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SUMMARY

This invention provides a data-driven method to time-synchronize waveform data from conventional power quality meters. The algorithm KEYWORDS

transforms non-synchronized measurements into synchro-waveforms. This is achieved without needed expensive hardware upgrades. The smart grid, synchro-waveform, power
method first aligns event signatures from different meters and then calculates a synchronization operator to align the entire dataset. The quality, data analytics, grid

process unlocks the potential of advanced monitoring and analysis of existing grid infrastructure. modernization, waveform

synchronization, power system

FULL DESCRIPTION

monitoring
Problem
Power quality meters installed in power grids record valuable waveform data but they lack precise time synchronization. Without CATEGORIZED AS
Energy

synchronization, the data cannot be used for applications which are critical for detailed grid analysis, fault detection, and ensuring grid stability.
Transmission

The alternative of retrofitting power meters with GPS hardware is both prohibitively expensive and logistically complex.
RELATED CASES

Solution 2024-9CN-0

Prof. Hamed Mohsenian-Rad and his team at UCR have developed a novel, two-step computational method that processes data from non-
synchronized power quality meters to transform them into a synchronized dataset. The resulting synchronized dataset is functionally equivalent

to data from expensive, GPS enabled sensors. The two steps are:

Event signature alignment, where an optimization algorithm identifies and aligns the unique signatures of power grid events as captured by
different meters.
Synchronization operator estimation, which uses the results from the alignment and estimates a precise synchronization operator between any

two meters.
(=)
S kTR ELE ui S Erand B L bbb
5 | || E"I!'=! Il |béﬂ15 i ”;' |ﬂ&£g s
L] ] | [
F o | o oo
; 118 FEEIR AR et e TATET T EATER At EL E i
[ LR TR TEFERT R T |
. ! A0 - SR N e = e y Nk — — i
o 0 200 M0 400 500 a M0 200 300 400 500 1] 250 00 ) x] a 5] 50 TS50
1207 = g . 1 Moy ] B
g soffllll T LT e T TR 'IE g »|
B o { af E o
5 LR b e TR R R e L 5
=] &Eh:'-liii G R AXPUTIER fHarErd |..|-|:E|:.E L-EICI:
T PR [y 7 R ——— | It it bdetebbobebates il irind
0 100 200 30 400 S0 0 100 00 300 400 500 ]
Tirss [} Tima {ms)
(] (1]
=00 0 1 ] S0 ¢
LT | TLELL 1 TN Wl ] i | R
s HHH s eRAl I i ettt 5 I'_DEFH : DER 2
2 off | oftii 1 B o | i o i
2 fi | TOH ] ;] [ | ]
= 1Easl i EHLAELERLR] 115 1111 FRLELTULR |
(I TR | 1T LT = \ ; '
1] 10 200 30 400 500 a 100 200 300 400 500 a /o 40 L) & 1] Fall &0 BD B0
150 FoeF f 108 1
I | i il i |
Z Sl e T 1 g | ko sl
E o ol E of - I;h ol P
5 1H THEE] E l} ! 3 i
3 -TH} | 1305 | { [ | L 50 |
| i H 1l {
AR miind e i . . . R ST - . S
0 00 300 300 400 S00 0 100 300 300 400 500 @ 20 4 &0 M0 o X 40 B0 8
Thrw (ma} Tiene {rres) Time (ma) T {rees

Application of time-synchronized waveform measurements in benchmarking the behavior of DERs on power distribution systems during: (a) a

voltage sag; (b) a fault where the DERs managed to ride through the fault; (c) a fault where the DERs could not ride through the fault; and (d)
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sub-cycle oscillatios.

ADVANTAGES

Cost-effective, as it eliminates the need for costly GPS hardware installation on legacy power meters.

High accuracy - the method has been demonstrated to be accurate and robust and has been validated on real-world waveform
measurements.

Computationally efficient - the algorithm is designed for practical implementation and efficient processing of large datasets.

Unlocks the value of data from already deployed power quality meters.

Allows for the application to grid visibility, reliability and fault analysis.

SUGGESTED USES
The technology is valuable for electric utilities, grid operators and data analytics companies focused on:

Grid modernization
Advanced power system monitoring and control
Post-event fault analysis and location

Improving grid stability and reliability

STATE OF DEVELOPMENT

The method has been developed and successfully validated using real-world waveform data from operational power systems

INVENTOR INFORMATION

Please read recent press coverage about Prof. Mohsenian-Rad at UCR

Please visit Prof. Mohsenian-Rad's research website to learn more about his research

RELATED MATERIALS

Transforming Conventional Waveform Measurements Into Synchro-Waveforms: A Data-Driven Method for Event Signature Alignment

and Synchronization Operator Estimation
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