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Grid Event Signature Library (GESL)

ORNL, LLNL, and PNNL, funded by
DOE Office of Electricity, partnered to

develop an open- access Grid Event hitps://gesl.ornl.gov

Signature Library (GESL)

GRID EVENT SIGNATURE LIBRARY

g GESL SHR e . Home Dashboard ~  FAQ Contact Application -

« Measurement data: raw data with
signatures yet to be extracted

« Signature data: labeled events
with data provided in specific
formg'l’s Introducing the Grid Event Signature Library (GESL), an innovaf nn:::zz GESL up and running

spearheaded by the Oak Ridge National Laboratory (ORNL) a The new GESL website is up and running! With new additions highlighting
Livermore National Laboratory (LLNL) under the banner of Department of published works utilizing the GESL data C P2 machine
Energy's Office of Electricity. Our core mission centers around advancing the learning-based  examples S and an application

e
< O O | field of machine learing and artificial intelligence (ML/AI) applications for the
power grid.

programming interface C Pl), this newest edition of the GESL
promises to expand both the usability and the user community.

At the heart of our endeavor lies the establishment of a user-friendly,

meticulously curated, and comprehensive repository housing power grid w 7 N
waveform data. This repository is more than just a collection; it stands as an )
ropelling the evolution of ML/Al applic: ithin
from n |UITipIe sources

« Implement a modular architecture
for expandable design

 Anonymize event sources to
enable open data sharing
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https://gesl.ornl.gov/

To date...

550+ registered users worldwide, encompassing industry, small businesses,
academiaq, universities, and more

More than 5500 signatures housed in the GESL, across 12 unique,
anonymized, providers.

— Types: Point-on-Wave (PoW), Phasor Measurement Unit (PMU), and GridSweep!

« Waveform visualization: W\MWW\MMAWNUW
— Time series, spectrum, RMS, and spectrogram PoW

« Examples of data usage

e Journal publication (IEEE Access, 2024) ‘ o

39%

GridSweep

53%
"'A. McEachern and A. von Meier, ''GridSweep: An early report

on active measurements of electric distribution grids,’’ in Proc.
IEEE Power Energy Soc. Gen. Meeting (PESGM), Jul. 2022, pp. 1-5
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Taxonomy

e Every provider gave textual descriptions with data, using their
own terminology.

e The solution: create an all-encompassing taxonomy schema

o Useful for grouping similar types of disturbances
— Avoids long list of unique disturbance types/conditions

e Flexible & expandable
— creating enfirely new entfry when adding new disturbances
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Visualization Example: Point-On-Wave (Time Series)

Waveform Signature ID: 676
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© Choose Visualization Type
seedm “A 33-cycle, 1167-amp, single-line-to-ground fault on Phase C
Logdb tripped the substation breaker, which stayed open 2.3 seconds
Envelope (RUS) and then reclosed successfully.
Spectrogram However, phases A and B were affected as well.
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Visualization Example: Point-On-Wave (Spectrum)

Waveform Signature ID: 676
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spectm ‘A 33-cycle, 1167-amp, single-line-to-ground fault on Phase C
Logdb tripped the substation breaker, which stayed open 2.3 seconds
Envelope (RVS) and then reclosed successfully.
Spectrogram However, phases A and B were affected as well.
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Visualization Example: Point-On-Wave (RMS Envelope)

Waveform Signature ID: 676
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© Choose Visualization Type

Spectrum

Lrear “A 33-cycle, 1167-amp, single-line-to-ground fault on Phase C
Logdb tripped the substation breaker, which stayed open 2.3 seconds

Envelope (RVS) and then reclosed successfully.”

Spectrogram

However, phases A and B were affected as well.
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Visualization Example: Point-On-Wave (Spectrogram)
Waveform Signature ID: 676
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Sighature Matching Tool
Tell me what this signature might represent

Tags)

Signatures Count
5643

Event Tags Count
8513

° WhG-I- i-I- is ::;aI(S-M' Cat i 38-Sub Cat i 129-Cl;
- Tool to help a user identify an
unlabeled signature by comparing it Sewmre
with the signatures in GESL & oo "
© Equipment Failure
« Approach
- GESL event tag (label) taxonomy is
hierarchical remarn
© Other

— Local binary classifier per node (LCN)

e Binary classification at each root node

« Three methods for binary classifiers tested |
(random forest, support vector machine, | External
naive Bayesian) |

- Providers 9 & 10 data (PMU) used as g
training datasefts | e

« Statistical moments as features
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Power Quality
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Signature Matching Tool
Overall ~80% accuracy

e Random forest showed

— 80
fhe best performance for £
all primary labels é)v 60

S 40

O

o 20

« Work in progress
- Taxonomy revamp
~ User interface being " ehood otevent

planned ﬂ

® equipment failure

= vegetation contact
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Classification results by model

Accuracy hP hR hF
Performance metric

C. Annalicia and J. Joo, "Hierarchical
Classification of Grid Event Signatures Using a
Public Data Repository,” 2024 |IEEE Power and
Energy Society General Meeting, Jul 2024



Recent Additions

« Data Quality Library
e Data from an island grid

e Data from a solar+storage
facility
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Recent Additions
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> 123 records of data anomalies in
PMU measurements

> Includes examples of clock errors,
quantization noise, data dropouts, — oo
efc.

Signature Id 5790: Leap second insertion in the Western
Interconnection
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voltage angle (deg)
| I | I
= = = =
(=] o o o
[Te) [e5] ~ ()]

-110 T T T T
20 92 94 96 98 100

([ J )
Time (sec)

Signature Id 5737: Periodic correction of clock error

« Distinguish data artifacts from real events
« Benchmark the performance of data repair algorithms

« Evaluate bad data impact on synchrophasor

applications
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e e 60.2
Recent Addifions Signaiure Id 6031
§ 60.0
2
5 59.9
o ESQ.S
V)]
g 59.7 1
e Data from an island grid )
> Island grid has hydro-generators, - 2
diesel generator, and a BESS o
> MicroPMUs with 120 fps reporting i
rate | | | | |
> Provider 11 rmedeed
Oscillation frequency appears to be 60 Hz,
. perhaps the aliased version of a higher
frequency oscillation
« Characterization of BESS-induced oscillations
« Study synchronous machine vs. IBR response to the
same events
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Recent Additions
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shortly

Example voltage disturbance captured in
PMU and POW data

Methods that analyze multi-time-resolution datasets

Statistical analysis of fluctuations in solar power output
using high-resolution data
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