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Å Objective
ï Detect significant oscillatory events.

ï Estimate the Source and deliver results to the designated personnel. 

On-line Oscillation Management

Fully automated 
24/7 process, 
operational since 
September 2017

Å The OSL uses energy-based Dissipating Energy Flow (DEF) method
ï Joint NASPI & IEEE OSL 2021 Contest has identified the DEF as the most efficient for 

finding the source of traditional oscillations in power systems
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Å Since 2017, automatically processed 1000+ oscillatory Alerts and 
Alarms.

Å Correctlyidentified the source for practically all instances of 
oscillations with known sourcesinside and outsideof ISO-NE.

Å {ŀǘƛǎŦƛŜǎ ǘƻŘŀȅΩǎ ƻǇŜǊŀǘƛƻƴŀƭ needs for onlinedetection of 
oscillations and efficient mitigation

Å Task for the future: make sure the process has similar efficiency for 
IBR-related oscillations

Statistics of Performance
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Å The DEF method has been expanded to Complex DEF (CDEF)

Å Ability to run CDEF in time domain and frequency domains

Å Identification of a control system type (active power or voltage) 
containing the source of oscillation

Å Automated Dissipating Energy Pattern Recognition (DE-PR)

Å Complimentary analysis of SCADA data on MW and MVArof suspect 
generators

New OSL Features introduced in 2022-2024*

* Slava Maslennikov ñEnhancing the Efficiency of Locating the Oscillation Sourceò. IEEE Transactions on Power Systems. 
DOI 10.1109/TPWRS.2024.3380529 

New features increase efficiency of OSL
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Complex Dissipating Energy Flow (CDEF) Method*

* P. Estevez, P. Marchi, C. Galarza, and M. Elizondo, ñComplex Dissipating Energy Flow Method for Forced Oscillation 

Source Locationô, IEEE Trans. Power Syst., vol. 37, no. 5, pp.4141-4144, September 2022. 

*
( )

ijD

ij ij i i

i

Q
W P d d V

V
q
D

D D + Dºñ * *2
( ) ( )

1

1
[ ]

ij ijD

ij ij i i iij i

i i

Q P
W P d d V K Q d V

V VK

dq q
D D

D D + D -D + D

+

º + Dñ ñDEF: CDEF:

Where K is a representative R/X ratio for branches of the 

analyzed power system

Å DEF considers only imaginarypart of system energy
ï Two components: P-Angle, Q-Voltage

Å CDED considers both realandimaginary parts of system energy
ï Four components: P-Angle, Q-Voltage, Q-Angle, Q-Voltage

ï Multiplier for  new components (Q-Angle, Q-Voltage) K is a function of R/X ratio of all 
system components

ï More accurate theoretically but imposes difficulties for practical use
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CDEF Evaluation in 240-bus WECC system

ÅObservations
ïIncrease of K increasessuccess rate for FO 

source in Exciter

ïIncrease of K reducessuccess rate for FO 
source in Governor 

ïRight selection of K is challenging

ïFor K=0, CDEF=DEF

ÅModeling
ïFO source with frequencies 0.379Hz and 0.614Hz 

was injected at Excitation (Exc) and Governor 
(Gov) of each generator, one at a time

ïChallenging cases of resonance conditions

K

Success rate of FO source identification
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CDEF in Frequency Domain

ÅPros: Results for all frequencies in one run; no band-pass filtering
Å/ƻƴǎΥ ! ƴŜŜŘ ǘƻ ŀŎŎǳǊŀǘŜƭȅ ǊŜƳƻǾŜ άǘǊŜƴŘέ Ą long run time for a reliable 

procedure for 500+ PMUs
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ÅDissipating Energy components can be calculated in frequency domain by using 
Cross Power Spectra Density (CPSD)
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ÅBasedon comparison of Power Spectra Density (PSD) magnitudes for active (               ) 
and reactive (               ) power in all branches monitored by PMU
ï If  max(|Sp|) > max(|Sq|) ςthe source is P-type

ï If  max(|Sp|) < max(|Sq|) ςthe source is Q-type

ï If  max(|Sp|) ~ max(|Sq|) ςthe source is Q-type

Oscillation Source Type Identification*

* D. Osipov, S. Konstantinopoulos, J.H. Chow, ñA Cross-Power Spectral Density Method for Locating Oscillation 

Sources using Synchrophasor Measurementsô, DOI 10.1109/TPWRS.2022.3229255
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Success rate in 240-bus WECC system
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ÅA humanmakes the source identification by looking at DE pattern visualized on 
oneline diagram. 

ÅDE-PR links DE pattern in the network with specific Area/Substation/Generator as a 
potential source of oscillation

ï Removes the need in analyzing DE pattern by human

ï Extends the source localization beyond system observability by PMU

Dissipating Energy Pattern Recognition (DE-PR)
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ÅDE-PR provides a ranked list of suspect substations

ÅOSL extracts SCADA data on MW and MVArof all generators located at these 
ǎǳōǎǘŀǘƛƻƴǎ ŀƴŘ ǇŜǊŦƻǊƳǎ άǾŀǊƛŀōƛƭƛǘȅέ ŀƴŀƭȅǎƛǎ

ï Increased visibility on source localization beyond system observability by PMU

ï Limited efficiency due to low sampling rate in SCADA

Complimentary Analysis of SCADA data


