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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 organization for standardization
comprising all national electrotechnical committees (IEC National Committees). The object of IEC is to
promote international co-operation on all questions concerning standardization the electrical and
electronic fields. To this end and in addition to other activities, IEC publishes/International Standards,
Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter
referred to as “IEC Publication(s)”). Their preparation is entrusted to technical 4 itffess;

2) The formal decisions or agreements of IEC on technical mat & as N as possible, an
international consensus of opinion on the relevant subjetts si 3 i committee has
representation from all interested IEC National Committees.

8 accepted by IEC National
Committees in that sense. While all reasonable efforts are e at the technical content of IEC
Publications is accurate, IEC cannot be held respons in0 which they are used or for any
misinterpretation by any end user.

transparently to the maximum extent possi i ati regional publications. Any divergence
between any IEC Publication and the ¢ ational or regional publication shall be clearly

International
Industrial netwo
control and au

The text is based on the following documents:

“\AEEE Std FDIS Report on voting
1588 (2008) 65C/510/FDIS 65C/517/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 2013.
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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 in its standards.

Use of an IEC/IEEE Dual Logo International Standard is wholly voluntary. The IEC and IEEE disclaim 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 IEC or IEEE Standard document.

The IEC and IEEE do not warrant or represent the accuracy or content of the matgrial contained herein, and
expressly disclaim any express or implied warranty, including any implied warrant
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IEEE Introduction

This standard defines a protocol enabling precise synchronization of clocks in measurement and control
systems implemented with technologies such as network communication, local computing, and distributed
objects. The clocks communicate with each other over a communication network. The protocol generates a
master—slave relationship among the clocks in the system. All clocks ultimately derive their time from a
clock known as the grandmaster clock. In its basic form, this protocol is intended to be administration free.

History

Measurement and control applications are increasingly using distributed system technologies such as
network communication, local computing, and distributed objects. Without a stanidardized protocol for

following needs of measurement and control systems:

— Spatially localized

— Administration free

— Accessible for both high-end devices a

Notice to users

Users of these
provisions of
Implementers of the

requirements. [EEE

regulation, stantdardization, 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
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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
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1.2 Purpose

Measurement and control applications are increasingly employing distributed system technologies such as
network communication, local computing, and distributed objects. Many of these applications will be
enhanced by having an accurate system-wide sense of time achieved by having local clocks in each sensor,
actuator, or other system device. Without a standardized protocol for synchronizing these clocks, it is
unlikely that the benefits will be realized in the multivendor system component market. Existing protocols
for clock synchronization are not optimum for these applications. For example, the Network Time Protocol
(NTP) targets large distributed computing systems with millisecond synchronization requirements. The
protocol in this standard specifically addresses the needs of measurement and control and operational
systems in the fields of test and measurement, industrial automation, military systems, manufacturing
systems, power utility systems, and certain telecommunications applications. These ations need:

— Spatially localized systems with options for larger systems
— Microsecond to sub-microsecond accuracy

— Administration-free operation

manufacturing, military systems, and utili
revised.

1.3 Layout of the document

PTP for transparent clocks

11 ifies PTP time computations and corrections

12 Specifies how to syntonize and synchronize clocks

13 Defines the format of messages passed between participating clocks
14 Specifies type, length, value (TLV) formats

15 Specifies management TLVs

16 Defines general optional features of this standard

17 Defines state configuration options of this standard

18 Defines forward and backward compatibility between versions

19 Defines requirements for conformance
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Annexes are provided as follows:

Annex Purpose

Annex A Using PTP

Annex B Defines timescales and epochs in PTP

Annex C  Examples of timing computations and message fields

Annex D Defines mappings of PTP to User Datagram Protocol (UDP) over Internet Protocol
version 4 (IPv4)

Annex E Defines mappings of PTP to UDP over Internet Protocol version 6 (IPv6)

Annex F Defines mappings of PTP over IEEE 802.3

Annex G Defines mappings of PTP to DeviceNet™'

Annex H  Defines mappings of PTP to ControlNet™?

Annex [ Defines mappings of PTP to PROFINET™?

Annex J Default PTP Profile

Annex K Defines an experimental security option

Annex L Defines an experimental cumulative frequency TLV

Annex M Bibliography
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the referenced document (including any apagndments ige dphes.
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'DeviceNet™ is a trade name of Open DeviceNet Vendor Association, Inc. This information is given for the convenience of users of
this standard and does not constitute an endorsement by the IEEE or IEC of these products. Equivalent products may be used if they
can be shown to lead to the same results.

ControlNet™ is a trade name of ControlNet International, Ltd. This information is given for the convenience of users of this standard
and does not constitute an endorsement by the IEEE or IEC of these products. Equivalent products may be used if they can be shown
to lead to the same results.

*PROFINET™ is the trade name of the non-profit organization PROFIBUS Nutzerorganisation e.V. (PNO). This information is given
for the convenience of users of this standard and does not constitute an endorsement by the IEEE or IEC of these products.
Equivalent products may be used if they can be shown to lead to the same results.

‘IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Geneve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA
(http://www.ansi.org/).
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Media Access Control Connectivity Discovery.
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SIEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards/ieee.org/).

® The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.
"ISO/IEC publications are available from the ISO Central Secretariat, 1 chemin de la Voie-Creuse, CP 56, CH-1211, Genéve 20,
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