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Scope of the standard

I This standard defines synchronized phasor (synchrophasor),
frequency, and rate of change of frequency (ROCOF)
measurements. It describes time tag and synchronization
requirements for measurement of all three of these quantities.

I It specifies methods for evaluating these measurements and
requirements for compliance with the standard under both
static and dynamic conditions.

I It defines a phasor measurement unit (PMU), which can be a
stand-alone physical unit or a functional unit within another
physical unit.

I This standard does not specify hardware, software, or a
method for computing phasors, frequency, or ROCOF.



Need for the current version of the standard

I The 2005 version of the standard, commonly followed by
equipment manufacturers and system integrators, specifies the
performance of phasor measurements only under steady-state
conditions.

I Synchrophasor applications, particularly during severe system
disturbances, will utilize dynamic synchronized measurements.
This revision of the standard extends the synchrophasor
definition and specifies measurement requirements and test
conditions to include practical dynamic power system
conditions.

I The original synchrophasor standard, IEEE Std 1344-1995,
and its successor, IEEE Std C37.118- 2005, did not clearly
define frequency and rate of change of system frequency. This
revision provides definition and measurement requirements for
power system frequency and ROCOF under practical power
system conditions.



Some of the useful definitions

I Coordinated Universal Time (UTC): 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.

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

I 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 (µ s).



Phasor definition

Let a sinusoidal signal be defined as,

x(t) = Xm cos(ωt + φ) (1)

The phasor representation of the above signal is,

X =
Xm√

2
e jφ

=
Xm√

2
(cosφ+ j sinφ)

= Xr + jXi (2)



Synchrophasor definition

1 pps time signals are obtained from GPS. As shown in Figure 1,
phase angle of a sinusoidal signal x(t) will be taken as 0◦, if the
peak of the signal coincides with the UTC seconds rollover. The
phase angle is taken as −90◦ if the positive zero-crossing of the
signal coincides with the UTC seconds rollover.

 

Figure 1: Convention for synchrophasor representation



Synchrophasor definition...contd.

For a nominal frequency ω = ω0 = 2πf0, the phasor in (1) can be
represented as,

x(t) = Xm cos(ω0t + φ) = Xm cos(2πf0t + φ) (3)

If the signal frequency deviates from the nominal by ∆f , the
phasor can be represented by,

X =
Xm√

2
e j(2π∆ft+φ) (4)

Above equation shows that, for off-nominal frequency, the phasor
rotates at a uniform rate ∆f .



Phase angle of off-nominal frequency signal

Let us consider a signal of frequency f greater than the nominal
frequency f0. Figure 2 shows the steady increase in the phase angle
of the signal if observed at intervals of T0 = 1/f0.

 

Figure 2: A sinusoidal signal of frequency f > f0 is being observed
at intervals of T0 = 1/f0



Phase angle of off-nominal frequency signal...contd.

Following Table gives the synchrophasor values for the waveforms
shown in Figure 2. The values are derived for a 10 fps reporting
rate with a system frequency of 50 Hz and 60 Hz. Synchrophasor
values are shown for both 50 Hz and 60 Hz, and then 51 Hz and
61 Hz signals.

Table 1: Synchrophasor values at a 10 fps reporting rate

 



Measurement time synchronization

I The PMU shall be capable of receiving time from a reliable
and accurate source, such as the Global Positioning System
(GPS), that can provide time traceable to UTC with sufficient
accuracy to keep the measurement errors within the required
limits.

I Note that a time error of 1 µs corresponds to a synchrophasor
phase error of 0.022 degrees for a 60 Hz system and 0.018
degrees for a 50 Hz system.

I For each measurement, the PMU shall assign a time tag that
includes the time and time quality at the time of
measurement.

I The time status shall include time quality that clearly indicates
traceability to UTC, time accuracy, and leap second status.



Total vector error

Total vector error (TVE) is an expression of the difference between
the true value of a theoretical synchrophasor and the estimate
given by the unit under test at the same instant. The value is
normalized and expressed as per unit of the true value.

TVE(n) =

√√√√√(X̂r (n)− Xr (n)
)2

+
(
X̂i (n)− Xi (n)

)2(
X 2
r (n) + X 2

i (n)
) (5)

where X̂r (n) and X̂i (n) are the estimates of the real and imaginary
parts of the true values Xr (n) and Xi (n) respectively at the nth
instant.



Quality of frequency and ROCOF measurement

The errors in the measurements of the frequency and rate of
change of frequency (ROCOF) are defined as follows:

Frequency error (FE) = |ftrue − fmeasured| (6)

ROCOF error = |(df /dt)true − (df /dt)measured| (7)



Measurement reporting latency

I Latency in measurement reporting is the time delay from
when an event occurs on the power system to the time that it
is reported in data. This latency includes many factors, such
as the window over which data is gathered to make a
measurement, the estimation method, measurement filtering,
the PMU processing time, and where the event occurs within
the reporting interval.

I The reporting rate and performance class are often the largest
factors, since these will determine the measurement window,
filtering, and the length of the interval over which an event
will be reported.

I In this standard, PMU reporting latency is defined as the
maximum time interval between the data report time as
indicated by the data time stamp, and the time when the data
becomes available at the PMU output (denoted by the first
transition of the first bit of the output message at the
communication interface point).



Measurement reporting

I Synchrophasor, frequency, and ROCOF estimates shall be
reported at a constant rate, Fs, which is an integer number of
times per second when the rate is greater than one per
second, or an integer number of seconds between
measurements when the measurement rate is equal to or
slower than one per second.

I All three measurements shall be made and reported for the
same reporting time.

I The reporting times shall be evenly spaced so the intervals
between reports are all the same.

Typical reporting rates (frames per second):
For 50 Hz system: 10, 25, 50.
For 60 Hz system: 10, 12, 15, 20, 30, 60.



Reporting times

I For a reporting rate N frames per second, the reporting times
shall be evenly spaced coincident with the UTC second
rollover.

I If rates lower than 1 per second are used, there shall be one
report on the hour (xx:00:00) and evenly spaced thereafter
with an integer number of seconds between reports according
to the chosen rate in the absence of leap seconds.

I If a leap second occurs, the last interval in the hour shall be
shorter or longer by that leap second.



Performance classes

The standard defines two classes of PMUs:P-class and M-class.

I P class is meant for protection applications, where faster
response is needed, while compromising the accuracy within
acceptable limits.

I M class is intended for measurement applications, where high
accuracy is preferred more than the quickness of response.



Reference and test conditions

All compliance tests are to be performed with all parameters set to
standard reference conditions, except those being varied as
specified for the test. Reference conditions for all tests are as
follows:

I Voltage at nominal

I Current at nominal

I Frequency at nominal

I Voltage, current, phase, and frequency constant

I Signal total harmonic distortion (THD) < 0.2% of the
fundamental

I All interfering signals < 0.2% of the fundamental



Reference and test conditions...contd.

Measurements at reporting rates (Fs) lower than 10/s shall not be
subject to dynamic performance requirements. Unless otherwise
specified, all testing to certify compliance shall be performed at
standard laboratory test conditions that include the following:

I Temperature 23◦C ± 3◦C .

I Humidity < 90%

Unless otherwise specified, the TVE, frequency error (FE), and
rate of change of frequency error (RFE) for each performance
requirement shall be the average, rms, or maximum value observed
over a minimum of 5 s of test duration.



Steady-state measurement requirements

IEEE Std C37.118.1-2011 
IEEE Standard for Synchrophasor Measurements for Power Systems 

Unless otherwise specified, the TVE, FE, and RFE for each performance requirement shall be the average, 

rms, or maximum value observed over a minimum of 5 s of test duration. Each test specifies whether the 

average, rms, or maximum value shall be used, and whether the period of observation shall be longer or 

shorter than 5 s. Note that some tests do not allow continued measurements at a specific value and specific 

methods are described with the test. 

In the following subclauses, fin is the frequency of the fundamental signal component. It is normally 50 Hz 

or 60 Hz, but in the course of testing may be varied from nominal. Also, f0 always represents the nominal 

frequency, exactly 50 Hz or 60 Hz. Similarly, 0 = 2 f0 always represents the nominal frequency in 

radians/s. 

5.5.5 Steady-state compliance 

Steady-state compliance shall be confirmed by comparing the synchrophasor, frequency, and ROCOF 

estimates obtained under steady-state conditions to the corresponding theoretical values of Xr, Xi, F, and 

ROCOF. Steady-state conditions are where Xm, , and of the test signal, and all other influence quantities 

are fixed for the period of the measurement. (Note that for off-nominal frequencies, the measured phase 

angle will change even though the test signal phase  is constant.) The same tests are used for phasor and 

frequency/ROCOF measurements but the tables of requirements are separated for clarity. 

Table 3 —Steady-state synchrophasor measurement requirements 

Minimum range of influence quantity over which PMU  

shall be within given TVE limit 

P class M class Influence quantity 
Reference 

condition 

Range
Max TVE 

(%) 
Range

Max TVE 

(%) 

Signal frequency 

range fdev

(test applied nominal 

+ deviation: f0 ± fdev)

Fnominal

(f0)
 2.0 Hz 1  2.0 Hz for Fs<10

Fs/5 for  

10 Fs < 25 

 5.0 Hz for Fs 25

1

The signal frequency range tests above are to be performed over the given ranges and meet the given requirements at 

three temperatures: T = nominal (~23 ºC), T = 0 ºC, and T = 50 ºC 

Signal magnitude

Voltage

100%

rated

80% to 120% 

rated

1 10% to 120% rated 1

Signal magnitude

Current

100%

rated

10% to 200% 

rated

1 10% to 200% rated 1

Phase angle with 

| fin – f0 | <0.25 Hz 

(See NOTE 1) 

Constant

or slowly 

varying 

angle

±  radians 1 ±  radians 1
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Steady-state measurement requirements...contd.IEEE Std C37.118.1-2011 
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Table 3 Steady-state synchrophasor measurement requirements (continued) 

Minimum range of influence quantity over which PMU  

shall be within given TVE limit 

P class M class Influence quantity 
Reference 

condition 

Range
Max TVE 

(%) 
Range

Max TVE 

(%) 

Harmonic distortion 

(single harmonic) 

<0.2%

(THD)

1%, each 

harmonic up to 

50th

1 10%, each harmonic up 

to 50th

1

Out-of-band

interference as 

described below 

(See NOTES 2 and 3) 

<0.2% of 

input

signal

magnitude

None 10% of input signal 

magnitude for Fs  10. 

No requirement for  

Fs < 10. 

1.3

Out-of-band interference testing: The passband at each reporting rate is defined as |f – f0 | < Fs /2. An interfering 

signal outside the filter passband is a signal at frequency f where: |f – f0 | Fs /2

For test the input test signal frequency fin is varied between f0 and ± (10%) of the Nyquist frequency of the reporting 

rate.

That is: f0 – 0.1 (Fs /2) fin f0 + 0.1 (Fs/2)

where

Fs = phasor reporting rate 

f0 = nominal system frequency 

fin = fundamental frequency of the input test signal 

NOTE 1—The phase angle test can be performed with the input frequency fin offset from f0 where 

| fin – f0 |<0.25 Hz. This provides a slowly varying phase angle that simplifies compliance verification without 

causing significant other effects. 

NOTE 2—A signal whose frequency exceeds the Nyquist rate for the reporting rate Fs can alias into the passband. 

The test signal described for the out-of-band interference test verifies the effectiveness of the PMU anti-alias 

filtering. The test signal shall include those frequencies outside of the bandwidth specified above that cause the 

greatest TVE. 

NOTE 3—Compliance with out-of-band rejection can be confirmed by using a single frequency sinusoid added to 

the fundamental power signal at the required magnitude level. The signal frequency is varied over a range from 

below the passband (at least down to 10 Hz) and from above the passband up to the second harmonic (2 × f0). If the 

positive sequence measurement is being tested, the interfering signal is a positive sequence. 
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Steady-state frequency and ROCOF measurement
requirements
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Dynamic compliance

The synchrophasor measurement bandwidth under dynamic
conditions shall be determined by sweeping the input with
sinusoidal amplitude and phase modulation. The three phases of
the input signal (voltage or current) can be represented by,

Xa = Xm{1 + kx cos(ωt)} cos{ω0t + ka cos(ωt − π)} (8)

Xb = Xm{1 + kx cos(ωt)} cos{ω0t −
2π

3
+ ka cos(ωt − π)} (9)

Xc = Xm{1 + kx cos(ωt)} cos{ω0t +
2π

3
+ ka cos(ωt − π)} (10)

where Xm is the amplitude of the input signal, ω0 is the nominal
frequency in rad/s, ω is the modulation frequency in rad/s, kx is
the amplitude modulation factor, and ka is the phase angle
modulation factor.



Dynamic compliance...contd.

The positive sequence signal corresponding to the previous 3 phase
signals is given by,

X1 = Xm{1 + kx cos(ωt)} cos{ω0t + ka cos(ωt − π)} (11)

At time t = nT , where T is the reporting interval, the PMU shall
produce a positive sequence measurement of,

X (nT ) =
Xm√

2
{1 + kx cos(ωnT )} ka cos(ωnT − π) (12)



Dynamic compliance for frequency and ROCOF
measurements

The frequency, frequency deviation, and ROCOF are given by,

f (nT ) =
ω0

2π
− kaω

2π
sin(ωnT − π) (13)

∆f (nT ) = −kaω

2π
sin(ωnT − π) (14)

ROCOF (nT ) = −kaω
2

2π
cos(ωnT − π) (15)



measurement bandwidth requirements using modulated
test signals

IEEE Std C37.118.1-2011 
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At reporting time tags t = nT (where n is an integer and T is the phasor reporting interval) the PMU shall 

produce a positive sequence measurement of: 

X(nT) = {Xm/ 2}[1 + kxcos( nT)] {kacos( nT – )} (19) 

within the error limits given in Table 5.

Frequency and ROCOF measurement performance shall also be determined during this test. For the input 

signals defined above and at reporting times t = nT, frequency, frequency deviation, and ROCOF are given 

respectively by Equation (20), Equation (21), and Equation (22):

f(nT) =  – ka (  sin ( nT – ) (20) 

f(nT) = – ka (  sin ( nT – ) (21) 

 ROCOF(nT) = d/dt[f(nT)] = – ka (
2/2  cos ( nT – ) (22) 

The modulation tests shall be performed with , kx, and ka over the frequency ranges specified in Table 5.

The modulation frequency shall be varied in steps of 0.2 Hz or smaller over the range specified in the table. 

The TVE, FE, and RFE shall be measured over at least two full cycles of modulation. The maximum is the 

highest value observed at the given reporting rate over the full test interval. This maximum shall be within 

the specified limits for P class and M class compliance at the given reporting rate. An adequate settling 

time shall be allowed for each test signal change to prevent parameter change transient effects from 

distorting the measurement. 

Table 5 —Synchrophasor measurement bandwidth requirements  
using modulated test signals

Minimum range of influence quantity over which PMU  

shall be within given TVE limit 

P class M class 

Modulation 

level 

Reference 

condition 

Range Max TVE Range Max TVE 

kx = 0.1,  

ka = 0.1 

radian

100% rated 

signal

magnitude,

fnominal

3% 3%

kx = 0,  

ka = 0.1 

radian

100% rated 

signal

magnitude,

fnominal

Modulation 

frequency 0.1 to 

lesser of Fs/10 or 

2 Hz 

3%

Modulation 

frequency 0.1 to 

lesser of Fs/5 or  

5 Hz 

3%
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Performance during ramp of system frequency

Three phase input signals with a ramp in system frequency can be
represented as,

Xa = Xm cos
(
ω0t + πRf t

2
)

(16)

Xb = Xm cos

(
ω0t −

2π

3
+ πRf t

2

)
(17)

Xc = Xm cos

(
ω0t +

2π

3
+ πRf t

2

)
(18)

where Rf = df /dt is the frequency ramp rate in Hz/s.



Performance during ramp...contd.

The positive sequence signal corresponding to the three-phase
inputs described earlier is given by,

X1 = Xm

(
cosω0t + πRf t

2
)

(19)

At a reporting time t = nT , the PMU should produce a
measurement of

X (nT ) =
Xm√

2
πRf (nT )2 (20)



Performance during ramp...contd.

The frequency, frequency deviation, and ROCOF are given by,

f (nT ) =
ω0

2π
+ Rf nT (21)

∆f (nT ) = Rf nT (22)

ROCOF (nT ) = Rf (23)



Performance requirements under frequency ramp tests
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Dynamic compliance under step changes in phase and
magnitude

The three phase inputs with step changes in phase and magnitude
can be represented by,

Xa = Xm{1 + kx f1(t)} cos{ω0t + kaf1(t)} (24)

Xb = Xm{1 + kx f1(t)} cos{ω0t −
2π

3
+ kaf1(t)} (25)

Xc = Xm{1 + kx f1(t)} cos{ω0t +
2π

3
+ kaf1(t)} (26)

where f1(t) is a unit step function, kx is the magnitude step size
and ka is the phase step size.



Phasor performance requirements for input step change
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Measurement time tag

I Synchrophasor measurements shall be tagged with the UTC
time corresponding to the time of measurement.

I This shall consist of three numbers: a second-of-century
(SOC) count, a fraction-of-second (FRACSEC) count, and a
message time quality flag.

I The SOC count shall be a four 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.

I Leap seconds shall be added to or deleted from this count as
necessary to keep it synchronized with UTC.



Synchrophasor network IEEE Std C37.118.2-2011 
IEEE Standard for Synchrophasor Data Transfer for Power Systems 

primary voltages, currents, real and reactive power flows, and other quantities for system operators. Many 

PDCs belonging to different utilities can be connected to a common central PDC to aggregate data across 

the utilities, in order to provide an interconnection-wide snapshot of the power grid measurements. 

Figure 2 —Synchrophasor data collection network 

5.2 Synchrophasor network elements 

5.2.1 Synchrophasor measurement unit 

The PMU is a function or logical device that provides synchrophasor and system frequency estimates, as 

well as other optional information such as calculated megawatts (MW) and megavars (MVAR), sampled 

measurements, and Boolean status words. The PMU may provide synchrophasor estimates from one or 

more voltage or current waveforms. The PMU can be realized as a stand-alone physical device or as a part 

of a multifunction device such as a protective relay, DFR, or meter. This information may be recorded 

locally or transmitted in real time to a central location as illustrated in Figure 2. This standard addresses the 

real-time transfer of data from the PMU to the PDC or other devices. 

5.2.2 Phasor data concentrator 

A PDC works as a node in a communication network where synchrophasor data from a number of PMUs or 

PDCs is correlated and fed out as a single stream to the higher level PDCs and/or applications. The PDC 

correlates synchrophasor data by time tag to create a system wide measurement set.  

Additional functions may be provided, as follows:  

a) Various quality checks on the phasor data and insertion of appropriate flags into the correlated data 

stream. 

b) Checks for disturbance flags and recordings of data files for analysis. 

c) Monitoring of the overall measurement system and displaying the results, as well as recording of the 

performance. 

d) Number of specialized outputs, such as a direct interface to a SCADA or EMS system. 
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Phasor data concentrator (PDC)

A PDC works as a node in a communication network where
synchrophasor data from a number of PMUs or PDCs is correlated
and fed out as a single stream to the higher level PDCs and/or
applications. The PDC correlates synchrophasor data by time tag
to create a system wide measurement set. Additional functions of a
PDC may be some of the following:

I Various quality checks on the phasor data and insertion of
appropriate flags into the correlated data stream.

I Checks for disturbance flags and recordings of data files for
analysis.

I Monitoring of the overall measurement system and displaying
the results, as well as recording of the performance.

I Number of specialized outputs, such as a direct interface to a
SCADA or EMS system.



Synchrophasor message framework

Four message types are defined here: data, configuration, header,
and command. The first three message types are transmitted from
the PMU/PDC that serves as the data source, and the last
(command) is received by the PMU/PDC.

I Data messages are the measurements made by a PMU.

I Configuration is a machine-readable message describing the
data types, calibration factors, and other meta-data for the
data that the PMU/PDC sends.

I Header information is human readable descriptive information
sent from the PMU/PDC but provided by the user.

I Commands are machine-readable codes sent to the
PMU/PDC for control or configuration.

I Each data stream shall have its own IDCODE so that the
data, configuration, header, and command messages can be
appropriately identified.



Message format

All message frames start with a 2-byte SYNC word followed by a
2-byte FRAMESIZE word, a 2-byte IDCODE, a time stamp
consisting of a 4-byte second-of-century (SOC) and 4-byte
FRACSEC, which includes a 24-bit FRACSEC integer and an 8-bit
Time Quality flag.

IEEE Std C37.118.2-2011 
IEEE Standard for Synchrophasor Data Transfer for Power Systems 

Configuration is a machine-readable message describing the data types, calibration factors, and 

other meta-data for the data that the PMU/PDC sends.  

Header information is human readable descriptive information sent from the PMU/PDC but 

provided by the user.  

Commands are machine-readable codes sent to the PMU/PDC for control or configuration.  

A PMU or PDC may transmit multiple data streams, each with different content, rate, format, etc. 

Each data stream shall have its own IDCODE so that the data, configuration, header, and command 

messages can be appropriately identified. Each stream shall be independently operable including 

command execution and data, header, and configuration messages. 

Information may be stored in any convenient form in the PMU/PDC itself, but when transmitted it shall be 

formatted as frames described in the following sections. Commands and other messages received by a 

connected device that are not understood (such as an unimplemented feature, incorrect IDCODE, bad CRC) 

shall be silently discarded. This messaging framework implements no error or retransmit messages. 

Only data, configuration, header, and command frames are defined in this standard. Other types may be 

designated in the future. In normal operation, the PMU only sends data frames. Annex D contains examples 

of data, configuration, and command frames.

6.2.1 Overall message 

All message frames start with a 2-byte SYNC word followed by a 2-byte FRAMESIZE word, a 2-byte 

IDCODE, a time stamp consisting of a 4-byte second-of-century (SOC) and 4-byte FRACSEC, which 

includes a 24-bit FRACSEC integer and an 8-bit Time Quality flag described in 6.2.2.

The SYNC word provides synchronization and frame identification. Bits 6-4 in the SYNC word designate 

the frame type. This word is detailed Table 2. Bits 3–0 describe version number. Since this is the second 

published edition of the synchrophasor standard, new messages shall be designated version 2 (binary 0010). 

The CFG-3 message introduced with this standard shall be designated version 2; all previously defined 

messages are unchanged in this standard and shall remain version 1. The IDCODE positively identifies the 

source of a data, header, or configuration message, or the destination of a command message. Note that the 

message IDCODE is associated with a data stream and ties data frames with the associated configuration 

and header information. All frames terminate in check word (CHK) which is a CRC-CCITT. This CRC-

CCITT uses the generating polynomial X16 + X12 + X5 + 1 with an initial value of –1 (hex FFFF) and no 

final mask.  

All frames are transmitted exactly as described with no delimiters. Figure 3 illustrates frame transmission 

order. The SYNC word is transmitted first and CHECK word last. Two- and four-byte words including 

integer and floating-point numbers are transmitted most significant byte first (network or “big endian” 

order). All frame types use this same order and format. 

Figure 3 —Example of frame transmission order 
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Word definitions common to all frame types
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Table 2 —Word definitions common to all frame types 

Field Size (bytes) Comments

SYNC 2 Frame synchronization word. 

Leading byte: AA hex 

Second byte: Frame type and version, divided as follows: 

Bit  7: Reserved for future definition, must be 0 for this standard version. 

Bits 6–4:  000: Data Frame 

001: Header Frame  

010: Configuration Frame 1 

011: Configuration Frame 2 

101: Configuration Frame 3 

100: Command Frame (received message) 

Bits 3–0:  Version number, in binary (1–15) 

Version 1 (0001) for messages defined in IEEE Std C37.118-2005 [B6].

Version 2 (0010) for messages added in this revision,  

IEEE Std C37.118.2-2011. 

FRAMESIZE 2 Total number of bytes in the frame, including CHK. 

16-bit unsigned number. Range = maximum 65535 

IDCODE 2 Data stream ID number, 16-bit integer, assigned by user, 1–65534 (0 and 65535 are 

reserved). Identifies destination data stream for commands and source data stream 

for other messages. A stream will be hosted by a device that can be physical or 

virtual. If a device only hosts one data stream, the IDCODE identifies the device as 

well as the stream. If the device hosts more than one data stream, there shall be a 

different IDCODE for each stream. 

SOC 4 Time stamp, 32-bit unsigned number, SOC count starting at midnight 01-Jan-1970 

(UNIX time base). 

Range is 136 years, rolls over 2106 AD. 

Leap seconds are not included in count, so each year has the same number of 

seconds except leap years, which have an extra day (86 400 s). 

FRACSEC 4 Fraction of second and Time Quality, time of measurement for data frames or time 

of frame transmission for non-data frames. 

Bits 31–24: Message Time Quality as defined in 6.2.2.

Bits 23–00: FRACSEC, 24-bit integer number. When divided by TIME_BASE 

yields the actual fractional second. FRACSEC used in all messages to and from a 

given PMU shall use the same TIME_BASE that is provided in the configuration 

message from that PMU. 

CHK 2 CRC-CCITT, 16-bit unsigned integer. 

6.2.2 Time and message time quality 

The 32-bit (4-byte) FRACSEC is divided into two components: a 24-bit unsigned integer that is the actual 

FRACSEC count and an 8-bit message time quality flag. The time of measurement or data transmission for 

non-data frames is the SOC time stamp, which fixes the integer second plus the fractional time. The 

fractional time is determined by dividing the 24-bit integer FRACSEC by the TIME_BASE integer given in 

configuration frame. 

Time = SOC + FRACSEC / TIME_BASE 

The bits of the Message Time Quality flag indicate the “quality” of the time being reported as well as 

indication of leap second status. Table 3 details these assignments. Bit 7 is reserved for future use. Bit 4 is 

the Leap Second Pending bit and shall be set as soon as it is known, but no more than 60 s or less than  

1 s before a leap second occurs. It shall be cleared in the first second after the leap second occurs. Bit 5 is 

the Leap Second Occurred bit and shall be set in the first second after the leap second and remains set for 

24 h afterward. Bit 6 is the Leap Second Direction bit, which is 0 for adding a leap second and 1 for 

deleting a leap second. It shall be set (to 0 or 1 as required) at the same time or before the leap second 
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Annex C

(informative) 

System communications considerations 

C.1 Communication bandwidth 

This standard does not impose any restriction on the communication system or media itself. It defines four 

message types—data, configuration, header, and command—to and from a PMU or PDC for real-time 

synchrophasor communication. It also prescribes the message contents and format. These are detailed in 

Clause 6.

Typically, the receiving device requests a configuration and header using the commands at startup or a 

configuration change only. Most of the time the data frame is transmitted continuously from the PMU or 

PDC at the designated reporting rate. Consequently the required bandwidth is determined by the data frame 

size, data rate, and communication overheads. The frame size is precisely described in this standard and 

varies depending on the number of phasors and analog and digital words included in the frame. Typical 

sizes vary from 40–70 bytes for frames from a single PMU to over 1000 bytes in a frame from a PDC with 

data from many PMUs. Table C.1 gives some examples in bits per second (bps) for some typical PMU 

configurations. Note that the communication media will add overhead, which can be considerable. 

Asynchronous serial communication adds 2 bits per byte (25% overhead) and TCP adds 44 bytes/frame, 

which can amount to more than 50% overhead. 

Table C.1—Estimation of bandwidth requirements for example PMU configurations 

Transmission rate in bits per second (bps) for example messages using UDP/IP over Ethernet 

PMU reporting rate (data 

frames/second)
10 12 15 25 30 50 60

Message content: 2 phasors, all 

quantities integer 
6 720 8 064 10 080 16 800 20 160 33 600 40 320 

Message content: 2 phasors, all 

quantities floating point 
7 680 9 216 11 520 19 200 23 040 38 400 46 080 

Message content: 12 phasors, all 

integer 
9 920 11 904 14 880 24 800 29 760 49 600 59 520 

Message content: 12 phasors,  

2 analog, 2 digital, all integer 
10 560 12 762 15 840 26 400 31 680 52 800 63 360 

C.2 Communication delay 

An interval of time is required to make a measurement, send the measurement data to a device that will use 

the measurement, and then use the data. This interval of time from when the signal has a certain value to 

when the measurement is consumed by the application is called delay in this subclause. The first aspect of 

this delay is in the measurement process. That includes the window over which data is gathered to make a 

measurement, the estimation method and filtering, and the time to process that data. The second aspect is 

the communication of the data including the time to send each bit of the message, the distance and type of 

communication, and various communication buffering, multiplexing, conversion processes. Finally the last 

aspect is the processing of the receiving device and application algorithms. 

Delay in measurement is largely dependent on the processing window and filtering, which vary with the 

data reporting rate and the PMU class of service. Processing delays for calculating the measurement are 
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generally very small compared with other delays. Additional delays caused by servicing other processing 

needs such as a multifunction device may cause large interruptions or may be insignificant. 

Communication delay starts with clocking the bits out of the PMU and is easily measured. With RS-232 

serial this delay can be in the millisecond range, but at network speeds is insignificant. Once multiplexed 

onto a communication baseband, data travels at 0.6 to 0.99 times the speed of light. For example, data sent 

500 mi would only be delayed 3 ms to 5 ms, a relatively small number that is predictable based on the 

communication network. However buffering, de-multiplex/multiplex points, forwarding, and routing can 

add tens to hundreds of milliseconds and may not be very predictable. Error detection/correction can add 

hundreds of milliseconds to seconds. Data concentration with delays allowed for data with various delays 

can also add seconds. Some typical values for delays are summarized in Table C.2.

Table C.2—Summary of delays’ causes and typical ranges 

Cause of delay Typical range of delay 

Sampling window (delay ½ of window) 17 ms to100 ms 

Measurement filtering 8 ms to 100 ms 

PMU processing 0.005 ms to 30 ms 

PDC processing & alignment  2 ms to 2+ s 

Serializing output 0.05 ms to 20 ms 

Communication system I/O 0.05 ms to 30 ms 

Communication distance 3.4 µs/km to 6 µs/km 

Communication system buffering and error correction 0.05 ms to 8 s 

Application input 0.05 ms to 5 ms 

Note that while these are typical, actual values can be different and systems need to be evaluated on a case-

by-case basis. The minimum overall delay one could anticipate is in the order of 20 ms (no added filtering). 

The maximum delay in a real-time system could be in the 10 s range or longer. A typical system from PMU 

to PDC will be in the 20 ms to 50 ms range. Each level above that will add some PDC processing and wait 

times, probably in the 30 ms to 80 ms range (and in addition to the PMU to PDC time). If delay in data 

delivery is critical to applications, the designers need to examine all communication aspects they are 

incorporating to make sure delivery time meets specifications and there are no unexpected delays. 
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Table D.1—Data message example 

Field Short description Example entry 
Size 

(bytes) 

Hexadecimal

value

SYNC Synchronization and Frame Format 

Field.

Data Frame, Version 1  2 AA 01 

FRAMESIZE Total number of bytes in this frame. 52 bytes in this frame 2 00 34 

IDCODE PMU/PDC data stream ID number,

16-bit integer, 1–65534. 

7734 2 1E 36

SOC Second count. (UNIX time, starting 

midnight 01-Jan-1970 neglecting leap 

seconds).

9:00 AM on 6/6/2006 =  

1 149 580 800 

4 44 85 36 00 

FRACSEC Time of phasor measurement in 

microseconds with Time Quality. 

Not a leap second, none 

pending; time locked. 16817 s

after the second mark 

4 00 00 41 B1 

STAT Bit mapped flags: 

Data valid?, PMU OK?, PMU sync?, 

Data align by time?, PMU Trigger?, 

Reserved,

Time Error, Trigger Cause 

Data valid, no PMU error, 

PMU sync, data sorted by time 

stamp, no PMU trigger, best 

time quality 

2 00 00 

VA = 14 635  0

   (= 134.0 kV  0 )

4 39 2B 00 00 

VB = 14 635  -120

   (= 134.0 kV  –120 )

4 E3 6A CE 7C 

VC = 14 635  120

   (= 134.0 kV  120 )

4 E3 6A 31 83 

PHASORS Phasor data, 16-bit integer, rectangular 

format. The first two bytes contain the 

real part of the phasor and the second 

two contain the imaginary part. 

I1 = 1092  0

  (= 500 A  0 )

4 04 44 00 00 

FREQ 16-bit signed integer. Frequency 

deviation from nominal in mHz.  

+2500 mHz 

(nominal 60 Hz with measured 

62.5 Hz) 

2 09 C4 

DFREQ ROCOF. 2 00 00 

ANALOG1 = 100 4 42 C8 00 00  

ANALOG2 = 1000 4 44 7A 00 00  

ANALOG 32-bit floating point. 

ANALOG3 = 10000 4 46 1C 40 00  

DIGITAL Digital data, 16-bit bit fields. 0011 1100 0001 0010 2 3C 12 

CHK CRC-CCITT. 2 D4 3F

D.3 Configuration message 

Use the configuration frame described in Table D.2 to decode the data frame of Table D.1. In the standard, 

6.2 and 6.4 describe the format of the fields listed in each row of Table D.2. As in Table D.1, the first 

column of Table D.2 contains the field names, the second column contains brief descriptions of the data in 

the fields, the third column contains example data, the fourth column indicates the number of bytes of data, 

and the last column shows the hexadecimal values of the example data.  
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Table D.2—Configuration message example 

Field Short description Example 
Size 

(bytes) 

Hexadecimal

value

SYNC Synchronization byte and version 

number.

Configuration Frame 2 

Version 1 

2 AA 31 

FRAMESIZE Number of bytes in frame.  This frame contains 454 bytes 2 01 C6

IDCODE PMU/PDC data stream ID number, 

16-bit integer, 1–65534. 

7734 2 1E 36

SOC SOC time stamp (UNIX time, starting 

midnight 01-Jan-1970). 

8:00 AM on 6/6/2006 =  

1 149 577 200 

4 44 85 27 F0 

FRACSEC Fraction of second with Time Quality. Leap second pending, to be 

deleted, clock unlocked but 

within 100 s. Fractional time 

is 0.463 s. 

4 56 07 10 98 

TIME_BASE Flag and divisor for time stamping the 

data.
1 000 000 s 4 00 0F 42 40 

NUM_PMU The number of PMUs included in the 

data frame. 

Data from 1 PMU 2 00 01 

STN Station Name 16 bytes in ASCII 

format.

The station name for this 

example is: 

“Station A    ” 

16 53 74 61 74  

69 6F 6E 20  

41 20 20 20  

20 20 20 20  

IDCODE PMU/PDC data source ID number,  

16-bit integer, 1–65534. 

7734 2 1E 36

FORMAT Data format within the data frame. Phasors are represented using 

rectangular coordinates and 

16-bit integers. Analogs are 

32-bit floating-point numbers.

2 00 04 

PHNMR Number of phasors 2 byte integer  

(0 to 32 767). 

This example contains  

4 phasors. 

2 00 04 

ANNMR Number of analog values

2 byte integer. 

This example contains  

3 analog values. 

2 00 03 

DGNMR Number of digital status words

2 byte integer. 

This example contains 1 set 

of binary data. 

2 00 01 
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Table D.2 Configuration message example (continued) 

Field Short description Example 
Size 

(bytes) 

Hexadecimal

value

The first phasor name is:  

“VA       ” 

16 56 41 20 20  

20 20 20 20  

20 20 20 20  

20 20 20 20  

The second phasor name is:  

“VB       ” 

16 56 42 20 20 

20 20 20 20  

20 20 20 20  

20 20 20 20 

The third phasor name is:  

“VC       ” 

16 56 43 20 20  

20 20 20 20  

20 20 20 20  

20 20 20 20 

The fourth phasor name is: 

“I1       ” 

16 49 31 20 20  

20 20 20 20  

20 20 20 20  

20 20 20 20 

The first analog name is:  

“ANALOG1     ” 

16 41 4E 41 4C  

4F 47 31 20  

20 20 20 20  

20 20 20 20  

The second analog name is:  

“ANALOG2     ” 

16 41 4E 41 4C  

4F 47 32 20  

20 20 20 20  

20 20 20 20  

The third analog name is:  

“ANALOG3     ” 

16 41 4E 41 4C  

4F 47 33 20  

20 20 20 20  

20 20 20 20  

CHNAM Phasor and channel names 16 bytes 

for each phasor, analog, and digital 

channel in ASCII format in the same 

order as they are transmitted. 

Digital channel 1 label is: 

“BREAKER 1 STATUS“ 

16 42 52 45 41 

4B 45 52 20 

31 20 53 54 

41 54 55 53 

Digital channel 2 label is: 

“BREAKER 2 STATUS” 

16 42 52 45 41 

4B 45 52 20 

32 20 53 54 

41 54 55 53 

Digital channel 3 label is: 

“BREAKER 3 STATUS” 

16 42 52 45 41 

4B 45 52 20 

33 20 53 54 

41 54 55 53 

Digital channel 4 label is: 

“BREAKER 4 STATUS” 

16 42 52 45 41 

4B 45 52 20 

34 20 53 54 

41 54 55 53 

Digital channel 5 label is: 

“BREAKER 5 STATUS” 

16 42 52 45 41 

4B 45 52 20 

35 20 53 54 

41 54 55 53 
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Table D.2 Configuration message example (continued) 

Field Short description Example 
Size 

(bytes) 

Hexadecimal

value

Digital channel 6 label is: 

“BREAKER 6 STATUS” 

16 42 52 45 41 

4B 45 52 20 

36 20 53 54 

41 54 55 53 

Digital channel 7 label is: 

“BREAKER 7 STATUS” 

16 42 52 45 41 

4B 45 52 20 

37 20 53 54 

41 54 55 53 

Digital channel 8 label is: 

“BREAKER 8 STATUS” 

16 42 52 45 41 

4B 45 52 20 

38 20 53 54 

41 54 55 53 

Digital channel 9 label is: 

“BREAKER 9 STATUS” 

16 42 52 45 41 

4B 45 52 20 

39 20 53 54 

41 54 55 53 

Digital channel 10 label is: 

“BREAKER A STATUS” 

16 42 52 45 41 

4B 45 52 20 

41 20 53 54 

41 54 55 53 

Digital channel 11 label is: 

“BREAKER B STATUS” 

16 42 52 45 41 

4B 45 52 20 

42 20 53 54 

41 54 55 53 

Digital channel 12 label is: 

“BREAKER C STATUS” 

16 42 52 45 41 

4B 45 52 20 

43 20 53 54 

41 54 55 53 

Digital channel 13 label is: 

“BREAKER D STATUS” 

16 42 52 45 41 

4B 45 52 20 

44 20 53 54 

41 54 55 53 

Digital channel 14 label is: 

“BREAKER E STATUS” 

16 42 52 45 41 

4B 45 52 20 

45 20 53 54 

41 54 55 53 

Digital channel 15 label is: 

“BREAKER F STATUS” 

16 42 52 45 41 

4B 45 52 20 

46 20 53 54 

41 54 55 53 

Digital channel 16 label is: 

“BREAKER G STATUS” 

16 42 52 45 41 

4B 45 52 20 

47 20 53 54 

41 54 55 53 

Factor = 915527 4 00 0D F8 47 

Factor = 915527 4 00 0D F8 47 

Factor = 915527 4 00 0D F8 47 

PHUNIT Conversion factor for phasor channels. 

PhasorMAG = PHUNIT X× 0.00001 

Voltage PHUNIT =  

(300 000/32768) × 10E+5 

Current PHUNIT =

(15 000/32768) × 10E+5 

Factor = 45776 4 01 00 B2 D0  
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Table D.2 Configuration message example (continued) 

Field Short description Example 
Size 

(bytes) 

Hexadecimal

value

This analog is an 

“instantaneous” sample of a 

point on the input waveform 

4
00 00 00 01 

This analog is an rms 

calculation 
4

01 00 00 01

ANUNIT Conversion factor for analog channels. 

Because the analogs are represented 

by floating-point conversion factor is 

unity (or simply not used). 

This analog is a peak 

calculation 
4

02 00 00 01

DIGUNIT Mask words for digital status words. First mask: Normal state is 0 

for all bits 

Second mask: All 16 bits are 

valid

4
00 00 FF FF 

FNOM Nominal line frequency code and 

flags.

Nominal 60 Hz 
2

00 00 

CFGCNT Configuration change count. 22 changes 
2

00 16 

DATA_RATE Rate of phasor data transmissions. 30 messages per second 
2

00 1E 

CHK CRC-CCITT. 
2

D5 D1 

D.4 Command message 

Command messages affect the behavior of the PMU. They control the transmission of data, configuration, 

and header messages. The example shown in Table D.3 causes a PMU to begin transmission of data 

messages. The fields shown are described in 6.2 and 6.6 of the standard. 

Table D.3—Command message example 

Field Short description Example 
Size 

(bytes) 

Hexadecimal

value

SYNC Synchronization byte and version 

number.

Command Message, 

Version 1 

2 AA 41 

FRAMESIZE Number of bytes in frame.  18 2 00 12 

IDCODE Data stream ID number, 16-bit integer, 

1–65534.

7734 2 1E 36 

SOC SOC time stamp. 12:00 AM on 6/6/2006 =

1 149 591 600 

4 44 85 60 30  

FRACSEC Fraction of second with Time Quality. No leap second pending or 

past, clock never locked, 

fractional time 0.77 s 

4 0F 0B BF D0 

CMD Defined commands are data on, data off, 

send header, send configuration, 

extended frame. 

Turn on the data stream 2 00 02 

CHK CRC-CCITT.  2 CE 00
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