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Abstract—This paper provides a brief overview of open soue
software (OSS) and some potential benefits it brirgto the electric
power industry, and includes a discussion of OSS dts for
advanced, automated, power system event analyticiNew
techniques have been employed that automatically alate the
quality of recorded sensor data and provide insigts regarding
recently recorded data in the context of historicaperformance for
the same reporting point. It also includes a casetwsly that
describes the need for automated correlation betweepower
system events and lightning data, and the OSS salo that is
being developed to provide this functionality. Thenew OSS
project presented in the case study draws on prewis work to
automatically determine the location of power systa faults, then
use the fault location data to interrogate the Vaiala TXD100 data
service for possible lightning strokes that correlte with the system
event. Conclusions include ‘food for thought’ to enourage the
exploration of new ways to solve power system eveanalytic
issues where lightning is a suspected cause.
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l. OVERVIEW OF OPEN SOURCE SOFTWARE

Open source software is software whose source code is
available for modification or enhancement by anyone. The open
source software (OSS) approach that we see todat igastly
different from the development
organically around computers in the early daysarreffort to
rapidly take advantage of the ‘new’ computatioreahinology
of that time, ideas were freely discussed and sh&ger time
business models developed to extract financial fitefr@m the
unique features in a company’s software, and lysiol’ the
source code so that it couldn’t be copied and netlithey were
able to maximize their financial return. The dovigesto this
approach was that it inhibited collaboration andcéd the
software development company to rely entirely oterimal
resources for creativity and skills in developirmguproducts or
correcting ‘bugs’ in existing products. Althoudtist proprietary
strategy has served some companies very well egmonse in
the development community at large was to creajarozations
that define and promote OSS.

Today we are seeing a dramatic resurgence in the
development and acceptance of OSS for many rea3dres.
rapidly changing electric utility industry can béihdrom a
number of these potential benefits of OSS:

» Stimulates innovation

» Encourages and facilitates collaboration

» Reduces time to deployment

» Reduces cycle time for improvements

» Lowers total cost of ownership

» Improves code quality

» Improves security through community review

Il.  BUILDING BLOCKS OF ANAUTOMATED SYSTEM

An end-to-end solution to provide fleet-wide infation
from the aggregation of data recorded by individdevices
across the utility’s footprint can be describedtage general
divisions or building blocks.

The first of these building blocks is the physizahsport of
data from the sensing and recording device to dralen
repository. This task can be accomplished througeatrum of

community that grewprocesses that range from completely manual, tdy ful

automated. A manual process could be as primitveoaying
files directly from the device onto storage medisoth as a
USB drive, carrying it back to the office, and copyit onto a
computer, or as sophisticated as opening up a ajeskt
application and initiating a file retrieval opemtithat ultimately
places the data in the same repository as the pramétive
process. An automated process could be as sin@istsetting
appropriate criteria in a vendor provided softwapplication
for each unique brand of device, or as advancedulhs
automated retrieval/receiving process that runsreumously to
archive data from all remote devices. Regardleisaohpproach
used, the first block in the process is to getdht to a central
repository.



The second block is analysis of the data. And agan
there is a spectrum of approaches that range fampletely
manual to completely automated. For this block anum&
process often consists of opening a vendor supglidtivare
application, manually locating the data to be aredy and
visually reviewing the data with a calculator andten pad
nearby. At this end of the analysis spectrum,adfien necessary
to employ a separate desktop program that is spalbjf
designed to analyze the data from the respectivdoreMoving
up the analysis automation spectrum there are thady
desktop tools that allow the analysis of a seleatissimilar data
sources in a single software application. The maauaemi-
automatic tools for analysis often do not faciéittte extraction
and long term trends and system responses butypiealty
limited to the production of individual manually ddoped
reports. A fully automated analysis system is chpatf

it is compared to this history. When normal opegtimits are
exceeded, notifications and alarms are generates value of
this new approach is to proactively notify wheriepschange is
identified, even if standard alarm limits are neteeded. For
example, and typical voltage sag limit might be 96¢4he
nominal voltage. Using the statistical performaeealuation
analysis, the normal operating range for a pasichibur of the
week might be between 103% and 94%. In this sceni&the
voltage dropped to 92% of during that hour, an-tfaffmal’
alarm would be set, even though the standard 9@fmdiad not
been exceeded. An example where this ‘off-nornatification
would be important is when a calibration valueharged or a
piece of equipment is an early failure mode.

IV. LIGHTNING CORRELATION CASE STUDY
Understanding when something has impacted the rayste

performing the specified analysis without any manuaand how the system responded are two very impoaspects

intervention, and providing automate reports artdinations of
conditions that meet predetermined conditions.ndltely, the
automated system also builds a comprehensive datétiadong
term trending analysis in addition to analyzingvitlual events.
A database built from an automated analysis syst@malso
position data for fleet-wide visualization througleb based
tools and dashboard applications.

The third block in this view of and end-to-end systis
visualization of information derived from the arsily of the
data. An ideal method for visualizing large quaasit of
information is through a dashboard. And just litke dashboard
of a vehicle, the annunciations, displays, and esagsed to
present the information can be tailored to the seefdthe
audience. For example, a crane operator at a cotisin site
would have different displays and information aabié to him
than the driver of a sports car but they both usshdoards.
Again using the analogy of a modern dashboardaarawhen
some information displayed on the dashboard inégcatcause
for concern, such as a low fuel light, the simpiekoof a “More
Information” button should quickly give you the dee detail
of ‘Thirty-six miles to Empty’. In a power systeraghboard, the
information should be presented intuitively wittspaccess to
supporting details.

IIl.  AUTOMATED EVENT AND TRENDEDDATA ANALYSIS

of analyzing power system events, but certainly thet only
ones. When a fault occurs on the system two othpoitant
aspects to consider are where the fault occurrédvaat caused
the fault.

Our case study is a transmission system. Recordéa d
identifies the substation where the recording devéclocated,
and the system parameters of the lines monitordtidogevice.
The recording devices for this system are digaaltfrecorders
(DFR). Using the available data, the time of thdtfes known,

a distance from the recording device to the faualh de
calculated on the faulted line, and the automatedlyais
determines if a double-ended distance can be etdgl The
notification and reporting system presents thet fdistance and
other fault related information but there is norseufor spatial
information to determine the longitude and latitwde¢he fault
location. Discussions are under way to determire rttost
effective approach for this utility to obtain theaessary spatial
information. Once the latitude and longitude of flaelt is
available, it will be combined with the fault tireed a query
will be assembled to interrogate the Vaisala TXD@ta feed.
The components being used and developed in thésstady are
not new. They have all been performed manually dmes
degree, and partially automated in some systems Th
uniqueness of this study is that once completegl aecurate
fault location and correlated lightning strokes ¢enreported

Beginning in 2012, OSS tools have been progressivelautomatically. This fully automated approach wdduce the

extended and refined each year to incorporate funacionality
into an automated analysis platform for electrievpo system
event and trended data. Analytic functions thatrexe being
applied automatically to power system event datadar real
time include power quality (PQ) event classificatisingle-
ended and double-ended distance to fault calculgtioreaker
timing evaluations, capacitor bank health assestsnmguit data
quality assessment, and statistical performancéuaien of
each input channel.

The statistical performance evaluation of eachtichannel
of trended power system sensor data is a relathelyconcept.
To perform this analysis, a period of historicaledia evaluated
and normal operating limits are established fohedmannel. In
our initial deployment, a year of historical datasmused to
construct the normal operating limits on an houthef week
basis. Subsequently, as each new recorded datdagpairalyzed

time required for results, and provide consistestilts. Output
from the system will include email notificationsdatabase of
all results, and a dashboard for fleet level vigaibn and drill-
down for details.

V. CONCLUSIONS

Using OSS building blocks described here, fullyoauated
advanced analytic systems can be built to perforynamalysis
that is appropriate for the type of data availabdes. they stand
today, the blocks are functional and provide drécaHy
improved access to information compared to previoasual
methods. However great the value is that we sesytdids only
the tip of the iceberg. Other functions such as daality and
device availability and performance are also beipglied in
this environment. Each of these OSS building bldskiseely
available for enhancement, extension, and adaplibrough



the collaboration and innovation afforded by theSGpproach
the functions of these blocks will continue to gnapidly.
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