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Abstract: Control architecture for high-power electronics from power semiconductor device levels
to the power system level is defined and characterized. Coverage includes the application of
power electronics in the areas of Power Quality/Custom Power, Flexible AC Transmission
Systems (FACTS), High Voltage DC Transmission (HVDC), Distributed Generation, Energy
Storage applications, etc. with a power range from hundreds of kW to thousands of MW, but with
emphasis on the 1 MW to hundreds of MW.

Keywords: ac-dc converter, control and protection, control architecture, custom power, DVR,
FACTS, HVDC, IEEE 1676, MVA, power electronics, Power Electronics Building Block (PEBB),
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of
the IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the 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.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

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. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her 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.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received 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 interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the IEEE. At lectures, symposia, seminars, or educational courses, an
individual presenting information on IEEE standards shall make it clear that his or her views should be considered the
personal views of that individual rather than the formal position, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board

445 Hoes Lane

Piscataway, NJ 08854

USA
Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood

Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission to photocopy portions of any individual standard for
educational classroom use can also be obtained through the Copyright Clearance Center.
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Introduction

This introduction is not part of IEEE Std 1676-2010, IEEE Guide for Control Architecture for High Power Electronics
(1 MW and Greater) Used in Electric Power Transmission and Distribution Systems.

A significant degree of common functionality is observed in the control functions of many power electronic
systems irrespective of the target application. Using the concept of system levels (or layers), this document
defines hierarchical control architecture for these systems. Such definitions enable the use of common
designs for multiple applications and the use of commercial electronics and communications modules to
increase the cost effectiveness of power electronics applications.

The purpose of this guide is to define hierarchical control architecture, define various parameters/functions
that need to be handled within each layer, and those that need to be communicated between the layers and
their required speed range. When the control functions of many different power electronic systems are
investigated and evaluated, a significant degree of common functionality emerges, irrespective of the target
application. Using the concept of system layers, it is possible to define a hierarchical control architecture
for high-power electronics-based systems. The intent of this document is to provide a framework and
guideline specifically for the control system in order to allow multiple vendors to design and manufacture
components, subassemblies, and software that can be used in a large variety of power electronic products or
systems. This guideline will also serve as a foundation for interchangeability among different
manufacturers at the layer level with defined interfaces.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard does not imply 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.

Copyrights

This document is copyrighted by the IEEE. It is made available 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 this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.
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Updating of IEEE documents

Users of IEEE standards 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. 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 the IEEE Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of this guide may require use of subject matter
covered by patent rights. By publication of this guide, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. A patent holder or patent applicant has filed a
statement of assurance that it will grant licenses under these 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. Other Essential Patent Claims may exist for
which a statement 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 guide 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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IEEE Guide for Control Architecture
for High Power Electronics (1 MW
and Greater) Used in Electric Power
Transmission and Distribution
Systems

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or
environmental protection. Implementers of the standard are responsible for determining appropriate
safety, security, environmental, and health practices or regulatory requirements.

This IEEE document is made available for use subject to important notices and legal disclaimers.
These notices and disclaimers appear in all publications containing this document and may
be found under the heading “Important Notice” or “Important Notices and Disclaimers
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at
http://standards.ieee.org/IPR/disclaimers. html.

1. Overview

In 2003, IEEE Working Group i8 “Power Electronics Building Block Concepts,” of Power Electronics
Subcommittee, of PES Substations Committee, published a document for a variety of high-power
electronics applications in the areas of Power Quality/Custom Power, Flexible AC Transmission Systems
(FACTS), High Voltage DC Transmission (HVDC), Distributed Generation, Energy Storage applications,
with a power range from hundreds of kW to thousands of MW, but with emphasis on the 1 MW to
hundreds of MW. This document, IEEE Product Number 04TP170, “Power Electronics Building Block
(PEBB) Concepts,” is available from IEEE.

Concurrently, Task Force 1 of the sponsoring Working Group i8, worked on defining control architecture
for PEBB-based power electronics, as shown in Figure 1. This Task Force concluded that when the control
functions of different power electronic systems are investigated and evaluated, a significant degree of
common functionality emerges, irrespective of the target application. Using the concept of system layers, it
is possible to define hierarchical control architectures for these systems. Such definitions enable the use of
common designs for multiple applications and the use of commercially available electronics and
communications modules significantly reducing the cost of power electronics applications. It is important,
therefore, that the overall systems control architecture be inherently capable of supporting multiple
applications, regardless of their configuration.
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The Working Group i8 concluded that this architecture is broadly applicable, whether or not the power
electronics is PEBB-based. For consistency, the term PEBB will be used throughout the document. The
term PEBB(s) can be substituted, however, by Module(s), Stack(s), Brick(s), Panel(s), etc. It is not the
intention of this document to define the contents of a PEBB, Module, Stack, Brick, Panel, etc., nor to define
the engineering details of each layer of the architecture, but to define various parameters/functions that
need to be handled within each layer and those that need to be communicated between the layers and their
required communication speeds.

1 System Control = 10ms
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.______________________________¢.
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Figure 1—Recommended architecture for power electronics applications

[l

Source: IEEE Product Number 04TP170, “Power Electronics Building Block (PEBB) Concepts.”

The move toward modular control architecture is further motivated by the rapid obsolescence of controls
relative to other parts of power electronics systems. Consequently, it is imperative that portions or layers of
the controls be independently upgradeable to avoid the need to replace the complete power electronics
system. A common definition of the control layers, with defined interfaces, enables the ability for a partial
upgrade.

These common control layers, as shown in Figure 1, include a system control layer that determines the
overall mission of the system, an application control layer responsible for maintaining overall functions of
the power electronics, a converter control layer that implements many common functions of converters, a
switching control layer that handles the switching logic/sequence, and the hardware control layer that
manages everything specific to the power hardware. Each layer has characteristic processing and
communication speed requirements, irrespective of the final applications.

The stakeholders of this guide include owners, designers and suppliers of high-power electronics
equipment for transmission or distribution systems.
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1.1 Scope

The scope of this guide is to define and characterize control architecture for high-power electronics from
power semiconductor device levels to the power system level. This guide covers the application of power
electronics in the areas of Power Quality/Custom Power, Flexible AC Transmission Systems (FACTS),
High Voltage DC Transmission (HVDC), Distributed Generation, Energy Storage applications, etc. with a
power range from hundreds of kW to thousands of MW, but with emphasis on the 1 MW to hundreds of
MW.

1.2 Purpose

The purpose of this guide is to define hierarchical control architecture, define various parameters/functions
that need to be handled within each level, and those that need to be communicated between the levels and
their required speed range. When the control functions of many different power electronic systems are
investigated and evaluated, a significant degree of common functionality emerges, irrespective of the target
application. Using the concept of system levels (or layers), it is possible to define a hierarchical control
architecture for high-power electronics-based systems. The intent of this document is to provide a
framework and guideline specifically for the control system in order to allow multiple vendors to design
and manufacture components, subassemblies, and software, which can be used in a large variety of power
electronic products or systems. This guideline will also serve as a foundation for interchangeability among
different manufacturers at the layer level with defined interfaces.

1.3 Limitations

This guide is intended specifically for high-power applications with a power range of hundreds of kW to
thousands of MW, but with emphasis on the 1 MW to hundreds of MW used in electric power transmission
and distribution systems.

1.4 Guide for users

This guide is organized into six clauses and two annexes:

— Clause 1 is an overview of the scope, purpose, and organization of this guide

— Clause 2 lists the indispensible normative references

— Clause 3 provides definitions, abbreviations and acronyms used throughout the text of this guide
—  Clause 4 provides the principle of control partitions

— Clause 5 is the recommended architecture and interface design guideline

— Clause 6 is a design example using the guideline

— Annex A provides a case study on interface characterization

— Annex B is a bibliography of related publications
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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 Product Number 04TP170, “Power Electronics Building Block (PEBB) Concepts,” (available from
IEEE Customer Service Department, customer-service@ieee.org.)

3. Definitions, acronyms, and abbreviations

3.1 Definitions

For the purposes of this document, the following terms and definitions apply. The [EEE Standards
Dictionary: Glossary of Terms & Definitions should be consulted for terms not defined in this clause.'

o: Signals that may be configuration related and occur at set-up or at infrequent intervals.
application control layer (App): All functions involved in the operation of the power electronic system in
order to meet the mission determined by the system control.

NOTE—See 5.1.2.

converter control layer (Cnv): All functions that enable the application control layer to perform its
mission by implementing many of the functions common to all converters such as synchronous timing,
current and voltage filtering, measurements, and feedback control calculations.

NOTE—See 5.1.3.

hardware control layer (Hwr): All functions that manage everything specific to the power devices; it may
consist of multiple modules depending on the power requirements.

NOTE—See 5.1.5.

system control layer (Sys): All functions involved in the determination of the system mission and the
duties of the power electronics system.

NOTE—See 5.1.1.

switching control layer (Swt): All functions that enable the power electronics to behave as a switch-mode
controlled source and includes modulation control and pulse generation.

NOTE—See 5.1.4.

3.2 Acronyms and abbreviations
App application control layer

App-Cnv boundary between the application and converter control layers

! The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/.
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BESS
C

CB
Cnv
Cnv-Swt
DVR
FACTS
sam

Jow

Hwr
HVDC

IGBT

Imax
Iref

Ky

Meas

nb
ng

nl

PI
PEBB

PLL

IEEE Std 1676-2010

Power Transmission and Distribution Systems

Battery Energy Storage System

control commands interface characteristic classification; See A.1
Channel Bandwidth

converter control layer

boundary between the converter and switching control layers
Dynamic Voltage Restorer

Flexible AC Transmission Systems

sampling frequency

switching frequency

hardware control layer

High Voltage DC Transmission

Insulated-Gate Bipolar Transistor

system information

(A) over-current phase; (B) maximum current

reference current

ratio of sampling period to transmission time
measurement interface characteristic classification
measurement signals

number of signals

number of branches

number of bits representing the analog signal

number of levels in the converter

number of bits representing the variable x

protection interface characteristic classification; See A.1
Proportional Integral

Power Electronics Building Block

synchronous timing; Phase-Locked Loop

settings of the control system interface characteristic classification; See A.1
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