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Abstract: A protocol is provided in this standard that enables precise synchronization of clocks in 
measurement and control systems implemented with technologies such as network 
communication, local computing, and distributed objects. The protocol is applicable to systems 
communicating via packet networks. Heterogeneous systems are enabled that include clocks of 
various inherent precision, resolution, and stability to synchronize. System-wide synchronization 
accuracy and precision in the sub-microsecond range are supported with minimal network and 
local clock computing resources. Simple systems are installed and operated without requiring the 
management attention of users because the default behavior of the protocol allows for it. 
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Introduction 

This introduction is not part of IEEE Std 1588-2008, IEEE Standard for a Precision Clock Synchronization Protocol for 
Networked Measurement and Control Systems. 
 
 
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 standardized protocol for 
synchronizing the clocks in these devices, 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, Network Time Protocol (NTP) targets large distributed computing systems with 
millisecond synchronization requirements. The protocol proposed in this standard specifically addresses the 
following needs of measurement and control systems: 

⎯ Spatially localized 

⎯ Microsecond to sub-microsecond accuracy and precision 

⎯ Administration free 

⎯ Accessible for both high-end devices and low-cost, low-end devices 

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/. 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/. 

Patents 

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. 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 are reasonable or non-
discriminatory. Further information may be obtained from the IEEE Standards Association. 
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1. Overview  

1.1 Scope 

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 protocol is applicable to systems communicating by local area networks supporting multicast 
messaging including, but not limited to, Ethernet. The protocol enables heterogeneous systems that include 
clocks of various inherent precision, resolution, and stability to synchronize to a grandmaster clock. The 
protocol supports system-wide synchronization accuracy in the sub-microsecond range with minimal 
network and local clock computing resources. The default behavior of the protocol allows simple systems 
to be installed and operated without requiring the administrative attention of users. The standard includes 
mappings to User Datagram Protocol (UDP)/Internet Protocol (IP), DeviceNet, and a layer-2 Ethernet 
implementation. It includes formal mechanisms for message extensions, higher sampling rates, correction 
for asymmetry, a clock type to reduce error accumulation in large topologies, and specifications on how to 
incorporate the resulting additional data into the synchronization protocol. The standard permits 
synchronization accuracies better than 1 ns. The protocol has features to address applications where 
redundancy and security are a requirement. The standard defines conformance and management capability. 
There is provision to support unicast as well as multicast messaging. The standard includes an annex on 
recommended practices. Annexes defining communication-medium-specific implementation details for 
additional network implementations are expected to be provided in future versions of this standard. 
 


