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Abstract

The Common Information Model (CIM) is an object-oriented representation of a
power system used primarily as a data exchange format for power system
operational control systems and as a common semantic model to facilitate enterprise
application integration. The CIM has the potential to be used as much more than an
intermediary exchange language and this thesis explores the use of the CIM as the
core of a power systems toolkit for storing, processing, extracting and exchanging
data directly as CIM objects.

This thesis looks at the evolving nature of the CIM standard and proposes a number
of extensions to support the use of the CIM in the UK power industry while
maintaining, where possible, backwards compatibility with the IEC standard. The
challenges in storing and processing large power system network models as native
objects without sacrificing reliability and robustness are discussed and solutions

proposed.

A number of applications of this CIM software framework are described in this
thesis aimed at facilitating the use of the CIM for exchanging data for network
planning and operations. The development of novel algorithms is described that use
the underlying CIM class structure to convert power system network data in a CIM
format to the native, proprietary format of an external analysis application. The
problem of validating CIM data against pre-defined profiles and the deficiencies of
existing validation techniques is discussed. A novel validation system based on the
CIM software framework is proposed that provides a means of performing a level
of validation beyond any existing tools. Algorithms to allow the integration of
independent power system network models in a CIM format are proposed that

allow the automatic identification and removal of overlapping areas and integration

of neighbouring networks.

The development of an application to dynamically generate network diagrams of
power system network models in CIM format via the novel application of existing,
generic data visualisation tools is described. The use of web application
technologies to create a remotely-accessible tool for creating power system network

models in CIM format is described.

Each of these applications supports a stage of the planning process allowing both
planning and operational engineers to create, exchange and use data in the CIM

format by providing tools with a native CIM architecture that can adapt to the
evolving CIM standard.
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1 Introduction

I.1 Motivation and Context for Research

Since deregulation, both in the UK and internationally, there has been an increasing
need for power companies to exchange data on a regular basis. This is to ensure the
reliable operation of the interconnected power networks owned and operated by a
number of different utilities. = Power companies use a variety of different formats
to store their data, whether it be asset and work scheduling information in a
proprietary internal schema within a database, topological power system network

data within a control system, or static files used by simulation software.

While much of this data is only required within a company, there is often a need to
exchange the data both internally between different applications and externally
with other companies. The large number of proprietary formats used by these
applications requires a myriad of translators to import and export the data between
multiple systems. This exponential growth in complexity when integrating
increasing numbers of applications and exchanging between multiple companies
has driven the requirement for a common format that covers all the areas of data

exchange in the power electrical domain.

The IEC standard 61970-301 [1] is a semantic model that describes the components
of a power system at an electrical level and the relationships between each

component. The IEC 61968 [2] extends this model to cover the other aspects of
power system software data exchange such as asset tracking, work scheduling and
customer billing. These two standards, 61970-301 and 61968 are collectively known
as the Common Information Model (CIM) for power systems and currently have
two primary uses: to facilitate the exchange of power system network data between

companies; and to allow the exchange of data between applications within a

company.

The development of the CIM has primarily taken place in North America, where the
North American Electric Reliability Council (NERC) has adopted the CIM as the
format for exchanging network data between transmission companies. The majority

of the application integration activities have similarly taken place within North

American utilities.



This has resulted in aspects of the CIM’s design being focussed on the needs of
American utilities, which do not always correspond directly with those of the UK
transmission and distribution companies. While network operators in the UK are
also required to exchange information, unlike their North American counterparts

the regulator in the UK has not specified a standard format the utilities must use.
The Grid Code[3] defines the data that must be exchanged between system

operators but does not state the format or medium that must be used.

The first part of this thesis discusses possible changes and extensions to the CIM to
allow the representation of data important to UK network operators. This is to
address some of the perceived deficiencies in the CIM that prevents it from
accurately modelling the UK network at a level that would allow it to be adopted as

the common format for exchanging network data between UK network operators.

Both the applications described previously use the CIM as an intermediary data

exchange format, whether it is transmitting small segments of data between

applications or entire power system network models between companies. The focus

of the research outlined in the second part of thesis is the use of the CIM beyond
this current data exchange application and utilising the CIM architecture for

creating, editing, exchanging, validating and visualising power system network

data for both planning and operational applications.

This entails the creation of extensions to the CIM standard to support the use of
power system networks in a CIM format for planning, and the development of a

software framework to allow this data to be natively created, stored, edited and

processed.

The framework requires:

= Novel methods of storing the data that allows instant access, supports fast

conversion to other formats, and concurrent access from multiple sources.

= A schematic drawing application that allows the user to create new power
system networks natively in the CIM format using a familiar interface. The
underlying format must be full, non-abstracted CIM but provide the user
with an interface that is equivalent to that of a standard power system

network design package, while concealing the complexity of the underlying

data if it is not required.

= The development of algorithms to utilise the structure of the CIM to create

methods for converting CIM data into other formats for export to external



simulation and analysis software that are linearly scalable (i.e. the execution

time is proportional to the size of the network)

" The design and implementation of an extensible engine for validating CIM

data against any number of pre-defined profiles.

* A way for a user to dynamically create a schematic of the power system

network from CIM data that contains no graphical information

Such tools will provide the utilities with the ability to utilise the CIM immediately
for operational purposes, thus reducing the impact of such a major transition, and
allow planning engineers to create, exchange, validate, integrate and visualise full
power system network models. Existing commercial tools utilise the CIM as an
exchange format, while the open source tools available are concerned with checking

the validity at a very basic level, or generating schema for use in application

integration applications.

There are no tools currently on the market specifically designed to allow the user to
deal with power system networks in CIM format natively for planning purposes.
This presents a number of challenges for developing novel methods for storing,
processing, validating, editing and converting the data that scales linearly and is
capable of easily coping with any future changes to the CIM. It is these challenges
that are addressed by the research recorded in this thesis.

1.2 Principal Research Contributions

There are a number of key contributions that have been made by the work

described in this thesis.

Several extensions to the CIM have been proposed both to support the
representation of equipment within the UK electrical network at a level of detail
beyond that currently available in the CIM, and to facilitate the use of power system
network models in CIM format for planning applications. The approach taken in
making these extensions has been to minimise the changes to the existing CIM

standard. This facilitates backwards compatibility, which simplifies the integration

of any extensions with existing software.

The use of an underlying CIM architecture for the software framework has
provided a powerful foundation for providing both storage and processing of data
in a native CIM format. This use of the CIM as the basis of a software framework is

itself a novel application of a standard that until now has been used exclusively for



exchanging static data. Applications built on this framework have shown that data
in CIM format can be used for more than just data exchange and power system

models in CIM format can be natively created, edited, processed and exported.

[t has been demonstrated that the CIM format, in conjunction with an extension to
define points in the network that can be used for an external connection, allows
power system models in CIM format to be used for planning applications. Using
the developed software framework and its remote multi-user access architecture,
users can remotely upload new or modified network sections and automatically
identify possible connection points within a larger base network model; integrate

these models into a single, coherent model; then export this data into a format

usable by an existing analysis application.

These previous novel developments have required the development of new
algorithms that utilise the CIM representation of a power system network to allow
the conversion and processing of the native CIM data. These algorithms are
essential to all the CIM based applications described in this thesis, most notably the
tool to export power system data in a format compatible with PSS/E, a

commercially available power system simulator, and the automatic integration of

power system models in CIM format.

These algorithms, combined with the CIM based software framework has allowed

the rapid creation of tools for a number of applications:

= A CIM power system network design web application. This design tool is a
novel application of the popular AJAX technique for creating interactive web
applications. The web-based nature of the tool provides a means of natively

creating and sharing power system network models in a CIM format with

embedded schematic information.

= A modified version of an open source generic data visualisation tool that,
when used with network models in CIM format, allow the user to

dynamically generate network topology diagrams at differing levels of

abstraction.

* A novel method of validating CIM data against pre-defined profiles by
defining logical rules and validating each object individually. This is a
completely different approach to other members of the CIM community who

have chosen to implement an Extensible Markup Language (XML) schema



based validation system that has proven itself less flexible and unable to

express all the required constraints.

1.3 Industrial Applications of Research Contributions

The use of the CIM for network data exchange by all utilities that fall under the
jurisdiction of NERC has required all the major power system software vendors to
create import and export modules that are capable of dealing with CIM data.
Regular Interoperability Tests are organised to ensure compatibility between the
products from each vendor. This involves each party creating a network model file
from their own applications and then exchanging it with every other user who in

turn imports the file into their software.

Until recently the only validation that could be performed on these files was at a
very basic level based on early XML schemas, and as such there was a requirement
for a validation tool that could express every requiremeﬁt stated. To aid the
participants the validation tool described in this thesis was made available online
and was used by the participants during and in the weeks preceding the last
Interoperability Test. The flexibility of the CIM software framework allowed the
validation engine profile and error reporting mechanism to be designed, written
and deployed in under two weeks. Since being made available as an online web
application in January 2006, the tool has been used by engineers from a number of
companies and institutions including: ABB, Areva, EDF, ELIA, ESB National Grid
Ireland, General Electricc KEMA, LS Industrial Systems, National Grid, Siemens,
SISCO, SNC Lavalin, Scottish Power, Subnet Solutions, Western Area Power

Administration and Xtensible Solutions.

A similar validation tool produced by one of the largest power system software
vendors was used alongside the application described herein at the last CIM
Interoperability Test. This tool was unable to perform the same level of validation
as the application described in this thesis. This resulted in engineers from one
department of the company having to use the validation tool described in this thesis
to validate their test model since the tool developed by another department was

unable to perform the validation to the same level of accuracy.

Allowing public access to this one outcome of this research has brought
international recognition to the project and University, including invitations to
present at CIM User Group meetings and to join the IEC Working Group

responsible for the creation of the IEC 61968 standard, as well as a number of



enquiries from commercial companies interested in the technology and its novel

application of the CIM standard.

1.4 Thesis Outline

The remainder of this thesis has been divided into eight principal chapters:

Chapter Two provides some background on the existing techniques and
technologies used within the research work. This includes a basic description of the

modelling language the CIM is expressed in, along with a description of the CIM

itself and the different methods used to encapsulate the data

Chapter Three covers extensions to the CIM, including those proposed by IEC

working groups and academics, and the extensions proposed to allow the CIM to

successfully cover the major requirements of UK utilities.

Chapter Four describes the framework used to construct native CIM applications
while Chapter Five provides details on the application to convert CIM data to a
proprietary format for power system simulation. Chapter Six describes how the
validation engine was designed and implemented while Chapter Seven details how
the CIM structure can be utilised to allow the automatic integration of power
system network models in CIM format. Chapter Eight discusses how diagrams of
network models in CIM format can be automatically generated and presents a

method of graphically creating new power system network models in CIM format.

Finally, Chapter Nine summarises the principal conclusions of the research work,
highlighting the main achievements and proposing further research and

development work to build on the existing outcomes.

1.5 Associated Publications

The following publications have arisen from the work described in this thesis:

1.5.1 Journal Publications

A.W. McMorran, G.W. Ault, C. Morgan, I.M. Elders, J.R. McDonald, “A Common
Information Model (CIM) Toolkit Framework Implemented in Java”, IEEE
Transactions on Power System, February 2006, Volume 21, Number 1, pp.194-201

A.W. McMorran, G.W. Ault, IM. Elders, C.E.T. Foote, G.M. Burt, ].R. McDonald,
“Translating CIM XML Power System Data to a Proprietary Format for System



S>imulation”, IEEE Transactions on Power System, February 2004, Volume 19,
Number 1, pp.229-235

1.5.2 Conference Publications

AW. McMorran, G.W. Ault, C. Morgan, I.M. Elders, J.R. McDonald, “A Common
Information Model (CIM) Toolkit Framework Implemented in Java”, IEEE Power

Engineering Society General Meeting, 18-22 June 2006, Accepted for presentation
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2 Background

2.1 Chapter Introduction

This chapter describes the pitfalls of the traditional methods of storing power
system data, then introduces the concepts behind class modelling and how this
approach is used to define a power system in the IEC 61970 Common Information
Model (CIM) standard. The use of the Extensible Markup Language (XML) to

encapsulate this data for the exchange of both full power system models and inter-

application messages is then described.

2.2 Power System Data Formats

Since the advent of the modern digital computer, power system engineers have
utilised the capabilities of this tool in a variety of areas, whether it be performing
complex analysis calculations on a power system or to control its operations in real-

time. All of these applications require the operator to digitally store and exchange

data about the system.

Large-scale Energy Management Systems (EMS) and asset-management systems
use database schemas for defining the structure of the data storage data, often
custom-written to reflect the operator’s specific requirement. Offline applications
for performing load-flow and fault-level analysis simulations use application-

specific file formats that represent the data required by each application.

In modern utilities” IT infrastructures, large-scale applications such as the EMS and
asset-management system communicate with each other, generally using a vendor’s
own custom format based on the internal database schema. In the past this often

required the user to purchase each piece of enterprise-level software from the same

vendor to ensure compatibility when integrating them.

The deregulation of the power industry, however, has resulted in multiple utilities,
running software from a number of different vendors, having to exchange large
data sets on a regular basis. The use of proprietary, custom formats complicates

this exchange, requiring complex translation between each of the custom formats.

Similarly, offline applications traditionally use a rigid, proprietary format
containing only the data required by that particular version of the application.

When subsequent versions of the program require additional details the file format



is changed, resulting in multiple formats for a single application. Of course, such a
scenario 1s not limited to power system applications. Changing the file format for
each new software version is common practice within the software industry but
usually only causes minor irritation since each new version of a vendor’s software

contains import facilities to convert previous versions of the file format into the new

format.

Problems occur when companies need to exchange data between software
applications from different vendors, and/or have multiple versions of the same

software running within their company. Such a scenario requires a company to

either:
1. Maintain multiple copies of the same data in multiple formats

2. Store the data in a format compatible with every piece of software, requiring

the removal of application-specific data and a subsequent loss in precision

3. Store the data in a single, highly-detailed format and create software to
translate from this highly-detail format to the desired application file

formats

4. Use a highly detailed format that is compatible with every application and
whose standard format contains the basic data required to represent the
power system while simultaneously allowing additional, detailed,

application-specific data to be contained without invalidating the format.

The third option requires additional software engineering on the part of the
company to create translation tools, but requires them to maintain only a single
format containing all the data required. The fourth option represents the ideal

solution, allowing a company to maintain a single, highly detailed format that is

compatible with any of their software.

This option does, however, requires three things:
= A highly detailed model to describe the power system

= A file format capable of storing extended data without affecting the core

data

» Power system software vendors and utilities to either adopt and embrace

this data model and format either for economic or regulatory reasons



The Common Information Model (CIM) for Power Systems has the potential to meet
the first requirement of the above list while the eXtensible Markup Language
(XML), combined with the Resource Description Framework (RDF) offers a means
of fulfilling the second requirement. The remaining requirement can be considered
more of a commerical challenge than a technical one. Universal acceptance of this
format requires both utilities and vendors to acknowledge the benefits of adopting
the standard. At present, all of the major power system application vendors are

active participants in the CIM Interoperability tests and the popularity of the format

1S spreading.

This chapter will provide some background on the CIM and the CIM RDF XML
format. To understand the structure of the CIM, however, it is important to have an
understanding of class hierarchies within the object-oriented software paradigm
and the benefits of using such an approach to model the components of a power
system. The following sections will provide some general background on class
hierarchies, followed by more detailed background information on the CIM. Finally,
it will be shown how this data can be represented in the RDF XML format.

2.3 Class Hierarchies and UML Class Diagrams

When building any system to represent data, whether it be a software architecture
or a database schema, the design of the system will define how extensible and
scalable the system is, and ultimately, whether it succeeds or fails at its given task.
This chapter provides an introduction to the concept of Class Hierarchies and how

they are used in system design, along with the Unified Modelling Language
(UML)[17].

Within a system, a class represent a specific type of object being modelled. A class
hierarchy is an abstract model of a system defining every type of component within
a system as a separate class. A class hierarchy should reflect the real-world structure

of the system.

While a full description of UML is outwith the scope of this thesis, UML class
diagrams provide a useful means of visually representing object hierarchies. This

section will provide a simple case study to show how a class hierarchy representing
a small segment of a University system can be constructed independently of the

final platform on which the design will be utilised.
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.1 Classes

h class can have its own internal attributes and relationships with other classes.
h class can be instantiated into any number of separate instances, known as

ects, each containing the same number and type of attributes and relationships,

-with their own internal values.
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Figure 2.1 The Person Class

simple example of a class is that of a Person as shown in Figure 2.1. The Person

ss contains two basic attributes: Name and Gender. If the system being created
re to represent every person in the University, it would require only this single
ss since every person within the University can be represented at the most basic

el by the attributes defined in Person.

- a University containing 10,000 students and staff, the system would create
000 separate instances of the Person class, each containing a value for Name and

nder independent of the other 9,999 instances (although not necessarily unique).

he system is required to store more information than just a person’s Name and
nder, and differentiate between staff, students and the different types of each,

n the class diagram becomes m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>