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Oscillation source: single generator

Images: https://www.nerc.com/pa/rrm/ea/Documents/January_11_Oscillation_Event_Report.pdf 

https://www.nerc.com/pa/rrm/ea/Documents/January_11_Oscillation_Event_Report.pdf
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Eastern Interconnection Situational Awareness 
and Monitoring System (ESAMS) Concept

• Software tool developed by Electric Power Group (EPG) and PNNL with 
leadership from LBNL

• Purpose
 Introduce a common, high-level interconnection-wide view based on synchrophasor 

information
 Improve coordination among reliability coordinators

• Core capabilities
 Analyze Phasor Measurement Unit (PMU) data streamed from across the grid
 Detect oscillations in power and system frequency impacting a wide area
 Determine which reliability coordinator the oscillation is originating from
 Deliver notifications via email
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Initial Demonstration

• Hosted by PJM between June 2021 and 
March 2022

• Daily event reports distributed to seven 
reliability coordinator participants

• Real-time notifications for oscillations 
with amplitudes greater than 10 MW

Example of a daily report showing a large forced oscillation
https://gridintegration.lbl.gov/publications/eastern-interconnection-situational 

https://gridintegration.lbl.gov/publications/eastern-interconnection-situational
https://gridintegration.lbl.gov/publications/eastern-interconnection-situational
https://gridintegration.lbl.gov/publications/eastern-interconnection-situational
https://gridintegration.lbl.gov/publications/eastern-interconnection-situational
https://gridintegration.lbl.gov/publications/eastern-interconnection-situational
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Southern Company Deployment

• Deployed Jan. 2024 – April 2025
• Evaluated the benefits of ESAMS 

within a reliability coordinator’s 
footprint
 Monitored interfaces between 

transmission operators and with 
neighboring reliability coordinators

• Considered benefits of each of 
ESAMS’s oscillation detectors
 PNNL’s oscillation analysis engine
 EPG’s Real Time Dynamics 

Monitoring System (RTDMS)
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Current Deployment: Cloud ESAMS

• Long-term hosting is a key challenge for interconnection scale monitoring
• A cloud-based deployment offers:

 Scalability for new measurement points
 Excellent reliability 
 Rapid transition to new environments

• Status
 ESAMS is deployed in ISO-NE’s Amazon Web Services cloud environment
 PMU data streamed from ISO-NE and PJM
 Considered regions: ISO-NE, New Brunswick, NYISO, PJM, and Eastern 

Interconnection south and west of PJM 
 Initial 6-month demonstration will conclude March 31

• Planning to share detailed findings and next steps at NASPI in April
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Thanks to the Cloud ESAMS Team

• ISO-NE: Xiaochuan Luo, Wenpeng Yu, Slava Maslennikov, & Frankie Zhang
• PJM: Yang Chen & Ed Kovler
• AWS: Song Zhang
• EPG: Neeraj Nayak, Joshua Chynoweth, & Frank Carrera
• PNNL: Tawsif Ahmad & Shuchi Biswas
• And many others from these organizations
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ESAMS’s Oscillation Analysis Approach

• Detect that a wide-area forced oscillation is occurring
• Estimate when the oscillation started and stopped 
• Estimate the amplitude of the oscillation
• Identify the region containing the oscillation’s source



Oscillation Detection

• ESAMS utilizes PNNL’s periodogram-
based detector

• Test statistic
 Large value indicates presence of an 

oscillation at the corresponding frequency
 Combines measurements from all locations 

to emphasize wide-area oscillations 

• Threshold
 Does not require baselining on historical 

data
 Autonomously designed in real-time using 

statistics to avoid false alarms

J. Follum and J. Pierre, "Detection of Periodic Forced Oscillations in Power Systems," in IEEE Transactions on Power Systems, vol. 31, no. 3, pp. 2423-2433, May 2016.
J. Follum and F. Tuffner, "A multi-channel method for detecting periodic forced oscillations in power systems," 2016 IEEE Power and Energy Society General Meeting 

(PESGM), Boston, MA, 2016, pp. 1-5.
J. Follum and F. Tuffner, "Applications of a New Nonparametric Estimator of Ambient Power System Spectra for Measurements Containing Forced Oscillations," 2017 

IEEE Power and Energy Society General Meeting (PESGM), Chicago, IL, 2017, pp. 1-5.
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Amplitude Estimation

• The Discrete Fourier Transform is 
used to estimate each oscillation’s 
amplitude

• Only oscillations with sufficient 
amplitude included reports
 Daily reports: 2 MW
 Real-time notifications: 10 MW
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J. Follum and J. Pierre, “Initial Results in the Detection and Estimation of Forced Oscillations in Power Systems,” North American Power Symposium, Manhattan, 
September 2013.
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Conventional Source Localization 

• The Dissipating Energy Flow (DEF) method has become a widely accepted 
approach for oscillation source localization

• Conventional DEF
 Bandpass filter applied to limit signal to forced oscillation
 Oscillation energy calculated by evaluating integrals 
 Flow of oscillation energy traced through network back to the source generator
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Regional Source Localization in ESAMS 

• A mathematically-equivalent frequency-domain expression for DEF is used
 Calculated using fast Fourier transforms (FFT)
 Does not require filtering

• Oscillation energy flow between regions is considered
 Aligned with ESAMS’s intended use for coordination among reliability coordinators
 Only requires measurements at tie lines between regions

J. Follum, “Statistical Evaluation of New Estimators used in Forced Oscillation Source Localization,” Hawaii International Conference on System Sciences (HICSS), 2020.
S. Biswas, J. Follum and J. H. Eto, "Confidence Assessment for Regional Forced Oscillation Source Localization: Formulation and Field Validation," in IEEE Transactions 

on Power Delivery, doi: 10.1109/TPWRD.2023.3284418.
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Source Localization Criterion

• Ideally, the source region would 
exclusively export oscillation energy

• In practice, estimation errors can 
cause this criterion to fail

• Instead, the source is identified as 
the region with the largest net 
export of oscillation energy
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Ensuring ESAMS Reports are Actionable

• ESAMS is intended to 
supplement reliability 
coordinators’ internal 
oscillation monitoring 
tools, not replace them

• A recent report details 
how ESAMS notifications 
can support organizations 
with various capabilities
 SCADA
 PMU-based detection
 PMU-based localization
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Example Event 1

• Recurring oscillation at 
approximately 1.1 Hz

• 7 MW peak-to-peak
• Not widespread
• Due to a known issue at a power 

plant
• Not a significant event, but useful 

for validation
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Example Event 2

• Very low frequency: 0.1 Hz
• 25 MW peak-to-peak

 Greater than 2 MW at 9 locations

• 90 second duration

Time (seconds)
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Example Event 2

• Very low frequency: 0.1 Hz
• 25 MW peak-to-peak

 Greater than 2 MW at 9 locations

• 90 second duration

Time (seconds)
PJM EI NYISO ISONE NBSO
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Thank you
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