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@Eﬁs ¢ IEEE
Synchronized Waveforms Contain -

Valuable Information!

But we are essentially looking
for needles in a haystack.

Challenge: Find the valuable needles
without being buried.
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A Variety of Sensors Can Report \ :
Waveform Measurements

They may use different sampling methods

Powerline synchronous GPS-Disciplined
sampling sampling
 Equal number of samples  Equal number of samples
per cycle per second
 Samples NOT equidistant  Samples equidistant in
in time time




4 IEEE

7

@;ES
Sub-cycle Event Detection \

Application: Equipment health monitoring, incipient
fault detection, etc. .

Several proposed approaches look at the

Voltage (V)

difference between consecutive cycles. NAY Y
(Absolute difference, THD, etc.) 010 20 30 40 50
(2)-(1)

] . E 16 . ' v
Computationally fast, easy to implement, but... 5 UW
* Could be susceptible to outliers G

< .16

* Intelligent threshold-tuning required 0 10 2 30 40 50

: Time (ms
e Cycle alignment (ms)
Source: N Ehsani et al, “Sub-cycle Event Detection and Characterization in Continuous Streaming of

* How to flag slow changes?
Synchro-waveforms: An Experiment Based on GridSweep Measurements”, NAPS 2023.

https://ieeexplore.ieee.org/abstract/document/10318763
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Event Detection Based on Phasor \ e

Estimation Residual

4 IEEE

Fit POW data window to a sinusoidal model. An event is detected if residual
higher than a threshold.
Can increase model order to account for harmonics.

=e= Threshold
350 4

Differential voltage

Model fitting _ 1 ** * o ¢ .
2 sl ® - : waveforms
B 2, | Candidate
i . events
- O
i B L e AR LTI LA LE Goodness of fit
01062 003 004 0.05 :ua.a.b .nta.otng.o'n Refined
o * rimets] © Window time Starﬁp o event list
 Computationally more expensive.
* Two-stage process might be the way to go. Acknowledgement: Antos Varghese,

Kaustav Chatterjee
K. Chatterjee, D. Tarter, J. Follum and A. Riepnieks, "A Nonlinear Least Squares Phasor Estimation Algorithm with a Trust Metric," 2024 IEEE Power &
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Oscillation Analysis

What artifacts can powerline frequency synchronous
sampling introduce?

* FFT not defined for samples not — crinnedamin
equidistant in time.
* Potential for estimation error in

practice due to time warping effects. m \ Q
* When is this problematic? o

250 A

200 A

Magnitude

. . . . 50.0 52.5 55.0 57.5 60.0 62.5 65.0 67.5 70.0
* Oscillation amplitude-based alarming? Frequency (H)
° Com pa rison across mu|t|p|e sites if the Frequency spectrum of a signal with drifting fundamental

frequency modulated by a 2 Hz square wave

sites are monitored by different sensors
employing different sampling strategies?
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Grid Event Signature Library \ e

Enhanced with a multi-time
resolution datasets —t\ ]

GESL at a glance: .___% —|
« Open-access repository of power-system | “

" i i L i
16:04:51.600 16.0451.800 16.04:52. 000 16:04.52 200 16.04.52.400

PMU
———BESS1APM_m | |
——— BESS1BPM_m
~——— BESSICPM_m
———BESSINPM_m)

measurements B pg""’f‘
* 5,500+ event recordings =—=rll
* 13 data providers ' \ I}
* 550+ registered users worldwide, from S —— g

utilities, vendors, small businesses, academia, L | L

and more. =
gesl.ornl.gov Exarr':|;ls1em\iauItmrj)‘eﬂc‘::rdin:;:’oro:asorjez::::(:lm0 wa\:f::om

measurements from the same location (Provider 12)







