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In Pursuit of Reuseable, Electric 
Power System Models: Breaking 

Down Barriers

Time-Series, Automated 
Analysis and Design with 
Large Measurement Sets



Integrated System Modeling: 
Research Circuits
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Graph Trace Analysis: Generic Programming, 
Edge-Edge Graphs, Topology Iterators

Initialize iterators: Add, connect
Update iterators: Insert, delete, operate, fail
Generic: Attach any algorithm, measurement set
Algorithms: Sorting, continuation methods 
(robustness)

SBTs { i[p] = 0 | i[p] +=  iL[p] + i[p[ct]], i[p[fp]] += i[p] } 

CTLTct { vsum = 0 | vsum +=  v[p[fp]] – v[p] } 



Traditional Analysis versus GTA
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Traditional Analysis GTA Importance
Node-edge graph Edge-edge graph Rapid topology management

Uses topology up front in algorithms to create 
matrices

Continuously uses topology in traces throughout 
algorithm

Topology management enables rapid 
development of complex algorithms –
schematics, design, weather analysis, …

Time to manage topology changes increases as size 
of system grows

Time to manage topology changes is independent of 
system size

Configuration changes on systems with 
millions of components can be managed

Different analysis algorithms use different 
simplified models

All analysis algorithms run on same model and 
exchange results through the model

Algorithms can work together as a team to 
solve complex problems

Each analysis algorithm gets its own copy of 
measurements

All analysis algorithms share measurements through
the same model

Do not have multitude of measurement 
interfaces to create and maintain

Multi-domain system analysis is complicated Can write common algorithms that run across multi-
domain systems {solves TSD together}

Do not have to write separate software for 
different engineering domains

Optimization suffers from curse of dimensionality Traces are used to determine space of possible 
solutions

Optimization of large scale systems is 
practical

Special computer hardware required for parallel 
processing

Distribute calculations across processors by 
distributing model

Do not need to invest in expensive 
computer equipment



GTA-Based Time-Series Analysis 
Validations
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DOE Sponsored ISM Survey

6

Model-Centric Life-Cycle Process using a Generic, Manufactured, Living Model providing 
Proactive, Holistic Solutions 



ISM Over Google Earth Showing 
Secondary Circuits, Loads, and PV
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Simplified Versus Detailed 
Secondary Circuit Models
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Is the secondary circuit just a load on the 
distribution transformer bus? 



ISM Over Google Earth
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Common approach is distribution feeders are analyzed one-by-one, 
transmission system is analyzed separately, and substation is not included in 

analysis at all*



Pretending Transmission 
Lines are Transposed
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IEEE 1453-2015 Standard: Formula
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Cloud Motion PV  Analysis

Voltage Change

Pst

Pst



Relating Radar Weather to ISM - Weather Boxes
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For each weather box store max and average 
for:
1-Reflectivity (dbz)
2-Wind speed (knots)
3-Accumlated precipitation (inches)

Weather boxes and measurements:
1-6500 measurements per weather box 
per radar scan
2-Approimately 85000 measurements per 
radar scan for ORU service territory
3-Approximately 1,275,000 measurements 
per hour



GTA Analysis Embedded In or Synched with ESRI
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Power flow runs in GIS system with towers, poles, manholes, …
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Example ISMs

Analyzing every measurement, every day

Today: NISC Cloud Automation



Automated Voltage Profile Control 
Design
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Base New



Open Source DEW Simulator
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Program in four languages:
• C++
• C#
• Visual Basic
• F#

3 measurement types:
• Fixed sample rate
• Event driven
• Random sample



Summary: Modeling Philosophy
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Analysis Readiness Levels
Level 1: What happened and why did it 
happen? 
Hindsight – reactive, diagnostic, operating 
seat-of-the-pants, no architecture for 
performance
Level 2: What will happen? 
Insight – predictive, scenario driven
Level 3: What is a good way to make it 
happen? 
Foresight – proactive, operating with 
analysis based decisions, architecture for 
performance

Model-Centric Life-Cycle Process with a Generic, Manufactured, Living Model providing 
Proactive, Holistic Solutions 
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