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Abstract: Guidelines for knowledge graphs (KGs) in electric power fields are provided in this 
guide. Data and schema requirements, an electric power-oriented KG construction process, KG 
integration, performance evaluation, and application scenarios are also discussed. Institutions 
and enterprises that develop KGs in the electric power field follow the general implementation 
method outlined here. In addition, suppliers may be supported in providing compatible KGs under 
the unified power knowledge model and interface specifications. With this guide, electric power 
KGs can be simply and efficiently combined and integrated, forming a more complete and accurate 
knowledge service ecosystem in the power industry.

Keywords: electric power, EPKG, EPKG ODM, IEEE  2807.3™, knowledge graph, knowledge 
graph application
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE Standards documents are made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers, or a reference to this page (https://​standards​.ieee​.org/​ipr/​disclaimers​.html), 
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning 
IEEE Standards Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards 
Documents

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards 
through an accredited consensus development process, which brings together volunteers representing varied 
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers 
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not 
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE 
administers the process and establishes rules to promote fairness in the consensus development process, IEEE 
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of any 
judgments contained in its standards.

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties, 
express or implied, concerning this standard, including but not limited to the warranties of merchantability, 
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that the 
use of the material contained in its standards is free from patent infringement. IEEE standards documents are 
supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other 
services for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any 
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or 
her own independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, 
seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE 
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; 
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE 
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board Operations 
Manual shall not be considered or inferred to be the official position of IEEE or any of its committees and shall 
not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, symposia, seminars, 
or educational courses, an individual presenting information on IEEE standards shall make it clear that the 
presenter’s views should be considered the personal views of that individual rather than the formal position of 
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, consulting 
information, or advice pertaining to IEEE Standards documents.

Suggestions for changes in documents should be in the form of a proposed change of text, together with 
appropriate supporting comments. Since IEEE standards represent a consensus of concerned interests, it is 
important that any responses to comments and questions also receive the concurrence of a balance of interests. 
For this reason, IEEE and the members of its Societies and Standards Coordinating Committees are not able to 
provide an instant response to comments, or questions except in those cases where the matter has previously 
been addressed. For the same reason, IEEE does not respond to interpretation requests. Any person who would 
like to participate in evaluating comments or in revisions to an IEEE standard is welcome to join the relevant 
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile 
and Interests area of the IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with 
the provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and 
data ownership in the context of assessing and using the standards in compliance with applicable laws and 
regulations.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents.
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Photocopies

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license to 
photocopy portions of any individual standard for company or organizational internal use or individual, non-
commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance Center, 
Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; https://​www​.copyright​
.com/​. Permission to photocopy portions of any individual standard for educational classroom use can also be 
obtained through the Copyright Clearance Center.

Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years old 
and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some 
value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that they have 
the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended through 
the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more information 
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number and 
year of approval to access the web page of the published standard. Errata links are located under the Additional 
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically 
check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE 
SA Website at https://​standards​.ieee​.org/​about/​sasb/​patcom/​patents​.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation 
or under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting inquiries 
into the legal validity or scope of Patents Claims, or determining whether any licensing terms or conditions 
provided in connection with submission of a Letter of Assurance, if any, or in any licensing agreements are 
reasonable or non-discriminatory. Users of this standard are expressly advised that determination of the 
validity of any patent rights, and the risk of infringement of such rights, is entirely their own responsibility. 
Further information may be obtained from the IEEE Standards Association.
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IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against 
interference with or from other devices or networks. IEEE Standards development activities consider research 
and information presented to the standards development group in developing any safety recommendations. 
Other information about safety practices, changes in technology or technology implementation, or impact 
by peripheral systems also may be pertinent to safety considerations during implementation of the standard. 
Implementers and users of IEEE Standards documents are responsible for determining and complying with 
all appropriate safety, security, environmental, health, and interference protection practices and all applicable 
laws and regulations.
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Introduction

This introduction is not part of IEEE Std 2807.3-2022, IEEE Guide for Electric-Power-Oriented Knowledge Graph.

Knowledge graphs (KGs) have been increasingly applied to many scenarios in the electric power industry. 
However, today significant barriers exist for different electric power enterprises to exchange and integrate 
knowledge because of a lack of consistent knowledge schema and no unified interface standard.

This guide defines guidelines for KGs in electric power fields and specifies data and schema requirements, an 
electric-power-oriented KG construction process, KG integration, performance evaluation, and application 
scenarios.

This guide also helps institutions and enterprises that develop KGs in the electric power field follow a general 
implementation method. In addition, it may help the suppliers provide compatible KGs under the unified 
power knowledge model and interface specifications. With this guide, electric power KGs can be simply and 
efficiently combined and integrated, forming a more complete and accurate knowledge service ecosystem in 
the power industry.
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1.  Overview

1.1  Scope

This guide defines guidelines for knowledge graphs (KGs) in electric power fields. The guide specifies data 
and schema requirements, an electric-power-oriented KG (EPKG) construction process, KG integration, 
performance evaluation, and application scenarios.

1.2  Purpose

This guide helps institutions and enterprises that develop KGs in the electric power field follow a general 
implementation method. In addition, it may help the suppliers provide compatible KGs under the unified 
power knowledge model and interface specifications. With this guide, EPKGs can be simply and efficiently 
combined and integrated, forming a more complete and accurate knowledge service ecosystem in the power 
industry.

1.3  Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the standard 
and from which no deviation is permitted (shall equals is required to).1, 2

The word should indicates that among several possibilities one is recommended as particularly suitable, 
without mentioning or excluding others; or that a certain course of action is preferred but not necessarily 
required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard (may equals 
is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or causal (can 
equals is able to).

1The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe 
unavoidable situations.
2The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.

IEEE Guide for Electric-Power-
Oriented Knowledge Graph
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2.  Normative references
The following referenced documents are indispensable for the application of this document (i.e., they must 
be understood and used, so each referenced document is cited in text and its relationship to this document is 
explained). For dated references, only the edition cited applies. For undated references, the latest edition of the 
referenced document (including any amendments or corrigenda) applies.

IEEE Std 2807™-2022, IEEE Standard for Framework of Knowledge Graphs.3, 4

3.  Definitions, acronyms, and abbreviations

3.1  Definitions

For the purposes of this document, the following terms and definitions apply. The IEEE Standards Dictionary 
Online should be consulted for terms not defined in this clause. 5

attribute: The characteristic of an entity, an entity type, or a relation.

electric-power-oriented knowledge element: Knowledge structure used to describe an object or concept that 
is independent and cannot be divided in electric-power-oriented knowledge graph (EPKG), including entity, 
relation, attribute, entity type (concept), relation type, rules (reasoning logic), and so on.

electric-power-oriented knowledge graph: A knowledge network that describes the graph structure of core 
concepts, entity objects, and their relations in the electric power industry.

electric-power-oriented knowledge graph (EPKG) application: A process of querying and computing 
the required results based on the constructed EPKG; it includes the process of using these results to provide 
further data processing and scenario-based services.

NOTE—The knowledge computing results from EPKG application are used to provide external knowledge services 
without changing the content of the existing KG.6

electric-power-oriented knowledge graph (EPKG) application system: A system that interacts with the 
EPKG core engine and uses its output results for further data processing and scenario-based services.

electric-power-oriented knowledge graph (EPKG) construction: A process of acquiring and fusing 
knowledge from data from various sources, deriving new knowledge through knowledge computing, and 
storing uniformly identified knowledge of a specific form in a special storage system according to the agreed 
requirements of knowledge representation and model definition in the electric power industry.

NOTE 1—See IEEE  Std  2807-20227 for definitions of knowledge representation, knowledge modeling, knowledge 
acquisition, knowledge fusion, knowledge storage, and knowledge computing.

NOTE 2—The results of knowledge computing in EPKG construction will form new knowledge, which will be integrated 
into the original KG.

3The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics Engineers, 
Incorporated.
4IEEE publications are available from The Institute of Electrical and Electronics Engineers (https://​standards​.ieee​.org/​).
5IEEE Standards Dictionary Online is available at: http://​dictionary​.ieee​.org. An IEEE Account is required for access to the dictionary, 
and one can be created at no charge on the dictionary sign-in page.
6Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement this 
standard.
7Information on references can be found in Clause 2.
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electric-power-oriented knowledge graph (EPKG) core engine: An engine that stores EPKG and is a set of 
systems to retrieve, compute, maintain, and manage knowledge.

electric-power-oriented knowledge modeling: An activity that abstracts electric-power-oriented knowledge 
modeling objects into knowledge elements in the graph.

electric-power-oriented knowledge modeling object: An object that needs to be represented in an 
electric-power-oriented knowledge graph (EPKG), including information on object, person, event, method, 
measurement result, time, and location, as well as certain accumulated forms of the information.

electric-power-oriented knowledge ontology definition model: A set of vocabularies and rules that 
describes entities, relations, and attributes under various subject domains in the electric power industry, as 
well as defines and constrains their associations.

electric-power-oriented knowledge representation: An activity of representing various types of electric-
power-oriented knowledge elements as a complex graphic data structure.

NOTE 1—The main elements of the composite graphic data structure include vertices (nodes) and directed edges, as well 
as the key value pairs used to describe the vertices and edges.

NOTE 2—Knowledge representation originally refers to the activity of using symbols and methods that machines can 
recognize and process to describe the knowledge acquired by human beings when they are discovering or understanding 
the objective world. Within this standard, it specifically refers to the process of representing electric-power-oriented 
knowledge with an electric-power-oriented knowledge graph (EPKG).

electric-power-oriented knowledge unit: A set of electric-power-oriented knowledge elements organized by 
certain rules.

entity: Something distinguishable that can exist independently.

NOTE 1—An entity might exist physically or might be an abstract concept or the object of a thinking activity.

NOTE 2—In an EPKG, no strict boundary exists between an entity type and an instance. An instance in one modeling 
scenario might be an entity type in another scenario. For example, in principle analysis, a device of a certain model can be 
regarded as an instance of a device type, whereas in inventory checking, a device of a certain model needs to be regarded as 
an entity type, of which a specific device is an instance.

NOTE 3—Whether an entity is considered an instance or an entity type is determined by the granularity of knowledge 
modeling.

event: A change in the state that involves one or more actions by one or more characters at a specific time point 
in a specific geographic area.

NOTE—It can be represented by a combination of an entity and a relation with a time attribute in the electric power 
industry.

fact: The smallest unit of knowledge that describes the nature of a certain aspect of an object or concept in the 
electric power industry.

NOTE—It is expressed as “subject-predicate-object (SPO),” including two forms: “entity-relation-entity” and 
“entity-attribute-value.”

knowledge element: Knowledge cell(s) describing a certain object or concept that is independent and 
inseparable. (See: IEEE Std 2807-2022).
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knowledge graph: Assemblies of knowledge elements and their relations described in a structured form.

relation: Something to connect two entities and to characterize the connections between them.

NOTE—A relation type is a restricted definition of a relation. It starts from and ends at an entity type (a concept) 
representing the definition domain and the range of the relation.

3.2  Acronyms and abbreviations

API	 application programming interface

APP	 application

CIM	 common information model

EMS	 energy management system

EPKG	 electric-power-oriented knowledge graph

I/O	 input/output

KG	 knowledge graph

ODM	 ontology definition meta-model

RDF	 resource description framework

ID	 identifier

IT	 information technology

SDK	 software development kit

SPO	 subject-predicate-object

XML	 Extensible Markup Language

4.  Framework of electric-power-oriented knowledge graph

4.1  Main activities

As shown in Figure 1, the relevant activities of EPKG are divided into the following four groups:

a)	 Generating EPKGs with relevant construction technologies, encapsulating EPKG core engines, and 
providing related services by using the relevant data and industrial knowledge of the electric power 
industry

b)	 Developing EPKG application systems, integrating EPKG core engines, integrating relevant 
subsystems to provide complete system functions, and solving scenario-based application problems

c)	 Using EPKG-related products and services to meet the needs of EPKGs

d)	 Providing the necessary information infrastructure, data, tools, methods, standards, specifications, 
and mechanisms, which are independent of the core technologies of KGs but necessary for the 
construction and application of EPKGs.
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4.2  Roles

The main activities of EPKGs involve multiple types of organizations that assume different work contents, 
and each type of organization contains a series of personnel with different work roles.

NOTE—A participant can assume multiple roles at any given point of time. For a given role, a subrole is a 
subset of its KG activities.

4.2.1  Types of organizations

As shown in Figure 1, the technical framework of EPKGs includes the following four types of organizations:

a)	 EPKG suppliers

b)	 EPKG integrators

c)	 EPKG users

d)	 EPKG ecosystem partners

The four types of organizations can further be divided into several subtypes, and their conceptual hierarchy 
and definitions are listed in Table 1.

Figure 1—Main activities of electric-power-oriented knowledge graph organizations
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Table 1—Subtypes of organizations
Types of organizations Description

EPKG suppliers Organizations that generate EPKGs with relevant 
construction technologies, encapsulate EPKG core engines, 
and provide related services by using the relevant data of 
the electric power industry and combining the knowledge 
and application demands of the electric power sector.

  Knowledge content providers Organizations that provide structured electric-power-oriented 
knowledge data that meet the quality requirements.

KG construction 
technology providers

Organizations that provide expert services and software 
tools and complete knowledge modeling, knowledge 
representation, knowledge extraction, knowledge fusion, 
knowledge storage, and knowledge computing services.

KG core engine providers Organizations that provide knowledge query, knowledge computing, and 
other EPKG data-based interface services for knowledge applications 
based on EPKGs. Organizations that have KG tools or systems with 
basic functions such as knowledge acquisition, retrieval, relational 
reasoning and visualization, and knowledge operation and maintenance.

EPKG integrators Organizations that provide KG application system integration 
services for applications in the electric power industry and assist in 
ensuring that the integrated system has complete functions, stable 
operations, and outputs that meet business and data requirements.

  KG application system providers Organizations that provide online services for solving specific 
power business application problems based on KGs.

KG platform providers Organizations that provide various functional services 
of KG platforms except knowledge contents.

EPKG users Organizations that apply products or services based on EPKGs to 
meet their own needs and improve their sustainable operations.

  EPKG product operators Users that undertake maintenance tasks such as adding, updating, 
deleting, backing up, and restoring knowledge, and knowledge 
quality management tasks, through human–computer interfaces.

Electric power knowledge users Users that use products and services provided by EPKGs to 
help individuals or groups achieve their goals and create value. 
Through human–computer interfaces of the KG systems, users 
complete the requirements of the power application scenarios, 
directly or indirectly give feedback on the application effects 
of EPKGs, and put forward the business requirements.

  EPKG ecosystem partners Sets of participants that provide suppliers, integrators, and 
users with the necessary information infrastructure, data, 
tools, methods, standards, specifications, and mechanisms, 
which are independent of the core technologies of KGs but 
necessary for the construction and application of KGs.

Table continues
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Types of organizations Description
  IT infrastructure suppliers Organizations that provide the hardware and software 

infrastructure required for KG construction and application, such 
as hardware devices, cloud service resources, big data storage 
computing platforms, intermediate tool plug-ins, and so on.

Electric power data suppliers Organizations that introduce electric power industry 
information and electric power software system data 
into EPKG applications for the discovery, access, 
transformation, and presentation of EPKG applications.

Electric power data governance 
service suppliers

Organizations that assess, guide, and monitor KG data 
and their application processes based on the application 
requirements and specifications of the electric power 
industry to maintain operational compliance and risk 
controllability while improving the value of data assets.

Consulting service suppliers Organizations that provide the expert knowledge of the electric 
power industry necessary for KG technology, application, maturity 
evaluation and determine the applicability, application scope and 
application degree of KGs, as well as the association relationship 
between KGs and the information specifications of the electric 
power industry, to popularize and promote KG technology.

Security service suppliers Organizations that carry out the security and privacy protection 
of knowledge data, and operational security management of KG 
platforms/systems, external interface and access management, 
and credibility management of system performance.

Assessment and certification 
service suppliers

Organizations that assess the products, services, and 
activity processes of EPKGs, as well as set the assessment 
levels according to the relevant criteria.

Supervisory service suppliers Organizations that supervise EPKG technology products and 
services to verify whether the activities comply with industry 
standards and local laws, thereby reducing violations.

4.2.2  Types of individual roles

EPKG activities involve several different work contents that require personnel with different professional 
skills.

According to the work contents, the individual roles involved in EPKG activities can be divided into several 
types listed in Table 2.

Table 1—Subtypes of organizations (continued)
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Table 2—Individual roles
EPKG role types Description

Electric power business experts Personnel who provide the domain knowledge necessary 
for the construction and application of EPKGs.

Knowledge model architects Personnel who design EPKG models according to the application 
requirements and extend models according to the specifications.

Knowledge model maintainers Personnel who maintain the updates, upgrades, and version management of KGs.
Knowledge quality analysts Personnel who analyze and monitor the quality of knowledge in KGs, 

including its volume, integrity, accuracy, reliability, and timeliness.
Natural language 
processing engineers

Personnel who extract entities and relationships from unstructured 
data (especially text data) by natural language processing 
and machine learning (including deep learning).

Machine learning 
algorithm engineers

Personnel who build machine learning models or rule engines 
to implement knowledge reasoning methods.

Database administrators Personnel who track and monitor the running status of various data 
storage systems, including stability and response performance.

Graph computing engineers Personnel who use graph computing to reason directly or to 
process machine learning characteristics or rule elements.

Graph data warehouse architects Personnel who design and construct graph data warehouses for KGs 
using a variety of data storage systems, including graph databases, and 
design, integrate, and schedule links related to knowledge processing to 
form a complete knowledge production and consumption process.

System architects Personnel who design KG systems to support knowledge 
processing, storage, and other services.

System development engineers Personnel who develop and implement systems related to KGs.
Visual human–computer 
interaction development engineers

Personnel who develop human–computer interaction interfaces and visualize 
knowledge content and analysis results through graph structures.

Electric power industry 
data architects

Personnel who analyze the data structures of electric power 
software systems, define the mapping relationships between 
various data and KGs, and design data conversion schemes.

Electric power industry 
business intelligence analysts

Personnel who explore the application value and modes 
of KGs in the electric power industry.

Electric power data system 
application personnel

Personnel who carry out operations based on EPKGs.

KG system product managers Personnel who design the product functions and interaction 
modes of system modules related to KGs.

KG exchange administrators Personnel who maintain the supply–demand relationship of knowledge exchange.
Knowledge auditors Personnel who supervise the compliance and legality of 

knowledge production, storage, and consumption.
Knowledge specification designers Personnel who define the various specifications of EPKGs.

5.  Electric-power-oriented knowledge graph model
This standard proposes a set of standardized common electric power knowledge graph ODMs, such as the 
IEEE EPKG Model, including the following contents:

a)	 Description and representation methods for entity types, relation types, and attributes of entities or 
relations of electric-power-oriented knowledge

b)	 Constraint methods for definition domains and ranges of relations and attributes

c)	 Naming rules for all kinds of descriptive words

d)	 IEEE EPKG model extension method

The basic set of IEEE EPKG model in each subject domain is provided in Annex B.
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5.1  Electric-power-oriented knowledge graph model framework

The EPKG can be logically divided into two layers: 1) the instance layer (also known as the “data layer” and 
the “entity layer”) and 2) the concept layer (also known as the “schema layer” and the “ontology layer”). The 
former consists of a series of entities that represent facts and their relations, whereas the latter describes entity 
types, their hyponymy (inclusion/subordination relations), and the types of relations that may exist among 
instances of entity types.

In the EPKG, an entity refers to the abstract description of a concrete object, which can be a physical object, an 
abstract concept, or a thinking activity. For example, a device, a record, or an event can serve as an entity of the 
EPKG. An entity type is an abstraction of a collection of entities that have common attributes.

The IEEE EPKG model recommends describing various electric-power-oriented knowledge elements with 
attribute graphs. An attribute graph is a graph data structure consisting of two types of elements: vertices 
(nodes) and edges. Each element in the graph contains a set of key value pairs that represent attributes. Figure 2 
describes the IEEE EPKG model framework:

5.2  Electric-power-oriented knowledge graph concept layer

In the concept layer, each entity type is represented by a node, and the “entity type node” defines the name and 
range of the public attribute of this type of instance; Each relation type is represented by a directed edge, where 
the starting point is the definition domain of the relation type, while the ending point is the range of the relation 
type.

Hyponymy (inclusion/subordination relations) also exists among entity types. In the EPKG, hyponymy is 
called subclassOf, which is also represented by a directed edge pointing from the inferior type to the superior 
type. Except for the parent “Thing” of all entity types, an entity has and only has one superior type.

The entity types of EPKG form a tree-like structure through hyponymy, with Thing as the root node of the tree. 
The Thing has five direct subclasses: Organization, Person, Place, Time, and PowerThing. The PowerThing 
entity type is the parent node of all exclusive electric power entity trees. The primary categories under this type 
include PowerItem, PowerEvent, and PowerRecord. These categories represent objective things and events in 
the electric power industry and electric power data records, respectively.

Figure 2—Electric-power-oriented knowledge graph model framework

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 01:34:17 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2807.3-2022

http://www.avadocuments.com/doc/ieee-2807-3-2022
http://www.avadocuments.com/doc/ieee-2807-3-2022


IEEE Std 2807.3-2022
IEEE Guide for Electric-Power-Oriented Knowledge Graph

20
Copyright © 2023 IEEE. All rights reserved.

The conceptual hierarchy tree of a part of electric power entity types is as follows:

—	 Thing

—	 PowerThing

	 —  PowerItem

	       —	 ConnectivityNode 

	       —	 Terminal

	       —	 Equipment

		  —  ConductingEquipment

		  —  ProtectionEquipment

	       —	 EquipmentContainer

		  —  Substation

		  —  Bay

		  —  Plant

		  —  Line

	      —	 PowerEvent

	 —  Organization

	 —  Person

	 —  Location

	 —  Time

For the convenience of storage and computation, only binary asymmetric relation types in the EPKG are 
considered. A binary symmetric relation can be expressed by two reciprocal asymmetric relations. Multivariate 
relation types can be represented by abstract entity types. Taking the “topological connection” among common 
Equipment types in the EPKG as an example, topological connection involves cases in which multiple entities 
are connected so an abstract entity type of ConnectivityNode is constructed in the EPKG to represent the 
common connectivity node (Figure 3).

For the same device, connections from terminals at different positions may have completely different electrical 
characteristics. Therefore, a Terminal entity type must be defined. The Terminal entities participating in the 
topological connection i belong to one device only.

A ConnectivityNode instance can connectTo a Terminal instance, where the starting point (head entity) is the 
ConnectivityNode instance and the ending point (tail entity) is the Terminal instance.

As shown in Figure 3, equipment i, j, and k are all connected to node x; i, and j are connected to x via terminals 
a and b; and k has two terminals, which are connected to x.
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5.3  Electric-power-oriented knowledge graph instance layer

In the instance layer, each entity is represented by a node, and the entity node defines the value corresponding 
to each attribute.

For the convenience of reasoning, the EPKG prescribes that each entity shall belong to one entity type only. 
The subordination relation between an entity and its type, called instanceOf in EPKG, is also represented by a 
directed edge pointing from the entity to its type.

Relations among entities are represented by directed edges. A relation shall meet the constraints of the relation 
type to which it belongs (defined in the concept layer). The types of its head entity and tail entity are the 
starting type and ending type of its relation type in the concept layer, respectively.

The representation requirement for the circumstance that an entity belongs to more than one entity type is 
met in EPKG through an “equivalent agent” node. “Different” entities that have an equivalent (equalTo) 
relation with the same equivalent agent node are synonymous entities that refer to the same facts. As shown in 
Figure 4, entity nodes a and b belong to entity type A and B, respectively. Both entities a and b are pointed to by 
equivalent agent node x, indicating that a and b are descriptions of the same object.

Figure 3—Topological connections among multiple entities
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5.4  Naming rules for electric power ontology definition meta-models

Entity type names: Adopt the method of upper camel case, such as PowerItem.

Relation names: Adopt the method of lower camel case, such as connectTo and instanceOf.

Attribute names: Adopt the method of lower camel case, such as name and id.

5.5  Entity type definition

It declares the type name, parent entity type, and exclusive attributes of each entity type, as well as explains its 
meaning and other supplementary information.

For example, the equipment entity type is described in Table 3.

Figure 4—Agent node
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Table 3—Example of the equipment entity type
Entity type name Equipment

Meaning A component of an electric power system or electronic or mechanical physical equipment
Parent entity type 

(parent class) PowerItem

Description  

Exclusive attributes 
(attributes inherited 
from a parent class 

are not defined here)

Attribute name Attribute 
value type

Attribute 
range

Description

normallyInService Boolean   Whether the equipment is in 
normal operation

NOTE—See Annex C for more entity types.

5.6  Relation type definition

It declares the type name, relation attributes, and relation constraints (the definition domain declared by the 
entity type of the starting point and the range declared by the entity type of the ending point) of each relation 
type, as well as explains its meaning and other supplementary information.

For example, the connection relation is described in Table 4.

Table 4—Example of the connectTo relation
Relation type name connectTo

Meaning The parts of a power system that are physical devices, electronic or mechanical
Description  

Relation constraints
Entity type of 
starting point

Entity type of 
ending point

Description

ConnectivityNode Terminal  
Relation attributes [None]

NOTE—See Annex C for more entity types.

5.7  Electric-power-oriented knowledge graph subject domain

In the EPKG model, the modeling object domains are divided into several subject domains, such as the electric 
power supplies domain, power grid domain, power generation domain, market domain, and security domain.

The electric power supplies domain includes the abstraction of the objects involved in the warehousing and 
allocation of electric power supplies and their relations. The power grid domain includes the abstraction of 
the objects involved in the process of transmission, transformation, and their relations. The power generation 
domain includes the abstraction of the objects involved in the process of power generation and their relations. 
The market domain includes the abstraction of the objects involved in the process of electricity sales, 
consumption, and their relations. The security domain includes the abstraction of the objects involved in the 
process of hidden danger investigation and their relations.

5.8  Principles for extension of electric-power-oriented knowledge graph ontology 
definition meta-models

The extension of EPKGs shall follow the principle of downward compatibility; that is, the extended ODM 
shall be compatible with the ODM before extension.
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Extensions shall be arranged in one of the following ways:

—	 Adding attributes to an entity type that does not have subclasses

—	 Adding attributes to a relation type

—	 Adding attributes to entity types that have subclasses, with all descendant types of that type inheriting 
the newly added attributes

—	 Adding a new entity type, which is a subclass of an existing type and inherits the attribute definition 
from the parent class

—	 Adding new relations to connect existing entity types

6.  Electric-power-oriented knowledge graph construction technology

6.1  Overview

EPKG construction is the process of acquiring and fusing knowledge from data from various sources, deriving 
new knowledge through knowledge computing, and storing uniformly identified knowledge of a specific form 
in a special storage system according to the agreed requirements of knowledge representation and model 
definition in the electric power industry.

The key technologies of EPKG construction include electric-power-oriented knowledge modeling, electric-
power-oriented knowledge acquisition, electric-power-oriented knowledge storage, electric-power-oriented 
knowledge fusion, electric-power-oriented knowledge computing, and so on.

6.2  Electric-power-oriented knowledge modeling

Electric-power-oriented knowledge modeling refers to the processes of unified definition and EPKG ODM 
formation of all business concepts and logical rules involved in the production, operation, and management 
of the electric power industry with entities, attributes, and their relations, including concepts (entity types) 
definitions, relation definitions, attribute definitions, and so on.

The main inputs of general knowledge modeling activities mainly include application requirements, 
application scenarios, industry knowledge, expert knowledge, and quality indicators; the main outputs include 
concepts (entity types), attributes, and relations among concepts.

In terms of electric-power-oriented knowledge modeling, the first step is to specify the knowledge scope, 
namely, the “subject domain,” according to the application requirements, scenarios, and databases; and the 
next step is to determine the concepts and relations based on the subject domain.

To improve the compatibility of output results from different EPKG suppliers, a common basic EPKG ODM 
(such as the IEEE EPKG model defined in this standard) should be used, and the basic EPKG ODM should be 
extended with nominative methods according to the specific application requirements.

The specific modeling process is as follows:

a)	 One or more subject domains shall be selected from the basic EPKG model according to the application 
requirements.

b)	 Concepts and relations should be screened in the selected subject domain according to the application 
requirements to form the basic ontology structure.

c)	 The concepts, relations, and attributes defined in the basic model (including attribute names, 
constraints of attribute values, and so on) cannot be modified or deleted.
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d)	 The basic ontology structure can be expanded according to the requirements and the principles 
specified in 5.8. It may maintain the naming conventions of newly added concepts, relations, and 
attributes to keep consistency with those of the basic ODM.

6.3  Electric-power-oriented knowledge acquisition

6.3.1  Main works

Electric-power-oriented knowledge acquisition refers to the process of extracting structured knowledge from 
electric power business data from various sources according to defined models.

Electric power business data refers to the basic data, industry data, and other data necessary for KG 
construction, including structured, semistructured, and unstructured data from different sources.

The data required by EPKG mainly come from the electric power energy management system and electric 
power industry data, as follows:

a)	 Energy management system (EMS): The data in standardized electric power EMS are structured 
data that strictly comply with specific data models (e.g., IEC CIM [B1]8). To keep the compatibility 
between EPKG products and services and standardized electric power EMS, the IEEE EPKG model 
should be consistent with the data model in EMS.

b)	 Electric power industry data: The electric power industry data include electric power equipment 
operation manuals, operation and maintenance business processes, relevant academic papers, 
and common knowledge, including unstructured data such as texts, audios, and videos, as well as 
semistructured data such as XML files.

6.3.2  Main activities

The main activities of electric-power-oriented knowledge may include, but are not limited to, the following:

a)	 Structured data extraction: For structured data of the database type, it may define the mapping rules 
and carry out structural transformation to transform a two-dimensional table structure into graph data 
construction.

b)	 Semistructured data extraction:

1)	 Design of XML wrappers: For semistructured data such as XML files, it may design wrappers for 
knowledge unit acquisition.

2)	 Generation of wrappers: It can learn how to generate wrappers automatically.

c)	 Unstructured data extraction: Design of text extraction algorithm: For unstructured data, knowledge 
units may be acquired through dictionary matching, machine learning, and so on.

6.4  Electric-power-oriented knowledge storage

As shown in Figure 5, the tasks of electric-power-oriented knowledge storage activities should include, but are 
not limited to, the following:

a)	 Database selection and database design:

1)	 It may select the database according to the requirements of knowledge storage and application 
combined with the resource configuration conditions, and design the knowledge storage structure 
based on the selected database.

8The numbers in brackets correspond to those of the bibliography in Annex A.
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2)	 Electric-power-oriented knowledge data may be stored by multiple storage methods, including 
the relational database, RDF database, graph database, and document retrieval engine.

b)	 Storage I/O interface definition:

1)	 It may implement graph structure access abstraction through a unified I/O interface.

2)	 It may query knowledge units stored in the database through I/O interfaces.

3)	 It may maintain knowledge units, including adding, deleting, or modifying knowledge units 
stored in the database, as well as may update knowledge units through I/O interfaces.

c)	 Storage management:

1)	 It can acquire metadata information.

2)	 It can provide data storage activity logs.

3)	 It may establish a data security mechanism to enhance data storage security.

6.5  Electric-power-oriented knowledge fusion

The tasks of electric-power-oriented knowledge fusion activities should include, but are not limited to, the 
following:

a)	 Ontology alignment:

1)	 Entity type alignment: To align equivalent entity types in different ODMs and merge them.

2)	 Relation alignment: To align equivalent relations in different ODMs and merge them.

3)	 Attribute alignment: To align equivalent attributes in different ODMs and merge them into one 
attribute.

b)	 Entity linking: To identify entity names in the text and map them to corresponding entities.

c)	 Entity alignment: To identify equivalent entities in knowledge units, including entity unification, 
entity disambiguation, attribute value alignment and fusion, and so on.

d)	 Knowledge consistency verification: To verify the consistency of knowledge units after fusion.

NOTE—For details of the relevant activities, see the definitions in IEEE Std 2807-2022.

Figure 5—Electric-power-oriented knowledge storage architecture

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 01:34:17 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2807.3-2022

http://www.avadocuments.com/doc/ieee-2807-3-2022
http://www.avadocuments.com/doc/ieee-2807-3-2022


IEEE Std 2807.3-2022
IEEE Guide for Electric-Power-Oriented Knowledge Graph

27
Copyright © 2023 IEEE. All rights reserved.

In electric-power-oriented knowledge fusion, in terms of the selection of multiple values, it may design an 
automatic method to sort each value and select the optimal result.

6.6  Electric-power-oriented knowledge computing

The tasks of electric-power-oriented knowledge computing activities should include, but are not limited to, the 
following:

a)	 Definition of computing requirements:

1)	 It may define the business problems to be solved and the computing goals to be achieved through 
knowledge computing.

2)	 It may analyze knowledge models, rules, and constraints that depend on knowledge computing.

b)	 Design of knowledge computing algorithm: It may design the relevant data structures and algorithm 
models for knowledge computing according to the business objectives, computing objectives, and 
characteristics of existing EPKGs.

c)	 Execution of knowledge computing process:

1)	 It may execute knowledge computing according to the designed algorithm model and specific 
infrastructure.

2)	 It can provide search computing for graph structures and their characteristics through statistical 
analysis.

3)	 It can provide implicit knowledge excavation computing for graph structures and their 
characteristics through reasoning computing.

d)	 Evaluation of knowledge computing performance: It may evaluate the quality of the knowledge 
computing results and overall performance of the process according to knowledge computing quality 
indicators.

e)	 Supplement of knowledge: It can supplement the missing knowledge of KGs such as missing entities, 
relations, and attributes.

f)	 Provision of knowledge computing services: It can provide knowledge computing services for 
downstream tasks through API or SDK, such as graph basic information statistics, graph search, 
classification of triples, and link prediction.

NOTE—For details of the relevant activities, see the definitions in IEEE Std 2807-2022.

7.  Electric-power-oriented knowledge graph application

7.1  Overview

The applications of EPKGs can be divided into technology-oriented applications and scenario-oriented 
applications. The technology-oriented application reflects the capabilities of EPKG supporting advanced 
technical function, such as visual analysis and semantic comprehension, whereas the scenario-oriented 
application describes EPKG’s support for the electric power industry scenario, such as the grid domain and 
power generation domain.

7.2  Technology-oriented applications of electric-power-oriented knowledge graphs

According to the applied technology functions, technology-oriented applications of EPKGs can be divided 
into visual analysis, semantic comprehension, intelligent retrieval, state inference, path tracing, and so on.
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7.2.1  Visual analysis of electric power information based on electric-power-oriented 
knowledge graphs

7.2.1.1  Definition

Electric power information is presented intuitively in graph structures through graph drawing. A clearly 
structured graph can present information more intuitively, efficiently, and completely compared with text.

The application architecture is shown in Figure 6.

7.2.1.2  Participant roles

7.2.1.2.1  Organizational roles

Organization roles should include, but are not limited to, the following:

a)	 Main participants, who are as follows:

1)	 EPKG application system developer

Figure 6—Participant roles of visual analysis of electric power information based on 
electric-power-oriented knowledge graphs
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2)	 Electric power knowledge user

b)	 Cooperators, who are as follows:

1)	 KG core engine provider

2)	 IT infrastructure supplier

7.2.1.2.2  Individual roles

Individual roles should include, but are not limited to, the following:

a)	 KG application system developers, who are as follows:

1)	 System development engineer

2)	 Visual human–computer interaction development engineer

3)	 KG product manager

b)	 Electric power knowledge users, who are as follows:

1)	 Electric power industry business intelligence analyst

2)	 Electric power data system application personnel

7.2.1.3  Input and output

For KG system developers, the inputs of visual analysis should include, but are not limited to, the following:

a)	 KG basic services

b)	 IT infrastructure and user requirements

The outputs of visual analysis should include, but are not limited to, the following:

c)	 Visual analysis tools

d)	 Online services

For electric power knowledge users, the inputs of visual analysis should include, but are not limited to, the 
following:

e)	 Visual analysis tools

f)	 KG schemas to be analyzed

The outputs of visual analysis should include, but are not limited to, the following:

g)	 Analytic results

h)	 Business decision
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7.2.1.4  Tasks

The tasks of visual analysis of electric power information based on EPKG may include the following:

a)	 Requirement analysis, identifying the requirements for graph forms to be displayed, which are as 
follows:

1)	 Scale of nodes and edges: It may present a large number of nodes (with thousands of nodes and 
edges displayed in the same frame for knowledge drilling).

2)	 Pattern of nodes: It may support customized entity presentation modes such as node shape, node 
color, and display icon.

3)	 Pattern of edges: It may support customized edge presentation modes such as color, thickness, 
and bending of edges.

4)	 Interactive requirements (folding, expanding, etc.): It may support interactive knowledge 
exploration, enabling users to continuously drill through knowledge data interactively.

5)	 Display of information richness: It may be displayed in linkage with other graphs (such as maps, 
statistical graphs, and function curve graphs).

b)	 Development and implementation, visual technical solutions selected and implemented:

1)	 Browser/server architecture solutions may be used.

2)	 It may support visual exploration and analysis through browsers on multiple devices (PCs and 
mobile devices).

3)	 It may have a high rendering speed of graph representation (second-level response).

4)	 Container deployment schemes can be used to facilitate system expansion.

c)	 Interactive exploration, KG visual tools used to analyze electric power information:

1)	 The number of results returned should be limited.

2)	 A suitable layout mode is chosen to switch the layout of the KG data as required.

3)	 According to different business requirements, statistics of different dimensions of data and 
measurement methods can be dynamically defined, statistical results can be quickly formed, and 
statistical reports can be generated to assist in decision-making.

4)	 The found focal node can be moved to the center of the view and scaled to the appropriate size for 
display.

7.2.1.5  General quality description characteristics

The quality of this application should be assessed by the following characteristics:

a)	 Interactive user-friendliness: Whether various users can conveniently and easily use the system

b)	 Response time: The time for the system to react (respond) after a user sends a request or instruction

c)	 Functional comprehensiveness: The basic functions of the system and the extent to which such 
functions are extended
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7.2.2  Semantic comprehension of electric power based on knowledge graphs

7.2.2.1  Definition

Linking the entity reference words in a given text to the corresponding entities in the KG and associating 
the words that represent action or state types to the relations or attributes of the entities. This is the basis for 
machines to comprehend natural language.

The application architecture is shown in Figure 7.

7.2.2.2  Participant roles

7.2.2.2.1  Organizational roles

Organization roles should include, but are not limited to, the following:

a)	 Main participant, who is as follows: KG core engine provider

b)	 Cooperators, who are as follows:

1)	 KG application system provider

2)	 KG construction technology provider

3)	 Knowledge content provider

4)	 IT infrastructure supplier

Figure 7—Participant roles of visual analysis of electric power information based on 
electric-power-oriented knowledge graphs

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 01:34:17 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2807.3-2022

http://www.avadocuments.com/doc/ieee-2807-3-2022
http://www.avadocuments.com/doc/ieee-2807-3-2022


IEEE Std 2807.3-2022
IEEE Guide for Electric-Power-Oriented Knowledge Graph

32
Copyright © 2023 IEEE. All rights reserved.

7.2.2.2.2  Individual roles

Individual roles should include, but are not limited to, the following:

—	 Natural language processing engineers

—	 Machine learning algorithm engineers

—	 System development engineers

7.2.2.3  Input and output

The inputs of semantic comprehension of electric power should include, but are not limited to, the following:

a)	 EPKGs that have been constructed

b)	 Character strings to be comprehended

c)	 Context of character strings (optional)

The outputs of semantic comprehension of electric power are the association results (namely, one or more 
associated entities), which should include, but are not limited to, the following:

d)	 IDs of associated entities (mandatory, possibly null)

e)	 The most fine-grained entity types that can be associated

f)	 Primary attributes of associated entities (optional)

g)	 Confidence coefficient of associated entities (optional)

7.2.2.4  Tasks

The main tasks of the semantic comprehension of electric power based on EPKG include the following:

a)	 Input information processing:

1)	 It can parse the context, obtain the font strings that represent entity references, and learn 
knowledge elements such as relation types and attributes from the input text.

2)	 It can parse user input information and obtain relevant knowledge elements such as subject 
domains, entities, relations and attributes.

3)	 It can supplement restricted information according to environment information (time, geographic 
location, input system, historical retrieval, and so on) when users are inputting.

4)	 It can extend and rewrite the input to expand the scope of association.

5)	 It can extend the input across languages.

b)	 Acquisition of associated candidate sets:

1)	 Simple and efficient methods satisfying the performance requirements of semantic 
comprehension should be adopted to screen candidate entity sets from KGs.

2)	 Professional electric power knowledge should be used to limit the retrieval range and improve 
the query speed.

3)	 It should be matched on the levels of concept and instance.

4)	 The association of electric power entities of exact types shall be congruent.

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 01:34:17 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2807.3-2022

http://www.avadocuments.com/doc/ieee-2807-3-2022
http://www.avadocuments.com/doc/ieee-2807-3-2022


IEEE Std 2807.3-2022
IEEE Guide for Electric-Power-Oriented Knowledge Graph

33
Copyright © 2023 IEEE. All rights reserved.

c)	 Sorting of candidate sets, which are as follows:

1)	 Subgraph information should be used to replace single-point information sorting.

2)	 The sorting model can be continuously improved through iterative learning based on massive 
click logs by users.

d)	 Generation of association results:

1)	 The association results of entity instance and entity category identification should be included.

2)	 The association result of entity instance can be null.

3)	 In the case that the association result of entity instance is null:

i)	 The result of entity category identification shall not be null and should be the most fine-
grained distinguishable types.

ii)	 The relation between category granularity and category accuracy should be balanced.

4)	 Accurate matching results and recommended results should be distinguished.

7.2.2.5  General quality description characteristics

The quality of this application should be assessed by the following characteristics:

a)	 Correctness: The ratio of times of correct comprehension to total times of comprehension is included 
in all semantic comprehension result experiments.

b)	 Response time: The time from requesting semantic comprehension to returning the comprehension 
result. The response speed of electric power entity resolution should be measured in seconds.

7.2.3  Intelligent retrieval based on knowledge graphs

7.2.3.1  Definition

Obtaining retrieval results based on EPKGs and semantic comprehension through complex reasoning.

Traditional retrieval is based on character matching, which has a low recall rate when different words are 
synonymous, and low accuracy when the same word has different meanings.

NOTE—Application forms such as intelligent recommendation and intelligent question and answer can be regarded as 
special intelligent retrieval.

The application architecture is shown in Figure 8.
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7.2.3.2  Participant roles

7.2.3.2.1  Organizational roles

Organization roles should include, but are not limited to, the following:

a)	 Main participants: KG core engine provider

b)	 Cooperators:

1)	 KG application system provider

2)	 KG construction technology provider

3)	 Knowledge content provider

4)	 IT infrastructure supplier

7.2.3.2.2  Individual roles

Individual roles should include, but are not limited to, the following:

—	 Natural language processing engineer

—	 Machine learning algorithm engineer

—	 System development engineer

Figure 8—Participant roles of intelligent retrieval based on electric-power-oriented 
knowledge graphs
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7.2.3.3  Input and output

The inputs of intelligent retrieval of electric power should include, but are not limited to, the following:

a)	 EPKGs that have been constructed

b)	 Questions to be retrieved

c)	 Problems supplemented by users

The outputs of intelligent retrieval of electric power should include, but are not limited to, the following:

d)	 Final retrieval results

e)	 Extended association information for retrieval results (optional)

f)	 Questions that induce users to supplement information (optional)

7.2.3.4  Tasks

Intelligent retrieval is closely related to semantic comprehension. On the one hand, semantic comprehension 
is the basis of intelligent retrieval; on the other hand, intelligent retrieval and semantic comprehension have 
very similar processes.

The main tasks of the intelligent retrieval of electric power based on EPKG include the following:

a)	 Enhancement of inputs information:

1)	 It can supplement electric power industry knowledge retrieval and inputs processes, including 
supporting functions such as prefixion, fuzzy processing, semantics, pinyin, and error correction.

2)	 It can induce users to input more information through interactive question and answer.

b)	 Semantic disambiguation of the inputs based on semantic comprehension.

c)	 Generation of graph query request:

1)	 The inputs may be rewritten as a graph-oriented query request.

2)	 The user inputs can be associated with a preset query template via a classification algorithm.

3)	 A graph algorithm may be used to quickly find the query results.

d)	 Enhancement of query effectiveness:

1)	 It can define the characteristics of data in different domains; support various definitions of 
characteristics, including the complete matching, inclusion type, scope type, and semantic type; 
and support characteristics matching strategies with high-, middle-, and low-level semantics.

2)	 In the absence of direct retrieval results, reasoning can be carried out through knowledge 
computing.

e)	 Processing of query results:

1)	 If the result is not unique, the result entities may be sorted before returning.

2)	 Multiple query results may be reasonably classified and aggregated to the topics according to the 
contents.

3)	 Associative expansion is carried out for each query result to present relevant information.
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7.2.3.5  General quality description characteristics

The quality of this application should be assessed by the following characteristics:

a)	 Accuracy: To measure relevance among query results and target knowledge

b)	 Response time: The time for the system to react (respond) after a user sends a request or instruction

c)	 User-friendliness of result presentation: Whether various users can intuitively and clearly understand 
the retrieval results

d)	 User-friendliness of interactive question and answer: Whether various users can conveniently and 
easily use the system

7.2.4  State inference based on knowledge graphs

7.2.4.1  Definition

Inferring the state of some parts of the KG through neighborhood information. The components of the KG 
include some vertices (nodes), edges, or subgraphs composed of several nodes and edges. “State” herein refers 
to categories, labels, attribute values, and so on

The application architecture is shown in Figure 9.

Figure 9—Participant roles of intelligent retrieval based on electric-power-oriented 
knowledge graphs
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7.2.4.2  Participant roles

7.2.4.2.1  Organizational roles

Organization roles should include, but are not limited to, the following:

a)	 Main participants: KG core engine provider

b)	 Cooperators:

1)	 KG application system provider

2)	 KG construction technology provider

3)	 Knowledge content provider

4)	 IT infrastructure supplier

7.2.4.2.2  Individual roles

Individual roles should include, but are not limited to, the following:

—	 Natural language processing engineer

—	 Machine learning algorithm engineer

—	 System development engineer

7.2.4.3  Input and output

The inputs of state judgment activities of EPKG should include, but are not limited to, the following:

a)	 EPKGs that have been constructed

b)	 Knowledge objects to be investigated: Vertices (nodes), edges or subgraphs composed of several 
nodes and edges

c)	 Types of states to be inferred: Categories, labels, attribute values, and so on

The outputs of state judgment activities of EPKG should include, but are not limited to, the following:

d)	 Inferred results

e)	 Confidence coefficient of inferred results (optional)

7.2.4.4  Tasks

The main tasks of the state inference based on EPKG include the following:

a)	 Defining objects of investigation:

1)	 Explicit objects directly designated

2)	 Implicit objects indirectly associated

b)	 Extraction of object characteristics KG components, which are as follows:

1)	 Graph characteristics: Graph characteristics of nodes (such as out-degree and in-degree) and 
graph characteristics of the neighborhood

2)	 Knowledge characteristics: Node attributes, node types, edge attributes, edge types, and 
neighborhood node attributes
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3)	 Vector characteristics: An embedded representation of the nodes and edges contained in the 
components

c)	 State inference:

1)	 Decision methods include statistical learning, conditional rules, computing formulas, and so on

2)	 Multiple iterations can be performed to gradually change the state value until it converges to a 
stable value

7.2.4.5  General quality description characteristics

The quality of this application should be assessed by the following characteristics:

a)	 Accuracy: Ratio of times of accurate inference results to times of queries in the process of state 
inference

b)	 Coverage rate: Proportion of KG content for quantification in the electric-power-oriented knowledge 
sector

7.2.5  Path tracing based on knowledge graphs

7.2.5.1  Definition

Tracing back to the target node from several start nodes according to the connections among nodes and 
obtaining results according to the state values of the target node or by tracing the characteristics of the path.

The application architecture is shown in Figure 10.

Figure 10—Participant roles of path tracing based on electric-power-oriented  
knowledge graph
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7.2.5.2  Participant roles

7.2.5.2.1  Organizational roles

Organization roles should include, but are not limited to, the following:

a)	 Main participants: KG core engine provider

b)	 Cooperators:

1)	 KG application system provider

2)	 KG construction technology provider

3)	 Knowledge content provider

4)	 IT infrastructure supplier

7.2.5.2.2  Individual roles

Individual roles should include, but are not limited to, the following:

—	 Natural language processing engineer

—	 Machine learning algorithm engineer

—	 System development engineer

7.2.5.3  Input and output

The inputs of path-tracing activities of EPKG should include, but are not limited to, the following:

a)	 Requirements for start node

b)	 Restrictions on path tracing

The outputs of path-tracing activities of EPKG should include, but are not limited to, the following:

c)	 Queried path or endpoint

d)	 Decision results based on path or endpoint

7.2.5.4  Tasks

The main tasks of path tracing based on EPKG include the following:

a)	 Specifying start nodes, which are as follows:

1)	 Explicit start nodes directly designated

2)	 Implicit start nodes associated in certain ways

b)	 Searching path based on restrictions, which are as follows:

1)	 Restrictions on endpoint types

2)	 Restrictions on endpoint instances

3)	 Restrictions on path lengths (not more than the specified hop count)

4)	 Restrictions on path modes (e.g., with or without loops)
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5)	 Restrictions on edge types

c)	 Getting search results according to the requirements, which are as follows:

1)	 Number of paths (one, many, or all)

2)	 Path lengths (longest, shortest, and so on)

3)	 Number of endpoints (one, many, or all)

d)	 Extracting features from results, which are as follows:

1)	 Graph features: Number of paths, path lengths, graph characteristics of nodes (such as out-degree 
and in-degree), and so on

2)	 Knowledge features: Node attributes, node types, edge attributes, edge types, and so on

3)	 Vector features: An embedded representation of nodes and edges in the search results

e)	 Inferring results with specific methods, which are as follows:

1)	 Statistical learning

2)	 Conditional rules

3)	 Computing formulas

7.2.5.5  General quality description characteristics

The quality of this application should be assessed by the following characteristics:

a)	 Path coverage: Ratio of the count of path searched to the count of all path meeting requirements

b)	 Accuracy: To measure consistency between the inferred results and the facts

c)	 Response time: The time for the system to react (respond) after a user sends a request or instruction

7.3  Scenario-oriented applications of electric-power-oriented knowledge graphs

Based on scenario objectives, scenario-oriented applications can be divided into power grid equipment 
management (power grid domain), power generation management (power generation domain), physical asset 
warehouse management (asset domain), electric power market analysis (market domain), electric power 
marketing management business (customer domain), and power grid security control (security domain).

7.3.1  Application of power grid domain

7.3.1.1  Inputs

The inputs for application of the power grid domain should include, but are not limited to, the following:

a)	 Equipment operation monitoring information

b)	 Equipment connection information

c)	 Equipment management and maintenance information

d)	 Electric power information system related to the above information

7.3.1.2  Core elements of ontology model

The core entity types of the EPKG model in the power grid domain should include, but are not limited to, the 
items listed in Table 5.
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Table 5—Core elements of ontology model in the power grid domain
Level I category Level II category Level III category Level IV category

PowerThing PowerItem EquipmentContainer Substation
Bay

Equipment ConductingEquipment
ProtectionEquipment

ConnectivityNode  
Terminal  

PowerEvent Action  
Schedule  

Person Worker
Location GeographicalRegion

SubGeographicalRegion
Organization Company
Time  
NOTE 1—See Annex C for detailed entity type definitions, similarly hereinafter.

NOTE 2—The schema used can be extended based on the recommended core entity type. See Clause 5 for the 
expansion method.

The relation types among these entity types should include, but are not limited to, the edges shown in Figure 11.

NOTE—See Annex C for detailed relation type definitions.

Figure 11—Relation types among entity types in the power gird domain

Authorized licensed use limited to: Tsinghua University. Downloaded on March 06,2026 at 01:34:17 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 2807.3-2022

http://www.avadocuments.com/doc/ieee-2807-3-2022
http://www.avadocuments.com/doc/ieee-2807-3-2022


IEEE Std 2807.3-2022
IEEE Guide for Electric-Power-Oriented Knowledge Graph

42
Copyright © 2023 IEEE. All rights reserved.

7.3.1.3  Application scenarios

Application scenarios of the power grid domain may include, but are not limited to, the following:

a)	 Decisions on the dispatching schedule may be made based on the power grid KG.

b)	 Mobile load analysis may be conducted and decisions on the electric power demand response may be 
made based on the power grid KG.

c)	 Integrated energy management may be carried out and the optimal position in the power distribution 
network may be determined to install renewable energy based on the power grid KG.

d)	 The power distribution network equipment ledger may be managed based on the power grid KG to 
implement the multiangle and multidimensional fast query of power grid equipment.

e)	 The defects of power grid equipment may be analyzed based on the power grid KG. Faults and defect 
events of specified equipment may be filtered and classified considering such conditions as equipment 
type, voltage level, and operating environment, and the potential relation between the root cause 
of the problem and the phenomenon may be explored, thereby facilitating users to quickly analyze 
equipment defects and locate the root of the problem.

f)	 The quality of the power grid equipment may be traced based on the power grid KG. The real 
causes of equipment faults/defects and key components that cause equipment faults/defects may 
be analyzed according to the external environment of the equipment when the faults/defects occur, 
operating load of power grid, faulty components of equipment, fault phenomena, fault causes, fault 
qualitative identification, and fault nature, to identify equipment/component suppliers and put forward 
suggestions for equipment quality improvement.

7.3.2  Application of power generation domain

7.3.2.1  Inputs

The inputs for application of the power generation domain should include, but are not limited to, the following:

a)	 Monitoring information on the operation of power generation equipment

b)	 Drive information on power generation equipment

c)	 Equipment management and maintenance information

d)	 Electric power information system related to the above information

7.3.2.2  Core elements of ontology model

The core entity types of the EPKG model in the power generation domain should include, but are not limited 
to, the items listed in Table 6.
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