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Goal

* To enable effective, error-free information exchange
among all the players in the smart grid

— The messages used to carry the information are based
upon underlying information models



Problem

e Many existing, and more emerging, information
models reflect distinct industry sector perspectives on

the electrical grid
e Legacy systems are already using these models
e The models:

— Are at varying levels of abstraction
— Partition concepts in different ways
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Meterdsset_|

This is a root class to provide common naming attributes for all classes needing
naming attributes

Tangible resource of the utility, including power system equipment, cabinets,
buildings, etc. For electrical network equipment, the role of the asset is defined
through PowerSystemResource and its subclasses, defined mainly in the Wires

model (refer to IEC61970-301 and model package IEC61970::Wires). Asset
description places emphasis on the physical characteristics of the equipment
fulfilling that role.

Asset that is aggregation of other assets such as conductors, transformers, switchgear,
land, fences, buildings, equipment, vehicles, etc.

AssetContainer that performs one or more end device functions. One type of
EndDeviceAsset is a MeterAsset which can perform metering, load management,
connect/disconnect, accounting functions, etc. Some EndDeviceAssets, such as ones
monitoring and controlling air conditioner, refrigerator, pool pumps may be connected
to a MeterAsset. All EndDeviceAssets may have communication capability defined by
the associated ComFunction(s). An EndDeviceAsset may be owned by a consumer, a
service provider, utility or otherwise.

There may be a related end device function that identifies a sensor or control point
within a metering application or communications systems (e.g., water, gas, electricity).
Some devices may use an optical port that conforms to the ANSI C12.18 standard for
communications.

Physical asset that performs the metering role of the
ServiceDeliveryPoint. Used for measuring
consumption and detection of events.



MeterAsset

+ formMNumber: String [0..1]

+ kH: Float [0..1]

+ kR: Float [0..1]
cEndDevicedsser

+ amrSystem: String [0..1]

+ demandResponse: Boolean [0..1]
+ disconnect: Boolean [0..1]

+ dstEnabled: Boolean [0..1]

+ |oadControl: Boolean [0..1]

+ metrology: Boolean [0..1]

1+ outageReport: Boolean [0..1]

+ readRequest: Boolean [0..1]

+ relayCapable: Boolean [0..1]

+ reverseFlowHandling: Boclean [0..1]
+ timeZoneOffser: Minutes [0..1]
Asset

+ acceptanceTest: AcceptanceTest [0.1]
+ application: String [0..1]

|+ category: String [0..1]

+ corporateCode: String [0..1]

| = critical: Boolean [0..1]

+ electronicAddress: ElectronicAddress [0..1]

+ initialCondition: String [0..1]

+ initialLossOfLife: PerCent [0..1]

= installaticnDate; AbsoluteDate [0..1]
+ lotMumber: String [0..1]

+ manufacturedDate; AbsoluteDate [0..1]
+ purchasePrice: Money [0..1]

+ serigiMumber; String [0..1]

+ status: Status [0..1]

+ utcMumber. String [0..1]
cldentifiedObject

+ aliasMame: String [0..1]

+ description: String [0..1]

+ localMame: String [0..1]

+ mRID: String [0..1]

+ name: String [0..1]

+ pathMame: String [0..1]

IEC 61968
Meter Attributes

Generally speaking...

- These are about what a device can do
(from a control perspective)

- These support the tracking and inventory of assets
(from an owner’s perspective)

-~ These just help identify any object




wHSDoomplexTypes
meterHistoryEwvent

wHSDelements

+ sccountlD: objectiD [0..1]

+ customer|D: cbjectiD [D..1]

+ meterBaselD: objectiD [0..1]
meterlD: meterlD

Multispeak V4.1
Meter Attributes

servicelD: servicelD [0..1]
+ servicelocationlD: objectiD [0..1]
smepDeviceHistonyEvent
+ agctionTaken: actionTaken
+ eventTime: mspDateTime
smepPointObject
+ facilitylD: string [0..1]
+ GMLLocation: PointType
+ gpslocation: gpsLocation
+ gpsPoint: gpsPaint [0..1]
+ gridLocation: string [0..1]
+ rotation: rotation [0..1]

[0..1]
[0..1]

[0..1]
[0..1]

wH S0Eny

smepObject

+ any [0..1]

wX.SDattributes

smepObject

+ emorString: string [0..1]
objectlD: obhjectlD

+ replacell: objectD [0..1]

+ utility: string [D..1]

+ werb: action [D..1]

wrSDcomplexTypas
affectedhatar

wXSDelements /

+  meterll: meterllD [0..1]
+ szenricelocationlD: abjectiD [0..1]

[

Emphasis here is on the actions

taken on a meter.

Meter is not modeled explicitly,

and is simply identified via a
meterID string
(user’s perspective)



TopQuadrant™

>q  What is Semantic Technology?

“Semantic Technology al
between Information to

ows the meaning of and associations
De represented precisely and,

optionally, consulted and processed at execution time. ”

Semantic Technology represents |
of a Subject, a Predicate and an O

nformation in a neutral form called Triples that consist
bject. Each of these can have properties that infer new

information. Each has a unique identity, enabling merging of different datasets.

/ Subject

CimTimePoints

TimePeriod

TimePeriod

9

Predicate Object \
@— has TimePoints

"
)

has TimePeriod
startTime xsd:DateTime

endTime xsd:DateTime




Semantic Web Technologies provide increased
expressiveness for Information Models

Query Language + Trust
g More Model + Proof
Formalism + =)
Reasoning Rules

Classes A | isa

Relationships A has B

Substation

Structures []




What Problems can be Solved
by Semantic Technology

Alignment of Terms and relationships

Generation of consistent XML Schemas
— Component-Based

Generation of controlled vocabularies
Aggregation of data from disparate sources
“Smart Data” - Inference of new information from data

sy




Recommended Steps

Define a semantic framework in which we can position
an abstract semantic model, and the component
standards

Migrate selected UML models to OWL Specifications

Determine opportunities and approach for
standardizing vocabularies

Verify and Validate the OWL Models

Coordinate Revisions with other CIM efforts
Demonstrate creation of UN/CEFACT CCTS Schemas
Define pilot assessment strategy

10



The Semantic Framework
(1.e. Context)

Semantic models (or model fragments) need to be positioned in terms of:

What Function is it fulfilling (grid control, inventory & maintenance, business
management, billing?)

What Aspect is it modeling (security, equipment, process, business objects,
Information objects?)

What Domain perspective within the smart grid community does it reflect
(operations, customer, transmission?)

What Specificity does it capture (individual appliance consumption, regional
demand?)

s it Time Invariant information (snapshot) or Time Variant (recording
history)?




e.g. IEC 61968, Part 9
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Abstract Information Model

class UCore .~

odel :
SernviceProviderDomain

Domain

Domain Objects::
ServiceProvider

ﬂ Doma

MarketsDomain

EmantGridConceptusiModel

Domain Objects:
Operations

5Enixsﬁ

msnages

setPricesFor

Domain Model
OperationsDomain

in Madel :

Domain Objects:
Device

e The abstract layer
relates the

e

| Domain Objects::

[EmartGrid

energy

Domain O

bjects::Markets

services

setPricesFor

Domain Objects: :Customer|

B pomain Model :

CustomerDomain

150 8601: Dates & Time

SmarGridConceptusiModel é——'-”'rf camies

Domain Objects::
electricity

distributes

measuresUsageOf

i)

Domain Objects:
GenerationDevice]

Domain Model :

[~~| Domain Objects:

TransmissionDevice

measuresUsageFor

Domain Objects::
DistributionDevice

UsageDevice

Domain Objects::
Meter

Domain Model

DistributicnDomain

[ RFC 5545: Calendaring |

[150EC 30000: Physical Units |

[EtsaT Humber |

Domain Model :
TransmissicnDomain

150 4217: Currency

150 19136: Geolocation UPU: Street Address

150 16739 Facilities

| |

1

Jomain

concepts found In
all the smart grid
standards

e |talso contains
links to standards
_ outside the smart
grid that can be
Incorporated




Using RDF/OWL for Specifications

An OWL Class specifies the data type properties
(attributes) and object properties (associations) of an
Information Object

Multiple inheritance allows common properties to be
factored out into reusable classes

OWL models can be transformed to other
representations using mappings

Examples of transformations are:
— OWL to XML Schema and XML Vocabularies at NASA

— OWL to UN/CEFACT CCTS (Core Component Technical
Specifications) at the Netherlands Ministry of Justice

14



Work To-date on SmartGrid OWL Models

* Conversions of CIM and IEC Models to OWL
— |[EC61968
— |[EC61970
— EUI Core
— Multispeak V41

 UN/CEFACT approach to generating Schemas

0b



XSD
Complex Type
Scalar Attribute

Reference to
Complex Type

Simple Type

Complex Type
extending Simple

Type
Enumeration

Substitution Group

(Element) Group

Attribute Group

XML Schema (XSD) Constructs are
converted to OWL Constructs

OWL
Class
Datatype Property
Object Property

Two Classes

Two Classes

Class with an
additional class for
members

Class

Class

Class

Values are xsd datatypes

Expressed as a restriction on the OWL Class

One class is for the Simple Type and another subclasses an xsd data
type. An rdf:value property is used to connect the first class to the xsd
datatype subclass.

One class is for the Simple Type and another subclasses an xsd data
type. An rdf:value property is used to connect the first class to the xsd
data type subclass.

OWL oneOf is used for enumerations with less than 100 members. This
could be configured.

The Substitution Group Class is inherited at each occurrence of use

The Element Group Class is inherited at each occurrence of use

The Attribute Group Class is inherited at each occurrence of use

1q



/ Classes

e &

.Navigator_é e Classes &2 ‘
@ rdfs:Resource (591)
@ owl:Ontology (2)

owlThing (113)

& CurrentFlow
Customerfccount
CustomerAgreement
CustomerAuthorisation
DateTimelnterval
EndDeviceEvent
EnergyUsagelnformation
Enumeration (113)

Currency (14)

¥ PhaseConfigurationKind (8)

' QualityOfReading (7)
ReadingKind (22)
ServiceKind (11)
SourceKind (3)
Y Supplierkind (3}
UnitMultiplier (11}
Unitsymbel (34)
IntervalReading
MeterAsset
MeterReading
owl:Mothing
PowerQualitySummary
Reading

ReadingType
ReadingQuality
Seconds
ServiceCategory
ServiceDeliveryPoint
ServiceSupplier
Status
SummaryMeasurement
TariffProfile
UsageSummary

Example of EUI OWL Model

Phase Configuration Kind is an Enumeration

= = 8| [a] EUL2010_06.rdf 53

I<ui:group ui:priority="-10"» <t&esource‘u‘ie‘wtui:resource:"{: fthis }"/» <tuiiResourceFooter tuiire: + o

= O || [ SVN Repositories | T8 Properties 53
S :}35-‘ I_r::J Grouped by Namespace

PhaseConfigurationKind
Annotation Properties

comment Kind of phase configuration. Note that there is an enum
Wires::WindingConnection with values {D, Y, Z, Yn, Zn}. However,
there are many more phase configurations than delta
(threePhaseThreeWire) and wye (threePhaseFour\Wire), which are
defined here.

Other Properties

oneOf [PCK_twoPhaseTwoWire, PCK_onePhaseTwo\Wire,
PCK_onePhaseThreeWire, PCK_twoPhaseThreeWire,
PCEK_threePhaseTwoWire, PCK_threePhaseThreeWire,
PCK_other, PCK_threePhaseFourVire]

subClassOf Enumeration
rdf-value only xsd:string

type Class [owl:Class]

Incoming References

Form | Browser | Diagram | Graph | Form Layout Source Code|

] Error Log | 49 Instances | Bl Domain = Relevant Properties | 3+ SPARQL | @ Imports &3 .

-

m

Properties

o

= <Default Namespace>

I

hasBillingPericd
hasCurrency
hasCurrentDayLastYearNetConsumption
hasCurrentDayMNetConsumption
hasCurrentDayOwverallConsumption
hasCustomerAccount
hasCustomerAgreement
hasCustomerAuthorisation
hasEndDeviceEvent
hasEstimatedLoad
haslntervalReading
hasKind
hasMeterfsset
hasMeterReading
hasMultiplier
hasPeakDemand
hasPhaseConfig
hasPowerQualitySummary
hasPreviousDaylLastYearOverallConsumption
hasPreviousDayMetConsumption
hasPreviousDayOverallConsumption
hasQualityOfReading
hasRatchetDemand

m 3

-

@ = 0 ¥ = 0|58 easket 52| =

B X
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Example 1. Outage Event

Outage Event Class — showing object properties (associations) with blue

icons and datatype properties (attributes) with green icons

//

—

@ OutageEvent

W haszCrewActionEvents : CrewfctionEvents[0.1]
W hasCrewsDispatched : CrewsDispatched[0..1]
Ml hasDevicelD : ObjectRef[0..1]

M hasFeeder : Feeder[0..1]

MM hasMessage : Message[0.1]

[ hasODEventCount : Integer[0..1]

W hasOutageCustomerList : QutageCustomerList[0..1]
[ hasOutageDescription : OutageDescription[0..1]
[ hasOutageEventStatus : OutageEventStatus[0..1]
I hasOutageStatus : OutageStatus[0.1]

W hasOutagedPhase : PhaseCode[0.1]

M hasPriority : Priority[0.1]

[ hasSubstationCode : Substation[0..1]

B actualFault : string[0.1]

B area: string[0.1]

[ crnpleted : anySimpleType[0.1]

B customersAffected : integer[0.1]

M custormersRestored @ integer(0..1]

B deviceType : string[0..1]

[ =TOR : anySimpleType[0.1]

B faultType: string[0.1]

I firstArrival @ anySimpleType[0.1]

I firstDispatch : anySimpleType[0.1]

I firstETA : anySimpleType[0..1]

M i=Planned : boolean[0..1]

8 cutageDefined : anySimpleType[0.1]

[ priorityCustemerCount : integer[0..1]
 problemCode: string[0..1]

M problemlocation @ string[0.1]

B startTime: anySimpleType[0.1]

Outage Event Status —
an example of an
object association

MspQObject

Ml hasComments: Comments[0..1]
[l hasExtensions : Extensions[0..1]
[ hasExtensionsList : ExtensionsList[0..1]

[ hasObjectlD : ObjectlD{1.1]

Ml hasObjectMame : ObjectName[0..1]
Ml hasReplacelD : ObjectID[0.1]

Ml hasVerb : Action[0..1]

MM errorstring @ string[0.1]

B utility : string[0.1]

[ hasldentifiedObject : cpsmildentified Object[0..1

Inheritance

@ OutageEventStatus

[ hasCutageStatus : OutageStatus[0.1]
B crewDispatched : boolean[0..1]

hasReplacelD [0.1]

=\l crewOnSite : boolean[0..1]
M customerFound : boolean[0..1] ;
B =TOR : anySimpleType(0..1] b i
KL -II‘II
a'rl
| D Message | ) CallBackList
SR [ hasAttachments : Attachments[0..1] [ hasMessage : Message[0.1]
ER B eventTime : anySimpleType[0..1] [ hasOutageCustomerlist : OutageCustomerList[0.1]
\H"‘x T .;" e " |mm listenedBy : string[0..1] £ |mm hasCutageDescription : OutageDescription[0..1]
s " .\"}Lu_\‘. B listenedOn : anySimpleType[0..1] [ hasOutagebventID : ObjectiD([0.1]
T _.r'f SRl [ recordlD : string[0.1] [ hasOutageStatus : OutageStatus[0.1]
T y sal, B transcription : string[0.1] _-|mm callBackListType : string[0..1]
\‘“\,_ -
f'r. \H\‘m.
.’; h e

DEE-::i]fgmmi

) OutageCustomerlist

— i
00 QutageDescription

|I- hasQutageCustomer : OutageCustomer
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The Netherlands Ministry of Justice
Message Builder
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Justice Data Exchange covers many Domains of Law

o WA
® Yo —

Traffic

2 Violations
post office

Criminal
.ﬁ. Justice

Child Care -
Protection

O

Drug Abuse

~ .

Seamless data exchanges are challenging:
Unique data requirements exist at courts, police, hospitals, border control, motor vehicle,
local and federal offices.



TopQuadrant™

Y “Living in the XML Ecology”: Challenges

' - al I._' -h
= Addressing the "standards dilemma“

= Too many exchange mechanisms and
standards

= Lack of conformance to XML (and
OWL) Naming and Design Rules

= Brittleness in data models:
= Often very complex,
= Often iIncomprehensible
= Sometimes non-implementable.

#GridInterop

Grid-Interop 20



‘.‘ Ontology-Driven Approach to Message Design

¢ for Interoperability

Solution: Ontology-Based Metadata Workbench:
Transform Domain Models into UN/CEFACT CCTS compliant representation and allow
Business Analysts to assemble business documents for electronic messages from

_ Component Parts.

Core Business Business
Components Information Documents
Entities

XML
> ——e : : Schema
E. . .
* L
oo
o—eo—o
o
- oo
. — @0 —_— — —_—
e
= XML
oo Schema
|
oo

Conceptual Logical Physical
UN/CEFACT NDR




TopQuadrant™

2<q  Creation of XML Message Schemas

) / CCTS Ontologies\
CCTS-Compliant XML Schemas
are generated from the XSP
Document

Business
‘ CCTS XML CCTS XML
/ l SchemaPlus Schema

Rich
Ontologies

Document
Ontologies

Business
Component
Overlay

Core Component

1 Q

1 SPIN Transformation rules CCTS Document Editor XSP Generatlon XSD Generatlon
CCTS XSP
MetaModel MetaModel
“Rich” Ontologies are Acronyms

expressive models of
domains. These include
LKIF and detailed situations

BIE Business Information Entity
CCTS  UN/CEFACT Core Component Technical

Specifications o
of law and legal document LKIF  Legal Knowledge Interchange Format
and procedures. Users create CCTS documents SPIN  SPARQL Inferencing Notation
from BIEs and Core XSLT  XSL Transformations (XSLT) Version 2.0
Components XSP XML SchemaPlus

Grid-Interop 2010



TopQuadrant™

user: John.doe | @ tegeut || ) Refresh |

Metadata Workbench <o

Justitiéle Informatiedienst

MiniSterle van ustiie ontology: | [ Save || ) Rollbeck |
Cora € t | Codali | | 0 I ion Entities Busi D Analysi |
| @ addmD J[ [£] Generate schema |
Business Document n Order | ‘Qualifier | | Property | Representation | Car... Business Document Property
v | o | addrazs | Old_ Adsrass | 1.1
R Address Type Cade Cade D..1 Objact Class Term % ChanceofAddress |
| | | | |
Le | feestarcade [Reads [ Object Class Qualifiar
0= | Prafarrad Addrass Indicatar | o2
\ Ll =1 | | Validity |'\|"ah'd|'|:( | Do Verstan 10 & e
;:} 1 | Start Date Date | 0..1 Definition # Change of Addr=s= Form,
b | r 0= ; i End Data i Data ; L |
TEs Foreign Addres= Structured| Foreign Address Structured| D..1
2 | | : 2 | | Analyst Notes
| L3 | | Location Descrption | Text | D1
Oy= | Stract Hama | Bt
| 3 | | Humber | Humeric | D..1 | Edit | save || Cancel |
Oy | Humber Additian Taset | o
| 0Os | i Zip cod= : Tant | o1
:Es Place Hame Hame D..1
| 0= | State or ragion Hama o4
| L\ 4=} . New Address New Address | 1ot T
| O | | Address Type Coce | code [o.1
0= Courtry Coda Cade D..1
| I A= | | Prafered Addr=ss | Indicator | o1 I
| | | |
I r34 | validity validity | o
| (= | | Forsign Addrass Structurad| Foreign Address Structured 0.1
I »Ms ' Addreszee Person Specification Persoonskenmerk [tz
| | | |
| . ! ! .
| | /N | |
| T
L | ] [ | |
— - L 2 - de | a ke
- Business Business Information Entities that Metadata about the
- Document make up the Business Document Business Document
| | i
|| Filter varsions ] @& | D Add Property
eorc | K

= " ol 108 PM

Example of a User Composing a Business Document from the CCTS Core Vocabula
il

Interop 2010




TopQuadrant™

0:0 Benefits of the MoJ Solution

e Business Benefits

= Accurate and rapid Information Sharing between Organizations
= Agility in response to Legislation Changes

= Data Quality is guaranteed

= Reduced Costs of Message Schema Development

e Technical Benefits

= Direct and flexible Reuse of Data Components
Full Automation of XML Schema creation
Semantic Consistency is preserved and confirmed
Linked Data / traceability SR ek o e i

uthored by: Hary Biersteker and Ralph Hodgson

Version Management = e

[ l . n l
HOME | ARTICLES | MNEWS | BLOGS | RE

xxxxxxx
hhhhh

See Enterprise Data Journal Article for more details on this solution:

«» http://www.enterprisedatajournal.com/article/netherlands-ministry-justice-metadata-workbench-
composing-xml-message-schemas-owl-models.htm
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