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Abstract 
 
In 2009 the US Department of Energy announced the award of $3.4 Billion under the Smart Grid 
Investment Grant Program. As a result, many operators in North America were awarded grants to deploy 
a great number PMUs across their service area, with its related communications and IT infrastructure. 
Outside North America the deployment of new PMUs and related infrastructure also continues to 
increase. 
The availability of this new infrastructure will enable the development and implementation of new 
applications that utilize time-synchronized dynamic measurements. The recently developed 
synchrophasor standards PC37.118.1 and PC37.118.2, and guides PC37.242, and PC37.244, are relevant 
for the development of synchrophasor applications by providing a framework to support interoperability 
and reliability. 
This section provides a synopsis of the recently developed standards on synchrophasor measurement 
requirements and data transfer, as well as guides for requirements on phasor data concentration, and 
synchronization, calibration, testing, and installation of PMUs.  
 

Introduction 
The IEEE Power System Relaying Committee (PSRC) defined the standard for synchronized phasor 
measurements in substations in the IEEE Standard for Synchrophasors for Power Systems i.e. IEEE STD 
C37.118-2005 [1]. This standard addresses the definition of a synchronized phasor, time synchronization, 
application of time tags, methods to verify measurement compliance with the standard, and message 
formats for communication with a phasor data concentrator. A comprehensive set of tests and 
calibration methods were conducted on a number of PMUs to assess all aspects of their measurement 
performance before being deployed in transmission, such as those reported in [2]. However in 2009, the 



IEEE started a joint project with IEC to harmonize real time communications in the IEEE STD C37.118-
2005 with the IEC 61850 communication standard to introduce measurement accuracy under steady 
state conditions as well as interference rejection. As a result, the original IEEE STD C37.118-2005 has 
been improved and split into two standards, one for measurements (the C37.118.1-2011 [3]) and 
another one of communication (the C37.118.2-2011 [4]). On the other hand, for the operation of a 
Phasor Measurement Unit (PMU) to be qualified, the unit’s performance should comply with the 
accuracy requirement stated in the C37.118.1-2011. Hence IEEE PSRC provides guidelines for 
synchronization, calibration, testing, and installation of PMU in the IEEE PC37.242-2012 [5]. This guide 
also covers the associated interface requirements for communications testing to connect PMUs to other 
devices including Phasor Data Concentrator (PDC) as given in the C37.118.2-2011. In addition, the 
performance and functional requirements of typical PDCs or PDC systems such as synchrophasor data 
processing, real-time access and historical data access must be verified to conform to the suggested 
guide named IEEE PC37.244 [6]. This guide also described PDC’s test setups and some user applications 
are provided.  An overview of mentioned standards and guides are briefly described in following 
sections. 

IEEE C37.118.1-2011 
This standard defines and describes reporting and synchronization requirements for a synchronized 
phasor, frequency, and rate of change of frequency (ROCOF) measurements. It specifies methods for 
evaluating these measurements and, in addition, new requirements for compliance with the standard 
under both steady-state and dynamic conditions were made and compared with those in the C37.118-
2005. In steady-state condition, the old PMU standard levels (level 0 and 1) were changed to the P and M 
classes, respectively to avoid ambiguous meaning of “levels”. The P class denotes for the class of 
measurement that requires minimal delay such as for protection applications where time is critical. The 
M class denotes that class that requires out-of-band filtering (removing interfering signals) which 
targeted for applications where precise measurements are required. With this new standard, some 
requirements in this condition become more stringent, for example, the out-of-band interference was 
increased from 1% phasor Total Vector Error (TVE) to 1.3% TVE for M class. This test measures the ability 
of the PMU’s anti-alias filter to decrease interfering signals that could be aliased by the reporting rate 
sampling to another frequency. Some requirements have not been adjusted, for example the harmonic 
distortion and phase angle variation requirements. In harmonic distortion requirements for P class PMUs 
are the same as for level 0, 1% phasor TVE with 1% harmonics from the 2nd to the 50th. The 
requirements for M class are the same as for level 1, 1% phasor TVE with 10% harmonics from the 2nd to 
the 50th. Nevertheless, the phase angle variation requirements are kept but the testing approaches have 
been modified. The requirements that have been substantially modified are those of frequency signals. 
The reporting rate (Fs) becomes much more influential in this standard compared with the one of the 
C37.118-2005 standard. For example a range of frequency variation of ±5 Hz for level 1 independent of 
Fs in [1] was changed to the variation of ±2 Hz for Fs < 10 and ± 5 Hz for Fs ≥ 25 fps for the M class in [2]. 
In addition, the test should be carried out using two temperature conditions (at 0 °C and at 50 °C), not 
only at room temperature as stated in [1].   



 

Fig. 1, Sample of step change at t = 0, illustrating response time, delay, and overshoot measurements. [5] 

On the other hand, there are neither specific requirements nor tests under dynamic conditions in the 
C37.118-2005 where the TVE is only a metric to evaluate PMU’s performance under steady state 
conditions. In the new standard [3], there are three tests to assess PMU dynamic performance where 
introduced: the modulation test, the ramp of system frequency test, and step changes in phase and 
magnitude test. The modulation test (both amplitude and phase) should be performed in certain range 
and the TVE, Frequency Error (FE), and Rate of change of Frequency Error (RFE) are measured over at 
least two full cycles of modulation to assure that the test will capture anomalies and noise in the 
measured value. The second dynamic test is the ramp of system frequency test. This test determines 
how closely the measurements track the input during a constant rate of change of frequency. Maximum 
TVE, FE, and RFE for dynamic tests are various over different Fs ranges and PMU classes. Finally, the step 
in amplitude or phase test is a transition between two steady states used to evaluate response time, 
delay time, and overshoot/undershoot in the measurement. An example of this test can be seen in Fig. 1.  

IEEE C37.118.2-2011 
This standard defines a method for data transfer of synchronized phasor measurement in a network that 
consists of PMUs, PDCs, and other application equipment. It specifies messaging types, contents, and 
data formats that remain unchanged from [1], but now include a new configuration message that can 
handle multiple data streams from different manufacturers’ PMUs and PDCs directly or with other 
communication protocols thereby guaranteeing interoperability. The standard defines four frame types 
which are “data”, “configuration”, “header”, and “command” messages. The first three frame types are 
sent from data-sender side to deliver PMU measurements meanwhile the “command” frame is sent from 
the data-receiver side to control the data flow (start or stop transmission) or request configuration data. 
The “data” frame contains data measured or calculated by the PMU or transmitted by the PDC including 
not only the synchrophasor data, frequency, rate of change of frequency, analog and digital quantities 



but also an identification header, message length, the source identification of the message, a time 
stamp, status information and data’s quality. This frame can contain multiple PMUs data with one 
header frame which is correlated to a particular time stamp where the data from each PMU has its own 
status block. The “header” frame is sent from PMU or PDC to the PDC system in ASCII format. Finally, the 
“configuration” frame is a binary data set containing information and processing parameters for a 
synchrophasor data stream. There are three types of “configuration” frames which are “CFG-1”, “CFG-2”, 
and “CFG-3”. The “CFG-1” represents the PMU or PDC capability, indicating all the data that the PMU or 
PDC is capable of reporting. The “CFG-2” denotes the measurements currently being transmitted in the 
data frame. The “CFG-3” is similar to the previous configuration frames and contains the same data but 
with variable length which allows more efficient data transfer. The configuration “CFG-3” is an additional 
frame in this standard compared with [1]. An example of PMU data transfer and interoperability tests, 
for instance PMU Introduced Delays, Time Quality Tagging, PMU Synchronized Indication, Message 
Frames Check (excluding, “CFG-3” frame check) can be found in [2] and [8]. 

IEEE PC37.242 
This guide describes the requirements for PMU installation, its synchronization and connection to PDCs. 
It describes the basic principles of clock synchronization for both Global Positioning System (GPS) and 
terrestrial (Precision Time Protocol e.g., radio broadcasts, microwave, and fiber-optic) technologies. The 
impact of clock synchronization on measurement accuracy (time errors) and potential vulnerabilities 
such as susceptibility to intentional and unintentional interference of these technologies are also 
included.  

Test procedures such as Time to First Fix (TTFF) with different temperature conditions, drift tests (time 
drift rate after loss of satellite signals), and position accuracy/repeatability tests are recommended. The 
objective of these tests is to assess the performance characteristic of synchronization sources such as 
“bad” data management (algorithm for removing bad data) or handoff algorithm (to determine satellite 
position).  

Apart from evaluating synchronizing sources, the overall accuracy of the instrumentation channels 
(instrument transformers and phasor measurement devices) needs to be quantified. The accuracy can be 
characterized into two parts which are accuracy for fundamental frequency and during dynamic changes. 
However, the level of error in measurements is dependent upon the type of devices such as instrument 
transformers, length and protection circuitry at the PMU’s input, and control cable length and type. 
Therefore, this guide suggests two approaches which are model based correction algorithms and state 
estimation methods to correct the error. In addition, the PMU installation and communications 
interfaces (cabling from the PMU to the interface medium, and then to the application end i.e. PDC) also 
play a vital role in measurement accuracy. This means that all aspects of overall system must be 
addressed. The guide provides fundamental requirements from the PMU pre-installation procedures 
(e.g., antenna mountings) until physical design and installation issues at the substation whereas the 
logical network’s issues for substation can be found in IEEE Standard 1615-2007 [7]. This covers the 
recommendation of cable types and their suitable length, the required data rates using the C37.118 data 
format and protocol, and the typical data transfer capabilities.  



Finally, the guide provides detailed description of conformance testing (includes electrical, mechanical, 
environmental, and performance) and calibration procedures together with quality conditions and class 
accuracy that test and calibration equipment must satisfy. This testing should provide characterization of 
PMU measurements under a wide variety of conditions suitable for most deployments which satisfies 
the relevant standards, e.g., the C37.118.1-2011 and the C37.118.2-2011. Meanwhile, the test and 
calibration equipment themselves must achieve some general requirements, for example the “false 
acceptance” rate of less than 2% or the 4:1 Test Uncertainty Ratio (TUR) that is the span ratio of the 
tolerance of a measurement quantity subject to calibration, these are addressed in other standards such 
as the test apparatus standard ANCI/NCSL Z540.3-2006 [9].  

IEEE PC37.244 
This guide covers performance, functional requirements of PDCs and defines testing for PDC systems. 
The PDC functional requirements (e.g., the ability to configure output stream payload, the 
communication media supported, the interface and data transfer protocols conversion) for associating 
with PMUs or other PDC systems is listed and briefly described. The performance requirements focus 
merely on the latency issues related to the PDCs i.e. the latency caused by the network between the 
PMUs and the PDC, the latency caused by the network between the PDC and higher level PDCs, the PDC 
operation mode, and the PDC data processing completion time. Other latency issues as well as other 
requirements related to the PMU are covered in the C37.118.1-2011, the C37.118.2-2011 and the 
PC37.242. Different PDC tests such as conformance test and interoperability test are categorized and 
different test interfaces and their purposes are listed. Two test setups (offline and online setups) and 
test outlines are recommended upon test types and locations. For instance, offline test setup can be 
conducted to test a PDC independently by using a PMU emulator to generate PDC input stream and the 
output stream from a PDC can be captured by a PDC emulator. Then, PDC input and output streams are 
compared to evaluate performance characteristics such as latency, processing times, or accuracy. Apart 
from PMU/PDC emulator, other test tools (e.g., communication emulator, time reference tool, and data 
sniffing tools) in test setups are also provided. In addition, three different test reports (one-time, 
periodic and statistical) are explained. These reports are related to typical cases with functions remain 
unchanged for a PDC’s lifetime; time synchronization consistency test and the typical tests that include 
noise in communications, respectively.    

Conclusion and Further Reading 
This section presented a synopsis of recently developed standards on synchrophasor measurement 
requirements and data transfer, as well as guides for requirements on phasor data concentration, and 
synchronization, calibration, testing, and installation of PMUs. 

New specifications and tests available in the IEEE C37.118.1-2011, C37.118.2-2011, PC37.242 and 
PC37.244 are a step forward towards interoperability and the development of synchrophasor 
applications by providing a framework to support interoperability and reliability. 

The interested reader is directed to [3]-[6] for full technical specifications of each standard, and to the 
cited literature for supporting literature. 
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