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Abstract: 
 
The Phasor Measurement Unit (PMU) technology is being deployed seriously in many 
countries for capturing the real time information of the voltage and current phasors for 
wide area monitoring as per IEEE C37.118 standard.  There are many organizations such 
as North American Synchrophasor Initiative (NASPI), IEEE Power System Relaying 
Committee (PSRC), Pacific Northwest National Laboratory (PNNL), and National 
Institute of Standards and Technology (NIST) who are working hard to address the short 
comings of the existing IEEE C37.118 standard especially under dynamic operating 
conditions. Work is also in progress to transmit the PMU data using IEC 61850 standard. 
The PMU functionality is available as an added software feature in most of the 
microprocessor based Relays and Recorders. There is a need to effectively utilize and 
process the phasor data on the PMU device to avoid the latency or loss of communication 
network especially for real time control applications before the data is delivered to the 
Phasor Data Concentrator (PDC).  In this paper, we describe a micro processor based 
digital fault recorder capabilities to store, record and utilize the PMU data as per IEEE 
C37.118 format on a local storage (flash memory) to suite the real time processing 
(triggers) and applications. We also share the PMU communication experiences with the 
recorder from the utility experience. 
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1. Introduction: 
 
Interest in Wide Area Monitoring & Control using Phasor Measurement Units(PMUs) 
data is increasing throughout the world. It is beyond doubt that PMUs play an important 
role in “Smart Grids” – whatever it means to the future electrical utilities/industries. 
There are still a number of issues that are being addressed in terms of effective utilization 
of the PMU data from different vendors (interoperability) under dynamic operating 
conditions. Currently, there is no standard available for the Phasor Data Concentrator 
(PDC) specification, its communication with PMUs and between one PDC to another 
PDC. A number of International Standards Organizations such IEEE, PSRC, NASPI and 
NIST are working towards bridging the gaps and issues with current IEEE C37.118-2005 
Synchrophasor standard [1,2,3]. This paper discusses a microprocessor based DFR with a 
PMU module with many capabilities which can enhance the effective utilization of PMU 
data such as recording PMU phasor information during an event. This data is stored on 
the DFR continuously on an on-board non-volatile flash disc which is later available to 
the user for post analysis or retention of the data in the event of communication failure 
between a PMU and a PDC. We also share some of our initial experiences with the 
communications of PMU data in the utility environment.  
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2. Description of PMU with DFR: 
 
The DFR discussed in this paper is a multi-time frame recording system used to monitor 
electrical  power  systems.  It  can  record  up  to  36  analog  channels  and  64  digital  
(status) channels  and  store  up  to  1000  recordings.  To achieve greater number of 
channels multiple  recorders  can  be  operated  as  a group with real time cross triggering. 
The DFR can record data simultaneously in three time domains: High-speed transient 
fault (at up to 384 samples/cycle), Low speed dynamic swing (up to 30 minutes), and 
Long term continuous trend (10 – 3600 seconds trend interval). Wide varieties of 
triggers are available to initiate recording. The recording system consists of a recorder, 
analog input isolation modules and Graphical User Interface (GUI) software. There are 
various analog input isolation modules available to interface to signal sources. 
Modules can connect to standard signals found in a typical electric power substation 
including secondary ac voltage and current and low-level dc voltage and current 
signals. The GUI software provides tools to configure the recorder, trigger, retrieve and 
manage records and display real time measured  values. The GUI software also 
includes a graphical record display and an analysis software sub module. A data 
retrieval and management data base program is available to automatically collect and 
store records from multiple DFRs (refer Figure 1). 
 

 
 
 
 
Figure 1:  Schematic view of a PMU module in a Microprocessor based DFR
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PMU functionality is a software  module on this DFR which complies with IEEE 
C37.118 – 2005 [4]. User selectable phasors - as individual phase quantities or three-
phase positive, negative or zero sequence phasors or summated phasors - can be 
transmitted via Ethernet, Serial port, or Modem at rates up to 60 frames each second. 
The PMU functionality is designed to work simultaneously with the  existing DFR 
features such as triggering, recording, and trending. The PMU functionality is designed 
to work simultaneously with the existing DFR features such as triggering, recording and 
trending. This means one can connect to the DFR to view metering, modify configuration 
settings and transfer records while the unit is simultaneously streaming PMU data over 
the same Ethernet port. The DFR has two Ethernet ports (copper or optical) with 
independent MAC addresses. Hence if desired, one Ethernet port can be used exclusively 
to stream PMU data to an external PDC, while the other independent MAC address 
Ethernet port can be used for all other DFR functions within a secure LAN. In order to 
reliably transmit the PMU data, it is required to connect IRIG-B signal from a reliable 
Global Positioning System (GPS) clock or receiver to the DFR through standard BNC 
(Bayonet Neill Connector) connector. The GPS signal must comply with the specification 
as mentioned in the IEEE C37.118 standard [4]. 
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3. Extended PMU capabilities with DFR: 
 
The DFR PMU capabilities are classified as follows: 
 

1. Synchronized sampling of PMU data with IRIG signal (1PPS) – With DFR 
data acquisition system the sampling clock is disciplined to acquire the data 
(based on user configurable sample rate) with an accuracy of +/- 0.75µ sec. 
With this accuracy, the phasor information from two ends of the DFR can 
be directly used for accurate fault location calculations and line differential 
protection without re-aligning the sample data. Figure 2 shows the 
schematic representation of synchronized sampling. 

 
 

                                         
                         Figure 2: Synchronized sampling with IRIG signal (1PPS) 
 

2. PMU recording based on events – In addition to streaming the PMU data in 
real time once per cycle (60/50 Hz) to desired PDC, the DFR can also 
record (in swing domain)  the streamed data based on user configurable 
“triggers”. These recordings in swing domain are very valuable because all 
associated data related to the event are also recorded. Thus the PMU data 
obtained based on system event is more beneficial for the post disturbance 
analysis and the recorded PMU data can also be exported in COMTRADE 
format. Swing Recordings up to 30 minutes is possible.  
Since the recorded data is same as the streamed PMU data a first level of 
redundancy in PMU data is assured in the event of communication failure.  

 
3. Long term trending PMU data – The DFR uses the same PMU data that is 

transmitted in real time even for the long term trending function. The PMU 
phasor magnitude and phase angle information for long term trending will 
be evaluated based on user defined filter (average, damped, undamped, 
minimum, maximum) at a reduced sample rate (10 to 3600 seconds). This 
information is also stored on the same on-board flash memory.  The long 
term trend data is very useful in tracking the seasonal variation of the phase 
angle of the PMU data between 2 DFRs installed at different locations. 
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4. Continuous PMU Data Recording – The NERC recommends the continuous 
storage of DFR data at the rate of 6 Hz for 10 calendar days. The DFR used 
exceeds this requirement as it stores the PMU voltage and/or current phasor 
information on the on-board flash memory. The data storage is up to 140 
days depending on the sample rate and number of channels selected as 
shown in table 1. 

 
 

 
Table 1.  Continuous PMU data storage based on number of channels 
and sample rates 

 
This provides additional redundancy of PMU data in the event of 
communication failure. This also facilitates a quick check on the PMU data 
for any missing events during the continuous recording range (4 – 140 days) 
without consulting the PDC historian data. 

 
5. Communication redundancy – The DFR is designed to have 2 independent 

physical MAC addresses. In the event of communication failure with one 
PDC, the PMU can still continue to stream the same data over the other 
Ethernet to redundant PDC. This assures communication redundancy with 
the PDCs and there is no need to install the second PMU. 

 
6. PMU recording using GOOSE (Generic Object Oriented Substation Event) 

Triggering -  With the increased use of IEC 61850 station bus protocol 
within substations and between one substation to another a number of 
working groups have been involved in coming out with a standard to 
transmit PMU data using IEC 61850 protocol. The DFR based PMU module 
is designed to subscribe the GOOSE trigger to store the PMU based 
recording as shown in Figure 3. In Figure 4, a situation where the GOOSE 
trigger is done between 2 substations to record the PMU data is depicted. 



7 

        

 
                                 Figure 3. GOOSE Triggering within substation 
 
 

 
                                 Figure 4: GOOSE Triggering between substations 
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4. Communication experience with PMU: 
 
The communication traffic in a utility environment will vary depending on the 
bandwidth of the   communication   medium   and   on   the characteristics   of   the 
applications sharing the communications infrastructure.  At Manitoba Hydro the mainly 
fiber based communication infrastructure has a very high bandwidth. In the test case 
below, a query to an existing TFR (transient fault recorder with PMU capability)  
transmits a total of 45 MB of data in 5 minutes or on average 150 KB/s.  If only one 
query per day is expected, the average data throughput becomes a very small number 
(520 Bytes per second) when compared to the bandwidth of the medium which in this 
case is 600 MB per second. Although the average bandwidth is small, the data does 
appear as a large burst of information  and  if  1000  PMUs  were  queried at  the  
same  time  this  could have  a  very significant impact on the data network (150 MB/s 
on average over 5 minutes, and higher if one considers the burst and not the average). 
All system deployments will have to look very closely at the amount of information 
being retrieved and how often it is queried. Systems that rely on lower bandwidth media 
such as microwave radio will have to be carefully planned, as the number of PMUs 
ultimately planned for the wide area network may become an issue with regards to 
response times. 

 
Figure 5: Typical Query to a Transient Fault Recorder and normal PMU traffic just after 
installation 
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              Figure 6: Typical communication traffic in a utility environment  
 
 
The bandwidth at the station was also monitored to get an idea of how much of an 
increase could be expected with the six phasors monitored at a frame rate of 30/second. 
 

 
 
                        Figure 7:Monthly Average Response time and Packet Loss  
 
 
 
 
 
 
5. Conclusions: 
 
The microprocessor based DFR with the PMU has many capabilities to effectively utilize 
PMU data on a single device. It provides multiple layer of redundancy for the PMU data 
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on a single device thus reducing the capital cost on the redundant PMU requirement. The 
PMU is designed for the future IEC 61850 advancements and upcoming dynamic 
synchrophasor standard for better interoperability with other vendor devices. From the 
communication experience in a typical utility environment described in the paper it has 
been found that the communication bandwidth of PMU data traffic is negligible compared 
to the other existing routine network activities. 
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