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Synchro-Waveforms

Continuous Recording of Synchro-waveforms

0 50 100 150 200

-360

-180

0

180

360

Vo
lta

ge
 (k

V)

0 50 100 150 200

-2

-1

0

1

2

C
ur

re
nt

 (k
A)

0 50 100 150 200

-20

-10

0

10

20

Vo
lta

ge
 (k

V)

0 50 100 150 200

-40

-20

0

20

40

C
ur

re
nt

 (k
A)

0 50 100 150 200

-20

-10

0

10

20

Vo
lta

ge
 (k

V)

0 50 100 150 200

-200

-100

0

100

200

C
ur

re
nt

 (A
)

0 50 100 150 200

Time (msec)

-20

-10

0

10

20

Vo
lta

ge
 (k

V)

0 50 100 150 200

Time (msec)

-100

-50

0

50

100

C
ur

re
nt

 (A
)

WMU 1

WMU 2

WMU 3

WMU 4

WMU 1

230 kV

12.47 kV

WMU 2WMU 3WMU 4

Fault480 V

(Same Fault/Event at 
Different Locations)

WMU: Waveform Measurement Unit



Hamed Mohsenian-Rad UC Riverside 2 / 12

Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms
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Event-Triggered Waveform Capture:

• Power Quality Meters

• Digital Fault Recorders
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Continuous Recording of Synchro-waveforms
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Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms
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Event-Triggered Waveform Capture:

• Power Quality Meters

• Digital Fault Recorders
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• Phasor Measurement Units
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Not Yet Common for Waveform Measurements
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Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms

• In event-triggered waveform capture, there is no guarantee that all the 
informative cycles of the synchro-waveforms are captured at each WMU. 

• Ultimately, the sole advantage of event-triggered waveform capture is 
to cope with the limitations of data storage and communication.

• A tight event-capture criteria can result in 
losing important information. 

• A loose event-capture criteria can frequently 
trigger waveform capture where information  
of interest is not contained, causing   
additional overhead in data processing.
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Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms

• Example:
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Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms
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Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms

• Example:

Fault

IBR 2

WMU 2

Grid Disturbances

Switch

IBR 1

WMU 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Time (sec)

-150

-100

-50

0

50

100

150

C
ur

re
nt

 (A
)

-600

-300

0

300

600

Vo
lta

ge
 (V

)

Normal Disturbance Oscillations

0.35 0.4 0.45

Time (sec)

-150

-75

0

75

150

C
ur

re
nt

 (A
)

(b)

-600

-300

0

300

600

Vo
lta

ge
 (V

)

(a)

Disturbance Oscillations Start

IBR 1 / WMU 1

Minor
Disturbance



Hamed Mohsenian-Rad UC Riverside 4 / 12

Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms
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Continuous vs. Event-Triggered Recording

Continuous Recording of Synchro-waveforms
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Examples for Continuous (Gapless) Recording

Continuous Recording of Synchro-waveforms

• Local Recording (Example: McEachern’s GridSweep)

Each File: One Minute
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Examples for Continuous (Gapless) Recording

Continuous Recording of Synchro-waveforms

• Local Recording (Example: McEachern’s GridSweep)

• Streaming through Ethernet (Example: SEL’s Axion)

Screenshot 
at Data Server 

Stream Starts
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Examples for Continuous (Gapless) Recording

Continuous Recording of Synchro-waveforms

• Local Recording (Example: McEachern’s GridSweep)

• Streaming through Ethernet (Example: SEL’s Axion)

• Streaming to Cloud (Example: PMI’s Seeker)

Cloud Data Files Cloud-based Python Code
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Case Study 1: Low Voltage vs. Medium Voltage WMUs

Continuous Recording of Synchro-waveforms
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Case Study 1: Low Voltage vs. Medium Voltage WMUs
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Case Study 2: WMUs at IBRs

Continuous Recording of Synchro-waveforms
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Case Study 2: WMUs at IBRs

Continuous Recording of Synchro-waveforms
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Case Study 2: WMUs at IBRs

Continuous Recording of Synchro-waveforms
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Continuous Recording of Synchro-waveforms
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Case Study 2: WMUs at IBRs

Continuous Recording of Synchro-waveforms
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Continuous Recording of Synchro-waveforms
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Case Study 3: Event Region Identification

Continuous Recording of Synchro-waveforms
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Case Study 3: Event Region Identification

Continuous Recording of Synchro-waveforms
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Case Study 3: Event Region Identification

Continuous Recording of Synchro-waveforms
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Case Study 3: Event Region Identification

Continuous Recording of Synchro-waveforms
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[Farajollahi, et. al, IEEE Trans. on Power Systems, 2018]
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