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Task Force Overview \ @;ES

PES Committee: AMPS PES Sub-Committee: BDA

* Focus: Data analytics methods and applications of high-resolution waveform and
synchro-waveform measurements in power systems, facilitate industry acceptance,

identify challenges and opportunities, and encourage collaborations.

e Chairs: - Hamed Mohsenian-Rad, University of California, Riverside (hamed@ece.ucr.edu)
- Jhi-Young Joo, Lawrence Livermore National Laboratory (joo3@IInl.gov)

* Website: https://ieee-synchrowaveform.engr.ucr.edu/
* Established: April 2023 (Approved)
* Meetings: Quarterly (Next In-Person Meeting: IEEE PESGM 2025)
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Synchro-Waveforms

* Terminology:

e Synchro-waveforms (comparable to synchro-phasors)

* [Synchronized] Waveform Measurements

* [Synchronized] [Continuous] Point-on-Wave Measurement

* Technology:

- Power Quality Sensors

- Digital Fault Recorders

- PMUs with Waveform Capture
- New Dedicated Devices

— Waveform Measurement Unit (WMU)
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Multi-location time-synchronized
waveform measurements
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Technical Needs
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* Higher-resolution data
* High-speed, for real-time ingestion and analytics
e Big data analytics (BDA) is even more crucial than synchro-phasors

* Higher-volume data
» Data storage, data compression might be necessary beyond what is needed for existing data types
* Analytics and interface to translate the data into actionable information and use cases

Developing new methods, tools, and techniques to ingest, store, and analyze waveform
and synchro-waveform data in various power system applications is critical.

* Scope of the TF

* |dentify and promote new data analytics methods for synchro-waveform data through collaboration
among all stakeholders and interested parties



Recent Activities @P 1

* Publications Library

IEEE Power & Energy Society TECHNICAL REPORT

December 2024 PES-TR127

) IEEE Task Force on Big Data Analytics for
@ES Syncro-Waveform Measurements

Power & Fj\ergv Society®

OFFICERS PUBLICATIONS TUTORIALS DATA SETS JOIN OUR MAILING LIST Synchro-Waveform
Measurements and Data
Analytics in Power Systems

PREPARED BY THE IEEE PES TASK FORCE OM BIG DATA
ANALYTICS FOR SYNCHRO-WAVEFORM MEASUREMENTS

Welcome to the IEEE Task Force on Big Data Analytics for Synchro-Waveform Measurements Sulbcmrane g i Arytn (0]

Commitles: Analytic Methods for Power Systems (AMPS)
Waveforms are the most granular and authentic representation of voltage and current in power systems. With the latest advancements in power system sensor technologies,
it is now possible to obtain time-synchronized waveform measurements, i.e., synchro-waveforms, from different locations of a power system. Synchro-waveforms can capture

the most inconspicuous disturbances that are overlooked by other types of time-synchronized sensors, such as synchro-phasors. They also monitor system dynamics at
much higher frequencies as well as much lower frequencies ttan the fundamental components of voltage and current that are commonly monitored by synchro-phasor data

analytics tools. Therefore, synchro-waveforms introduce a nevs frontier to advance power system situational awareness, system dynamics tracking, incipient fault detection
and identification, condition monitoring, and so on.

By collecting data at a much higher reporting rate than synchr)-phasors, synchro-waveforms create a new challenge in Big Data Analytics (BDA) in power systems.

Tha IFFF Tacl Favan am Nie Nada Anabhdlics far Cunchea Wanafacla Manmiivammande tiimm acdabhllchad (e 1 AR a mvammada hic dada cncbhdics mmadhadalacian cnd cnalicadinnas AF

PES-TR-127
40 papers and industry reports have been indexed so far Published in December 2024

You can suggest papers through the website or via email.
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* Panels

- Most Recent Panel: - Upcoming Panels:

* IEEE PES General Meeting, Austin, TX, July 2025

IEEE PES Grid Edge, San Diego, CA, January 2025

o Richard Kirby, Schweitzer Engineering Laboratories Synchro-Waveforms in Power Distribution Systems

Jhi-Young Joo, Lawrence Livermore National Lab - David Reiken, Hubbel

o Alex McEachern, McEachern Laboratories Joe Grappe, Sentient Energy
_ David Reiken. Hubbell o Hamed Mohsenian-Rad, University of California, Riverside

o Jhi-Young Joo, Lawrence Livermore National Lab
Sungyun Choi, Korea University

o
O

o Hamed Mohsenian-Rad, University of California, Riverside

O

Emerging Synchro-Waveforms Data Analytics and Applications
o Hassan Ghoudjehbaklou, San Diego Gas and Electric

o Hamed Mohsenian-Rad, University of California, Riverside

o Justin Gilmer, PingThings

o Shuchismita Biswas, Pacific Northwest National Lab

o Wilsun Xu, University of Alberta



Recent Activities

Webinars

NASPI joint webinar (Feb)
Synchro-Waveform Data
Analytics Architecture and Big
Data Platform for Grid
Operations and Situational
Awareness by Hamed Valizadeh
and Michael Balestrieri,
Southern California Edison

First TF webinar (Mar)

Why Waveform Data is
Necessary for Monitoring and
Analyzing Power System
Oscillations by Dr. Wilsun Xu,
University of Alberta, Edmonton

THE NORTH AMERICAN SYNCHROPHASOR INIMATIVE &
IEEE SYNCHRO-WAVEFORM TASK FORCE

JOINT WEBINAR

Hiames Wl aceh and e haed Balestien, Souihem Calfiomia Edison
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be covered n detal
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Power & En::rgy Society*

IEEE Task Force on Big Data Analytics for

Synchro-Waveform Measurements

Webinar Series

Why Waveform Data is Necessary for Monitoring and Analyzing Power
System Oscillations

Dr. Wilsun Xu
University of Alberta, Edmonton, Alberta, Canada

Thursday March 20, 2025, 10am Pacific/1pm Eastern
This webinar is free, but registration is required. Register here:

https://linlfed.webex.com/weblink/register/r97a69ff4473e69473c3ed0e28f5d3f0a

Abstract: Power system oscillations have become a significant concern for system
operators with the increased interconnection of inverter-based resources (IBRs).
Traditionally, oscillation events are investigated using voltage and current phasor data. By
analyzing the actual voltage and current waveforms underlying the phasors, this
presentation will reveal that oscillation is the appearance of a beating waveform in the
phasor domain. The beating waveform, in turn, is caused by so-called interharmonics per
IEC 61000-4-30 definition. In fact, it can be proven that the presence of interharmonics is a
necessary and sufficient condition for phasor oscillations, and multiple field measurement
cases will be used to demonstrate the finding. This new insight could lead to many
interesting developments, such as methods for oscillation source location, resonant
component identification, and active oscillation damping etc. Since interharmonics can
only be extracted from waveform data, waveform data becomes necessary for oscillation
monitoring and analysis, and synchronized waveform data can help to identify system-wide
oscillation patterns.

Bio: Dr. Wilsun Xu received Ph.D. from the University of British Columbia,
Canada, in 1989. He worked at BC Hydro in Vancouver, Canada for seven
years before joining the University of Alberta in Edmonton, Canada, in
1996, where he is currently a professor. Dr. Xu has been engaged in power
quality research, education, and consulting for over 30 years, and he was
elevated to IEEE Fellow for contributions to power system harmonics
analysis in 2005. In recent years, Dr. Xu has been advocating for the application of waveform

data to support equipment condition and system stability monitoring. His research work on
voltage flicker source location has led to the findings shared in this presentation.

Hosts: Jhi-Young Joo ([003@lInlL.gov) and Hamed Mohsenian-Rad
To join the IEEE Synchrowaveform Task Force, please visit|https://ieee-synchrowaveform.engr.ucr.edu

Presentations available at https://ieee-synchrowaveform.engr.ucr.edu/tutorials
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Join us! @ES

Power & En::rgy Society*

 Task Force’s Website

s ) IEEE Task Force on Big Data Analytics for
@ES Syncro-Waveform Measurements

Power & E-;\ergv Society®

OFFICERS PUBLICATIONS TUTORIALS DATA SETS JOIN OUR MAILING LIST H
_. To Join the Task Force

Welcome to the IEEE Task Force on Big Data Analytics for Synchro-Waveform Measurements

Waveforms are the most granular and authentic representation of voltage and current in power systems. With the latest advancements in power system sensor technologies,
it is now possible to obtain time-synchronized waveform measurements, i.e., synchro-waveforms, from different locations of a power system. Synchro-waveforms can capture
the most inconspicuous disturbances that are overlooked by other types of time-synchronized sensors, such as synchro-phasors. They also monitor system dynamics at
much higher frequencies as well as much lower frequencies than the fundamental components of voltage and current that are commonly monitored by synchro-phasor data

analytics tools. Therefore, synchro-waveforms introduce a new frontier to advance power system situational awareness, system dynamics tracking, incipient fault detection
and identification, condition monitoring, and so on.

By collecting data at a much higher reporting rate than synchro-phasors, synchro-waveforms create a new challenge in Big Data Analytics (BDA) in power systems.

Thma IFFE Tanl Favan ~ Pl Pindn Amalhidicn Fav Cusmmblivn WImciafavimn Al A mrevmimn mndm taim tnlalinal A A fen Taidis AAAD F e mda

hime Aot mmmhadicn mmnthadalasins cnnd cmwlinadinns ~F
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