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The IEC Common Information Model
(CIM) - What Is It?

* A set of standards in enable system integration and information exchange

based on a common information model
- Provides a general information model and message/file schemas for
messages/ files exchanged between systems

* A key ditferentiator: The CIM standards are based on a Unified Modeling
Language (UML) based information model representing real-world objects
and information entities exchanged within the value chain of the electric
power industry

- Provides common semantics for all information exchanges
Referred to as Model-Driven Integration (MDI)

Not tied to a particular application’s view of the world

* But permits same model to be used by all applications to facilitate information sharing
between applications

Maintained by IEC in Sparx Enterprise Architect modeling tools

Many tools available generating design artifacts and documentation

Enable data access to enterprise data warehouse in a standard way
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GWAUC Stack and the CIM Standards

Interoperability Categories

p
Political and Economic Objectives as

8: EconomiclRegu|atory Pohcy Embodied in Policy and Regulation

A

Strategic and Tactical Objectives

Organizational 7: Business Objectives Shared between Businesses

_ Alignment between Operational Business
\ 6: Business Procedures Processes and Procedures

Awareness of the Business Knowledge
5: Business Context Related to a Specific Interaction

Informational Under§tanding of the Concepts Contained

in the [Message Data Structures

4: Semantic Understanding

gerstanding of Data Structure in
flessages Exchanged between Systems

Mechanism to Exchange Messages between
Multiple Systems across a Variety of Networks

Mechanism to Establish Physical
and Logical Connections between Systems

% XTENSIBLE SOLUT

An ESCO Techno

NS 6

arpam




Smart Grid Conceptual Model - Diving Deeper

-
/ Markets \ / Operations \ /r Service Providers \

Retailer / /" RTONISO (" Transmission \ /  Distribution Ops ) (" Utility Y\ /" Third-Party )
Wholesaler Ops Ops Provider Provider
= | ] DMS Asset P——
7 7 Mgmt cis ; cis
Aggregator | / EMS ﬁ e D 4| ! ] g'g?glly i
! - WAMS eman v ! I |
v \ - Response |\ / MDms | |4 Billing | Provider Billing
Energy Enternrise { Enterprise Enterprice idi
} { \ { _Enterprise [ Home / Building
Market IEC 61976 CIM)| | 1EC 61970 CIM) IEC 61968 CIM) Manager
Clearinghouse \ , ; —
! prem = o — — \\ Aggregator
" ransmission etering istribution
ISO/RTO | | SCADA SCADA System SCADA | —
Participant N =2 - Intemet; Others
Ir&terpeti L . V. // /j’ \Mu‘mgperak— _ e-Business _ —_— j/
\, &-Business / A\ 7 P NAESB ESPI (Green B
. ; =S utton
/ |E@»62§2__5_CJ.K/I I - 7 — /‘\‘1 -0, ESPI ( )
Market / A \ / / Electric E J2847 \
Services Wide Area : Enidi Vehicle
ay R
Interface Networks I;.llelstrsa Services T glslrlbutled
A L - €IWOrks Interface ensration
v i . 1 paa H
— ; i Collector NSI C12
Plant Control e Electric
System —1] | ; o Meter _- Storage
SUEitsgon __ I Substation I Field Premises ot <
4 Cortroter Device EEE 1547 Networks
Generators [~ 2 x . “-qzj B - EP/“ )
\""“"---.--..\.___ . EC 61850 7 : Customer g ;--/S = Appliances
\ Bulk Generation / Substation N oicriboted Equipment [~
Device . istribute - T
D el . Generation b .P- =
N Electric W
O Network ﬁﬁ Storage e - Customer 1 Thermostat
T ) | e - ¢
C_J Actor "Tf—;} 7 IEC 613 ’ EMS
[] pomain Gateway Actor \L Transmission / Distribution _/ \ Cus-tomer _/
~~-.Comms Path e
S~ Comms Path Changes Owner / Domain NIST Smart Grid Framework 1.0 Sept 2009

ST
% XTENSIBLE SOLUTIONS

elogies Company




Role of CIM in Smart Grid Architecture

* CIM standards aim to simplify integration of
components and expand options for supply of
components by standardizing information exchanges

- Reduce complexity with clear consistent semantic modeling
across the enterprise

— Data sources: achieve a clear picture of data mastership in the
enterprise

- Data consumers: make “data of record” available on demand to
qualified users
* CIM employs a canonical data model (CDM) strategy for
standardizing interfaces in the power system
operations and planning domain.
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What is a Canonical Data Model?
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The Common Language Should Provide Relevant
Information To A User Regardless of Source

Engineering
Concerns
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Concerns

+% XTENSIBLE SOLUTIONS

.,
“..-
Yo,
",

Materials
Management
concerns

-,

Concerns

Construction
concerns

| oo
@
shi

Maintenance
Concerns

10



The Common Language Should Provide Relevant
Information To A User Regardless of Source

Engineering Concerns Materials Management Concerns Constiuction Concerns

The logical view of how the type of Planning and tracking material Litecycle information regarding when
equipment fits (will fit) in the requirements for construction and and how to install equipment:
electrical network. Nominal maintenance. Information about e Field Name

configuration of “as-built” and physical pieces of equipment. e Location

“future” states. e  Asset [dentifier e  Equipment Manufacturer/Model
e Field Name e  Compatible Unit e  Compatible Unit

e  Spatial Location e  Equipment Component Type e  Equipment Ratings

e Version e  Equpment Manufacturer/Model e  Work Order

e  Physical Connectivity e  Sernal Number e  Work Design

e Load Projections e Location e Installation Schedule &Budget

e  (Capacity Requirements e  Equipment Location History e  Permits

e Compatible Unit ¢ Manufacturer Specifications e  Manufacturer Specifications

e  Equipment Ratings e  Safety Requirements
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The Needs of Various Users -

Some Same, Some Different (ontnueq

Operations Conceris™™

Real-time condition of equipment and
electrical network necessary to
maintain reliable network operation:

Field Name

Schematics & Spatial Location
Electrical Connectivity
Operational Limits (dynamic)
Equipment Status

Clearances

Network Measurements (voltage,

current, frequency)
Equipment Faults
Weather Measurements
Operational Restrictions

Protection Concerns

Setting and configuring relays based
on equipment and network protection

requirements:

e Field Name

e  Schematics

e  Electrical Comnectivity

e Maximum Capactty

e  Zones Of Protection

e  Equipment Status

e  Clearances

e Network Measurements
(voltage, current, frequency,
transients)

e  Equipment Faults

Mlh‘\"-i-ainte11-a11¢e Concerns

Lifecycle information regarding when
and how equipment 1s maintained:

Field Name

Location

Equipment Manufacturer/Model
Equipment Ratings
Routine Maintenance
Testing & Diagnostics
Procedures

Equipment Condition
Inspection Schedule
Equipment Repair Records
Site Service Records
Maintenance Budget
Safety Requirements

4% XTENSIBLE SOLUTIONS
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Exchanging Common Language Messages Among Systems
Should Provide Relevant Information To Each System That
Is Harmonious With All Other Systems” Information

Service Connection

Reguest
Blah, Blah, Blah,

Organization,
Blah, Blah, Blah

Work
Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

Faa
ey
Tagy
Tay
Tay
ay
LIS
Tay
Ta,
Tagy
a,
“ay
"

Asset Cataloqg

Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

Planned Outage

Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

Maintenance
Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

-
----------
-

LR
l‘--
l‘--
man®
nant®
munt®
munt®
sun®
mun®

----

nn®
----
0ot

.
[
.®
PRy
.
.

Switching Schedule

Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

Meter Reading
Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

Crew
Blah, Blah, Blah,
Organization,

Blah, Blah, Blah

.

.
““

D

Load Data Set
Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

Load Control
Blah, Blah, Blah,
Organization,
Blah, Blah, Blah

For example, in each of the message exchanges depicted above, the same Organization is referenced
for different reasons. There should be NO inconsistencies about this Organization in them!
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For example, a common language-based logical
infrastructure facilitates collaboration among the
many applications involved in Asset Management

Asset Investment Plannin A P M Resource
g sset Program Management Scheduling &
Asset [ Asset Planning Tool ] { Program Mgmt. ] Planning
Strategy
- Equip./Fleet
Budget] [ Load Forecast ] [Work Mgmt. ] [ Portal ]
Asset -
- Reliability -
Portfolios .
Analysis ] [SRCM] [Facmty I&M]

= ” Executive
etwor_ Dashboard [Contract Mgmt.]
Analysis
Contract

[Asset Repository ] Management

e

Revenue ]

- GIS Mobile
Regulatory — Workforce
—

) SCADA _
CRM [Mobile & DispatchingJ Collaborafnon

Financial
)
IVR [ EMS ] [ DMS ] [SA/DA]
~— A
) Design

Customer Management Asset Operations
g, wEIEL OIS T Asset Manager SEIVICERrovide
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Application To Common Language Mapping -
The Typical Field to Field Process Is Cumbersome

* Individual fields of data models
from data sources are mapped to
each other

* Approach does not scale well as
the number of maps grows
exponentially with each new data
source

* Mapping is a challenge as
‘mappers’ must have an in depth
understanding of all relevant data
sources - a tall order!
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Using A Semantic Model To
Simplify & Scale Up The Mapping Process

e What is a Semantic Model?

- The key ingredients that make up a semantic model are a vocabulary of
basic terms, a precise specification of what those terms mean and how
they relate to each other.

e How is it used?

- Before making mappings, a model (or an ontology) of a given business
domain is defined.

- The model is expressed in a knowledge representation language and it
contains business concepts, relationships between them and a set of rules.

- By organizing knowledge in a discrete layer for use by information
systems, semantic models enable communication between computer
systems in a way that is independent of the individual system
technologies, information architectures and applications.

-~ Compared to one-to-one mappings, mapping data sources to a common
semantic model offer a much more scaleable and maintainable way to
manage and integrate enterprise data.

+% XTENSIBLE SOLUTIONS 16




The CIM Semantic Model Provides a Semantic
Layer in an Enterprise Architecture

Composite Applications Business Intelligence
B _wie

< Web Services
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Decoupled Information

Exchange
CIM  App
X.1 Al
X.2
X.3
X.4 A4
X.5 A5

Subscribers:

Each Adapter:

Several Application Adapters Receive The Same Message

Parses Message, Pulling Out Data Needed By Application

Transforms Data (if necessary) to Local Application Format

Passes Data To Local Application And/Or Database
Through Most Appropriate Means

CIM  App
X.1 B.1
X.2 B.2
X3 Subscriber
X.4
X.5
1
_ Grid |
Subscriber Wires i DAC
el |
E =

Outage
Reporjng
- »

CIM  App
- XTI [ C1
Dist X.2 SR
. X.3 C3 upscriper
Wires a | ¢
Mpdel X.5 VRU
\_1 |
_______ l [
I Distribution
Automation CIS
)
| B B |

Event History
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‘AM/FM/GlS I

Human
Resources

Subscriber (

App CIM|

Y.1l
Y.2
Y.3
Y.4
Y.5

X.1
X.2
X.3
X.4
X.5

Publishe

)
Management

Substation
Automation

(V)
Data
Warehouse

Publishers:

One Application Connector:

Obtains Data From Application And/Or Database
Transforms Data (if necessary) to the “Common

Language” (a Canonical Data Model)
Puts Data Into Message Template

Publishes The Message (Fires & Forgets)
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The CIM and Related Standards

* The CIM standards are more than just an abstract
information model (or CDM) expressed in UML

* Profiles for specifying a subset of the CIM classes and
attributes for a specific business context at a specific
system interface or system interaction

* Implementation models

- Use of XML to create serialized files and messages
* RDF Schema-based standards for power system model exchange
* XML Schema-based standards for information message payloads

— ETL based on CIM for data base access
e DDLs for data tables

+% XTENSIBLE SOLUTIONS
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We Need An Organizing Framework

* Layered Reference Architecture for TC57

- See 62357-1: Reference Architecture for Power System Information
Exchange, First Edition

 Based on UN/CEFACT

- Information Model
— Contextual Model
— Message Syntax
* Rules for Message Assembly

+% XTENSIBLE SOLUTIONS 20



GWAC Stack - Not an IT Architecture for
the CIM Standards

Interoperability Categories

p
Political and Economic Objectives as
8: Economic/ReguIatory po|icy Embodied in Policy and Regulation
= < _ Y Strategic and Tactical Objectives
Organizational 7: Business Objectives Shared between Businesses
: Alignment between Operational Business
\ 6: Business Procedures Processes and Procedures

Awareness of the Business Knowledge
5: Business Context Related to a Specific Interaction

Informational Under§tanding of the Concepts Contained

in the [Message Data Structures

4: Semantic Understanding

gerstanding of Data Structure in
(lessages Exchanged between Systems

Mechanism to Exchange Messages between
Multiple Systems across a Variety of Networks
2chnical

Mechanism to Establish Physical
and Logical Connections between Systems

% XTENSIBLE SOLUT
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CIM Layered Architecture

Information and Semantic Models

CIM UML

Information Model

* Generalized model of all utility objects and their
relationships

 Application independent, but defines all concepts
needed for any application

Context

Profiles

Contextual layer restricts information

model

Specifies which part of CIM is used for given profile
Mandatory and optional

Restrictions

But cannot add to information model

Message Syntax :
Message/File

Format
(XSD, RDF
Schema, OWL)

Message syntax describes format for

instance data

« Serialization of instance data

» Can re-label elements

» Change associations to define single structure for
message payloads

» Mappings to various technologies can be defined

%< XTENSIBLE SOLUTIONS
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Layered Architecture for CIM Standards

Information

CIM Ext

Context
CPSM WG 14 Other UML
Profile Profiles Profiles Modelling
| } } Rules
Xsessesn?gﬁl WG 13 WG 14 Logical
File Message Messages
Structure Structure Schemas
Exchange i
Schema . i
] ............. ( g

[ O S— S C’he'ma' ......................
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From

Information
Model to

Syntactic Model

UML World

Informatior
Semantic

Model

Context/ _

Profiles

Message._
Assembly

_Organisation
ode (1) : String {Code

{Codelist)

Abstract
Mo:d el

XML Syntactic World

ST
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Message-—
Syntax

<?xml version="1.0" encoding="UTF-8"?>
<xsd:element
name=« MT_EnergyTransaction">
<xsd:sequence>
<xsd:element
name=« EnergyTransaction"/>
<xsd:sequence>
<xsd:element name=« Name"/>
<xsd:element name=« Type"/>
</xsd:sequence>
</xsd:element>

v
Syntactic
Model
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Information/Semantic Model Expressed in UML
(Unified Modeling Language) Notation

Class Name usually describes things in the real world

DoculrgRole
pHolaType - Sirng

Dhos Liment | Organisation_
i | Sl aonda | S
: asiblodifed | Daila Timss I F T Fhlllr?l:l
ﬁ1;-:.:l'l51 ::'»!rllm.i ! H.:HII‘IN-HEI'I'E' :;glrlnu
=l L 1 rs
. i .'leluIHL.E'.lulq ' :’:;Eltil-:l'ﬁlEKL:tu!- 5'.i!|'l\.|
Class Att“butes descnbe .-IH'h‘IhIIJ.IINI.IIIII'JHI Sring S e E-ll.lll'_'|
. e. . it Siring gmode - Sinng
significant aspects about the thing )
—
e \i Energy Transaction
. . . . . . i Sirirg
This Specialization indicates that an osihodified : DateTime AreaOrgRole
“ . ” Slalus ; Siring —_— - —r =
EnergyTransaction” is a type of Subjeci : Strng el SolclsType - Shing
“ _— . ” 1@ SR TaiTsE | ST
Document.” “EnergyTransaction P SN e Biring zﬂ.u Swing
inherits all of the attributes from Document a0 \
*-"d.rﬂ-\.::-ll F.-'!IIIIE|
T Area Associations

Aggregation is a variant of Association and |——— | %" e e T connect
indicates a class is a_collection or co_ntainer | ..--JEEEE:EWTHE T classes and
of other classes, but if the container is #StanCate | DateTome = Agreement are
d d t t t t s+EndDate | Daba Time A | Siring i
estroyed, its contents are not. - B atibyect - Siring assigned a

/ \n__n role that

ActivityRec ProfileDat describes the
i:hr-rllll.lll-:?al&::'““:.?al'el e relationship

iDaElE - Dala Timsa
Lapactyleval | Povaar

W
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Abstract

Informatior Model
From Semantic
Information Model
Model to
Syntactic Model
Context/ _
Profiles
UML World
XML Syntactic World
i
Syntactic
Model
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Context/Profiles

EnergyTransaction

&name (1) - String {length = 6)
%LastMam |ed( ) DateTime

®Status (1) : String —
gSub]ect Slrmg - _Organisation

type : String 1 code (1) - String {Codelist
&RevisionNumber (1) : String {maxlenght = 4} 1 el a ]
wptitle : String

®pstate - Boolean
mpreason : String
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Abstract

Informatiol Model
From Semantic
Information Model
Model to
Syntactic Model
Context/ _
Profiles
UML WOI‘|d Message_< T
Assembly
XML Syntactic World
v
Syntactic
Model

%% XTENSIBLE SOLUTIONS
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Message Assembly

VerbNounTypeMessage

/

ControlArea

#verb - String
anoun - String

DA
e XTENSIBLE SOLUTIONS
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MessagePayload

I

EnergyTransaction

trlﬂll'ﬂ: (1) = Sinng {length = 5}
LasthModified (1) : DataTime
Slatus (1) @ Sinng
e Subject - String
Reiype - String
ReavisionMumbear {1} : Stnng {maxlenght = 4}
Eptitle : String
zalam : Boolean
Maason Etrlng
Ry Organisation.code (1) : String {codelisi}

72



From

Information
Model to

Syntactic Model

UML World

Informatior
Semantic

Model

Context/ _

Profiles

Message._
Assembly

_Organisation
ode (1) : String {Code

{Codelist)

Abstract
Mo:d el

XML Syntactic World

ST
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Message-—
Syntax

<?xml version="1.0" encoding="UTF-8"?>
<xsd:element
name=« MT_EnergyTransaction">
<xsd:sequence>
<xsd:element
name=« EnergyTransaction"/>
<xsd:sequence>
<xsd:element name=« Name"/>
<xsd:element name=« Type"/>
</xsd:sequence>
</xsd:element>

v
Syntactic
Model
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To Summarize

e The CIM is an abstract information model standard
expressed in UML.

* Profiles specitying a subset of the CIM classes and
attributes for specific business context

* Implementation technologies, such as use of XML to
create serialized files and messages

- Standards for power system models
- Standards for information message payloads

e Also, the CIM UML can be extended

- Standard extensions for new functional areas
- Private extensions for specific utility requirements

+% XTENSIBLE SOLUTIONS 31




Let’s look at each layer of the CIM

standards

Information and Semantic Models

CIM UML

Information Model
» Generalized model of all utility objects and their

relationships
 Application independent, but defines all concepts
needed for any application

Context

Profiles

Contextual layer restricts information

model

Specifies which part of CIM is used for given profile
Mandatory and optional

Restrictions

But cannot add to information model

Message Syntax

Message/File
Format
(XSD, RDF
Schema, OWL)

Message syntax describes format for

instance data

» Can re-label elements

» Change associations to define single structure for
message payloads

» Mappings to various technologies can be defined

% XTENSIBLE SOLUTIONS
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Foundational Relationships Of The CIM

PowerSystemResource Organisation
Electrical Network Role Used For Entities Performing Roles Such

Planning, Operations, etc. As Operations, Tax Authority

Such As A Transformer, Pole, etc.

| Asse_t_ Person
Physical Plant Filling A Role People Performing Roles Such

Dispatcher, Field Operator, etc.

Location
Where To Find Something By
GPS, Address, Electronically, etc.

Customer
Industrial, Commercial, & Residential
Which Can Have Multiple Accounts

Document
Information Containers Such As
Trouble Ticket, Work Orders, etc.

%%+ XTENSIBLE SOLUTIONS =




TC 57 Organization and Formal Liaisons

UCA International
User groups

WG19
Architecture

: CIM/ 61850
LTREF T Harmonization
i JET . .‘.._I ’
UN/CEEACT
IEC| TC57
————— ]

Conveners IEEE
Advisory Group PES PSCC
CAG Securi
e b IX WG3 WG20 SubCont1ym

Power Line
Carrier

Telecontrol
Protocols

WG21
Grid System
Interfaces

T
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IEC TC57 CIM Packages

class PackageDependencies /
WGl?) IEC61970 { TC57CIM :CombinedVersion
TransmiSSion B [\ ‘ : \?:::lzosét;r[?r;.;][oz f]ol]l;gs;;go{(r;r?ﬂcﬁ\nfg} freadanly}
EMS/Plannin N dromTesaom) N ' 'l
S/ a g ! | |
Interfaces | | \
] i '..
| | "\ IEC61970:IIEC61970CIMYersion
i | \ {root}
I I \
| ! N\ + date: Date[0..1] = 2011-03-10 {readnly}
! \\ + wersion: String [0..1] = I[ECE1970CIM 1521 {readanly}
)
r I|I \I
WG14 I IEC61968 ‘ IEC61968::IEC61968CIMVersion
]
DMS | ‘ + date: Date [0..1] = 2011-03-01 {readonly}
Interfaces .'I I,' — - + wersion: String [0.1] = IECE1968CIM 1 1w09 {readnly}
{ 4l from TCsACIM) 1
k | i &
| | / Iy
I I H"f Jr"l IEC62325 [IEC62325CIMVersion
| |
s .' o N N + date: Date [0..1] = 2011-03-01 {readOnly}
WG16 } IEC62I325 | / + wersion: String [0.1] = [ECE2325CIMO1w03b {readonly}
/
Deregulated /
. ."r
Market N /
. . ~ (from TS 7o) /,1 f PackageDependenciesCIMVersion
\_Communications \ i i
T I} / + date: Date [0..1] = 2011-05-02 {readdnly}
o, / / + wersion: 3tring [0..1] = 4 {readdnly}
BN ! /
N / /
™ / /
T / f

PackageDependencies |

(Trom TC5 70iM)

-
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WG13 CIM Packages - 61970

class Main 7

IEC61970CIMVersion

{root}

+ date: Date [0.1]=2011-03-10{readCnly}
+ wersion: String [0..1]=[EC&1970CIM 15w 2] {readOnly}

LoadModel | |0utage |

Protecti l
| ‘ ‘ g ct1on | ControlArea |
hs I £
N £
\ ] r
| /!
A . L]
by | 4 s \
\
\\ | J,r/ Generation 4 \
N 7 v g
A | £ L ""
) | / N 3
\ | / - - . SCADA
Ny TR e (FromSeneration L) !
4 % - =" \
- = - \
Wires ‘: _ _| GenerationDynamics \
Equivalents N ) i \
== - £ (f# o Cerer atior) \
- \
S !
| ~.
1 T \-
1 ~. \
1 "~ | Contingency \

\
\
OperationalLimits Topology M
eas
&Y e
~ !
~ s
Core
P
=

Dormain

C Lo

o

%5 XTENSIBLE SOLUTIONS
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WG14 CIM Packages - 61968

pkg Main /

Common Locations Domain2

Operations

Parts 3, 4 (and 5?)

Assets |_ AssetsLinear AssetsPointOriented AssetM odels TypeAsset

Part 4

Planning

Parts (5 and 7)?

Work
Part 6
Customers
Part 8
M etering LoadControl PaymentM etering
Part 9
ERPS upport |_ GM LS upport |_
Part 10?

prorrs
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WG16 CIM Market Extensions

pkg IEC62325

IEC62325CIMVersion

+ date: Date[0..1] = 2011-03-01
+ wversion: String [0..1] = IEC62325CIMO1v03H

MarketOperations Financial Reservation ‘ EnergyScheduling
[ ] + CongestionRev enueRights = + ControlAreaOperator [§ + ServicePoint + AreaRes erv éspec
] + Domain E + CustomerConsumer + TiePoint [& + CurrentEmer gencyScheduledinterchange
: + Interchangeschedule =— + GenerationProvider = TransmissionPath + CurrentScheduledinterchange
; + MarketPlan E + IntSchedAgr eement EI—; + CurtailmentProfile
: + Market QualitySystem = +Marketer + Dynamicschedule
_— + MarketSystem ; + OpenAccessProduct EI—; + Ener gyProduct
; + Participantinter faces E + TransmissionProduct EI—; + Ener gyProfile
: + ReferenceData = + TransmissionProvider + EnergyTransaction
EI—; + HostContr ol Ar ea
+ HostContr ol Ar eaSolutionData
EI—; + InadvertentAccount
+ InternalControl Area

B + LossProfile

B + Profile

ﬁ + ProfileData

B + SubControlArea

+ TielLine

= TransmissionCorridor
B+ TransmissionReservation
B + TransmissionRightO fivay
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Concepts: Generalization/Inheritance

class DocumentationExamplelnheritance o Breaker: SpeCialization Of
e ProtectedSwitch
PowerSystemResource o
- i e ProtectedSwitch:
- Specialization of Switch
Equipment 5 . . .
V- Rolease 14 * Switch: Specialization of
CZ% j PowerTransformer ConduCtlng Equlpment
ConductingEquipment |, _—— * ConductingEquipment:
4 Release 15 B ;
Specialization of
" Equipment
1 * Equipment: Specialization

ProtectedSwitch

of PowerSystem Resource

i

Breaker

ol
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class InheritanceHierarchy /

Equipment

IdentifiedObject

Inheritance I

Core:: <3
H [ ] ] PowerSystemResource <
5 V\ TapCh
VoltageControlZone
Core::
ConnectivityNodeContainer <=

B Core:: <] .
| C(.)re.. . < . — EquipmentContainer Core::Substation
quipmen A ‘ N7
Core::Voltagelevel

Core:: <}

ConductingEquipment

SeriesCompensator

ACLineSegment

Rectifierinverter

=

ShuntCompensator

FrequencyConverter

StaticVarCompensator

N/

| PowerTransformer

RotatingMachine
\X

SynchronousMachine|

AsynchronousMachine

For subclasses of Switch
refer to diagram
SwitchingEquipment
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Naming
Hierarchy 1

#% XTENSIBLE SOLUTIONS
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class NamingHierarchyPart1 /

Core::ldentifiedObject

— >+ ali

+ mRID: String [0..1]
+ name: String [0..1] <

asName: String [0..1]

GeographicalRegion

Core::

Core::
ConnectivityNodeContainer

D Core::
PowerSystemResource

+Region VO0..1

+Regions | 0..*

SubGeographicalRegion

Core::

+Substation

0..1

+Substations | O..

<> EKJrRegion
+Region |0..1 0\

+Lines 0..*

Core::
EquipmentContainer

JAYAYAY

Line

*

Core::

Substation

+Substation | 1

+Voltagelevels | 0..*

Core::

Voltagelevel

+Voltagelevel

0..1

0..% +Bays

Core::

+Bays Q..*

Bay

+EquipmentContainer

1

0..1

+Equipments ™

0.* Core::

Equipment

Plant
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class NamingHierarchyPartZ/

Naming
Hierarchy 2

+ name: String [0..1]

g

. [+Measurements
Meas:: Core::
Measurement |, . 0..1 PowerSystemResource
+Power SystemResource v\

CompositeSwitch Core::
Equipment
0..1 tCompositeSwitch
Production::GeneratingUnit
+GeneratingUnit | 0..1
+SynchronousMachines | 1..*
RotatingMachine<'_SynchronousMachine
+Switches
i Core::
RElich {>ConductingEquipment

AR

RegulatingCondEq

Disconnector
iGroundDisconnector StaticvarCompensator

DCLineSegment
ACLineSegment

ProtectedSwitch FrequencyConverter,

LoadBreakSwitch

BusbarSection
-Junction

ShuntCompensator

EnergyConsumer

SeriesCompensator

EnergySource
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Connectivity [
Core:: <

and IdentifiedObject

f
Topology

PowerSystemResource

MO del Aﬁ f_} \\/2 +Measurergents 0.
~ -
II."II || N 0.1  +Terminal
/

/ | Core:: L
I|IIIII [ Equipment ) Core:: 1.7 +Terminal
Iu" || +Terminals erminal \
/ & I i
/ [ . . ~+Terminal
IIIII.' || +CanductingEquipment 1~ +Terminals ‘ O"w\\ 0.1
0.¥ h
III,"I || (?DFEZZ ) | / BusMameMarker
/ | ConductingEquipment Bus/Eranch bus

+ConnectivityMNode | . : e
narning specificaiton

static model.

|"I | Core::
+ConnectivityModes g« | Connectivity Node

s —
|| +Con gty ModeContainer =
__,_,——"'_'_ T =0
i | + -
Core: 1 +ConnectivityModes || o..
ConnectivityNodeContainer Lals |V G II o1 SWIt.Ch,-"NDdE
— 0.1 static Model
0.1 T+ Topological .
palogicalNode +TopologicalMode
| +ConnectivityModeCont ainer 0. /:_/ polog
| TopologicalNodef— |
+TopologicalModes | 1.¢ | 0.1 T Eeee—
Core:: +4ngleRef_TopologicalNode Buls,-fB;randch o
EquipmentC ontainer calculated Mode

+Topologicallsland | 1

<> 0.1 +AngleRef_Topologicallsland

Topologicallsland

ControlArea::ControlArea

+ netlnterchange: ActivePower [0..1]
pTolerance: ActivePower [0..7]
+ type ControlareaTypekind [0..1]

a
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Converting a Circuit to CIM Objects

* Example to show how voltage levels, current
transformers, power transformers and generators are

modelled

* Circuit contains a single generating source, load, line and

busbar. The circuit also contains two power transformers
resulting in three voltage levels of 17kV, 33kV and 132kV

Taken from Alan McMorran, Common Information Model Primer: First Edition., EPRI, Palo Alto,
CA: 2011, 1024449

+% XTENSIBLE SOLUTIONS
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Example Circuit as a Single Line Diagram

EnergyConsumer

Breaker

| 17kV
i
|
I
: @) CT17kV
[ Breaker | "
i :l Breaker 17 kV
[ GeneratingUnit |
i
- \\l\
[ SynchronousMachine r

ST
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______________________________

J ACLineSegment ]

( Breaker ]

_________________________

BusbarSection ]

Generator Alpha Current measurement
"\ represented by

I

I

I

: Measurement connected
I to Terminal

|
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Representing a Power Transformer as
CIM Obijects

* A power transformer is not mapped to a single CIM class
- Represented by a number of classes

- Two-winding power transformer becomes two
TransformerWinding objects within a PowerTransformer
container

* If a tap changer is present to control one of the windings

- An instance of the TapChanger class is associated with that
particular winding

-~ Also contained within the PowerTransformer instance

+% XTENSIBLE SOLUTIONS
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Transformer Class Diagram
pre-CIM Release 15

Shell of transformer, containing
windings, insulation, magnetic
core, etc.

PowerSystemResource

Inherits from Equipment,
since does not conduct
electricity

Equipment

A\

| |

PowerTransformer

ConductingEquipment

Part of TransformerWinding,
not separate piece of
equipment

Terminal TransformerWinding

Physically connected to
network and conducts
electricity, so inherits from
ConductingEquipment

TapChanger

prorrs
2 XTENSIBLE SOLUTIONS 4




Transformer Instance for Transformer 17-33
pre-Release 15

e Transformer 17-33 is
represented as four CIM

f Lo, objects

PowerTransformer /

TransformerWinding ]

Transformer 17-33 [ Terminal ]

e Connections from the
transformer to the
network are made from

N the windings via Terminal

TransformerWinding

[ TapChanger )

_*.«

[ Terminal ]

pre 2.
7 XTENSIBLE SOLUTIONS *




Transformer Class Diagram
CIM Release 15

PowerSystemResource ConductingEquipment with
associations to types of
TransformerEnds for
Ea electrical connectivity
quipment
ConductingEquipmenlt ConductingEquipment
( Winding terminal for
Terminal - balanced transformer model
Terminals PowerTransformer .
0. network connection
erminal
1 PowerTransformer PowerTransformer
ul 0.1

TransformerTank added for
Transformerilig PowerTransformerEoTil 'IérﬁpsformerTanks distribution transformer

windings so each phase

T fi rEnd P Transfi End Ti fi Tank AT
£ ransformerEn <7 owerTransformerEn ransformerTan —_ winding could be modeled
TransformerEnd. oo immrri nsformerEnd TransformerTanks
0.* IoIransformerEnd TransformerTankEnd 0.1
- 1“"‘.‘ . . .
Starimpedan R Winding terminal for
= B TransformetiS nbalanced transformer
TransformerStar 0. ToMe3sh{mpedance ) u S .
Impedance 0.% model network connection
TransformerMesh
CoreAdmittance Impedance
0.1
Transformarcinl Previously included in
Admittance Winding class

ST
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Balanced Transformer Model

ConductingEquipment

ConductingEquipment

1

Terminal -

Terminals PowerTransformer

0"‘.':

PowerTransformer
1 Contains legacy attributes for
resistance, reactance,
TransformerEnd PowerTransformerEnd conductance, susceptance,

0..* 0.*

TransformerEnd PowerTransformerEnd

TransformerEnd

FromTransformerEnd

ToTransformerEnd
Al

FromMeshimpedance

’0§\ Tol:fleshlmpedance

TransformerMesh
Impedance

For backward compatibility,
can consider as optional

oreAdmittance
0.1

TransformerCore
Admittance

VT
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Balanced Transformer Instance for
Transformer 17-33 - Release 15

Transformer 17-33 is represented

Transformer 17-33 Terminal as four CIM objects plus
optional objects
VA

r 7 \ Connections from the transformer
PowerTransformer
/ to the network are made
PowerTransformerEnd | \ directly from the
PowerTransformer via
TransformerMesh

association to
PowerTransformerEnd

Impedance

<\

| PowerTransformerEn
TransformerCore

I RatioTapChanger l
Admittance
l Terminal |

-
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Unbalanced Distribution Transformer with
Multiple Tanks Instance Example

Terminal
phases : ABC

rPowerTransformer Ty e - \\ S S )
rTransforms.-erank / | rTransformerTank ‘| ) rTransformerTank‘ \\ )
TransformerTankEnd TransformerTankEnd TransformerTankEnd
phases: A phases : B phases: C

| TransformerMesh
Impedance

| TransformerMesh
Impedance

TransformerMesh
Impedance

TransformerTankEn
phases : C

TransformerTankEn
phases: B

TransformerTankEn
phases: A

TransformerCore
Admittance

TransformerCore
Admittance

TransformerCore
Admittance

—_—
— —
—_—

Terminal
phases : ABC

T
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Example Circuit with Full CIM Mappings

© ConnactivityNode Linel ]

O Terminal ACLineSegment

e ‘___________1*-.,_--—] e Maps to

Substation
BaseVoltage - 17 CIM Classes
132KV
:j - 45 CIM objects

VoltageLevel
EnergyConsumer
e Could be
extended further
with addition of
objects for

™ P

BaseVoltage

PowerTransformerEnd

TransformerMesh
Impedance

PowerTransformerknd

- control areas

Transformer o eqU.lpment
I Core Core
Admittance Admittance
I .
units

- generation and
load curves

- asset data

Generator Alpha
SynchronousMachine

GeneratingUnit

ke

|

|

|

1

|

|

|

|

j

|

|

|

|

|

|

:

: . . owners
BaseVolta 0 I
C”'“’ S k | — measurement

- |
|

|

|

|

|

|

|

|

|

|

|

|

|

|

I

VT
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How The CIM Handles Location For Logical Devices And/Or
The Physical Asset Performing The Device’s Role

class AssetsOverview /
: ; ; ; idam iffedb et
1dermifedObject| | pocetinfo +AssetModel idermifiedObject AssetFunction
+AssetDatasheet | Assetinfo AssetModel
_— 0.1 0.1 + configlDc String [0.0]
~ 0.1 + firmwarelD: String [0..1]
/ +hssetinfo | 0.1 + hardwarelCr String [0..1]
+P0werSyst-émResource s ot Str|rjg 1]
—— + programiC: String [0..1]
idernifiedObject| .,
Core:- ProductAssetModel
PowerSystemResource K .
+ corporatestandardind: CorporateStandardkind [0.1]] 4 productéssetModel  +Manufacturer |@r garisationRole
+P0werSystemResourceses]:uuo..*. 0. o i SieeE " Manufacturer
L + madelversion: String [0..1] 0. 0.1
ey + usageKind: AssetModelUsagekind [0..1]
\\\ + weightTotal: Weight [0..1]
\\\\\
.
ey + A5 e |0
“ R
) . +Assets +0rganisationRoles it
+L0cat|0n|0..1 P Assets Jdtertti FedlObject 9 Or ganisationfole
N - . " « AssetOrganisationRole
tdentifiedDbject o Asset 0.. 0.
Common::Location + acceptanceTest: AcceptanceTest [0.1]
+ direction: String [0.1] + critical: Boolean [0..0]
+ electronicAddress ElectronicAddress [0..1] + electronicaddress: Electronicaddress [0..7]
+ geoinfoReference: String [0..1] +location +Assets |+ initialCondition: String [0..1]
+ mainAaddress: StreetAaddress [0.1] - B wF |.n|t|aILossC.)ﬂ_|fe: PerCertt [0..1] AssetOwner
+ phonel: TelephoreNurmber [0..1] .- LU+ Jifecycle: LifecycleDate [0.]
+ phonez TelephoneMurnber [0..1] & IotNumber..St.rmg [©.1]
+ secondaryaddress: StreetAddress [0..0] + purchasePrice: Money [0.1] +ASSEtS
+ status Starus [0.1] + serialNumber: String [0..7]
+ type: String 0.1] + status: Status [0.1] 1,
+ type String [0..0]
+ utcHurber: String [0..1]
0.1 |+ AssetContainer
ComMedia AssetContainer
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Common Concepts in 61968 CIM

class CommonOverview/
- fdentified biect +location 01 e tifiedObfact
Location CoordinateSystem
o, % +CoordinateSystem
+ direction: String [0..1] + crsldrn: String [0..7] . A
+ electronicAddress: ElectronicAddress [0..7] PositionPoint
+ geo.lnfoReference: String [0..7] +Location +PositionFaints | 4 sequenceMurmber: Integer [0.1]
+ mainfiddress: Streetfddress [00.1] B on: String [0.1]
+ phonel: TelephoneMumber [0..1] 1 o e 09
+ wPosition: String [0..7]
+ phone2: TelephoneMumber [0..1] o .
) + zPosition: String [0..7]
+ secondaryfddress: Streetfddress [00.1] +ChangedLacation
+ status: Status[0.1]
+  type: String [0..7] 0.1
fdentified biect
Organisation
N fdentifiedObject P
+ electronicAddress: ElectronicAddress [0..1] [t @ rganisation +Roles N +ChangedOrganisationRole
OrganisationRole
+ phonel: TelephoneMumber [0..1] 0.1 o 0.1
+ phone2: TelephoneMumber [0..1] O el u
+ postalfddress: Postalfddress [00.7] tUrganisations
+ strestiddress: Streetfddress [0.7] 0w
«informatives
+ActivityRecords IdentifiedObject
IdentifiedCiect o ActivityRecord
Document D + createdDateTime DateTime [0..7]
TUOCUMENS  informatives 0" 4 reason: String [0.7]
+ createdDateTime DateTime [0..7] - 4
L v String [00.7]
+ docStatus: Status [007] o0." +ActivityRecords status: Status [0, 1]
+ electronichddress: Electronichddress [(..1 + type String [0.1]
+ lastModifiedDateTirme: DateTime [0 1]
+ revisionMumber: String [0..7]
+ status: Status [00.7]
+ subject: String [0.7] +ChangedDocurment +ConfigurationEvents
+ title: String [0.1] 0.1 ConfigurationEvent !
+  type String [0.1] : . - 0.
0%+  effectiveDateTirne: DateTirme [0.7]
Z% +ConfigurationEvents | +  rrodifiedBy: String [0.1] o
‘ et SOiEeell +éonfigurationE\.rents
Agreement TimeSchedule {oertifieabject
TimePoint
+ signDate: Date [0.7] + disabled: Eoolean [0, 7] .
+Timeschedul (O » -
+ walidityInterval: DateTimelnterval [0..7] + offset: Seconds [0.1] e e + dateTime: DateTime [0..1]
+ recurrencePattern: String [0 1] 1 +TimePoints + relativeTimelnterval: Seconds [0.1]
+ recurrencePeriod: Seconds [0..7] + seguenceMumber: Integer [0..1]
STy + schedulelnterval: DateTimelnterval [0.7] + status: Status [0.1]
oy T x s +  window: DateTimelnterval 0.1
“oogr ATENSIBLE SOLUTIONS o1
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Types Of Document Relationship Inherited

By All Assets

AssetModel

gnumber : String
gversion : Stiing

QualificationRequirement

¢qualificationl D : String

AssetProperty

gpropertyType : String
&propertyValue : String
&units : String

4% XTENSIBLE SOLUTIONS
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Document
{fram DocumentationPa.. )

e

AssetRating

oratingType : String
&property : String
¢ratingValue : Float
&units : String

MaintenanceProcedure

&type : Stiing

InspectionRoutine
(from Assetsins pection)

PowerSystem
Resource
(from Core)
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Activity Records

History

0.1

ErpContact
{from ERP _Support)

0..n

0..n

ActivityRecord

@createdOn - AbsoluteDateTime
@status : String

gstatusReason : String
gremarks : String

Organisation
{from Topley elPackage)

0.n

PowerSystem
Resource
{from Care)

ST
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1

Assat
{from AssetBasics)

Customer

{from ConsumerPackage)

Work

f rom WaorklnitiationPacl..)

0..1
WorkTask
{from WorkDesignPackage

0.n

Location
(from LocationPackage




CIM UML Release Cycles

* 61970 CIM UML tries for annual release cycle
* Basis for IEC 61970-301 CIM Base Fifth Edition

* Word document auto-generated from the UML electronic model

* Information system and Profile documents are synchronized with
UML model release

* 61968 CIM UML different update cycles
* Basis for IEC 61968-11 CIM Distribution Information Exchange
Model
* 62325 CIM UML on another update cycle
* Basis for IEC 62325-301 CIM for Deregulated Markets

* Complete CIM UML available as a combined model on CIMug
Sharepoint site:

- Title: draft CIM16 + DCIM12 + MCIMO02
—~ Name: 1ec61970cim16v13 1ec61968cim12v05 1ec62325cim02v05

+% XTENSIBLE SOLUTIONS 58


http://cimug.ucaiug.org/CIM Model Releases/iec61970cim16v13_iec61968cim12v05_iec62325cim02v05.zip

CIM UML in Enterprise Architect

* The CIM UML model is maintained in Sparx Enterprise
Architect (EA)

e Current Official CIM Release 15 UML Model
- 1ec61970cim15v33 iec61968cim11v13 iec62325¢cim01v07

e Go to UML model in EA

+% XTENSIBLE SOLUTIONS
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* End of presentation

4
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