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Agenda

• So what’s the Smart Grid DA problem?
• EPB Visualization Goals
• SOE Dashboard Solution
• Links to specialized analysis and 

measurements
• Looking Ahead



Problem: Distribution Events
Produce ‘an Ocean’ of Data

• It takes too long (aka: costs too much) to 
analyze using traditional sequence of events 
logs
– Retrieved and formatted by hand (80%)
– New information triggers re-work
– Analysis reports filed and forgotten

• DMEs produce files
– Unmanageable quantity



“Ocean of data” example
• One device, one lockout investigation
 Percent of data that has value: 0.005%
 Once summarized, it takes minutes to review 
what happened

• The incident that prompted a quest for SOE
– 70 IRs produced 1Gig in 30 seconds
– “How many engineers does it take to figure out 

what 70 IntelliRupters® did in 30 seconds?”



EPB Visualization Goals
• “Three mouse clicks” to visualization
• Common SOE time line (all circuit sensors)

– Multiple devices recording the same event
– Ability to see an entire sequence on one screen

• “Speed of Thought” Dashboard
– One mouse click: useful data ready for review

• Automatic classification of waveforms
• To be the first to use a waveform dashboard 

that “every utility wants to have”



Smart Grid Analysis Need



Identifying Useful Data
• “Useful data” rather than “interesting data”

– Doug Dorr EPRI / DMD

• Points in time with “distinct” transitions
• Image of the disturbance
• Simple text with data point measurements

– Faults: Let-Through-Energy (amps squared seconds)

– Voltage: severity



Useful Data: text and image

Fault: A-B 2295 amp
Duration: 11 cycles
Energy: 966 KJoule



L-L Fault on Main Line
• Dev#3 (green line recloser) clears fault
• 4 distinct waveform patterns captured by 5 devices
• Difficult to align time in your mind



Same L-L Fault, Simple Case
Aggregation Benefits
• common time line
• sensors in “AFC” descending order
• easy to see time gaps
• see in seconds what many sensors 

recorded, this example
• 27 voltage sensors
• 15 current sensors
• 5 comtrade files



DA Reality: Labor = 5 hours



SOE Dashboard Solution
• Summary page with incident counts
• Easily navigate across time
• Aggregated Device Common View

– Devices ordered from substation to the fault
– Circuit is a collection of sensors
– Compress time to fit on one screen
– One click link to OpenSEE

• Business value: hours of “analysis prep” 
reduced to a few mouse clicks



SOE Summary: Getting Started



Navigate Time Efficiently



Quick time scan: Two Big SOE



SOE Dashboard: SOE #1



SOE #2  -- 5 hours later



Looks Like Miscoordination



Confirmed: Miscoordination



What We Learned in Minutes

With the dashboard rendering
• Recording device L-L AFC is 1230 amps
• CEC shift setting: 822 amps (phase)
• Measured actual: 859 amps 
• Mis-coordination confirmed in minutes due to 

the simple navigation around the event



This Makes Me Dizzy



SOE in Seconds!



Part 1

• CMG217 Time Gap
• J12009 trips on fault (correct)

• Evolves to L-L-L

• J12009 pulse close 
• L-L Fault returns

• J13028 
• Conductor Slap? Notch Trip?
• Over-reach trip?

• J13028 pulse test / aborts on L-L
• If J12009 were open, this would have 

been a successful test



Part #2

• EPB uses a three test to lockout 
reclose sequence

• 0.18 sec / 3 sec / 10 sec
• J13028 pulse tests (after 3 seconds)

• It’s successful because J12009 tripped 
on the pulse test sequence (of J13028) 
in Part #1

• “successful reclose #2”
• J12009 pulse tests because source 

returned
• L-L fault detected, aborts the reclose
• Reclose attempt #2 failed
• Wait 10 seconds



Part #3

• J12009 10 second timer expires
• Pulse test / faulted / abort test
• LOCKED OUT

• Note: other devices are not recording
• pulse energy so low the fault current did not 

trigger pickup – no COMTRADE files generated

• Even though J12009 mis-operated due to over-
reach during conductor slap detection, a small 
number of customers experienced a 3 second 
outage

• Otherwise, the fault isolated correctly



Business Value
• Reduce review time from hours to minutes
• Tedious assessment (what just happened) is 

easier to visualize
• New tools allow a user to visualize

– “hundred plus” comtrade files (one PC screen)
– 45 sensors (30 second time window)
– vs. 9 sensors (limited to ½ second window)

• Quickly eliminate unnecessary analysis
• Focus on events that require detail investigation



Speed of Thought Example

Mouse Click 1



Speed of Though: Proof of Concept

Mouse Click 2



MATLAB: Measure Useful Data



MATLAB Useful Data



Measured Data Business Value
Engineer time reduced: 20 min to “1” click



Useful Data Logged



Looking Ahead
• Auto-classification of distribution electrical 

disturbances
– Faults, PQ events, Pulse tests, Switching

• Add ‘one click’ link between PQD and SOE
• Add some PQD features to SOE dashboard
• Trend the “useful data”

– Recurring event dashboard
– Anomaly detection
– Artifact analysis (harmonics, CAP, ferroresonance)
– Predicting  failure / asset health

• Solution available to support large sensor deployments



Problems Mitigated with SOE Dash
• Can see the whole SOE picture instead of one 

comtrade file at a time
• Can navigate between devices efficiently
• Devices recording the same event don’t all 

record the same number of comtrade files
– Time gaps are easy to identify

• Clocks not is sync, now obvious
• Human brain can process 177 COMTRADE files



SOE Analysis Engine
 Discover More Now 
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