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Our Energy Future Could be Quite Bright!

• My professional goal is to help in the development 

of a sustainable and resilient electric infrastructure 

for the entire world. 

• Electric grids are in a time of rapid transition, with 

lots of positive developments.  It is a great time to 

be in the electric energy field or entering it!! 

• I think our electric energy future could be quite 

bright!  But there are lots of challenges with this 

transition, including maintaining human situational 

awareness, particularly during times of stress.
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Overview

• Presentation focuses on how wide-area electric 

grid visualization can help

• Grids are getting increasingly complex, 

particularly with many more automatic controls, 

and there is a concern about whether anybody 

fully really knows what’s going on

• How data is transformed into actionable 

information is a crucial, yet often unemphasized, 

part of the software design process 

• Focus here is more on visualization for 

engineers, as opposed to operators 
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53rd NAPS, Nov 14-16, 2021, In Person

• The 53rd North American Power Symposium 

(NAPS) will be held in person on Nov 14-16, 2021 

at Texas A&M, College Station, TX

• Papers are due July 15, 2021, with the paper 

submission website now open!

• See na.eventscloud.com/website/22926/home/
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Examples of Power System 

“Big Data”
• Power system operations and planning are a 

rich source of data

– SCADA has traditionally 

provided a grid data at scan 

rates of several seconds

– Thousands of PMUs are 

now deployed providing data

at 30 times per second

– In planning many thousand 

of studies are now routinely 

run, with a single transient 

stability run creating gigabytes
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A Specific Example: One Stability Study

• One of our 2020 projects was looking at dynamic 

aspects of an ac interconnection of the Eastern 

Interconnect and the WECC

• We did lots of dynamic simulations (some 30 

seconds, some up to six minutes)

• The Model contained 110,000 buses, 244 

different types of dynamic models, 48,000 model 

instances and 194,000 states

• A human factors challenge in doing such a study 

is for the engineer to know what happened
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Aside: East-WECC Interconnect Study

• The project, which ran most of 2020, looked 

primarily at the stability aspects of an ac 

interconnection of the EI and WECC 

• Nine connections were modeled,

from Montana to New Mexico

• The stability of the combined 

current is good, and has some 

nice frequency response benefits

• Cost to connect is relatively low 

and such an interconnection 

certainly merits further study!
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Visualization Software Design

• Key question: what are the desired tasks that 

need to be accomplished?

– Needs for real-time operations might be quite different 

than what is needed in planning

• Understanding the entire processes in which the 

visualizations are embedded is key

• Software should help humans make the more 

complex decisions, i.e., those requiring 

information and knowledge 

– Enhance human capabilities

– Alleviate their limitations (adding up flows into a bus)
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Some Useful General References

• Colin Ware, Information Visualization: Perception 

for Design, Fourth Edition, 2021

• Edward Tufte, Envisioning Information, 1990

• Edward Tufte, Visual Explanations: Images and 

Quantities, 1997

• Edward Tufte, The Visual Display of Quantitative 

Information, 2001

• Edward Tufte, Beautiful Evidence, 2006

• Claus Wilke, Fundamentals of Data Visualization, 

2019
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Visualization Cautions!

• Just because information can be shown 

graphically, doesn’t mean it should be shown

• Three useful design criteria from 1994 EPRI 

visualization report: 

1. Natural encoding 

of information

2. Task specific graphics

3. No gratuitous graphics
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Source: E. Tufte, The Visual Display of Quantitative Information, Graphics Press, Cheshire, CT, 1983.

Tufte: “may 

well be worst 

graphic ever”



Visualization and User Familiarity

• Visualizations do not exist in a vacuum; the prior 

experience of the users is a key consideration

– QWERTY keyboard arrangement is a classic example, 

in which a design originally setup in 1870’s (perhaps to 

prevent mechanical problems) is still used today

• Using existing visual metaphors in new designs 

help them seem more familiar (like a folder)

– A skeuomorphic design retains no longer needed 

structures that were inherent in the original, usually to 

make them more familiar (using gauges, sliders, 

buttons and analog clocks in visualizations are 

examples)
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Synthetic Models and Visualization

• Access to actual power grid models is often 

restricted (CEII), and this can be a particular 

concern with data analysis and visualization since 

its purpose is to provide insight into the model, 

including weaknesses

– Models cannot be freely shared with other researchers, 

and even presenting results can be difficult

• A solution is to create entirely synthetic (fictitious) 

models the mimic characteristics of actual models

– Kudos to the US DOE ARPA-E for funding work over 

the last six years in this area
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Early Synthetic Grids

• Synthetic electric grids are models of electric 

grids that do not represent any actual electric grid
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Left Image Source: W.D. Stevenson, Elements of Power Systems, Fourth Edition, McGraw-Hill Book 

Company New York, 1982 (the first edition was in 1955)

A pseudo-geographic grid

A non-geographic grid



Synthetic Models Used Here

• Examples presented here will be based synthetic 

grids ranging in size from several buses up to an 

82,000-bus  synthetic grid modeling the 

contiguous US (CONUS)

– All grids have embedded geographic coordinates and 

are available at electricgrids.engr.tamu.edu

• Geographic coordinates in actual electric grid 

models has increased rapidly over the last few 

years, driven in part by their requirement for 

geomagnetic disturbance (GMD) impact studies
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2000 Bus Texas Synthetic Grid

• This fictional grid, which has 2000 buses, is 

designed to serve a load similar to the ERCOT 

load with a similar geographic distribution

– The grid was designed using a 500/230/161/115 kV 

transmission to be different from the actual grid

– Public generator information is used 
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82,000 Bus Synthetic Grid for East-West 

Interconnection Studies
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Transient Stability Data 
Not Transferred

The different 

colors indicate 

different 

nominal kV 

voltages, with 

green 765, 

orange 500,  

red 345, blue 

230, black 

lower. 



Decision Making, Data, Information, 

Knowledge
• Goal is to help humans make better decisions

• Competing definitions for the process of taking 

raw “data” and producing something useful

– Understanding, decisions, wisdom

• Data: symbols, raw, it simply exists

• Information: Data that is given meaning, often in 

a relational context; some how processed

• Knowledge: Application of information to answer 

“how.”

• Understanding, and/or wisdom at top  
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Understanding the Entire 

Process is Key
• Understanding the entire processes in which the 

visualizations are embedded is crucial.

– What is the “information access” cost?

– How will the information be used and shared?

– Is it raw data, or derived values?

– Should the visualizations sit on top of a model, or is a 

standalone process sufficient?

– Ultimately, what are the desired tasks that need to be 

accomplished?

• We’ll start with a brief coverage of some 

traditional approaches (tabular, graphs and 

onelines, then go into some newer ones)
19



Example: Tabular Displays

• In many contexts, tabular displays (particularly 

with interactive features such as sorting, filtering, 

drill-down, and the ability to enter data) can be a 

great way to show data
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Use of Color

• Some use of color can be quite helpful 

– 10% of male population has some degree 

of color blindness (1% for females)

• Do not use more than about ten colors 

for coding if reliable identification is required

• Color sequences can be used 

effectively for data maps (like contours)

– Grayscale is useful for showing shapes but not values

– Multi-color scales (like a spectrum) have advantages 

(more steps) but also disadvantages (effectively 

comparing values) compared to bi-color sequences
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The book 

by Colin 

Ware is a 

great

resource 



Graphs

• Graphs are also a great way to show 

information, particularly for time-variation

• The number of curves needs to match the task
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A few curves, detail of each 

visible, key can identify objects

(several thousand values)

Envelope of response for the 

80k bus, 40,000 substation 

frequencies (24 million values)



Graphs: 40,000 Substation Examples
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For the 40,000 substation plot, 

color can be helpful in showing 

the East response (blue) versus 

West (red) but the curve order 

matters.  It is probably better to 

use two plots, with one for the 

East and one for the West 

(obviously using the same scale)

East 

Frequencies
West 

Frequencies

Blue: East 

Red: West



Onelines

• Widely used and can be quite effective for 

showing substations (or local regions) or smaller  

grids; can be slow on larger systems
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Visualization Background: 

Preattentive Processing
• When displaying large amounts of data, take 

advantage of preattentive cognitive processing

– With preattentive processing the time spent to find a 

“target” is independent of the number of distractors

• Graphical features that are preattentively 

processed include the general categories of 

form, color, motion, spatial position
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Preattentive Processing Examples
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Source: Information 

Visualization (Fourth 

Edition) by Colin Ware, 

Fig 5.12

All are 

preattentively

processed 

except

for juncture and 

parallelism; 

however too 

many can defeat 

their purpose



Preattentive Processing with 

Color & Size 
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Detecting Patterns

• A large portion of information visualization is 

associated with detecting patterns

• Gestalt (German for “pattern”) Laws

– Proximity

– Similarity (we didn’t discuss color)

– Connectedness

– Common Fate (flows)
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Proximity, Similarity, Connectedness, 

29

Source: Information Visualization (Fourth Edition) by Colin Ware, Chapter 6 Images

Connectedness is stronger

than proximity, color, shape

Similarity makes all 

perceived as rows



Common Fate: Patterns in Motion

• Motion can be a very effective means for showing 

relationships between data

• People perceive motion with great sensitivity

• Motion can also be used to convey causality (one 

event causing 

another)

• However, too much 

motion can be 

a distractor

30
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Scattered  Data Interpolation 

(Colored Contouring)
• For wide-area visualization, contours can be 

effective for showing large amounts of spatial data

– Takes advantage that as humans we perceive the world 

in patterns (sometimes even when none exist!)

– Now widely used

• Scattered data interpolation algorithms are 

needed to take the discrete power system data 

and make it spatially continuous

– Various algorithms can be used include a modified 

Shephard’s and Delaunay triangulation

• A color mapping is needed
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Shepard’s Algorithm, Blue/Red Discrete 

Color mapping
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Delaunay Algorithm, Blue/Red Discrete 

Color mapping
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Delaunay Algorithm, Spectrum 

Continuous Color mapping
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42 Bus Case
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too intense! 



Some General Thoughts on 

Electric Grid Visualizations
• While the previous techniques can be quite 

helpful, there is often just too much data to 

display

• Interactive visualizations, taking advantage of 

the underlying geographic information, can be 

quite effective, particularly if the displays can be 

rapidly customized to show different sets of 

information

• Also, much of the data should first be pre-

processed using potentially quite sophisticated 

algorithms
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Geographic Data Views

• One way to make visualizations more interactive 

is to use underlying geographic information to 

quickly auto-create displays

– Known as geographic data views (GDVs)

• GDVs can be used either on individual objects 

(like generators, buses, or substations), or on 

aggregate objects (like areas and zones)

• The GDV display attributes (e.g., size, color) can 

be used to show object data

• The GDV displays can be saved for later use and 

links to the underlying objects allow for drilldown 
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82,000 Bus System Area GDV Example

37

Size is proportional to the area’s generation, while

the color is based on the amount of exports 
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F lorida South

Gen:    36114 MW

Alabama
Gen:    26754 MWMississippi

Gen:    16046 MW

Tennessee
Gen:    19126 MW

Kentucky

Gen:    15777 MW

West Virginia

Gen:     7355 MW

Ohio River

Gen:    13341 MW

Ohio Lake Erie
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Texas 2000 Substation GDV

38
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LA PORTE
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LEAGUE CITY
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M AGNOLIA 1
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M ARBLE FALLS 2
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M CKINNEY 1M CKINNEY 3

M ERKEL 1

M ESQUITE 2

M ESQUITE 3

M IAM I

M IDLOTHIAN 1

MISSION 1

M ISSION 2

M ISSION 3

MISSION 4

M ISSOURI  CITY 2

M ONAHANS 1
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ROANOKE

ROCKDALE 1

ROSCOE 5

ROUND ROCK 3

ROWLETT 1

ROWLETT 2

SACHSE
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SAN ANTONIO 40
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SAN ANTONIO 51
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SUGAR LAND 3

SUNNYVALE

TAFT 1

TEM PLE 1

THOMPSONS

TRINIDAD 1
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Size is proportional to the substation MW throughput, while

the color is based on the amount of substation generation



82,000 Bus Example GDV
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Each GDV is linked, the GDVs can easily be customized, and the 

display can be saved (generation substations are magenta, load 

substations are yellow)



Layout Algorithms Can Help

• Force-based layout algorithms can be used with 

GDVs to improve readability
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Image shows 

the 82K case 

generation with 

size proportional 

to MW output; 

color indicating 

percent reactive 

power.  At a 

glance it is clear 

many units are 

at their reactive 

power limits.  



Actual US Generation GDV Example
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US Generator Capacity by Fuel Type (2019 based on EIA-860 Data)

The generation is visualized by substation, with the size

of each oval proportional to the MW capacity, and 

the color based on the fuel type.  Fuel type colors are: 

Red: Nuclear, Black: Coal, Brown: Natural Gas, 

Blue: Hydro, Green: Wind, Yellow: Solar.  

Image creating using PowerWorld Simulator Version 22.

The EIA 860 generator data is available at

https://www.eia.gov/electricity/data/eia860/
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Lawrenceburg Power ,  LLC

Sundance

York Energy Cent er

AL Sander sville LLC

Bet hlehem  Power  Plant

Choct aw Count y

M agnet  Cove

Hanging Rock Energy Facilit y

Silverhawk

Prair ie St at e Generat ing St at ion

Jasper

War ren Count y

Wansley Com bined Cycle

Cosum nes

Palom ar  Energy

Elm  Road Generat ing St at ion

Cur rant  Creek

M cInt osh Com bined Cycle Facilit y

500M W CC

Por t  West ward

Lake Side Power  Plant

West  Count y Energy Cent er

Cedar  Bayou 4

Bear  Garden

Rat clif f e

Panda Tem ple Power  St at ion

Brunswick Count y Power  St at ion

Elk St at ion

St onewall

Wildcat  Point  Generat ion Facilit y

Wolf  Hollow I I

Greensville Count y Power  St at ion

Colorado Bend I I

Baclif f

Okeechobee Clean Energy Cent er

Lackawanna Energy Cent er

Panda Hum m el St at ion LLC

CPV Fair view Energy Cent er

Bir dsboro Power



GDVs for Contingencies and 

Remedial Action Schemes
• Many other power system objects can be shown 

using this approach
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PGAE_001_RAS25_Int er t ieSep_Olinda

PGAE_001_RAS24_Int er t ieSep_RoundM t
PGAE_001_RAS32_Int er t ieSep_Cascade

PGAE_001_RAS26_Int er t ieSep_Sum m it

PGAE_001_RAS03_BypassCaps_TableM t -Tesla_TableM t -Vaca

PGAE_001_RAS04_BypassCaps_TableM t -Vaca

PGAE_001_RAS31_BypassCaps_M alin-RoundM t

PGAE_001_RAS01_PGEM isc_Car ibou_But t Valley

PGAE_001_RAS02_PGEM isc_Helm s

PGAE_001_RAS15_PGEM isc_Inser t _TableM t _Swit chedCaps

PGAE_001_RAS09_CDWRPum ps_BuenaVist a

PGAE_001_RAS10_CDWRPum ps_WheelerRidge
PGAE_001_RAS11_CDWRPum ps_WindGap

PGAE_001_RAS16_COTProj ect Rem edials_Olinda_Inser t Shunt Caps

PGAE_001_RAS18_COTProj ect Rem edials_Tracy_Inser t Shunt CapsPGAE_001_RAS19_COTProj ect Rem edials_Tracy_Rem oveShunt Caps

PGAE_001_RAS40_Out age34_I t erat ion1

PGAE_001_RAS40_Out age34_I t erat ion2

PGAE_001_RAS40_Out age34_I t erat ion3

PGAE_001_RAS40_Out age34_I t erat ion4

PGAE_001_RAS40_Out age34_I t erat ion5

PGAE_001_RAS40_Out age34_I t erat ion6

PGAE_001_RAS40_Out age34_I t erat ion7

PGAE_001_RAS40_Out age34_I t erat ion8

PGAE_001_RAS40_Out age34_I t erat ion9

PGAE_001_RAS40_Out age34_I t erat ion10

PGAE_001_RAS40_Out age40_I t erat ion1

PGAE_001_RAS40_Out age40_I t erat ion2

PGAE_001_RAS40_Out age40_I t erat ion3

PGAE_001_RAS40_Out age40_I t erat ion4

PGAE_001_RAS40_Out age40_I t erat ion5

PGAE_001_RAS40_Out age40_I t erat ion6

PGAE_001_RAS40_Out age40_I t erat ion7

PGAE_001_RAS40_Out age40_I t erat ion8

PGAE_001_RAS40_Out age40_I t erat ion9

PGAE_001_RAS40_Out age40_I t erat ion10

PGAE_001_RAS40_Out age41_I t erat ion1

PGAE_001_RAS40_Out age41_I t erat ion2

PGAE_001_RAS40_Out age41_I t erat ion3

PGAE_001_RAS40_Out age41_I t erat ion4

PGAE_001_RAS40_Out age41_I t erat ion5

PGAE_001_RAS40_Out age41_I t erat ion6

PGAE_001_RAS40_Out age41_I t erat ion7

PGAE_001_RAS40_Out age41_I t erat ion8

PGAE_001_RAS40_Out age41_I t erat ion9

PGAE_001_RAS40_Out age41_I t erat ion10

PGAE_001_RAS41_SILT1_I t erat ion1

PGAE_001_RAS41_SILT1_I t erat ion2

PGAE_001_RAS41_SILT1_I t erat ion3

PGAE_001_RAS41_SILT1_I t erat ion4

PGAE_001_RAS41_SILT1_I t erat ion5

PGAE_001_RAS41_SILT2/3_I t erat ion1

PGAE_001_RAS41_SILT2/3_I t erat ion2

PGAE_001_RAS41_SILT2/3_I t erat ion3

PGAE_001_RAS41_SILT2/3_I t erat ion4

PGAE_001_RAS41_SILT2/3_I t erat ion5

PGAE_001_RAS42_Out age19_I t erat ion1PGAE_001_RAS42_Out age19_I t erat ion2PGAE_001_RAS42_Out age19_I t erat ion3PGAE_001_RAS42_Out age19_I t erat ion4PGAE_001_RAS42_Out age19_I t erat ion5

PGAE_001_RAS27_Int er t ieSep_FourCorner s

PGAE_001_RAS14_PGEIRAS_Inser t Kinpor t Caps

PGAE_001_RAS12_CDWRPum ps_Pearblossom

PGAE_001_RAS42_Out age48_V1BW_It erat ion1

PGAE_001_RAS42_Out age48_V1BW_It erat ion2

PGAE_001_RAS42_Out age48_V1BW_It erat ion3

PGAE_001_RAS42_Out age48_V1BW_It erat ion4

PGAE_001_RAS42_Out age48_V1BW_It erat ion5

PGAE_001_RAS42_Out age48_V1BWCorner_I t erat ion1

PGAE_001_RAS42_Out age48_V1BWCorner_I t erat ion2

PGAE_001_RAS42_Out age48_V1BWCorner_I t erat ion3

PGAE_001_RAS42_Out age48_V1BWCorner_I t erat ion4

PGAE_001_RAS42_Out age48_V1BWCorner_I t erat ion5

PGAE_001_RAS42_Out age48_V2BW_It erat ion1

PGAE_001_RAS42_Out age48_V2BW_It erat ion2

PGAE_001_RAS42_Out age48_V2BW_It erat ion3

PGAE_001_RAS42_Out age48_V2BW_It erat ion4

PGAE_001_RAS42_Out age48_V2BW_It erat ion5

PGAE_001_RAS42_Out age48_V2BWCorner_I t erat ion1

PGAE_001_RAS42_Out age48_V2BWCorner_I t erat ion2

PGAE_001_RAS42_Out age48_V2BWCorner_I t erat ion3

PGAE_001_RAS42_Out age48_V2BWCorner_I t erat ion4

PGAE_001_RAS42_Out age48_V2BWCorner_I t erat ion5

HGD -  HIGH Gen Drop RAS

LGD -  LOW Gen Drop RASNOH (SLL)-  NORTH OF HANFORD RASNOH (DLL)-  NORTH OF HANFORD RAS

FACRI

PDCI  Fast  Ram p

PDCI  (N-S)  Gen Drop

PDCI  For t  Rock Ser ies Cap Inser t

NOH (Vant age-Hanf ord 500kV line t r ip)

BALTS -  Bellingham  Area Load Tr ipping Schem e

ECOL-M ONE RAS
M ONE-CUST 1&2 RASBOTH-SEWO GD RAS

RAVE-PAUL  RAS

KEEL -AL SN RASPERL -KEEL  RAS

Swif t /Yale Runback

Sout h of  Chehalis Sect ionalizing Schem e (SOCSS)

PAUL-ALSN RAS

Cowlit z River  Runback

WOS SLL ALIS Gen Drop
WOM  SLL & DLL Therm al Gen drop

WOM  SLL,  DLL,  & XFM R Wind Gen drop

WOM  XFM R Therm al Gen DropWOJD DLL Big Eddy -  Knight  Gen Drop

WM RAS Libby RAS

WOLG RASWOCF RAS

WOLW RAS

WOLM  DLL RASWOLM  TLL RAS

Libby Gen Drop (PH1 & PH2)Libby Gen Drop (PH2)

Jones Canyon RAS

Hungry Hor se Gen Drop

Horn But t e Local Generat ion Drop

EGP/GECP Linden Wind RAS

Dworshak RAS 2016HS

BF Bell Sect ion 1 t o Transf er  Tr ip t o Sacheen 115kV

Boundary t o 200M WBoundary t o 650M WWOH:  Boundary Gen Drop

WOH:  Lancast er  Gen Drop

Cascade-Delt a 115 kV Therm al Relay

25 Brazeau 62s generat ion t r ipping schem e

Trip BR4

Tr ip 7L86 breaker  703 at  822S

Tr ips 138 kV breaker  H1 on 796L at  I -282SSt age 2 Tr ips 138 kV breaker  H1 on 796L at  I -282S

Tr ips breaker  86S1752

t r ip t o breaker  225s15

send DTT t o M ATL

RAS t r ips M ATL breaker  PCB 1052

t r ip 704L breaker  252S2

Tr ip Halkir k WAGF

Opens 100L breaker  895S100 at  895S

disconnect  138 kV line 826L,  825L and 907L

Tr ip low volt age breaker  of  t he select ed GT

Open 1106L breaker s at  ENM AX SS-65

t r ip t he 144 kV breaker  at  936S

Derat e Sheerness t o 600 M W

Tr ip 7L165 breaker  703 at  Par sons Creek (718S)

Tr ips 945L and 1011L breaker s at  562S

t r ip 138 kV T1 breaker  at  226s Garden Cit y

RAS-37 St age 1 Wint erRAS-37 St age 2 Wint er

Open 508L

RAS-40 St age 1 Wint erRAS-40 St age 2 Wint er

Gi la  Riv e r RAS

West wingAut ot r ansf erSchem e

Raceway L APS

Nor t hGilaSaf t eyNet

G_shed1

FastLS1

SwOut _DM R_RX1

SlowLS2

SwOut_5L 29_1

SwOut_5L 29_6

SwOut_5L 31_1

SwOut_5L 31_6

SwOut _ING_CX1SwIn_ING_RX2SwIn_ING_RX3

SwIn_M DN_RX1SwIn_M DN_RX2

SwIn_KL Y_RX1SwIn_KL Y_RX2SwIn_KL Y_RX3

SwIn_NIC_RX1

SwIn_SEL _RX1

SwOut _ACK_CX1

SwOut_5L 83_1

SwOut_5L 83_4

SwOut_2L 112

SwOut_5L61

SwOut_1L 275

SwOut _1L274_POC

BHP_RCDC_RAS_CheckBHP_RCDC_RAS_TopologyCheck

Bonanza  RAS

ROA -  WIS & SIS

CFE 2 & 3  RAS

CFE 4 RASCFE 5A RAS
Centro AT50

Cet ys AT50 Inver so

Cipre s ATs 110

He rradura  AT10

Lom as Cipres ATs

Metropo l i  ATs

Mexicali ATs
Panam er icana TRs

Sant a I sabel ATs 110

Sant a I sabel ATs 115

Tijuana ATs
Tij uana M et ropoli LT

CHPD Sum m it  Therm al Rly > 95%

AVA_Clar k Fork RAS

CLOSE BOISE BENCH C236 230KV SHUNT CAPACITOR

CLOSE BROWNLEE C231 230KV SHUNT CAPACITORCLOSE BROWNLEE C232 230KV SHUNT CAPACITOR

ONTARIO C231 SERIES CAPACITOR 1/2 BYPASS

BEAST RAS LOAD SHEDDING

M TNAIRWIND CURTAIL TO 75M W AT POI

TRIP M URPHY FLAT SOLAR

TRIP HELLSCYN1TRIP HELLSCYN1_HELLSCYN2

AM FLS-LAM B THERM AL RELAY TT ADEL-M DKA

UNITY-HEYBURN OC RELAY TRIP

PAUL-HYBN JCT THERM AL RELAY TRIP

BYPASS BURNS 500KV SERIES CAP

BYPASS M IDPOINT 500KV SERIES CAP SEG1BYPASS M IDPOINT 500KV SERIES CAP SEG2

TRIP 1ST BRIDGER UNITTRIP 2ND BRIDGER UNIT

BYPASS BURNS 500KV SERIES CAPACITOR

TRIP M IDPOINT-HEM INGWAY 500KV LINE

TRIP HEM INGWAY-SUM M ER LAKE 500KV LINE

Scenario_2

Scenario_3

Scenario_4

Scenario_1

New M elones STAGE-1 Wint er  RASNew M elones STAGE-2 Wint er  RASNew M elones STAGE-3 Wint er  RAS

PGAE_021_TRIP #1

SPP EMC

SPP AIR

SPP HTP

SPP WTY G

SPP FTR-RDM

SPP FTC XF

SPP Reno UVL S

SPP Winnem ucca UVLS

SPP Ca rl in UVL S

SPP 118 IEEE 738 OC

SPP 2307

SPP Alt uras DTT

NPC SSR

NPC LNZ

Amasa RAS

Br idger  RAS f or  N-1-1Br idger  RAS f or  N-1-1-1Br idger  RAS f or  N-1

Dave Johnst on Transf orm er  Tr ip RAS

Goshen RAS

Grace RAS

Lake Side I  RAS
Lake Side I I  RAS

Naughton RAS

Path 18 RAS

Standpipe  RAS

Three Peaks Solar  RAS

PGAE_009_RAS 1PGAE_009_RAS 2PGAE_009_RAS 3

PGAE_022_TRIP #1

PGAE_035_TRIP #1

PGAE_028_TRIP #1

PGAE_042_TRIP #1PGAE_042_TRIP #2PGAE_042_TRIP #4PGAE_005_TRIP #1

PGAE_006_I t erat ion_1APGAE_006_I t erat ion_1B

PGAE_006_I t erat ion_2
PGAE_006_I t erat ion_3PGAE_006_I t erat ion_4PGAE_006_I t erat ion_5
PGAE_006_I t erat ion_6PGAE_006_I t erat ion_7PGAE_006_I t erat ion_8PGAE_006_I t erat ion_9PGAE_006_I t erat ion_10PGAE_006_I t erat ion_11

PGAE_006_Over load

PGAE_008_SPS_Pat h1
PGAE_008_SPS_Pat h2

PGAE_011_TRIP #1

PGAE_012_TRIP #1

PGAE_013_TRIP #1

PGAE_014_TRIP #1

PGAE_015_TRIP #1
PGAE_015_TRIP #2

PGAE_017_TRIP #1

PGAE_019_TRIP #1

PGAE_023_TRIP #1

PGAE_024_TRIP #1PGAE_025_TRIP #1

PGAE_026_TRIP #1

PGAE_027_TRIP #2PGAE_027_TRIP #1

PGAE_029_TRIP #1

PGAE_030_ TRIP #1

PGAE_031_ TRIP #1

PGAE_032_TRIP #1

PGAE_033_TRIP #1

PGAE_034_TRIP #1

PGAE_036_TRIP #2

PGAE_036_TRIP #1

PGAE_036_TRIP #3

PGAE_037_TRIP #1

PGAE_038_TRIP #1

PGAE_039_TRIP #1

PGAE_040_TRIP #1

PGAE_041_TRIP #1

PGAE_043_TRIP #1PGAE_043_TRIP #2

PNM _RAS_Alam ogordo-Hollom an_Line_Tr ip

PNM _RAS_React or_Tr ipping_Relay_Schem e

PNM _RAS_ICLSS

PNM _RAS_SNM _M ining_Load_Shedding

PNM _East ern_New_M exico_RAS

PNM _Blackwat er_SynCon_Out age_RAS

RAS -  Round But t e

Grand Ronde RAS

Ferndale Generat ion Run-Back Schem e

PSE-054 (EHT-YEL)  -  Line Over load RAS

PSE-071 (SKY-BEV) -  Therm al Over load RAS

PSE-058 (SM S-BHM ) -  Line Over load RAS

PSE-074 (SED-BHM #4) -  Line Over load RAS

PSE-073 (OBR-LOL)  -  Therm al Over load RAS

PSE-082 (SAM -VIT)  -  Line Over load RAS

PSE-111 (BLU-YEL)  -  Line Over load RAS

PSE-085 -  Pier ce UVLS

PSE-085 -  WBY UVLS

SCE_Bishop RAS

SCE_Blyt he Energy RAS

SCE:  Colorado River  Cor r idor  (CRC) RAS

SCE_Dever s RAS

SCE_El Segundo RAS

SCE_Eldorado- Ivanpah RAS

SCE_High Deser t  Power  Proj ect

SCE_Kram er  RAS

SCE_M oj ave Deser t  RAS

SCE_M WD_EagleM t n_Prot ect ion_Schem e

SCE_Past or ia Energy Facilit y RAS

SCE_Sout h of  Lugo RAS

SCE_Whir lwind RAS

SCE_M ount ainview RAS

SCE_Lugo-Vict or ville RAS

SCE_M idway-Vincent  RAS

SCE_Inland Em pir e RAS

SCE_M iralom a LVLS RAS

69kV TL649 RAS

138kV TL13835A RAS

69k V TL 682 RAS

TL23041/TL23042 RAS
TL 23042A RAS

230kV Ot ay M esa Gen Drop RAS

69kV TL695A at  TA

IV BK 80 RASM L BK 80/81 RAS
M L BK 80/81 RAS (TL50005 OOS)

TL 23054/TL 23055 RAS
TL 23054/TL 23055 RAS (TL50004 OOS)
TL23040 IV 500kV N-1 RASTL23040 IV 500kV N-1 RAS (TL50004 OOS)

TL23040 IV 500kV N-1 RAS (TL50005 OOS)

Crest wood RAS-RAS f or  Kum eyaay Wind Gen

500kV TL50001 GEN DROP RAS
500kV TL50001 GEN DROP RAS (enabled f or  TL50005 OOS)

500kV TL50003 GEN DROP RAS500kV TL50003 GEN DROP RAS (enabled f or  TL50004 OOS)
500kV TL50004 GEN DROP RAS

500kV TL50004 GEN DROP RAS (enabled f or  TL50005 OOS)
500kV TL50005 GEN DROP RAS

500kV TL50005 GEN DROP RAS (enabled f or  TL50004 OOS)

SRP_M ES-Solar -RAS
SRP_COI-Palo Verde -  COI  RAS

SRP_RAH-RAS

SRP_CO-RAS2

SRP_CO-RAS1

Sut t er -M odule_1-Wint er

PEGS RAS

Fraser RAS

Henry Lake RAS

Gladstone  RAS

Walsenburg RAS

Right image 

shows 250,000 

contingencies, 

with each one 

linked.  The 

GDV dynamic 

formatting is 

used to highlight 

the small subset 

of interest.



Pseudo-Geographic Mosaic Displays

• GDVs can be quite useful, but there is a tradeoff 

between geographic accuracy and maximum 

display space usage

– Much of the electric grid is concentrated in small 

(primarily urban) areas

• Pseudo-Geographic Mosaic Displays (PGMDs) 

utilize a tradeoff of geographic accuracy to 

maximize display space
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80,000 Bus System Area PGMD
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0%

60%

25

%

100

%

GDVs are as before (size = area gen MW, color = interchange);

the percentages show the amount of transition 



Texas 2000 Substation PGMD 
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ABILENE 1

ABILENE 2

ABILENE 3

ABILENE 4

ABIL ENE 5

ABILENE 6

ABILENE 7

ADDISON

ALBANY 1

ALBANY 2

ALEDO 1

ALEDO 2

ALLEN 1

ALLEN 2

ALPINE

ALVIN

ANDREWS

ANGLETON

ANNA

ANSON

ARCHER 2

ARCHER CITY

ARGYLE

ARLINGTON 1

ARL INGTON 11

ARLINGTON 2

ARLINGTON 3

ARLINGTON 4

ARLINGTON 5

ARLINGTON 6

ARLINGTON 8

ARLINGTON 9

ARMSTRONG 1

ARM STRONG 2

ASPERM ONT

ATASCOSA

ATHENS 1

ATHENS 2

AUSTIN 1

AUSTIN 12

AUSTIN 13

AUSTIN 15

AUSTIN 16

AUSTIN 18

AUSTIN 2

AUSTIN 20

AUSTIN 21

AUSTIN 22

AUSTIN 23

AUSTIN 24

AUSTIN 25

AUSTIN 26

A USTIN 27

AUSTIN 28

AUSTIN 29

AUSTIN 3

AUSTIN 30

AUSTIN 31

AUSTIN 34

AUSTIN 39

AUSTIN 5

AUSTIN 6

AUSTIN 7

AUSTIN 8

AUSTIN 9

BAIRD

BALCH SPRINGS

BALLINGER

BANDERA

BANGS

BARDWELL

BASTROP

BAY CITY

BAYTOWN 1

BAYTOWN 2

BAYTOWN 3

BAYTOWN 4

BEASLEY

BEDFORD 1

BEDFORD 2

BEL L S

BELTON

BIG LAKE

BIG SPRING 1

BIG SPRING 2

BIG SPRING 3

BIG SPRING 4

BIG SPRING 5

BIG SPRING 6

BIG SPRING 7

BIG SPRINGS

BISHOP

BL ACKWEL L

BOERNE 1

BOERNE 2

BONHAM

BOYD

BRACKETTVILLE 2

BRADY

BRECKENRIDGE

BREMOND

BRENHAM

BRIDGEPORT

BROWNSVILLE 1

BROWNSVILLE 2

BROWNSVILLE 3

BROWNWOOD

BRUNI  1

BRUNI  2

BRYAN 1

BRYAN 2

BRYAN 3

BRYAN 4

BRYSON 1

BURKBURNETT

BURLESON

CADDO M ILLS

CALDWELL

CANTON

CARRIZO SPRINGS

CARROLLTON 1

CARROLLTON 2

CARROLLTON 3

CEDAR CREEK 1

CEDAR HILL

CEDAR PARK CHANNELVIEW 1

CHANNEL VIEW 2

CHAPPELL HILL

CHARLOTTE

CHINA SPRING

CHRISTINE

CHRISTOVAL

CIBOLO

CLEBURNE 1

CLEBURNE 2

CLYDE

COAHOM A

COL EMAN

COLLEGE STATION 1

COLLEGE STATION 2

COLLEYVILLE

COLUMBUS

COM ANCHE

COM O

CONROE 4

CONROE 5

CONROE 6

CONROE 7

COOLIDGE

COOPER

COPPERAS COVE

CORPUS CHRISTI 1

CORPUS CHRISTI 10

CORPUS CHRISTI  11

CORPUS CHRISTI 13

CORPUS CHRISTI 14

CORPUS CHRISTI 15

CORPUS CHRISTI 16

CORPUS CHRISTI  2

CORPUS CHRISTI 3

CORPUS CHRISTI  4

CORPUS CHRISTI  6

CORPUS CHRISTI  7

CORPUS CHRISTI  8

CORPUS CHRISTI  9

CORSICANA 1

CORSICANA 2
COTULLA

CRANE

CROSBY

CROSBYTON

CROSS PLAINS

CRYSTAL CITY

CUERO 1

CUERO 2

CUM BY

CUSHING 1

C YPRESS 1

CYPRESS 2

D HANIS

DALLAS 1

DALLAS 11

DALLAS 13

DALLAS 14

DALLAS 15

DALLAS 16

DAL L AS 17

DALLAS 18

DALLAS 19

DALLAS 2

DALLAS 20

DALLAS 21

DALLAS 22

DALLAS 23

DALLAS 24

DAL L AS 25

DALLAS 26

DALLAS 27

DALLAS 28

DALLAS 29

DALLAS 3

DALLAS 30

DALLAS 31

DALLAS 32

DAL L AS 33

DAL L AS 34

DAL L AS 35

DALLAS 36

DAL L AS 37

DALLAS 38

DALLAS 39
DALLAS 4

DALLAS 40

DALLAS 41

DALLAS 42

DALLAS 43

DALLAS 44

DALLAS 5

DALLAS 9

DANBURY

DAYTON

DE LEON

DEER PARK

DEL RIO

DEL VALLE

DENISON 1

DENTON 1

DENTON 2

DENTON 3

DENTON 4

DESOTO

DEVINE

DICKINSON

DILLEY

DONNA

DUNCANVILLE 1

DUNCANVILLE 2

DYESS AFB

EAGLE LAKE

EAGLE PASS

EARLY

EAST BERNARD

EASTLAND

ECTOR

EDINBURG 1

EDINBURG 3

EL CAM PO

EL ECTRA

EL GIN

ELMENDORF

ENCINAL

ENNIS

EULESS 1

EUL ESS 2

FAIRFIELD 1

FAIRFIELD 2

FAL CON HEIGHTS 1

FALFURRIAS

FANNIN

FARM ERSVILLE

FLINT

FLORESVILLE

FLOWER M OUND 1

FLOWER M OUND 2

FLUVANNA 1

FLUVANNA 2

FORNEY

FORRESTON

FORSAN

FORT DAVIS

FORT HOOD

FORT STOCKTON 1

FORT STOCKTON 2

FORT STOCKTON 3

FORT WORTH 1

FORT WORTH 10

FORT WORTH 11

FORT WORTH 12

FORT WORTH 13

FORT WORTH 14

FORT WORTH 15

FORT WORTH 16

FORT WORTH 17

FORT WORTH 18
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Size is proportional to the substation MW throughput, while

the color is based on the amount of substation generation



GDV Grouping

• Oftentimes there are just too many objects, so 

they need to be grouped

• There are many different ways to group them, 

with common ones by area, zone, substation, 

owner.  

• GDV objects can also be grouped 

geographically with interactive grouping possible

– Grouped object attributes can then be summarized 

different ways, such as sum, abs sum, average, 

minimum, maximum, etc.

– Called GDV Summary Objects (GSOs)
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Texas 7K, 10 by 10 Grid
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Gen    833 MW

Volt 1 .038 pu

Gen   2044 MW

Volt 1.024 pu
Gen     82 M W
Volt  1. 040 pu

Volt  1. 035 pu

Gen    931 MW

Volt 1.031 pu

Gen   1413 MW

Volt 1.022 pu

Gen   1662 MW

Volt 1.017 pu

Gen    337 M W

Volt  1. 037 pu

Gen    420 M W

Vo lt 1 .030 pu

Gen   2297 MW

Volt 1.017 pu

Gen   2208 MW

Volt 1.016 pu

Gen    170 M W

Volt  1. 041 pu

Gen    207 M W

Volt  1. 040 pu

Gen    226 M W

Volt  1. 001 pu

Gen   5130 MW

Volt 0.993 pu

Gen    184 M W

Volt  1. 024 pu

Gen   4958 MW

Volt 0.965 pu

Gen   7629 MW

Volt 0.971 pu

Gen    299 M W

Volt  1. 003 pu

Gen    259 M W

Volt  1. 024 pu

Gen   2097 MW

Volt 0.981 pu

Gen   1910 MW

Volt 1.016 pu

Gen   1430 MW

Volt 0.974 pu

Gen    452 MW

Volt 1 .033 pu

Gen   1367 MW

Volt 1.023 pu

Gen   1170 MW

Volt 1.013 pu

Gen    129 M W

Volt  1. 037 pu

Gen    483 MW

Volt 1.025 pu

Gen    129 M W

Volt  1. 013 pu

Gen   4013 MW

Volt 0.991 pu

Gen   2095 MW

Volt 1.033 pu
Gen     69 M W
Volt  1. 034 pu

Gen    295 M W

Volt  1. 020 pu

Gen   1732 MW

Volt 1.025 pu

Gen   2500 MW

Volt 1.013 pu

Gen   2375 MW

Volt 1.010 pu

Gen    313 M W

Volt  1. 026 pu

Gen   3812 MW

Volt 1.013 pu

Gen   4957 MW

Volt 0.968 pu

Gen    151 M W

Volt  1. 024 pu

Gen   2967 MW

Volt 1.029 pu

Gen   1716 MW

Volt 1.025 pu

Gen    216 M W

Volt  1. 019 pu

Gen   1390 MW

Volt 1.015 pu

Gen   1911 MW

Volt 1.013 pu

Gen   1067 MW

Volt 0.962 pu

Gen   1031 MW

Volt 1.019 pu

Gen    898 MW

Volt 1.011 pu

Gen    864 MW

Volt 1.032 pu

Gen    302 M W

Volt  1. 020 pu

Gen    646 M W

Vo lt 1 .017 pu

Gen    487 MW

Volt 1.012 pu

Gen    979 MW

Volt 1.019 pu

Gen    249 M W

Volt  1. 032 pu

This is a 10 by 10 

latitude/longitude 

grid with the GSO 

center based on the 

grid point.  The 

disadvantage of 

this is some objects 

are outside the 

border.  The size is 

generation, the 

color is the 

minimum voltage. 



Texas 7K, 10 by 10 Grid, Weighted Center
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Gen    833 MW

Volt 1 .038 pu

Gen   2044 MW

Volt 1.024 pu
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Volt 1.016 pu
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Gen    452 MW

Volt 1 .033 pu

Gen   1367 MW

Volt 1.023 pu

Gen   1170 MW

Volt 1.013 pu

Gen    129 M W
Volt  1. 037 pu

Gen    483 MW

Volt 1.025 pu

Gen    129 M W

Volt  1. 013 pu

Gen   4013 MW

Volt 0.991 pu

Gen   2095 MW

Volt 1.033 pu

Volt  1. 034 pu

Gen    295 M W

Volt  1. 020 pu

Gen   1732 MW

Volt 1.025 pu

Gen   2500 MW

Volt 1.013 pu

Gen   2375 MW

Volt 1.010 pu
Gen    313 M W

Volt  1. 026 pu

Gen   3812 MW

Volt 1.013 pu

Gen   4957 MW

Volt 0.968 pu
Gen    151 M W

Volt  1. 024 pu

Gen   2967 MW

Volt 1.029 pu

Gen   1716 MW

Volt 1.025 pu

Gen    216 M W

Volt  1. 019 pu

Gen   1390 MW

Volt 1.015 pu

Gen   1911 MW

Volt 1.013 pu Gen   1067 MW

Volt 0.962 pu

Gen   1031 MW

Volt 1.019 pu

Gen    898 MW

Volt 1.011 pu

Gen    864 MW

Volt 1.032 pu

Gen    302 M W

Volt  1. 020 pu

Gen    646 M W

Vo lt 1 .017 pu

Gen    487 MW

Volt 1.012 pu

Gen    979 MW

Volt 1.019 pu

Gen    249 M W

Volt  1. 032 pu

This is the same 

grid, except the 

GSO center is 

based on the 

average of all its 

elements.  This 

approach is often 

preferred.    



The Grid Size Can be Easily Modified
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Gen    612 M W

Vo lt 1 .038 pu

Gen   1103 MW

Volt 1.024 pu

Gen   1023 MW

Volt 1.029 pu

Gen    272 M W

Volt  1. 038 pu

Gen    765 MW

Volt 1 .033 pu

Volt  1. 033 pu
Gen    863 MW

Volt 1.040 pu

Gen    190 M W

Volt  1. 037 pu

Gen   2120 MW

Volt 1.017 pu

Gen   1042 MW

Volt 1.017 pu

Gen     72 M W
Volt  1. 031 pu

Gen    478 MW

Volt 1.024 pu
Gen    719 MW

Volt 1 .024 pu
Gen   1038 MW

Volt 1.024 pu

Gen   2539 MW

Volt 0.965 pu

Gen    855 MW

Volt 1.004 pu

Gen    170 M W

Volt  1. 041 pu

Gen    120 M W

Volt  1. 040 pu

Gen     86 M W

Volt  1. 038 pu Gen     85 M W
Volt  1. 001 pu

Gen   5130 MW

Volt 0.993 pu

Gen   1290 MW

Volt 1.006 pu

Gen   6762 MW

Volt 0.971 pu
Gen   3350 MW

Volt 0.973 pu

Gen    127 M W

Volt  0. 996 pu

Gen   2211 MW

Volt 0.981 pu
Gen   1166 MW

Volt 1.028 pu
Gen    788 MW

Volt 0 .974 pu

Gen    136 M W

Volt  1. 039 pu
Gen   1142 MW

Volt 1.031 pu

Gen    259 M W

Volt  1. 003 pu

Gen    301 M W

Volt  1. 036 pu

Gen    129 M W

Volt  1. 040 pu

Gen    408 M W

Vo lt 1 .006 pu

Gen    894 MW

Volt 0.985 pu

Gen   1833 MW

Volt 1.034 pu
Gen    642 M W

Vo lt 1 .033 pu

Gen     86 M W
Volt  1. 040 pu

Gen    230 M W

Volt  1. 033 pu

Gen    524 MW

Volt 1.028 pu

Gen    607 M W

Vo lt 1 .025 pu
Gen    261 M W

Volt  1. 013 pu Gen    138 M W

Volt  1. 025 pu

Gen    345 M W

Volt  1. 027 pu

Gen    129 M W

Volt  1. 034 pu

Gen    576 MW

Volt 1.013 pu

Gen    804 MW

Volt 1 .018 pu

Gen   2095 MW

Volt 1.033 pu Volt  1. 034 pu

Gen    295 M W

Volt  1. 020 pu
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Volt 1.025 pu

Gen    590 MW

Volt 1.026 pu

Gen   1576 MW

Volt 1.027 pu

Gen   2202 MW

Volt 1.010 pu

Gen    173 M W

Volt  1. 029 pu

Gen    138 M W

Volt  1. 031 pu

Gen   3546 MW

Volt 1.001 pu

Gen   1246 MW

Volt 0.998 pu
Gen    151 M W

Volt  1. 024 pu
Gen   2967 MW

Volt 1.035 pu

Gen   1007 MW

Volt 1.030 pu

Gen   1064 MW

Volt 1.013 pu

Gen    399 M W

Volt  1. 024 pu

Gen    429 M W

Vo lt 1 .015 pu

Gen   2042 MW

Volt 1.023 pu
Gen    886 MW

Volt 0.991 pu

Gen   3178 MW

Volt 0.962 pu

Gen     99 M W

Volt  1. 024 pu

Gen    351 M W

Volt  1. 033 pu

Gen    673 M W

Vo lt 1 .019 pu

Gen    417 M W

Vo lt 1 .032 pu

Gen    234 M W

Volt  1. 024 pu

Gen    205 M W

Volt  0. 993 pu

Gen    270 M W

Volt  1. 008 pu

Gen    923 MW

Volt 1.035 pu

Gen    128 M W

Volt  1. 013 pu Gen    864 MW

Volt 1.034 pu
Gen    592 MW

Volt 1.017 pu

Gen    357 M W

Volt  1. 031 pu

Gen    457 MW

Volt 1 .011 pu

Gen    313 M W

Volt  1. 034 pu

Gen    150 M W

Volt  1. 031 pu

Gen    487 MW

Volt 1.038 pu

Gen    829 MW

Volt 1 .019 pu

Gen    249 M W

Volt  1. 032 pu

This shows results 

for a 15 by 15 grid, 

with the same scale 

as before.  



Visualizing Multiple Values
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Transient Stability Time (Sec):   3.250

We commonly 

combine the GSO 

displays with 

contours to visualize 

multiple values.  

This image (from a 

stability run) shows 

a frequency contour 

(made by substation 

GDVs) with GSOs 

showing the voltage 

change.  



Visualizing Transmission System Flows

• The previous techniques can be quite helpful for 

showing many power system values, but don’t 

scale well for showing transmission system flows

• Flows aggregations (interfaces) can be used    
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Area to area flow visualization,

EPSON, 1998, Zurich, CH



Delaunay Triangulation Based 

Wide-Area Flow Aggregation
• The next several slides present

– An algorithm for visualizing power system flows using a 

Delaunay triangulation approach (giving a planar graph)

– A demonstration of the algorithm on grids of all sizes, 

different levels of aggregation and different flows
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T.J. Overbye, J. Wert, K. Shetye, F. Safdarian, and A. Birchfield, “Delaunay Triangulation Based Wide-Area 

Visualization of Electric Transmission Grids,” Kansas Power and Energy Conference (KPEC), Apr. 2021.



Delaunay Triangulation Based 

Wide-Area Flow Aggregation
• The algorithm is simple and fast

– Assume n buses, m bus groups and b branches 

joining the buses, with geographic information 

available for the buses

– Map each branch to its terminal bus group(s)

– Do a Delaunay triangulation of the m bus groups to 

create a set S of segments

– For each branch quickly determine a segment path 

between its terminal bus groups adding it to the list for 

each segment
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Seven Bus Example

• This can be illustrated with a seven bus example 

with five bus groups, A={1,2}, B={3,4}, C={5}, 

D={6}, E={7} 

54



Computing Path Between Two Groups

• In general calculating the path between two bus 

groups is not exceptionally fast (given that is has 

to be applied to each branch)

• However, when the graph is based on a Delaunay 

triangulation paths can be calculated very quickly

• Different algorithms exist to do this, with the paper 

using a Greedy Routing algorithm

• Determining the path for a branch between its 

terminal bus groups has three options
1. Both ends in same group so branch is ignored

2. Ends are in first neighbor groups so simple

3. Use the Greedy Routing algorithm
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500 Bus Example

• Slide shows the original 

network with several 

intersecting branches and 

then two applications of 

the algorithm
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Original System, b=599 

Algorithm m =208, s=311 

Algorithm m =28, s=49 



Algorithm on 82,000 Bus Grid

• In all cases for the following slides the algorithm 

took less than one second
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Algorithm m =76, s=114 (after removing zero branch segments)



Algorithm on 82,000 Bus Grid
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Algorithm using a 10 by 16 latitude/longitude GSO grid



Algorithm on 82,000 Bus Grid, PTDFs
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Algorithm using areas for the bus groups with labels added 

to show the exact PTDF values (Maine to Washington State)



Algorithm on 82,000 Bus Grid, GICs
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The impact of the assumed North-South electric field is readily 

apparent; yellow indicates GIC sources, magenta sinks



Visualization of Stability Results, 82K
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Image is snapshot from a stability results movie for a generator loss 

contingency, with GDVs showing the voltage change contour, GSOs 

the generation change, and GSLOs the line flow changes.   



Some Techniques for Dealing with Time-

Varying Data
• Need to keep in mind the desired task!

• Tabular displays

• Time-based graphs (strip-charts for real-time)

• Animation loops

– Can be quite effective with contours, but can be used 

with other types of data as well

• Data analysis algorithms, such as clustering, to 

detect unknown properties in the data

– There is often too much data to make sense without 

some pre-processing analysis!
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Animation loops

• Animation loops trade-off the advantages of 

snapshot visualizations with the time needed to 

play the animation loop

– A common use is in weather forecasting

• In power systems applications the length/speed 

of the animation loops would depend on 

application

– In real-time displays could update at either SCADA or 

PMU rates

– Could be played substantially faster than real-time to 

show historical or perhaps anticipated future 

conditions
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Wide-Area Contours Can be Quickly 

Created Using GDVs
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Image shows a

substation GDVs

with 40,000 subs;

when making the 

contour the GDV

size is shrunk so

they are invisible



80K-Bus Frequency Variation 

(Substation Contour; Time = 2.0 Seconds)
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When making 

movies the we

use the Delaunay 

contours because

they are so fast
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80K-Bus Frequency Variation 

(Substation Contour; Time = 8.0 Seconds)



80K-Bus Voltage Magnitude Variation 

(Substation Contour; Time = 5.0 Seconds)
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When showing

values like

voltage magnitudes

it is often better

to show the 

deviation from the 

initial values



Animation Example: 1.00 Seconds
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Animation Example: 1.05 Seconds
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Animation Example: 1.10 Seconds
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Animation Example: 4.80 Seconds
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Data Analysis Results Visualization: 

Example Modal Analysis 
• Idea is to determine the

frequency and damping

of power system signals

after an event

– Reproduce a signal, such

as bus frequency, using

exponential functions

• The Iterative Matrix 

Pencil (IMP) provides a

great way to quickly

process and verify

lots of signals
72

PWDVectorGrid Variables

Time (Seconds)
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59.9896

59.9894

59.9892

59.989

59.9888

59.9886

59.9884

59.9882

59.988

59.9878

Original Value Reproduced Value

The worst match out of 40,000 substation 

frequency signals (15 to 30 seconds)



Visualization of Lightly Damped 

0.5 Hz Mode 

73

This image shows the

mode shape; it was

created using substation

GDVs with “pruning” to

decrease the arrow

density.  



Conclusions

• We've reached the point in which there is too 

much data to handle most of it directly 

– Certainly the case with much time-varying data 

• How data is transformed into actionable 

information is a crucial, yet often unemphasized, 

part of the software design process 

• There is a need for continued research and 

development in this area 

– Synthetic power grid cases, including dynamics, are 

now emerging to provide input for this research 
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Thank You!

Questions?
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Papers and slides are available at overbye.engr.tamu.edu


