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In Search of the Holy Grail 
of PMU Applications for 
Visualization and Prediction 
of Cascading Outages

The Search is Getting Somewhere!

Stephen Lee
Sept 6, 2007
NASPI, Montreal
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Research project on predicting cascading 
outages with human factor research

• Collaborative Research Opportunity with 
EPRI
– In coordination with NASPI
– Task force meetings and webcasts
– Pooling of resources

• Funding to support research in 
methodologies and human factors

• Inhouse resources to support coding of 
computation and visualization modules

• Sharing of results and algorithms
– Enable experiments for each 

participant, using own EMS or PI 
servers

– HTM pilot software available to funders
– Vendors welcome to join
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Prior EPRI research results on structural degradation, 
deterministic and probabilistic system stress indices

• Holy Grail – Extract succinct information - Diagnose and 
Advise

• The goal is a “Predictive” Vulnerability Index that 
measures the  risk of cascading outages

• Factors leading to cascading outages:
– Structural Degradation

• Scheduled and unscheduled outages
– System Stresses

• Load level
• MVA flows, MW losses, MVAR losses

– Sudden disturbances
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Stress Indicator

Time

Maximum Flow Capacity of A Minimum Cut-Set

Total Actual Flows in the Cut-Set

Given this amount of optimistic 
spare capacity, what is the 
probability of cascading?

Safe Zone

Probability of
Cascading

Product 1010701 –
Mitigating Cascading 
Outages on Power 
Systems: Recent 
Research Approaches 
and Emerging Methods

EPRI’s research in Cut-Sets is a key to know the structural 
integrity or degradation of the power grid
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Reactive Power Flow is a Precursor

Time Period = 15 minutes

Precursors are valuable for warning 
operators with enough time to 

take corrective actions

MW

MVAR

MVA
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What is New?

• Research in Human Cognition
• Human brain is much faster and more correct than supercomputers 

in:
– Learning from massive data to discover causes in the world
– Given new input data, infer causes from past knowledge
– Make short term prediction unconsciously
– Use observed deviations from prediction to detect anomalies
– React to anomalies with reflex action
– Capable of thinking and apply lessons from more distant past

• Human cortex works in layers / hierarchies
– Successive layers apply filters and association to form higher 

abstraction (beliefs) from sensory data
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How Human Brain Works
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Human Brain

Beliefs

Sensory Data Distributed according to electrical neighborhoods

Anomalies in adjacent brain cells 
infer causes -> beliefs

• Geographical location

• Association across data types

V, I, f, δ, MW, MVAR, MVA, P & QLosses, Energy Functions, Zapp

• Line X-Y tripped

• P MW of 
generation in 
CAj tripped

• CAk in risk of 
voltage collapse

Two-dimensional patterns, phase space or combination of two variables, e.g., P-f, Q-V
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Training Cases with Phase-Space Patterns

Stable Unstable
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Stability Pattern Recognition Program –
Insecure
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Stability Pattern Recognition Program - Secure
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Stability Pattern Recognition Program – More 
Likely Secure Than Insecure
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Special Presentation Friday

• Please join us at 12:00 noon in Riopell for one hour


