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Background
▪ The integration of IBRs results in unprecedented grid dynamics 

▪ Accurate and high-resolution monitoring of the dynamics is needed to 
ensure the grid reliability and security

▪ PMUs provide a potential solution given their high resolution
▪ However, there are limitations with respect to the accuracy of the 

output Synchrophasors, due to the PMU internal signal processing
▪ Therefore, the performance of the Synchrophasor-based monitoring 

and control applications might be compromised
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Analog Input in Time Domain

Analog input signal cleaned up by the analog LP filter

How PMU Internal Signal 

Processing Works (IEEE 

Model)?
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Sampled Input in Time Domain
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Single-Sided Amplitude Spectrum of Sampled Input

X: 60

Y: 1

Sampled input signal, output of the ADC step Frequency spectrum of the sampled input signal
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Product of Sampled Input and Cos(w0nTs) in Time Domain
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Single-Sided Amplitude Spectrum of Product of Sampled Input and Cos(w0nTs)
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Real part of the product of the multiplication 
of the sampled input signal with the nominal 

frequency carrier

Frequency spectrum of the real part of the 
multiplication of the sampled input signal with the 

nominal frequency carrier Frequency (Hz)
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Single-Sided Amplitude Spectrum of Filtered Real Part of Input
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M-Class (WL= 6cycles) P-Class

Filtered real part of the input signal
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DC offset 

due to 

aliasing

M-Class (6cycles)

Filtered magnitude versus reported 
magnitude of the input signal
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Analog Input in Time Domain
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Product of Sampled Input and Cos(w0nTs) in Time Domain
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Voltage distortion due to an inverter PLL becoming unstable
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PMU (IEEE Model) Limitations 

in Processing a Rich 

Frequency Signal
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PMU (IEEE Model) 

Limitations in Processing a 

Rich Frequency Signal
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PMU (IEEE Model) Limitations in Monitoring Fast Dynamics in Low Inertia 

Systems

▪ A temporary threephase-to-ground fault on BUS1 followed by the outage of the line from BUS1 to 
BUS2 leads to an inverter instability manifesting itself as oscillations in the amplitude and phase 
angle of system voltages

▪ The frequency of these oscillations depends on the inverter control parameters

http://www.epri.com/
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PMU (IEEE Model) Limitations in Monitoring Fast Dynamics in Low Inertia 

Systems
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PMU (Vendor Model) Limitations in Monitoring Fast Dynamics

▪ Testbed setup:
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P M

99% 65%

P M

91% 91%

Fundamental Freq + 8 Hz
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overlapping

aliasing 

overlapping

Rich Frequency Signal
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Point-on-Wave Signals for Monitoring Fast Dynamics

▪ PMU was originally designed to report the power system state (the phasor of 
the fundamental frequency)

▪ There exist some limitations on the range of frequencies that the PMU signal 
processing can handle.

▪ Hence, a new signal processing model is required to report the full frequency 
content of the input signal

High-resolution time-
stamped point-of-wave 

signal
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Thank you!

hhooshyar@epri.com
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