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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PRECISION CLOCK SYNCHRONIZATION PROTOCOL
FOR NETWORKED MEASUREMENT AND CONTROL SYSTEMS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide org
compr|smg all natlonal electrotechnlcal commlttees (IEC Natlonal Comm

2) The formal decisions or agreements of IEC on i rs express, as nearly as possible, an
international consensus of opinion j each technical committee has
representation from all interested IEC K

3) IEC Publications have the form of recommgndations i /se and are accepted by IEC National

Publications is accurate, IEC cannot b
misinterpretation by any end user.

4) In order to promote intg ti tionaNCommittees undertake to apply IEC Publications
transparently to the maxi et S i inNprational and regional publications. Any divergence
between any IEC R i national or regional publication shall be clearly
indicated in the lattef.

5) IEC provides marking proged re to |n'cate its approval and cannot be rendered responsible for any
eqmpment de 2 i EC Publication.

Internatiofal SEE 61588 has been processed through subcommittee 65C
Digital EC technical committee 65: Industrial-process measurement
and

The text of this standard is based on the following documents:

IEEE Std FDIS Report on voting
1588 (2002) 65C/333/FDIS 65C/340/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

The committee has decided that the contents of this publication will remain unchanged until
2007.
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IEC/IEEE Dual Logo International Standards

This Dual Logo International Standard is the result of an agreement between the IEC and the Institute of
Electrical and Electronics Engineers, Inc. (IEEE). The original IEEE Standard was submitted to the IEC for
consideration under the agreement, and the resulting IEC/IEEE Dual Logo International Standard has been
published in accordance with the ISO/IEC Directives.

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 contained j

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC 3 isclaim liability for
any personal injury, property or other damage, of any nature whatsoeve i i
consequential, or compensatory, directly or indirectly resulting from the publj¢at
this, or any other IEC or IEEE Standard document.

The existence of an IEC/IEEE Dual Logo International Stand
produce, test, measure, purchase, market, or provide othe

there are no other ways to
glated to the scope of the

In publishing and making
professional or other servicg ¢
to perform any duty owed by any i o another. Any person utilizing this, and any other

dards document, should rely upon the advice of a
Interpretations — O i
to specific applications,

initiate action to prep

etations is brought to the attention of IEEE, the Institute will
gs. Since |IEEE Standards represent a consensus of concerned

Comments fo Dual Logo International Standards are welcome from any interested party,
regardfess rship a f|||at|on with the IEC or IEEE. Suggestions for changes in documents should be in
the for of text, together with appropriate supporting comments. Comments on standards
and reques

dards Board, 445 Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331, USA and/or
, 3, rue de Varembé, PO Box 131, 1211 Geneva 20, Switzerland.

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.

General Secretary, IE

NOTE - 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 with respect to the
existence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for
identifying patents for which a license may be required by an IEEE standard or for conducting inquiries into the
legal validity or scope of those patents that are brought to its attention.
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Precision Clock Synchronization Protocol
for Networked Measurement

and Control Systems

Sponsor

TC9—Technical Committee on S
of the

Approved 12 Septe

IEEE-SA St@

Abstract: A pro 3 ize‘independent clocks running on separate nodes of a distributed
measurerienta gm to a high degree of accuracy and precision is specified. The pro-
tocol is. orking technology, and the system topology is self-configuring.

Keywords: istributed system, master clock, measurement and control systems, real-time
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I[EEE Introduction

The objective of this standard is to specify a protocol to synchronize independent clocks running on separate
nodes of a distributed measurement and control system to a high degree of accuracy and precision. The
clocks communicate with each other over a communication network. In its basic form, this protocol is
intended to be administration free. The protocol generates a master slave relationship among the clocks in
the system. Within a given subnet of a network, there will be a single master clock. All clocks ultimately
derive their time from a clock known as the grandmaster clock. The communication path between any clock
and its grandmaster clock is part of a minimum spanning tree.

Patent notice

Attention is called to the possibility that implementation of this standa
covered by patent rights. By publication of this standard, no position

nay xequite use of Subject matter
take wi h Tegpectto the existence or
ible’for identifying pat-

Department.

Information on the patent de ti % the JEC website under the Technical work heading
(see Patent declaration

Y
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PRECISION CLOCK SYNCHRONIZATION PROTOCOL
FOR NETWORKED MEASUREMENT
AND CONTROL SYSTEMS

1. Overview

This standard is divided into nine clauses. They are as follows;

(N AN
Clause ( (\\ P@pose( w M
1 Provides the scope and benefits of}h{s st\séhxk \/
2 Lists references to other standard that are re en d b 1s standard
3 Provides deﬁmtlo that are elthew @ﬁl oﬁex}sqptﬁrds or have been modified for use with this
standard
4 Provides copyentiogs f(Nhe notat1 d 1n this s andard
5 Defines the Paﬁtxp&{\u\%d in hl\chﬁ\
6 Pro{ \\g }verwewgf ﬁ\h\pro\sg \sR /ﬁed by the standard
7 Definds t} n tithe protecol (RTP)
8 Deﬁgeﬁ\t\i\j\if)}r\g:%h:;i;éixz between participating clocks
9 Deﬁ@ re\;{l%&@en}m@r\ceﬁaénance
as follows:
Annex > Purpose

A Using the PTP

Defines time scales and epochs in PTP

Defines subdomain_name to address mappings

Defines the Ethernet implementation of PTP

mo|lQw

Bibliography

Annexes defining communication-medium-specific implementation details for additional network imple-
mentations are expected to be provided in future revisions of this standard.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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1.1 Scope

This standard defines a protocol enabling precise synchronization of clocks in measurement and control sys-
tems implemented with technologies such as network communication, local computing, and distributed
objects. The protocol will be applicable to systems communicating by local area networks supporting multi-
cast messaging including, but not limited to, Ethernet. The protocol will enable heterogeneous systems that
include clocks of various inherent precision, resolution, and stability to synchronize. The protocol will sup-
port systemwide synchronization accuracy in the submicrosecond range with minimal network and local
clock computing resources. The default behavior of the protocol will allow simple systems to be installed
and operated without requiring the administrative attention of users.

1.2 Purpose

Measurement and control applications are increasingly using distribug stex te § such as net-
i be enhanced

low-end devices

ISO 8601:2000, ¢lements and interchange formats —Information interchange — Representation of dates
and times

ISO/IEC 8859-1:1998, Information technology —8-bit single-byte coded graphic character sets—Part 1:
Latin alphabet No. 1

IEEE Publications are available from the Institute of Electrical and Electronics Engineers. 445 Hoes Lane, P.O. Box 1331, Piscataway,
NJ 08855-1331, USA and <http://standards.ieee.org/sds/index.html>.

IS0 publications are available from the International Organization for Standardization, <http://www.iso.ch/iso/en/prods-ser-
vices/ISOstore/store.html>.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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3. Definitions

This clause defines terms that have specific meanings in the context of the PTP.

3.1 boundary clock: A clock with more than a single PTP port, with each PTP port providing access to a
separate PTP communication path.

3.2 clock: A node that is capable of providing a measurement of the passage of time since a defined epoch.
In this standard, the term clock is interpreted to mean either an ordinary clock or a PTP port of a boundary
clock unless otherwise stated or obvious from the context.

3.3 clock timestamp point: A point in the network protocol stack of a clock 3 ps are gener-
inbound and outbound paths in the protocol stack.

3.4 direct communication: A communication of PTP informatigr
vening boundary clock.

3.8 grandmaster clock:
synchronization using the F

3.13 node: A device that can issue or receive PTP communications on a network.

3.14 ordinary clock: A PTP clock with a single PTP port.
3.15 ordinary communication: A communication of non-PTP information between two nodes.
3.16 port number: An index identifying a specific PTP port on a PTP clock.

3.17 preferred master clock set: A set of clocks that will be favored over those not so designated in the
selection of the grandmaster clock within a subdomain.

3The numbers in brackets correspond to those of the bibliography in Annex E.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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3.18 precision time protocol (PTP): The protocol defined by this standard. As an adjective, it indicates that
the modified noun is specified in or interpreted in the context of this standard.
3.19 PTP clock: A clock that participates in the PTP protocol.

3.20 PTP communication: Information used in the operation of the PTP protocol, transmitted in a PTP
message over a PTP communication path.

3.21 PTP communication path: A segment of a network enabling direct communication between two PTP
clocks.

3.22 PTP domain: A collection of one or more PTP subdomains.

cation path.

3.27 PTP subdomain: A lqgica 3
tocol but that are not nesessan.

NOTE —1It should be\e
not be in the samy P

path.

— No two nodes in a region communicate via one of these devices, and

— All communication between regions is via one or more of these devices.
Each such region is a subnet. If a network does not contain any such devices, it is a subnet.

3.30 synchronized clocks: Two clocks are synchronized to a specified uncertainty if they have the same
epoch, and measurements of any time interval by both clocks differ by no more than the specified uncer-
tainty. The timestamps generated by two synchronized clocks for the same event will differ by no more than
the specified uncertainty.

3.31 timeout: A mechanism for terminating requested activity, at least from the requester’s perspective, that
does not complete within the time specified.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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3.32 universally unique identifier (UUID): An identifier that has a unique value within some defined uni-
verse. For purposes of this standard, the universe consists of all possible PTP artifacts having a UUID unless
otherwise stated.

4. Conventions

The specifications of this clause shall apply to all artifacts defined in this standard.

4.1 Descriptive syntax

The syntax conventions specified in the following subclauses are used in thi

4.1.1 Lexical form syntax
A lexical form refers to:

— A name

— A datatype

— Data se
talized)

4.2.1 Shall

The word shall, equivalent to is required to, is used to indicate mandatory requirements, strictly to be fol-
lowed in order to conform to the standard and from which no deviation is permitted.

4.2.2 Recommended
The word recommended is used to indicate flexibility of choice with a strong preference alternative.
4.2.3 Must

The use of the word must is deprecated and shall not be used when stating mandatory requirements. The
word must is only used to describe unavoidable situations.

[ Published by IEC under licence from IEEE. © 2004 IEEE. All rights reserved. |
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