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Greetings from the Texas A&M Energy and Power 

Group (EPG)

This is from the Fall 2022 EPG dinner held at Dr. Kate Davis’s  house on Oct 1, 2022
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A Bright Electric Future

• Our electric energy future could be quite bright! 

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

developments including the addition of large amounts of renewable 

generation, transportation electrification, smart grid controls, etc.

– The grid of the future is likely to be quite different from the one of the recent past 

• There are lots of good engineering 

challenges and it is a great time for 

students entering the field!! 
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Overview

• However, there are lots of concerns with this transition, particularly in 

dealing with electric grid resilience and increasingly electric grid complexity

• Meeting these opportunities and challenges requires better techniques for 

understanding the operation of electric grids (past, present, and especially 

for the future). 

• We also need to effectively convey the story of our rapidly changing smart 

grid to a wide variety audiences including policymakers 

• This presentation focuses on how better electric grid operations 

visualizations and storytelling can help us achieve this desired future

• This is a great opportunity for smart grid innovation!
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Electric Grids Create Lots of 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 

stability run creating gigabytes

– Studying future grid configurations and

scenarios is very data intensive
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An Example: East-West Dynamics Study

• One project in 2020 looked at the dynamic aspects of an ac 

interconnection of the Eastern Interconnect and the WECC (with a follow 

up project now starting)

– We did lots of dynamic simulations 

some going out for minutes

– The Model has 110,000 buses, 

244 different types of dynamic 

models, 48,000 model instances 

• No major showstoppers with this interconnection

• A human factors challenge was to know what happened in a simulation, 

and then to explain the results to a variety of different audiences
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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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Books by Edward Tufte are a Good Source for 

Historical Images for Data Visualization 

Illustration by Charles Minard from 1869 on Napoleon’s march to, and retreat 

from Moscow in 1812; Called the “Best Statistical Graphic Ever Drawn”

422,000 troops 

enter Russia in 

June 1812; 10,000 

are left in Dec. 

1812
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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

Source: E. Tufte, The Visual Display of Quantitative Information, Graphics Press, Cheshire, CT, 1983.

Tufte: “may well be 

worst graphic ever”
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Visualization: A Great Way to Get Your Messaged 

Noticed and/or to Convey Information Quickly

Four-minute US Civil War animation, Abraham 

Lincoln Museum (Springfield IL)

Salt River Project Skills 

Training Facility, Tempe, AZ

12Source right images: www.lincolnlibraryandmuseum.com/m5.htm



Aside: Real versus Synthetic Grids

• When available I prefer to work with 

real (actual) grid models and data

• However access to actual power grid models is 

often restricted (CEII), and this can be a particular 

concern with storytelling where the focus is on clearly 

showing aspects of grid strengths and weaknesses 

– Models and data 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 eight years in this area; “realistic but not real”
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Large-Scale Synthetic Grid Models and Results are 

Now Available

• There are now synthetic grid models that go up to an 82,000-bus one 

grid modeling the contiguous US (CONUS)

– Our synthetic grids have embedded geographic coordinates; the TAMU ones 

are available at electricgrids.engr.tamu.edu

• The widespread availability of these grids is greatly helping research!

• There are lots of challenges with synthetic grids with one being that 

they have no significant operational history and people really don’t 

have an intuitive feel for their operation
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82,000 Bus Synthetic Grid

The different colors 

indicate different 

nominal kV voltages, 

with green 765, orange 

500,  red 345, blue 230, 

black lower. 
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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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This grid is widely used, and we 

use it in the TAMU power classes



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)
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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

– Multi-color scales (like a spectrum) have 

advantages (more steps) but also disadvantages 

(effectively comparing values) compared to 

bi-color sequences

The book by Colin Ware is a 

great resource 

20Images from betterfigures.org/2015/06/23/picking-a-colour-scale-for-scientific-graphics/



Graphs

• Graphs are also a great way to show information, particularly for 

time-variation

• The number of curves needs to match the task

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)
21

When showing 

many curves 

important 

features might 

get covered



Graphs: 40,000 Substation Examples

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
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Onelines

• Widely used and can be quite effective for showing substations (or local 

regions) or smaller  grids; can be slow on larger systems

sla ck
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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
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
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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)

26



Proximity, Similarity, Connectedness, 

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

Connectedness is stronger

than proximity, color, shape

Similarity makes all 

perceived as rows
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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
sla ck
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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

sla ck

42 Bus Case
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Contour Visualizations of Winter Storm Uri and 1949

A paper describing the use of weather in the power flow is T. J. Overbye, F. Safdarian, W. Trinh, Z. Mao, J. Snodgrass, J. Yeo, “An Approach for the 

Direct Inclusion of Weather Information in the Power Flow,,” Proc. 56th Hawaii International Conference on System Sciences (HICSS), January 2023;

it is available at overbye.engr.tamu.edu/publications as the first one in 2023.  
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Midwest January 2020 Wind Drought Visualization
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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

Size is proportional to the 

area’s generation, while 

the color is based on the 

amount of exports 

Maine

Gen:      3361 M W

New Ham pshire

Gen:     3848 MW

Vermont

Gen:       524 M W

Massachusetts

Gen:    12078 MW

Rhode  Island

Gen:      1780 M W

Connecticut

Gen:     7938 MW

New York City

Gen:    18570 MW

Upstate New York

Gen:    16035 MW

New Jersey

Gen:    18196 MW

Pennsylvania Eastern

Gen:    24896 MW

Pennsylvania Western

Gen:     9710 MW

Delaware
Gen:      2541 M W

Maryland

Gen:    10469 MW

Virginia Mountains

Gen:     8569 MW

Virginia Tidewater

Gen:    13736 MW

North Carolina

Gen:    18691 MWWest ern Nor t h Carolina

Gen:     5072 MW

South Carolina

Gen:    20146 MWGeorgia North

Gen:    11827 MW

Georgia South

Gen:    17770 MW

Flor ida Panhandle

Gen:      2983 M W

Florida North

Gen:    15221 MW

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

Gen:     6794 MW

Michigan Northe rn

Gen:     8082 MW

Michigan Southern

Gen:    16443 MW

Indiana
Gen:    18589 MW

Chicago North Illinois

Gen:    21016 MW

Illinois Downstate

Gen:    18187 MW

Wisconsin

Gen:    13792 MW

M innesot a Nor t hern

Gen:      2115 M W

Minnesota Southern

Gen:    11286 MW

Iowa

Gen:    12197 MW

Missouri East

Gen:     8079 MW

Missouri West

Gen:     7936 MW

Arkansas

Gen:    10080 MW

Louisiana

Gen:    23128 MW

East Texas

Gen:     9179 MW

Texas Panhandle

Gen:      2451 M W

New Mexico

Gen:     1320 MW

Oklahoma
Gen:    19761 MW

Kansas

Gen:    10141 MW

Nebraska
Gen:     6115 MW

South Dak ota

Gen:      2422 M W

North Dakota

Gen:     4475 MW

Montana

Gen:       892 M W

Washington

Gen:    19141 MW

Oregon

Gen:    11057 MW

Northe rn Ca l i fo rn ia

Gen:     7748 MW

Bay Area

Gen:     8270 MW

Central California

Gen:     8816 MW

Southwest California

Gen:    22472 MW

Southeast California

Gen:    11992 MW

Nevada
Gen:     7018 MW

Arizona

Gen:    22083 MW

Utah
Gen:     7785 MW

New Mexico

Gen:     4074 MW

Colorado

Gen:    11953 MW

Wyoming

Gen:      3014 M W

Idaho

Gen:      3207 M W

Montana
Gen:     3965 MW

El Paso

Gen:       820 M W

Far West

Gen:      3298 M W

North
Gen:      3002 M W

West
Gen:     4043 MW

South
Gen:     7050 MW

North Central

Gen:    12487 MW

South Central

Gen:    11804 MW Coast
Gen:    23414 MW

East
Gen:     3806 MW

1

Transient Stability Data 
Not Transferred
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Texas 2000 Substation GDV

ABILENE 1

ALBANY 1

ALEDO 1

ALLEN 1

ALLEN 2

ALVIN

ARL INGTON 1

ARLINGTON 11

ARLINGTON 4

ARLINGTON 6

ARM STRONG 1

AUSTIN 1

AUSTIN 2

AUSTIN 24

AUSTIN 27

AUSTIN 3

AUSTIN 6

AUSTIN 8

BALCH SPRINGS

BASTROP

BAYTOWN 1

BAYTOWN 2

BAYTOWN 3

BELTON

BOYD

BREM OND

BRENHAM

BRIDGEPORT

BROWNSVILLE 1

BROWNSVILLE 2

BROWNSVILLE 3

BROWNWOOD

BRYAN 1

BRYSON 1

BURL ESON

CALDWELL

CEDAR CREEK 1

CEDAR PARK

CHANNELVIEW 1
CHANNELVIEW 2

CHRISTINE

CIBOLO

CLEBURNE 1

CLEBURNE 2

CONROE 5

COPPERAS COVE

CORPUS CHRISTI  1
CORPUS CHRISTI  14

CORPUS CHRISTI  3

CORSICANA 2

CUSHING 1

CYPRESS 1

DALLAS 1

DALLAS 11

DALLAS 14

DALLAS 19

DAL L AS 2

DALLAS 20

DALLAS 24

DALLAS 26

DALLAS 27

DALLAS 3

DALLAS 40

DALLAS 44

DALLAS 5

DALLAS 9

DAYTON

DEER PARK

DEL RIO

DENTON 1

DENTON 3

DONNA

ELMENDORF

ENNIS

EULESS 2

FAIRFIELD 1

FAIRFIELD 2

FANNIN

FORT WORTH 2

FORT WORTH 20

FORT WORTH 27

FORT WORTH 29

FORT WORTH 8

FRANKLIN

FREEPORT 1
FREEPORT 2

FRIENDSWOOD

FRISCO 2

GARLAND 1

GL EN ROSE 1

GOLDTHWAITE 1

GRAHAM

GRANBURY 1

GRANBURY 2

GRANBURY 3

GRAND PRAIRIE 1

GRAND PRAIRIE 3

GREENVIL L E 1

GREGORY

HARLINGEN 1

HERM LEIGH

HOUSTON 10

HOUSTON 13

HOUSTON 14

HOUSTON 18

HOUSTON 19

HOUSTON 20

HOUSTON 32

HOUSTON 33
HOUSTON 39

HOUSTON 4

HOUSTON 45

HOUSTON 48

HOUSTON 5

HOUSTON 6

HOUSTON 67

HOUSTON 69

HOUSTON 7

HOUSTON 73

HOUSTON 78

HOUSTON 83
HOUSTON 88

HOUSTON 9HOUSTON 90

HURST

HUTCHINS

IRVING 3

JACKSBORO 1

JACKSONVILLE 1

JEWETT 1

JOSHUA

KATY 1

KATY 2
KATY 3

KELLER 1
KELLER 2

KENEDY

KILLEEN 3

L A GRANGE

LA PORTE

LAKE JACKSON

L APORTE

LAREDO 4

LEAGUE CITY

LEANDER 1

LEWISVILLE 1
LEWISVILLE 2

LUFKIN 3

M AGNOLIA 1

MANSF IEL D

M ARBLE FALLS 2

MARION 1

M CCAM EY 1

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

M OUNT PLEASANT 1

M T.  ENTERPRISE

NEM O

NEW BRAUNFELS 1

NEW BRAUNFELS 2

NURSERY

ODESSA 1

OILTON

OLM ITO

OL NEY 1

PAL O PINTO 1

PANHANDLE 2

PANHANDLE 4

PARADISE

PARIS 1

PARIS 2

PASADENA 1PASADENA 2

PASADENA 3

PASADENA 4

PEARSALL

PFLUGERVILLE

PLANO 1
PLANO 2PLANO 7

POINT COM FORT 1

POINT COM FORT 2

POOLVILLE

RALLS 1

RHOM E

RICHARDSON 2

RICHM OND 1

RIESEL  1

ROANOKE

ROCKDALE 1

ROSCOE 5

ROUND ROCK 3

ROWLETT 1

ROWLETT 2

SACHSE

SAN ANTONIO 1

SAN ANTONIO 12

SAN ANTONIO 13

SAN ANTONIO 2

SAN ANTONIO 32

SAN ANTONIO 37

SAN ANTONIO 40

SAN ANTONIO 47

SAN ANTONIO 50

SAN ANTONIO 51

SAN ANTONIO 52

SAN ANTONIO 8

SAN ANTONIO 9

SAN BENITO

SAN JUAN

SAN M ARCOS

SAN PERLITA

SARITA 1

SAVOY

SEBASTIAN 1

SEGUIN 1

SHERM AN 1

SHIRO

SILVER

SPRING 2

SPRING 7

SPRING 8

STAFFORD

STEPHENVIL L E

STERLING CITY 1

SUGAR LAND 1

SUGAR L AND 2

SUGAR LAND 3

SUNNYVALE

TAFT 1

TEM PLE 1

THOMPSONS

TRINIDAD 1

TYLER 4

TYLER 7

VICTORIA 1

VICTORIA 2

VICTORIA 3

WACO 1

WACO 2

WADSWORTH

WHARTON 1

WICHITA FALLS 1

WIL L IS 1

WILLIS 2

WINCHESTER

WINGATE

Size is proportional 

to the substation MW 

throughput, while

the color is based on 

the amount of 

substation 

generation
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82,000 Bus Example GDV

Each GDV is 

linked, the GDVs 

can easily be 

customized, and the 

display can be 

saved (generation 

substations are 

magenta, load 

substations are 

yellow)

39



Layout Algorithms Can Help

• Force-based layout algorithms can be used with GDVs to improve 

readability

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.  
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Actual US Generation Capacity (2021) GDV Example

Red is nuclear, brown natural gas, black coal, blue hydro, 

green wind, yellow solar

Oval size is proportional to the substation generation; image shows public data from EIA Form 860, 2021 41



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

0%

60%

25%

100

%

GDVs are as 

before (size = 

area gen 

MW, color = 

interchange);

the 

percentages 

show the 

amount of 

transition 
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Texas 2000 Substation PGMD 

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

FORT WORTH 19

FORT WORTH 2

FORT WORTH 20

FORT WORTH 21

FORT WORTH 22

FORT WORTH 23

FORT WORTH 24

FORT WORTH 25

FORT WORTH 26

FORT WORTH 27

FORT WORTH 28

FORT WORTH 29

FORT WORTH 3

FORT WORTH 4

FORT WORTH 6

FORT WORTH 7

FORT WORTH 8

FORT WORTH 9

FRA NKLIN

FREDERICKSBURG

FREEPORT 1

FREEPORT 2

FRIENDSWOOD

FRISCO 1

FRISCO 2

FROST

FULSHEAR

GAINESVILLE

GALVESTON 1

GANADO

GARDEN CITY

GARLAND 1

GARLAND 2

GATESVILLE 4

GEORGETOWN 2

GEORGETOWN 3

GLEN ROSE 1

GOL DSBORO

GOLDSMITH

GOLDTHWAITE 1

GONZALES

GORM AN

GRAHAM

GRANBURY 1

GRANBURY 2

GRANBURY 3 GRAND PRAIRIE 1

GRAND PRAIRIE 2

GRAND PRAIRIE 3

GRANDFALLS

GRAPEVINE

GREENV ILLE 1

GREENVILLE 2

GREGORY

GROESBECK

GRULLA

HALTOM  CITY

HAM LIN

HARKER HEIGHTS

HARLINGEN 1

HARLINGEN 2

HASKELL

HASL ET

HAWLEY

HEARNE

HEBBRONVILLE

HELOTES

HENDERSON 1

HENRIETTA

HERMLEIGH

HOCKLEY

HONDO

HONEY GROVE

HOUSTON 1

HOUSTON 10

HOUSTON 12

HOUSTON 13

HOUSTON 14

HOUSTON 15

HOUSTON 16

HOUSTON 17

HOUSTON 18

HOUSTON 19

HOUSTON 2

HOUSTON 20

HOUSTON 21

HOUSTON 22

HOUSTON 24

HOUSTON 25

HOUSTON 26

HOUSTON 27

HOUSTON 29

HOUSTON 3

HOUSTON 31

HOUSTON 32

HOUSTON 33

HOUSTON 34

HOUSTON 35

HOUSTON 36

HOUSTON 37

HOUSTON 38

HOUSTON 39

HOUSTON 4

HOUSTON 40

HOUSTON 41

HOUSTON 42

HOUSTON 44

HOUSTON 45

HOUSTON 46

HOUSTON 47

HOUSTON 48

HOUSTON 49

HOUSTON 5

HOUSTON 50

HOUSTON 51

HOUSTON 52

HOUSTON 53

HOUSTON 54

HOUSTON 55

HOUSTON 56

HOUSTON 57

HOUSTON 58

HOUSTON 59

HOUSTON 6

HOUSTON 60

HOUSTON 61

HOUSTON 62

HOUSTON 63

HOUSTON 64

HOUSTON 65

HOUSTON 67

HOUSTON 68

HOUSTON 69

HOUSTON 7

HOUSTON 71

HOUSTON 72

HOUSTON 73

HOUSTON 74

HOUSTON 76

HOUSTON 77

HOUSTON 78

HOUSTON 79

HOUSTON 8

HOUSTON 83

HOUSTON 88

HOUSTON 89

HOUSTON 9

HOUSTON 90

HOUSTON 91

HUBBARD

HUFFM AN

HUM BLE 1

HUM BLE 2

HUNGERFORD

HURST

HUTCHINS

HUTTO

IOLA

IOWA PARK

IRAAN 1

IRAAN 2

IRAAN 3

IRVING 2

IRVING 3

IRVING 4

IRVING 5

ITALY

JACKSBORO 1
JACKSONVILLE 1

JAYTON

JEWETT 1

JOSEPHINE

JOSHUA

JOURDANTON

JUNCTION

JUSTIN

KATY 1

KATY 2

KATY 3

KATY 4

KAUFMAN

KELLER 1

KELLER 2
KEMP

KENEDY

KERENS

KERM IT

KERRVILLE

KILLEEN 1

KILLEEN 3

KILLEEN 4

KINGWOOD 1

KINGWOOD 2

KNOX CITY

KYLE

LA  GRA NGE

LA JOYA

LA M ARQUE

LA PORTE

LACKLAND A F B

LAKE JACKSON

LAM ESA

L ANCASTER 2

LAPORTE

LAREDO 1

LAREDO 2

LAREDO 3

LAREDO 4

LAREDO 5

LAREDO 6

LAREDO 7

LAVON

LEAGUE CITY

LEAKEY

L EANDER 1

LEM ING

LENORAH

LEONARD

LEWISVILLE 1

LEWISVILLE 2

LEWSIVILLE

LIBERTY HILL

LINDSAY

LOLITA

LORAINE 1

LORAINE 2

LUEDERS

LUFKIN 1

LUFKIN 2

LUFKIN 3

LYTLE

M ABANK 1

M ABANK 2

M ADISONVILLE

M AGNOLIA 1

M AGNOLIA 2

M ANOR

MANSFIELD

MARBLE FALLS 2

M ARFA

MARION 1

M ARLIN

M ART

M ATADOR

M ATHIS

M AY

M AYPEARL

M CALLEN 1

M CALLEN 2

MCCAMEY 1

M CCAM EY 2

MCKINNEY 1

MCKINNEY 3

M EDINA

M ERCEDES

MERKEL 1

MERKEL 2

M ERKEL 3

MESQUITE 2

M ESQUITE 3

M EXIA

MIAMI

M ICO

M IDLAND 1

MIDL AND 2

MIDL AND 3

MIDLAND 4

MIDLAND 5

MIDLOTHIAN 1

M IDLOTHIAN 2

M ILES

M INEOLA

MISSION 1

M ISSION 2

MISSION 3

MISSION 4

M ISSOURI  CITY 1

MISSOURI  CITY 2

MONAHANS 1

M ONAHANS 2

M ONT BELVIEU

M OODY

M OORE

M OUNT CALM

MOUNT PLEASANT 1

M OUNT PLEASANT 2

MT. ENTERPRISE

M UENSTER 1

M UENSTER 2

NATALIA

NEEDVILLE

NEMO

NEVADA

NEW BRAUNFELS 1

NEW BRAUNFELS 2

NEW BRAUNFELS 3

NEWARK

NEWGULF

NOCONA

NOLAN

NOLANVILLE
NORTH RICHLAND HILLS 1

NORTH RICHL AND HIL L S 2

NOTREES

NURSERY

O DONNELL 1

O DONNELL 2

ODEM

ODESSA 1

ODESSA 2

ODESSA 3

ODESSA 4

ODESSA 5

ODESSA 6

ODONNELL

OILTON

OLMITO

OLNEY 1

OLNEY 2

OVALO

OZONA

PAIGE

PALACIOS

PALESTINE 2

PALO PINTO 1

PANHANDLE 1

PANHANDLE 2

PANHANDL E 3

PANHANDLE 4

PANHANDLE 5

PANHANDLE 6

PARADISE

PARIS 1

PARIS 2

PARIS 3

PASADENA 1

PASADENA 2

PASADENA 3

PASADENA 4

PASADENA 5

PEARLAND 1

PEARLAND 2

PEARSALL

PECOS

PENITAS

PETROLIA

PFLUGERV ILLE

PHARR

PL ANO 1

PLANO 2

PLANO 3

PLANO 4

PLANO 5

PLANO 6

PLANO 7

PLEASANTON

POINT

POINT COMFORT 1

POINT COMFORT 2

PONDER

POOLVILLE

PORT ISABEL

PORT L AVACA

PORTL AND

POTEET

PRESIDIO 1

PRESIDIO 2

PRINCETON

PROGRESO

PROSPER

QUINLAN

RALLS 1

RALLS 2

RAYM ONDVILLE

RED OAK

RHOME

RICE

RICHARDSON 1

RICHARDSON 2

RICHLAND SPRINGS

RICHMOND 1

RICHM OND 2

RIESEL 1

RIO GRANDE CITY

RIO VISTA

RIVIERA

ROANOKE

ROCHESTER

ROCKDALE 1

ROCKDALE 2

ROCKWAL L  1

ROCKWAL L  2

ROMA

ROSCOE 1

ROSCOE 2

ROSCOE 3

ROSCOE 4

ROSCOE 5

ROSCOE 6

ROSENBERG

ROSHARON

ROTAN

ROUND ROCK 1

ROUND ROCK 2

ROUND ROCK 3

ROUND ROCK 4

ROWLETT 1

ROWL ETT 2

ROXTON

ROYSE CITY

SABINAL

SACHSE

SAN ANGELO 1

SAN ANGELO 2

SAN ANGEL O 3

SAN ANTONIO 1

SAN ANTONIO 10

SAN ANTONIO 12

SAN ANTONIO 13

SAN ANTONIO 14

SAN ANTONIO 15

SAN ANTONIO 16

SAN ANTONIO 17

SAN ANTONIO 19

SAN ANTONIO 2

SAN ANTONIO 20

SAN ANTONIO 21

SAN ANTONIO 22

SAN ANTONIO 24

SAN ANTONIO 25

SAN ANTONIO 27

SAN ANTONIO 28

SAN ANTONIO 30

SAN ANTONIO 31

SAN ANTONIO 32

SAN ANTONIO 34

SAN ANTONIO 36

SAN ANTONIO 37

SAN ANTONIO 38

SAN ANTONIO 39

SAN ANTONIO 4

SAN ANTONIO 40

SAN ANTONIO 42

SAN ANTONIO 43

SAN ANTONIO 44

SAN ANTONIO 45

SAN ANTONIO 46

SAN ANTONIO 47

SAN ANTONIO 48

SAN ANTONIO 49

SAN ANTONIO 5

SAN ANTONIO 50

SAN ANTONIO 51

SAN ANTONIO 52

SAN ANTONIO 7

SAN ANTONIO 8

SAN ANTONIO 9

SAN BENITO
SAN JUAN

SAN MARCOS

SAN PERLITA

SAN SABA

SANDERSON

SANTA ANNA

SANTA ROSA 1

SANTA ROSA 2

SARITA 1

SARITA 2

SARITA 3

SAVOY

SCHERTZ

SCHULENBURG

SCROGGINS

SCURRY

SEAGOVIL L E

SEBASTIAN 1

SEBASTIAN 2

SEGUIN 1

SEGUIN 2

SEYM OUR

SHEFFIELD

SHEPPARD AFB

SHERM AN 1

SHERM AN 3

SHIRO

SILVER

SILVERTON

SM ITHVILLE

SNYDER 1

SNYDER 2

SONORA

SOUTH HOUSTON

SOUTHLAKE

SPRING 1

SPRING 2

SPRING 3

SPRING 4

SPRING 5

SPRING 7

SPRING 8

SPRINGTOWN

SPUR

STAFFORD

STAMFORD

STANTON

STEPHENVILLE

STERLING CITY 1

STERLING CITY 2

STRAWN

STREETM AN

SUGAR LAND 1

SUGAR LAND 2

SUGAR LAND 3

SULLIVAN CITY

SUM NER

SUNNYVALE

SWEETWATER 1

SWEETWATER 2

SWEETWATER 3

SWEETWATER 4

SWEETWATER 5

SYNDER

TAFT 1

TAFT 2

TEAGUE

TELEPHONE

TEMPLE 1

TEM PLE 3

TENNESSEE COLONY

TERRELL 1

TERRELL 2

TEXAS CITY 1

THE COLONY

THOMPSONS
THREE RIVERS

THROCKM ORTON

TIOGA

TRENT 1

TRENT 2

TRENTON

TRINIDAD 1

TRINIDAD 2

TUSCOL A

TUSOCOLA

TYLER 2

TYLER 4

TYLER 6

TYLER 7

TYLER 8

UVALDE

VENUS

VERNON 1

VERNON 2

VICTORIA 1

VICTORIA 2

VICTORIA 3

VON ORM Y

WACO 1

WACO 2

WACO 4

WACO 5

WA DSWO RTH

WAELDER

WAXAHACHIE 1

WAXAHACHIE 2

WEATHERFORD 2

WEATHERFORD 3

WESLACO

WHARTON 1
WHARTON 2

WHEELER

WHITE DEER

WHITEHOUSE

WHITEWRIGHT

WHITNEY

WICHITA FALLS 1

WICHITA FALLS 3

WICHITA FAL L S 6

WICHITA FALLS 7

WILLIS 1 WILLIS 2

WINCHESTER

WINGATE

WINTERS

WOLFE CITY

WORTHAM

WYL IE

YORKTOWN

ZAPATA

Size is 

proportional to 

the substation 

MW throughput, 

while

the color is 

based on the 

amount of 

substation 

generation
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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

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. 
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Texas 7K, 10 by 10 Grid, Weighted Center

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 MW

Volt 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

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.    
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The Grid Size Can be Easily Modified

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
Gen   1360 MW

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.  
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Visualizing Multiple Values

-0. 002 pu

-0. 004 pu

-0. 002 pu

-0. 001 pu

-0. 003 pu

-0 .005 pu

-0. 002 pu

-0. 003 pu

-0.007 pu

-0.007 pu

-0 .006 pu

-0. 002 pu

-0. 001 pu

-0. 004 pu

-0.007 pu
-0.014 pu

-0.019 pu

-0.018 pu

-0. 003 pu -0. 003 pu
-0. 003 pu

-0 .004 pu

-0.009 pu

-0.020 pu
-0.021 pu

-0.017 pu

-0.009 pu

-0. 003 pu

-0. 002 pu

-0. 002 pu

-0 .004 pu

-0 .004 pu

-0 .005 pu

-0 .006 pu
-0.007 pu

-0.011 pu -0.020 pu -0.025 pu -0.026 pu
-0.014 pu

-0 .006 pu

-0. 002 pu

-0. 002 pu

-0. 003 pu

-0 .004 pu

-0 .005 pu

-0 .005 pu
-0.006 pu

-0.008 pu
-0.008 pu

-0.008 pu
-0.014 pu

-0.026 pu -0.027 pu

-0.024 pu

-0 .006 pu

-0. 001 pu

-0. 002 pu

-0. 001 pu

-0. 002 pu

-0 .005 pu

-0.008 pu

-0.007 pu
-0.008 pu

-0.007 pu

-0.012 pu -0.024 pu
-0.025 pu

-0.025 pu

-0 .006 pu

-0. 001 pu

-0. 003 pu
-0. 003 pu

-0. 003 pu

-0. 004 pu

-0 .004 pu
-0 .005 pu

-0 .006 pu

-0 .006 pu -0 .005 pu
-0.008 pu

-0 .005 pu

-0 .006 pu

-0 .006 pu

-0. 001 pu

-0. 004 pu

-0. 002 pu -0. 002 pu

-0. 003 pu

-0 .004 pu

-0 .005 pu

-0. 003 pu

-0. 004 pu
-0. 004 pu

-0 .005 pu
-0 .006 pu

-0 .006 pu

-0. 001 pu
-0. 002 pu

-0. 001 pu

-0. 002 pu

-0. 004 pu
-0 .004 pu

-0. 004 pu

-0 .004 pu

-0 .005 pu
-0 .006 pu

-0 .005 pu

-0. 001 pu

-0. 002 pu

-0. 002 pu

-0. 002 pu
-0. 003 pu

-0. 003 pu -0. 004 pu
-0. 004 pu

-0 .004 pu

-0. 004 pu

-0. 001 pu

-0. 001 pu

-0. 001 pu

-0. 001 pu

-0. 001 pu

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.  
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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    

1

Transient Stability Data 
Not Transferred

SOUTHERN

AEP

CPLW

AP

JCP&L

PECO

AE

PSE&G

AEC

SMEPA

CEI

CIN
CIPS

CONS

DECO

CPLE

DLCO

DPL

DUKE

EKPC

IMPA

IP

IPL

KU

NI

NIPS

OE

OVEC

TE

VP

METED

PENELEC

PEPCO

PJM500

BG&E

PP&L

BREC

LGE

SIGE

SIPC

CILCO

CWLP

HE

EEI

EMO

CORNWALL

NYPP

SCE&G

SCPSA

ONT HYDR

DOE

DPL

ENTR

H-Q

NEPOOL

WPL

WEP

WPS

UPP

MGE

YADKIN

HARTWELL

SEPA-JST

SEPA-RBR

TAL

FPC

FPL

JEA

TEC

GVL

OUC

SEC
CELE

LAFA

CAJN

SWEP

SWPA

PSOK

GRRD

OKGE

KAMO

SWPS

WEFA

OMPA

WETU

EQ-ERCOT

WERE

NSP

MP

IPW

DPC

MEC

IESC

MPW

OTP

NPPD
OPPD

SMP

UPA

WAPA

LES

MIPU
STJO

KACY

KACP

ASEC

SPRM

INDN

EMDE

MIDW

SUNC

WEPL

Area to area flow 

visualization,

EPSON, 1998, 

Zurich, CH
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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

1

Transient Stability Data 
Not Transferred

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.
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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} 
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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

Original System, b=599 

Algorithm 

m =208, s=311 

Algorithm 

m =28, s=49 
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Algorithm on 82,000 Bus Grid

• In all cases for the following slides the algorithm took less than one second

Algorithm m =76, s=114 (after removing zero branch segments)
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Algorithm on 82,000 Bus Grid

Algorithm using 

a 10 by 16 

latitude/longitude 

GSO grid
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Algorithm on 82,000 Bus Grid, PTDFs

Algorithm 

using areas for 

the bus groups 

with labels 

added 

to show the 

exact PTDF 

values (Maine 

to Washington 

State)

58



Visualization of Stability Results, 82K

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.   
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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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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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A Few Animations
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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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This presentation is available at overbye.engr.tamu.edu/presentations/


