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Abstract 

This project concerns the application of semantic modeling 
techniques to demonstrate how the smart grid community 
can manage the large challenge of harmonizing definitions 
and relations among the several hundred standards that 
currently constitute the suite of smart grid standards under 
consideration or development. Our research captures 
definitions, relations and constraints in a machine-
computable form (using ontology modeling and query 
languages RDF, OWL, SPIN and SPARQL) for one of these 
standards that addresses energy usage information. We have 
deployed the transformed model and a web application to 
query the model on the cloud for use by the smart grid 
community. The tool provides automated reasoning to 
uncover contradictions and inconsistencies in the standard, 
collect model statistics and metrics and eventually, align 
terms amongst different standards. We have found that 
obscure errors that had escaped notice during UML 
modeling were more easily discovered with this approach. 

1. INTRODUCTION 
While modern information technologies have transformed 
much of the economy, the electricity sector has not yet 
embraced and implemented these technologies. “Smart 
grid”, as defined by the Illinois Smart Grid Initiative [1], 
“refers to the modernization of the electric system through 
the integration of new information-age technologies, new 
strategic public policies, and allows for new uses of the 
electric grid, both in operations and through new customer 
side applications, that extract the benefits of more efficient 
operation, more efficient use of grid assets, and more cost-
effective expansion of the electric grid.” 

 
Figure 1: Conceptual Smart grid model 

As described on the smart grid collaboration site [2], “By 
integrating an end-to-end, advanced communications 
infrastructure into the electric power system, a smart grid 
can provide consumers near real-time information on their 
energy use, support pricing that reflects changes in supply 
and demand, and enable smart appliances and devices to 
help consumers avoid higher energy bills.” 

Our project concerns the application of semantic modeling 
techniques to demonstrate how the smart grid community 
can manage the large challenge of harmonizing definitions 
and relations among the 200+ standards that currently 
constitute the suite of smart grid standards under 
consideration or development. 

2. APPLICATION AREA 
Smart grid standardization is different from other standards 
activities because smart grid standards must be designed for 
interoperability among the seven contexts shown in Fig. 1 
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and involves three distinct industry sectors - IT, energy and 
telecom, each with their existing value chains and standards. 
This study focuses on the validation of one of these 
standards - the ASHRAE [3] /NEMA [4] SPC201 standard 
for exchanging energy information within a facility. This 
standard centers around the definition of the Facility Smart 
Grid Information Model (FSGIM) [5]. 

The FSGIM model is being developed to represent the 
customer domain of the electricity model in response to the 
requirements of PAP-171 in SGIP [6] initiated by NIST [7]. 
The FSGIM model is comprised of four central components 
to represent energy information 

1. Load 

2. Meter 

3. Generator  

4. Energy manager 

Four modeling teams, operating somewhat independently, 
initially developed the four FSGIM model components. 
Therefore, the potential need for harmonization among these 
components is high. In addition, because the model 
components intentionally import portions of other smart 
grid standards, notably OASIS eMIX (Energy Market 
Information Exchange) [8], NAESB Energy Usage 
Information [9], IEC 61850-7 [10], OASIS WS-Calendar 
(WSCPIM) [11] and WXXM (Weather) [12], it is important 
to harmonize with those definitions as well.  

The process of developing a standard is largely a manual 
one. With four modeling teams developing the four core 
component classes, there is a possibility of inconsistent 
vocabularies and data-type declarations arising from 
disparate reference standards that can affect the integrity of 
the standard. The payback for reducing these kinds of errors 
and inconsistencies is great. 

3. APPROACH 
There are other techniques in use for converting UML to 
OWL, such as using the QVT approach [14] [15]. 
Conversely, some groups have defined mappings in the 
reverse direction in order to use the UML methodology and 
tools to create, edit and view OWL ontologies [16]. We 

                                                
1 PAP-17 - A Priority Action Plan maps the applications of a 
standard to use cases. Specifically, PAP-17 covers the 
requirements to develop a standard to model the flow of 
electrical load information between control systems and end 
use devices found in single- and multi-family homes, 
commercial and institutional buildings, and industrial 
facilities. (http://collaborate.nist.gov/twiki-
sggrid/bin/view/SmartGrid/PAP17FacilitySmartGridInform
ationStandard) 

believe the approach used in this paper i.e., SPARQL-based 
scripts are at least as powerful as the QVT method. A 
stepwise description of the process is detailed in this 
section.  

3.1. Model Transformation 
As might be expected, converting an information model of 
any kind from one representation into another can be a 
daunting task. In our case, conversion from a UML model to 
an OWL representation is a promising approach since OWL 
is a richer representation and can thus capture all the 
relevant UML concepts. (It is important to note that this 
claim is specifically talking about the information model 
portion of the UML methodology, not the UML process 
model, swimlanes, etc.). Many of the advantages and 
challenges of migrating the representation to OWL are also 
described in [14]. To accomplish the conversion, a scripting 
language called SPARQLMotion [17] was used to design 
the data flow from an XMI [18] representation created as an 
export from the Enterprise Architect™ UML modeling tool 
to UML-schema-based RDF [19] triples using SXML2 [20], 
then mapping those RDF triples to well-structured OWL 
classes and properties using SPIN [21] and finally resulting 
in a set of Turtle [22] files suitable for loading into an 
ontology editor such as TopBraid Composer™. 

3.2. Development of the SPARQL Query Editor 
The SPARQL Query Editor is a web-based application that 
provides an interactive user interface to query the FSGIM 
model. The web application can be accessed at 
http://fsgim.sv.cmu.edu. The SPARQL Query Editor gives 
domain experts, who may or may not be ontology experts, a 
simple mechanism to query and validate vocabularies and 
data-types in the standard. The SPARQL Query Editor, an 
instance of TopBraid Live™ and the transformed FSGIM 
model are deployed on the Amazon Cloud to enable both 
faster query response times and to accommodate future 
needs of querying multiple standards using the web client. 

3.3. Model Validation 
All of the activities in this task were carried out by means of 
SPARQL queries. 

3.3.1. Uncovering non-standard use of datatypes and 
units of measure 

                                                
2 SXML - Semantic XML is a XML to RDF/OWL mapping 
capability (http://composing-the-semantic-
web.blogspot.com/2007/11/xmap-mapping-arbitrary-xml-
documents-to.html) 
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We wrote queries to check for consistent use of 
terminology, consistent inheritance of datatypes (inheriting 
from appropriate OMG and W3C standards, for example), 
and proper importing of classes from other smart grid 
standards. Figure 2 (Query #1) shows a SPARQL query and 
part of its results, where we search for all data type 
declarations in FSGIM that do not explicitly inherit from 
either the UML or W3C primitive data type specifications. 
This query was written because use of a common definition 
for datatypes such as “string” “integer” “real” as well as 
dimensioned types such as “duration” “timestamp” and 
even   “price” would greatly improve coherence and 
interoperability of messages. ISO 8601 [23], the 
International standard for representation of dates and times, 
defines 6 levels of granularity for the date and time formats 
that may be referenced by standards. However, ISO 8601 
does not support references to a URI. Therefore, there is not 
yet an easy way to inherit from a rigorous and machine-
readable definition of time-related quantity types. One 
promising candidate for such a definition is the QUDT 
ontology [24], but it is not yet a recognized standard. In 
contrast, Figure 3 (Query #9) shows a similar query where 
the declared datatypes do inherit from UML or W3C. 

3.3.2. Model statistics and metrics 
Statistics about models such as counts of the class 
definitions that a component refers to and the number of 
redundant classes in a model enable us to find refactoring 
opportunities. To give the users insight into the number of 
distinct concepts in the four core component packages, we 
wrote a query (Query #12) to give us a count of the number 
of classes. The results from Figure 4 allow us to think about 
components that refer to an abnormally large number of 
class definitions. Queries (Query #3) that expose classes that 
are defined but never used in a relation give us additional 
suggestions for simplifying the model. Components such as 

PowerQuality and EnergyEmissions from Figure 5 may be 
ideal candidates in the refactoring process. In addition, we 
construct a query (Query #4) to expose classes that share 
substantially the same properties. 

4. CONCLUSION 
In working with SPARQL queries over the transformed 
FSGIM model, we have found that obscure errors that had 

escaped notice during UML modeling were more easily 

 

Figure 2: Partial result snapshot for the query to uncover data-types not inheriting from standard definitions or common primitive types 

 

 
 

Figure 3: Partial result snapshot for the query to uncover data-types that do inherit from standard definitions or common primitive types 

 

 
          Figure 4: Partial result snapshot for the query to list the number of 

core component classes in the FSGIM model 

 
     

 
 

Figure 5: Partial result snapshot for the query to list classes that are 
defined but never referred to in a relation 
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discovered. Some were simple typographic errors such as 
datatypes of “duration” and “Duration” coexisting in the 
model. Other anomalies required navigation through the 
inheritance chains within the model to uncover, such as the 
existence of superclasses and subclasses both declaring 
largely similar properties, leading to the possibility of 
refactoring the model. In the end, the kinds of errors or 
design anomalies that can be discovered is limited only by 
the ability of a query designer to ferret out the problem. The 
advantage is that an automated reasoner can be thorough in 
examining the entire model automatically, in contrast to a 
laborious manual validation of a UML model.   

5. FUTURE WORK 
To date, a systematic, rigorous approach to managing the 
definitions and relations between concepts among all the 
standards continues to elude the SGIP community. In the 
future, we intend to take the principles demonstrated in our 
work to date and apply them more broadly to show their 
general applicability across all of the smart grid content 
standards (i.e. at the so-called semantic level of the GWAC 
stack). We will continue to support the development and 
modifications to the FSGIM, but hope to also expand our 
scope to examine some of the “adjacent” standards, such as 
the NAESB model supporting SGIP PAP 10, EI/EMIX/WS-
Calendar, IEC 61850 and SEP 2.0. Our intent is to show the 
same kinds of benefits as were demonstrated among the four 
components of the FSGIM. In addition, we plan to research 
the applicability of inferencing over sets of these models to 
determine the value of automated recommendation of 
improvements to the design of the models, and to aid in the 
harmonization of collections of standards. 
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