnit HedoliTe HT hectoltre
Yolumelnit HundredFootCubed T B nultiply val ue by 100 and use "cubic foot"
WolurneUnit InchCubed Ha cubicinch
Wolurmelnit kil orn etre Cubed H20 cubic kilometre:
Walurmelnit Litre LTR lire
Wolumelnit MetreCubed L] cLhic metre
Wolumelnit i crometreSquaredidetre I ? LInitnot found
Valumelnit MileCubed NES cubic mile (UK statute)
Wolurmelnit il lilitre T miliitre:
Wolurnelnit Wil lirnetre Cubed G cubic millimetre
Yolumelnit |MillionBarrel T T multiply val ue by 1000000 and use “barel (UK petroleum)”
Yolumelnit MillionFootOubed I ? rnultiply value by 1000000 and use "cubic foot"
Yolumelnit il li on bl etreCubed T B i tiply val ue by 1000000 and use "cubic metre”
Walumelnit $tandardFootlubed 3 standard cubic foot |
Wolumelnit StandardiietreCubed I3 I |Un|tnotfound
Yolumelnit ThiousandBarrel T B multiply val ue by 1000 and use "'barrel (UK petroleum]”
Wolumelnit ThousandFootCubed I ? rmultiply value by 1000 and use "'cubicfoot”
Yalumelnit ThousandUkGallan B B nultiply val ue by 1000 and use " gallon (K"
Yolumelnit ThousandUsGallon T B i ltiply value by 1000 and use "'gallon (US)"
Wolurmelnit UkBushel Bl bushel (LK)
Walurelnit UkFluidOunce o Thiict ounce (LK)
Wolumelnit UkGallan Gl gallon (UK)
Yolumelnit LlkcPint Pl it (UK
Volumelnit LkCQuart atl gLt (1K)
Volumelnit UsBarrel AL barrel (US)
Wolurmelnit UsBushel Bl bushel (LK)
Valumelnit UsDrybarrel ELD oy berrel (US)
Yolumelnit UsDrfint FTD iy prt (US)
Yolumelnit UsFluidOunce QL& fhicl ounce (US)

UsGallon GLL oyallon (US)

WValumelnit
4

DEXPI Unit Ito UNECE Units mapp

m

Motes {Manfred)
OK

OK

OK

AcreFootin DEXM is
http://fdata.posccaesarorg
frdI/RDS1313909 ; itis not really clear
‘whether this is intemational or US
{survey) acre foot. As many other units
contain the term "survey” for the US
probably OK

mnversion 0K {perhaps use larger unit from
same "series")

OK

OK

remove from DEXPI 7

OK

0K

OKif both 3re intemational cubic foot
remove from DEXP1?

OK

remove from DEXPI?

CKifboth are intemational ind

0K

OK

OK

remove from DEXPI 7

CKifboth are intemational miles

0K

OK

OK if both are UK barmels; corversion OK

OK if both are intemational foot; mnversion OK
aanversian OK




UNECE (OPC UA) to OPC UA mapping of units (Excel)

UMNECECode Unitld DisplayMame
8l 4405297 rad

C23 4403785 mrad

B97 4340023 prad

oo 17476

Del 4470321 "

DE2 4470322 "

£91 4274481 gon

M43 5059635 mil

W44 S059636 rev

D27 4469303 sr

Ha7 4732215 in/frevolution
WITR SO67838 m

ESf 4536630 s

H2T7 4731447 %m

55 5059893 m,/rad

OmAT 4476244 dm

ChT 4410708 om

aH 13384 pum

PARAT SNARRNAR mim

Description

radian

milliradian
micraradian

degree [unit of angle]
minute [unit of angle]
second [unit of angle]
gon

rmil

revolution

steradian

inch per two pi radiant
metre

degree per second
degree per metre
metre per radiant
decimetre
centimetre
micrametre (micron)

millirmetre



Future work

At VTT we consider this line of research as a key for plant
digitalization and development of digital twins

— As enablers of advanced data and model driven applications

* If you share this vision, please contact us. We have ongoing
research project proposal efforts and we are looking for
consortium partners — end users

— E.g. H2020 ICT and SPIRE calls, Business Finland Al Business
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