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Abstract: A method for real-time exchange of synchronized phasor measurement data between 
power system equipment is defined. This standard specifies messaging that can be used with any 
suitable communication protocol for real-time communication between phasor measurement units 
(PMU), phasor data concentrators (PDC), and other applications. It defines message types, 
contents, and use. Data types and formats are specified. A typical measurement system is 
described. Communication options and requirements are described in annexes. 
Keywords: data concentrator, DC, IEEE C37.118.2, PDC, phasor, phasor data concentrator, 
phasor measurement unit, PMU, synchronized phasor, synchrophasor 
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Introduction 

This introduction is not part of IEEE Std C37.118.2-2011, IEEE Standard for Synchrophasor Data Transfer for Power 
Systems. 

Digital computer based measurement, protection, and control systems have become common features of 
electric power systems. These measurement, protection, and control systems use sampled data to compute 
various quantities such as voltage and current phasors. Phasors are used in many protection and data 
acquisition functions, and their utility is increased further by referencing them to a common time base. This 
can be accomplished by synchronizing the phasor estimate to a precise time source that is common to the 
various measuring sites. Phasor estimates synchronized to a common time source and referenced to a 
common nominal frequency are defined as synchrophasors. Simultaneous measurement sets derived from 
synchronized phasors provide a vastly improved method for tracking power system dynamic phenomena 
for improved power system monitoring, protection, operation, and control. 

The original standard for synchrophasors was IEEE Std 1344™-1995 [B3], which was reaffirmed in 2001.a 

This standard was replaced in 2005 by IEEE Std C37.118™-2005 [B6]. IEEE Std C37.118-2005 provided 
additional clarification for the phasor and synchronized phasor definitions. The concepts of total vector 
error and compliance tests were introduced. The message formats were updated from the original standard 
to improve information exchange with other systems such as a master station. Specifically, the sync, frame 
size, and station identification fields were added to the data frame, configuration frame, header frame, and 
command frame. Analog data was added to the data frame, the fraction-of-second (FRACSEC) field 
replaced the sample count field, and the status field was significantly modified to include time quality. 

The 2005 version of IEEE Std C37.118 included both measurement requirements and real-time data 
transfer requirements. To simplify widespread adoption and facilitate the use of other communication 
protocols for phasor data transfer, IEEE Std C37.118-2005 [B6] was split into two standards:  
IEEE Std C37.118.1™ for synchrophasor measurement requirements including dynamic performance, and 
IEEE Std C37.118.2-2011 (this standard) with synchrophasor data transfer requirements.b The previous 
requirements for data transfer are retained, and one new configuration frame has been added.  

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.  

 

                                                 
aThe numbers in brackets correspond to those of the bibliography in Annex A. 
b Information on references can be found in Clause 2.  
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any rights in copyright to this document. 
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document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
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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. 
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IEEE Standard for Synchrophasor 
Data Transfer for Power 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 

1.1 Scope 

This standard defines a method for exchange of synchronized phasor measurement data between power 
system equipment. It specifies messaging including types, use, contents, and data formats for real-time 
communication between phasor measurement units (PMU), phasor data concentrators (PDC), and other 
applications. 

1.2 Purpose 

The purpose for this standard is to facilitate data exchange among measurement, data collection, and 
application equipment. It provides a defined, open access method for all vendors to use to facilitate 
development and use of synchrophasors. It is a simple and direct method of data transmission and accretion 
within a phasor measurement system, which may be used directly or with other communication protocols. 
This method was initially established by IEEE Std C37.118™-2005 [B6].1 

                                                 
1 The numbers in brackets correspond to those of the bibliography in Annex A. 

1 
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1.3 General overview 

This standard defines data transmission formats for real-time data reporting for synchronized phasor 
measurements used in electric power systems.  

• Clause 1 provides the scope and need for the standard.  

• Clause 2 references other standards that are related or may be useful in the study and application 
of this standard.  

• Clause 3 defines terms, acronyms, and abbreviations found in this standard.  

• Clause 4 provides background for synchrophasor measurement.  

• Clause 5 describes synchrophasor measurement system.  

• Clause 6 defines the real-time communication protocol and message formats. 

Six informative annexes are provided to clarify the standard and give supporting information: 

• Annex A is a bibliography.  

• Annex B gives information about cyclic redundancy codes and the cyclic redundancy check 
(CRC) required by this standard.  

• Annex C provides background in communication bandwidth.  

• Annex D illustrates the message formats defined in Clause 6 with complete message examples.  

• Annex E defines message mapping into standard communication protocols.  

• Annex F discusses synchrophasor communications methods for Internet Protocol (IP).  

1.4 Need for this standard 

The 2005 version of IEEE Std C37.118 includes both measurement requirements and real-time data transfer 
requirements. To simplify widespread adoption of synchrophasor measurement technology and facilitate 
the use of other communication protocols for phasor data transmission, IEEE Std C37.118-2005 [B6] was 
split into two standards, one with measurement requirements and the other with the data transfer 
requirements. This allows other communication protocols and systems to be used with phasor measurement 
systems supporting the original purpose of the standard. This split facilitates harmonization of  
IEEE Std C37.118-2005 with IEC 61850. This standard includes only the data transfer portion of  
IEEE Std C37.118-2005, adding some corrections and improvements yet retaining the current messaging 
for backward compatibility. This approach supports the widely used method for current and developing 
deployments, and allows for a smooth transition of synchrophasor systems to new protocols as needed.  

2 
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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 754™-1985, IEEE Standard for Binary Floating-Point Arithmetic.2, 3 

IEEE Std C37.118.1™, IEEE Standard for Synchrophasor Measurements for Power Systems. 

3. Definitions, acronyms, and abbreviations 

3.1 Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary: Glossary of Terms & Definitions [B1] should be consulted for terms not defined in this clause.4  

Coordinated Universal Time (UTC): (Initials are ordered based on French language.) The time of day at 
the Earth’s prime meridian (0° longitude). It is distributed by various media, including the Global 
Positioning System (GPS) system. 

CRC-CCITT: 16-bit cyclic redundancy check (CRC) calculated using the generating polynomial  
X16 + X12 + X5 + 1, seed value 0xFFFF (–1), no final mask. 

data concentrator (DC): A device that combines data from several measurement devices. 

Global Positioning System (GPS): A U.S. Department of Defense (DoD) navigation system that uses a 
constellation of 24 satellites broadcasting a precision signal for location and time synchronization. Basic 
time synchronization accuracy is ± 0.2 microseconds (μs). 

IEEE floating point: A 32-bit representation of a real number.  

NOTE—This definition is in accordance with IEEE Std 754-1985.5, 6 

phasor: A complex equivalent of a sinusoidal wave quantity such that the complex modulus is the cosine 
wave amplitude and the complex angle (in polar form) is the cosine wave phase angle. 

phasor data concentrator (PDC): A data concentrator (DC) used in phasor measurement systems. 

                                                 
2 IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854, 
USA (http://standards.ieee.org). 
3 The IEEE standards or products referred to in Clause 2 are trademarks owned by the Institute of Electrical and Electronics Engineers, 
Incorporated.  
4 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/. 
5 Information on references can be found in Clause 2.  
6 Notes in text, tables, and figures of a standard are given for information only and do not contain requirements needed to implement 
this standard.  
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synchronism: The state in which connected alternating-current systems, machines, or a combination 
operate at the same frequency, and in which the phase angle displacements between voltages in them are 
constant, or vary about a steady and stable average value. 

synchronized phasor or synchrophasor: A phasor calculated from data samples using a standard time 
signal as the reference for the measurement. 

NOTE—In this standard, the phasors from remote sites have a defined common phase relationship. 

3.2 Special terms 

phasor measurement unit (PMU): In this standard, a device that produces synchronized phasor, 
frequency, and rate of change of frequency (ROCOF) estimates from voltage and/or current signals and a 
time synchronizing signal. Note that the same device may perform other functions and include another 
functional name [e.g., the device may also record power system waveforms and be called a digital fault 
recorder (DFR)]. 

3.3 Abbreviations and acronyms 

BCD binary coded decimal 

IRIG-B InterRange Instrumentation Group Time Code Format B 

MMS manufacturing messaging specification 

NTP Network Time Protocol 

PPS pulse per second 

PTP Precision Time Protocol 

ROCOF rate of change of frequency, as defined by IEEE Std C37.118.1 

SCADA Supervisory Control and Data Acquisition 

SOC second of century 

UTF-8 Unicode character encoding scheme used to represent text in writing systems  

4. Synchrophasor measurement 

4.1 Introduction 

Synchrophasor measurement definitions, detailed descriptions, and performance requirements are spelled 
out in the IEEE Std C37.118.1. That standard is based on the original performance requirements from IEEE 
Std C37.118-2005 [B6]. It extends them with dynamic performance requirements for synchrophasors and 
steady-state and dynamic performance requirements for frequency and rate of change of frequency 
(ROCOF) measurements. This clause includes the basic synchrophasor measurement definition from  
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IEEE Std C37.118.1 for background and clarity, and the requirements for synchronization and data rates, 
which are important for the transfer of these measurements.  

4.2 Synchrophasor definition 

Phasor representation of sinusoidal signals is commonly used in ac power system analysis. The sinusoidal 
waveform defined as shown in Equation (1): 

x(t) = Xm cos (ωt + φ) (1) 
 

is commonly represented as the phasor shown in Equation (2): 

X  = (Xm/ √2) ejφ  (2) 
 = (Xm / √2) (cos φ + j sin φ) 
 = Xr + jXi 

where the magnitude is the rms value, Xm /√2, of the waveform and the subscripts r and i signify real and 
imaginary parts of a complex value in rectangular components. The value of φ depends on the time scale, 
particularly where t = 0. It is important to note this phasor is defined for the angular frequency ω; 
evaluations with other phasors must be done with the same time scale and frequency. 

The synchrophasor representation of the signal x(t) in Equation (1) is the value X in Equation (2) where φ 
is the instantaneous phase angle relative to a cosine function at the nominal system frequency synchronized 
to UTC. 

Under this definition, φ is the offset from a cosine function at the nominal system frequency synchronized 
to UTC. A cosine has a maximum at t = 0, so the synchrophasor angle is 0 degrees when the maximum of 
x(t) occurs at the UTC second rollover (1 PPS time signal), and –90 degrees when the positive zero 
crossing occurs at the UTC second rollover (sin waveform). Figure 1 illustrates the phase angle/UTC time 
relationship. 

See IEEE Std C37.118.1 for details about synchrophasor definitions and measurements. 

 
Figure 1 —Convention for synchrophasor representation 
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4.3 Frequency and rate of change of frequency definition 

A PMU shall be capable of reporting frequency and ROCOF. For this measurement, the following standard 
definitions shall be used. Given a sinusoidal signal as shown in Equation (3): 

x(t) = Xm cos [ψ(t)] (3) 
 

Frequency is defined by Equation (4): 

t
ttf

d
)(d

π2
1)( ψ

⋅=  (4) 

 
The ROCOF is defined as shown in Equation (5): 
 

ROCOF(t) = df(t)/dt (5) 

See IEEE Std C37.118.1 for details about frequency, and ROCOF definitions and measurements. 

4.4 Measurement time tag from synchrophasors 

Synchrophasor measurements shall be tagged with the UTC time corresponding to the time of 
measurement. This shall consist of three numbers: a second-of-century (SOC) count, a fraction-of-second 
(FRACSEC) count, and a message time quality flag. The SOC count shall be a four (4) byte binary count of 
seconds from UTC midnight (00:00:00) of January 1, 1970, to the current second. This count shall be 
represented as a 32-bit unsigned integer. Leap seconds shall be added to or deleted from this count as 
necessary to keep it synchronized with UTC. Insertion of a leap second results in two successive seconds 
having the same SOC count, which are differentiated by the Leap Second bit in the FRACSEC word, 
defined as follows. Conversely, the deletion of a leap second results in a second that is missing, so the 
second count only goes to 58. (With this convention, time count can always be determined from current 
time by multiplying the number of days since 1/1/70 by the number of seconds per day: 86 400.) This SOC 
time stamp will roll over to 0 in 2106 (136+ years of seconds). It is similar to the time counts used in most 
computer systems such as UNIX, LINUX, and DOS as well as networks [Network Time Protocol (NTP), 
Precision Time Protocol (PTP)].  

The second shall be divided into an integer number of subdivisions by the TIME_BASE integer specified 
in 6.4, Table 8. The FRACSEC count shall be an integer representing the numerator of the FRACSEC with 
TIME_BASE as the denominator. Compatibility with IEC 61850 requires a TIME_BASE value of 2^24. 
The FRACSEC count shall be zero when it coincides with the one-second roll over. This time tag shall be 
applied to all communication frames as described in Clause 6. 

4.5 System time synchronization 

Synchrophasor measurements shall be synchronized to UTC time with accuracy sufficient to meet the 
accuracy requirements of IEEE Std C37.118.1. A phase error of 0.01 radian (0.57 degrees) in the 
synchrophasor measurement will cause 1% total vector error (TVE), which is the maximum steady-state 
error allowed in IEEE Std C37.118.1. A 0.01 radian phase error corresponds to a time error of ±26 μs for a 
60 Hz system, and ±31 μs for a 50 Hz system. 

The system shall be capable of receiving time from a highly reliable source, such as the Global Positioning 
System (GPS), which can provide sufficient time accuracy to keep the TVE within the required limits and 
provide indication of loss of synchronization. The flag in the data output (6.3, Table 6, STAT word Bit 13) 
is provided to indicate a loss of time synchronization and shall be set to 1 when loss of synchronization 
could cause the TVE to exceed the limit or within 1 min of actual loss of synchronization, whichever is 
less. The flag shall remain set until data acquisition is resynchronized to the required accuracy level. 
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