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Overview

* Over the last year lots of new geographic data view
(GDV) functionality had been added to PowerWorld
— This includes being able to auto insert (and anchor) lines

to bus and substation GDVs, and interfaces to area and
zone GDVs; GDVs also now work with difference flows

— Other changes include GDV support for more objects
including contingencies, RASs and DC lines

— GDVs now have more local menu objects, including quick
links to bus view displays
* This slide set provides a review of GDVs and then
focuses on the more recent GDV Summary Objects
and GDV Line Summary objects



Slides Example Systems

* The results presented in these slides are
demonstrated on four example systems, all of
which are synthetic, and hence contain no CEll
and are fully public

— Bus37: A 37 bus grid with a generic geographic
location (arbitrarily placed in Texas)

— SC500: A 500 bus system in South Carolina
— Texas7K: A 6770 bus grid on the ERCOT footprint

— US82K: An 82K grid covering the contiguous US with
three interconnect corresponding to the US parts of
the El, WECC and ERCOT footprints
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SC500 Oneline




Texas7K Oneline

Case is Texas7K_Oneline
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GDV History and Overview

 The GDV concept arose about 13 years back as a
way to auto-create oneline displays using
geographic information embedded in power
system models

* GDVs can be created from Model Explorer
displays by right-clicking and selecting
Geographic Data View and then either
Geographic Data View to create a display of the
selected objects or Select Column, then
Geographic Data View for all the objects

— As always, filters can limit the column objects



GDV History and Overview, cont.

Once defined, the GDVs are grouped based on
an associated GDV Style

The GDV Style is then used to customize their
appears on the displays

The GDVs themselves are ultimately display
objects that can be saved in a pwd or axd file

— The requirement is that they also be saved with the
definition for their style

Like other *.pwds, the GDVs can be used with
multiple power systems



GDVs and Geography

* The GDVs are meant to leverage the growing
amount of geographic information that is
embedded in power system models

* Geographic information, at least at the
substation level, is now widely available

— This was due in part because of the need for this
information for geomagnetic disturbance studies

— With the rapid development of synthetic electric
grids geographic information is now widely available
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GDV Example 1
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This is a classic GDV display in which the location of each GDV
(shown an area here) is derived from its elements. The size is
proportional to generation, color depends on its exports. Each

GDV is linked, allowing access to its Area Dialog.



GDV Example 1 Customizations

Geographic Data View Style Options b4
Object and Field Display Option Sets
Style Name | Area BGAGC Change Linked Style Rename Style
Object Type View Different Style Load Styles from Auxiliary Save All Styles to Auxiliary
General Display Options  Fields and Attributes  pisplay Attributes  Linked Objects  Line Summary Objects  Pseudo-Geographic Mosaic Display ~ Pruning  &uw| ¥ | *
Attribute Default for Attribute Use Field Lookup =
Area Value Lookup
Line Thickness : [] | AreaNum ~ || Find... Field Set Metrics
S . Min | 523.57 | Median |18318.59 |
Line Thickness Summary Object Data Type | Style Default w
Max | 36113.82 | Average | 10990.42 |
Line Color I:I Change [ |Area Mum ~ || Find... Value Map Options
Line Colar Summary Object Data Type Style Default v [Juse Absolute value
Use Fil InterchangelActual ~ || Find... Input Value |Characteristic
Fill Color
Change Value
Kite Shape Only Find... ) 0.00 50000
30000.00 500000
Fill Color Summary Object Data Type Style Default v
Use Auto Width of Objects [ scale size, Mot Total Area
Total Area 944,332| 2 Generators\MW ~ || Find...
Size to Width Ratio = Kite Shape Only Find...
Area Summary Object Data Type Style Default ~
Rotation Angle = (Degrees) [ |area Mum ~ | Find...
Rotation Angle Summary Object Data Type | Style Default w
Rotation Rate = (Hz) [ |area Mum “ || Find...
Rotation Rate Summary Cbject Data Type Style Default "
W
Save Style Changes x Cancel P Help
&
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GDV Example 2a
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For the Texas 7K grid
the image shows the
4900 substation GDVs
without dynamic
formatting.

Case is GDV_Example2a
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GDV Example 2b

Image shows the
substation GDVs sized
by generation (MW),
with color based on the
fuel type (red: nuclear,
black: coal, brown:
natural gas, green:
wind, yellow: solar).

Case is GDV_Example2b
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GDV Example 3:
40K Substation GDVs

Each GDV is linked, the GDVs can easily be customized, and the
display can be saved like a regular pwd oneline (generation
substatlons are magenta, load substations are yellow)

*f/
. Case is

- GDV_Example3

0000000



GDV Example 4

? 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/

Case is
EIA860 2019

This image was created by using the EIA 860 data to setup the substations and generators.
A simple power system was created by adding one bus per substation; fuel types were shown
using the Integer A 16 Color mapping. Data provided for 11,800 substations with 22,700 gens.



GDV Example 5

|

Image shows the GDVs
associated with remedial
action schemes.
Contingencies can also be
shown using GDVs.

2
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Creating GDVs

* There are two main ways to create GDVS

— As previously noted, from the Model Explorer
displays. This approach can be quite fast, allowing
for very customized GDVs.

— From axd files
* When creating from an axd, to automatically set

the location just set the SOX and SOY fields to
Zero.

* GDVs can both be created as needed (display on
demand) or used in a more traditional sense
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GDV Example:
Switched Shunt Information

* Assume the desire is to know the status and
voltage information about the switched shunts
in the 7K system Case is

e To create the GDV Texas7K_SShuntGDV

— Open the case, in the Model Explorer selected
Network, Switched Shunts

* There are 634 of them
— Right click and select Geographic Data View, Select
Column then Geographic Data View
* |f desired filtering could be used to limit the number
* The selected column can be used to set the initial field

— This displays the Geographic Data View Dialog 9



Geographic Data View
Customization Dialo

Th e fi rst Ste p is to Geographic Data View Customization Dialog

Select Oneline for Geographic Data Addition

Open Onelines with Map Projections

select a map; — -

Browse to Open an Existing Oneine... Create an Empty Oneline

Create Oneline with Geographic Borders

u S u a I Iy I j u St u S e a Mote, the use of geographic data views requires both that the oneline have a map projection and that the objects have

geographic coordinates. May projections are added to one-ines using the Oneline Display Options, Geography/Coordinate page.

L3 Object and Field Display Option Sets
North American Sutane [t S0

Change Linked Style Rename Style Cr
) . Cbject Type Load Styles from Auxiliary Save All Styles to Auxdiliary
0 n e I Ve p re = b u I It General Display Options  Fields and Attributes  Display Attributes

Linked Objects  Line Summary Objects  Pseudo-Geographic Mosaic Display  Pruning  Auto Layout
Style

Selection Options Animation Control
H (® Rectangle Oxite [Jcan Be selected [CJEnable Animation
0 r m e rl Ca (D) Rounded Rectangle () Arrows
—

Line Thickness 1= Interval (Milli-seconds 1=

D oval (O Line Segment - o ) o
i Line Col

B I k L' ht d O Triangle ne el l:l Use GDV Obiects on Contours

ankLight.pw

GOV Summary Object Options

Object Type to Insert Grid Count, ¥ (Longitude) El = Object Center Default Data Type )

o ) ) ) ® Grid Cel (®) sum () ava. Abs. values () Maximum
(® Individual Object GDVs Grid Count, Y (Latitude) El % _ (O &bs. Value Sum () Minimum ) Maxc Abs with Sign
() summary Objects by LatjLong (O Object Avg. () Average

(OMin, Abs, No Zero () Count
(0) Summary Objects by Custom Int 1 GDV Line Flow Summary Objects (GL50s)

[ Automatically Indude Line Flow Summary Objects Show Line Flow Summary Options and List Dialog

Insert Planar GLSOs GLSO Count D Update GLSOs Delete All GLSOs

Select a Style Firstline  SecondLine Third Line

Relative Line Size 10|= | Textto Show
K] SR O
a n d t eXt t O [ rrefix ID with Chject Type () Mumber O Field value

et Font... () Name {Number) () Sparkline

() Number {(Name)
show e et [

Add Geographic Data View Objects to Oneline and Close Dialog Save Style Changes x Cancel ? Help




Many different
customizations
are possible

eographic Data View
Dialo

Customization

Geographic Data View Style Options

Object and Field Display Option Sets
Style Name |5hunt_SSNM'u'R

General Display Options  Fields and Attributes  Display Attributes  Linked Objects  Line Summary Objects  Pseudo-Geographic Mosaic Display  Pruning  Au

Change Linked Style Rename Style

View Different Style Load Styles from Auxiliary Save All Styles to Auxiliary

3

Attribute Default for Attribute Use Field Lookup .
Fill Color Lookup
Line Thickness z [J | Mvar\Mvar (nominal ~ | Find... Field Set Metrics
R . Min | 10189 |Median | 1055 |
Line Thickness Summary Object Data Type | Style Default w
Max| 1.0922 | Average | 10383 |
Line Color I:I Change Online {Integer) || Find... Color Map
Line Color Summary Object Data Type Style Default “ |Dis-:rete 21Red/Blue w |
) [Jreverse Color Map Colors
Fill Color Use Fil Voltage\Per UnitMa ~ || Find... []Use Discrete Color Map
Change
I:I g Kite Shape Only Find...
Darker Mormal Lighter
Fill Color Summary Object Data Type Style Default ~ [ use absolute value []Ignore Zero Values
Use Auto Width of Objects [ 5cale Size, Mot Total Area Mandmum =
Total Area 103.454 | = MvarMvar {nominal ~ || Find... Break High 304.59)
. I
) - ) - Mominal =
Size to Width Ratio = Kite Shape Only Find...
Break Low 65.18 |2
Area Summary Object Data Type Style Default s =
Rotation Angle + | (Degrees) [ | Mvar\Mvar (nominal ~ || Find... et Bt fr o Met
Rotation Angle Summary Object Data Type | Style Default e Add MNew Color Map
. [Doraw color Key
Rotation Rate — (Hz) [] | Mvar\Mvar (nominal ~ || Find...
Color Key Title |Vu:-|tage |
Rotation Rate Summary Object Data Type Style Default "t Colar Key Units [PU |
Decmal Points | 22 oo [ 1.000]2
Save Style Changes x Cancel ? Help

~

21



GDV Visualization

- Case is
All the GDVs - Texas7K_SShuntGDV

are linked to
provide quick
access either to
the object’s
dialog, bus
information, or
the GDV
Customization
Dialog

22



GDV Visualization Zoomed View
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Toolbar access to the GDV styles is available at

Onelines, List Display, GeoDataView Styles
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Addressing GDV Overlap

* An obvious problem with trying to show lots of
GDVs on a display is overlap. There are four
approaches for addressing this

— Manually move the objects, then store the *.pwd.
This works if there are not too many or there is a
desire to have a particular layout

— Use the Pseudo-Geographic Mosaic Display
(PGMD) functionality (covered next)

— Use a force-based layout
— Use GDV summary objects

24



Pseudo-Geographic Mosaic Displays

* The idea of a PGMD is to maximize screen
space, trading off geographic accuracy

* The PGMDs are meant to be temporary

* A paper covering this is on my website

(overbye.engr.tamu.edu/publications/) in 2019,
paper 3

25



Pseudo-Geographic Mosaic Displays

* To show the PGMD, right click on any GDV and
then select View Geographic Data View
Options, then select the Pseudo-Geographic

Mosaic Display tab, then click on Apply or
Update Mosaic View

General Display Options  Fields and Attributes  Display Attributes  Linked Objects

Line Summary Objects  Pseudo-Geographic Mosaic Display  pruning  Auw| 1 | *

Layout
Display Rows to Columins Ratio
Left/Right Margin (Percent)

Top/Bottom Margin {(Percent)
Image Display Center and Extent

Image Center Oplions

@ Design Time Screen Center
() DV Object Center

D Custom Center

D Always Screen Center

Current GOV ¥ Center

[ aowrom]2
[ e

Image Extent on Screen at Design

@ Screen D GOV Area

Current GDV ¥ Center
Custom X Center

Custom ¥ Center

Allow Image to be Zoomed

Placement Sort ¥ Bias

Metric Area Value Full Screen Scaling

Full Screen Area Based on

(®) Current Metric Value

Current Metric Value

Custom Metric Value

Set Custom to Scale Display (Ratio of Full)

Transition Animation
Total Animation Time {(Seconds)
Total Animation Frames

Maximum Transition Percent {0-100)

|:| Save Transition Images as JPEGs

IPEG Quality (1-100) =

() Custom Base Metric Value

528658.950
634000.000

ool

Base Image Mame |GD1-'Transiti0n

Apply or Update Mosaic Wiew

Restore From Mosaic View

Example uses case
Texas7K_SShuntGDV
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Pseudo-Geographic Mosaic Displays

The PGMD method moves the objects to fill the entire display; this
image shows them partiaIIy transitioned.
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Pseudo-Geographic Mosaic Displays
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GDV Force-Based Layout

There is now functionality to apply a force-based
layout algorithm to the GDVs

— This can be used with any GDV display

This algorithm could be better optimized from a
computational perspective, but it does work
fairly well even with larger number of GDVs

This functionality will be introduced by an
example using the 634 switched shunt display
from the 7000 bus system

On the Geographic Data View Options select the
Auto Layout Tab
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Auto Layout Page

* The layout uses a Coulomb force to push the
GDVs apart, with each GDV anchored to its
starting (Base) value using a linear spring force

 The Layout Options
allow customization
of these force values

* Select Do Layout to
do the layout

e Base values stay the
same until changed by

Geographic Data View Style Options
Object and Field Display Option Sets

Style Name unt_SSHNMVR c

Fields and Attributes
Layout Options
Relative Attraction Force to Starting Point

Rename Style
View Different Style Load Styles from Auxiliary
Display Attributes

Options to Limit Mumber of Neighbors

() Mone (indude ally

(®) Limit by Maximum Cbject Size * Multiplier
(O Treat Multiplier as Radius

=1 Number of Neighbors Multilier =
2 Maximum number of neighbors =

2 Update Display Every N Iterations =
Layout Results

Mumber Moveable Objects | | Average Objectbeighbors || Total Change X
Number Nonmaveable Objects l:l Total Iterations l:l Total Change Y

Do Layout

Relative Starting Paint Stickage Force

Relative Expulsion Force

Change Per Iteration Scalar
Mandmum Tterations

Distance Change Tolerance

Reset to Base Values Set Present XY Values to Base

Save All Styles to Auxiliary

Linked Objects  Line Summary Objects Pseudo-Geographic Mosaic Display  Pruning  Auto Layout

Forbidden Regions (e.g., water)
[J use Forbidden Region Based on Color

Forbidden Region Color 1 l:l

Region Resolution Multiplier <

Forbidden Region Color 2

Region Size Multiplier

[ solsonTime Seconcs
l:l Percent Forbidden

L1
1

Number of D | Online | PU Volt of ‘ MNominal Name_Num|r1 Hidden ‘ Fixed | Moveable Base X | Base
Bus (Integer) Bus Mvar KV of Bus
1 21022111 1 102 0,00 VALLEY MILLS NO NO YES
2 170234 1 1 102 0.00 BLUE RIDGE Z NO NO YES
3 120203 1 1 102 HELOTES 3 1_NO NO YES
4 120203 2 1 102 HELOTES 3 1_MO NO YES
5 130066 3 1 102 DUNCANVILL MO NO YES
6 130066 1 1 102 DUNCANVILL NO NO YES
7 130066 4 1 102 DUNCANVILL NO NO YES
8 130086 2 1 102 0 DUNCANVILL NO NO YES
9 130184 1 1 102 0 CARROLLTOMNO NO YES
<
Save Style Changes x Cancel P Help

Set Present XY to Values to Base
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Layout Example
No Boundary Enforcement

Image shows the
result of applying the
algorithm with the
default values. The
original GDV positions
can be quickly
restored by selecting
Restore to Base
Values. If the new
values are acceptable
select Set Present XY
to Values to Base.




Layout Results and
Boundary Enforcement

w Style Options *
Jption Sets
PR Change Linked Style Rename Style
View Different Style Load Styles from Auxiliary Save All Styles to Auxiliary
splay Attributes  Linked Objects  Line Summary Objects  Pseudo-Geographic Mosaic Display  Pruning  Auto Layout o

= to Starting Point

tickage Force

alar

LA LA A LA A AR ILANE) L4

e

COptions to Limit Mumber of Neighbors

() Mone {indude all)

(®) Limit by Maximum Object Size * Multiplier
() Treat Multiplier as Radius

Mumber of Neighbors Multiplier

Maximum number of neighbors 100

Update Display Every N Iterations

ANEOCROD

ts I:I Average Object MNeighbors I:l Total Change ¥

bjects I:I Total Iterations

I:I Total Change ¥

Forbidden Regions (g.g., water)
Use Forbidden Region Based on Color

Forbidden Region Calor 1 I:I
Forbidden Region Color 2 I:l

Region Size Multiplier

Region Resaolution Multiplier

-
-
-
-

I:l Solution Time Seconds I:l

I:I Percent Forbidden

]

Set Present XY Values to Base Do Layout
1D Online PU Volt of Mominal |[Mame_Momi Hidden Fixed Moveable Base X Base ™
| (Integer) ‘ Bus Mvar kW of Bus F‘ ‘ | ‘
1 1.02 0.00 WALLEY MILLS MO NG YES 2
1 1.02 0.00 BLUE RIDGE Z MO NG YES 2
1 1.02 13,70 HELOTES 3 1_NO NO YES 2
1 1.02 0.00 HELOTES 3 1_MNO NG YES 2
1 1.02 0.00 DUNCANVILL MO NG YES 2
1 1.02 207.90 DUNCANVILL MO NO YES 2
1 1.02 0.00 DUNCANVILL MO NG YES 2
1 1.02 15,40 DUNCANVILL MO NG YES 2

To work correctly the entire image s o
— show be displayed

Simple boundary
enforcement is
implemented by
preventing the GDVs to
moving to screen
locations with certain
colors (a maximum of
two colors can be
enforced). This then
prevents the
movement of GDVs to
locations with that
background color.
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Auto Layout Page with

Boundary Enforcement

* Here are the results with boundary
enforcement; the relative expulsion force
(Coulomb) was
also increased to 2 s T

* Note the layout

took longer and —: e
actually hit a : T rERSE
max iteration limit . niEingE

— For more Example case is
iterations just Texas7K_SShuntGDV,
again select  with oneline \&\

Do Layout Texas7K_SShunts_Layout “&:s -




GDV Layout Dialog

* Individual GDVs can also be easily fixed and
hence not included in the layout; right click on

Geographic Data View Style Options *

the entries in

Style Name [substation_Subiame 1 |

Object Type | Substation View Different Style Load Styles from Auxiliary Save All Styles to Auxiliary

h In id
t e St r I g g r I General Display Options  Fields and Attributes  Display Attributes  Linked Objects  Pseudo-Geographic Mosaic Display  Pruning  Auto Layout

Layout Options

Rename Style

] ) ) ) Options to Limit Number of Neighbors Forbidden Regions (2.0., water)
Relative Attraction Force to Starting Point (O None (incude all) Use Forbidden Region Based on Color
O S e e E Relative Starting Point Stickage Force (®) Limit by Maximum Object Size * Multiplier Forbidden Region Colar 1 I:I

Treat Multipli Radi
Relative Expulsion Force (O Treat Multiplier as Radius

Forbidden Region Color 2 I:I
(]
i +1 Mumber of Neighbors Multiplier =
re u I a r O b e Ct chense e teaten s - ° i ™ Region Size Multiplier
Maximum Iterations 2 Maximum number of neighbors -

Region Resolution Multiplier
. Update Display Every M Iterations =
d I a I O g Layout Results
e MNumber Moveable Objects I:I Average Object Meighbors |:| Total Change X |:| Solution Time Seconds l:l
[ ]

moveable Objects I:I Total Iterations I:I Total Change I:I Percent Forbidden

Distance Change Tolerance

Reset to Base Values sent XY Values to Base Do Layout
Sub Num Sub Mame | Area Mum ‘ Fixed ‘ Moveable Base X ‘ Base ¥ | X ‘ Y ‘Chant_ -
1 1105 THOMPSOMNS 7 NO MO YES 2 106 21198.6577 10391.2279 -13
2 i 7 NO NO YES 2 10 211687391 10160.0939
3 1229 MOUNT PLES 8 NO NO YES 2 12 217732449  12540.4453 20
4 858 ELMENDORF 6 NO MO YES 2 104 202428401 10243.3324 7
5 1110 CHAMMELVIE' 7 NCO |NC: - YES 2 10 218999332 10668.2551 34
(5] 7 NO MO YES 2 10 214579286 10377.5313 &
7 4 NO NO YES 2 8 20522,0396  B688.8668
i) 6 NO MO YES 20 10 203049781 10433.1033 11
9 7 NO MO YES 2 10 21654.0218 10723.5093 T
£ >

Save Style Changes X cancel ? Help




GDV Example: Generator Fuel Types

Example case is
e e Texas7K_Subs_GenMWFuelType

This example uses color to
show the primary generator
fuel type at each
substation; the display uses
the Primary Generic Fuel
Type Integer field type
(which goes from 1 to 16),
with the IntegerA 16 Color
mapping, that is set to
match the fuel types.
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Grouped Display Objects

* In the development of PowerWorld an early
design decision was to separate the power
system from its displays
— This gave rise to the separate *.pwb and *.pwd files

* While this might seem obvious now, at the
time, when PowerWorld cases were defined
graphically and setup for educational purposes,
the need for separate files wasn’t as obvious

— Having the displays separate did help to drive a lot
of subsequent PowerWorld developments
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Grouped Power System Objects

* Currently power system elements are grouped
at the power system level and stored in the
pwb files

— Substations, areas, zones, superareas, owners, etc.
e GDV Summary Objects (GSOs) and GDV Line

Summary Objects (GLSOs) provide a way to
group objects at the *.pwd (display) level

— With this approach multiple displays can be created
with different summary groups
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The Need for Summary Objects

The previous GDV displays are useful but for
some purposes there are just too many individual
GDVs to understand overall patterns

A solution is to auto group the objects when the
display is created.

One way is to group them geographically using a
Xy grid; other more customized approaches are
also available with the axds.

The size of the grid is selected when the GDV
display is created

38



Creating GDV Summary Objects (GSOs)

* Select the objects as normal, then on the GDV

Customization Dialog set the Summary Object
O ptio ns s = —

Open Onelines with Map Projections

Browse to Open an Existing One-line. .. Create an Empty Oneline Create Oneline with Geographic Borders

Note, the use of geographic data views requires both that the oneline have a map projection and that the objects have
geographic coordinates. May projections are added to one-ines using the Oneline Display Options, Geography/Coordinate page.

Object and Field Display Option Sets

— Currentl Y
Style Name Change Linked Style Rename Style
th ey Ca n b e S etl l p Object Type Load Styles from Ausdiary Save All Styles to Auxdiary

General Display Options  Fields and Attributes  Display Attributes  Linked Objects | Line Summary Objects  Pseudo-Geographic Mosaic Display  Pruning  Auto Layeut

Style Selection Options Animation Control
° (@ Rectangle Otz [Ican Be Selected [[JEnable Animation
(ORounded Rectangle (O Arrows _ =
= = Line Thickness Interval {Mili-seconds] >
e I t e r y Ooval (O Line Segment o )

i Line Color l:l
Orriangee Use GOV Obiects on Contours
GDV Summary Object Options

. Object Type to Insert Grid Count, X (Longitude) S ?.:J:;;ijw o i pasa T Q) avg. Abs, Values () Maximum
I u EE E i I l (O Indvidual Ohject G0 Grid Count, Y (Latitude) -m o () Abs. Value Sum ) Minimum ) Max Abs with Sign
a - (D objectAva. () Average (O Min. Abs, No Zero () Count

(O Summary Objects by Custom Int 1 Planar & Flow Summarygg

M O i mary Objects Show|
ongitude, by the iy S
)

low Summary Options and List Dialog

ary Objects Delete Line Summary Objects

Relative Line Size Text to Show
® Name
[ClPrefix ID with ) Number

(O Name (Number)

L
I e | d O r b y a X d S eographic Data View Objects to Oneline ang i Save Style Changes x Cancel

— Set the initial
grid size

Object

Default summary
center

object data type



Creating GSOs

* Each GSO will summarize all the objects in its
group (e.g., a geographic region)
* The display attributes are selected as for

regular GDVs, with a key difference being the
need to select how the field value is calculated

for the GSO

— Supported values
include sum, abs
sum, average,
minimum, maximum

Geographic Data View Customization Dialog
Select Oneline for Geographic Data Addition

Open Onelines with Map Projections  [a_LightBlue

Browse to Open an Existing One-ine...

Create an Empty Oneline

Create Oneline with Geographic Borders

Note, the use of geographic data views requires both that the aneline have a map projection and that the objects have
geoaraphic coordinates. May projections are added to one-ines using the Oneline Display Options, Geography,/Coordinate page.

Object and Field Display Option Sets

Style Name  |Substation_Areahame
Object Type  [Substation

General Display Options ~ Fields and Attributes

Change Linked Style

Display Attributes

Load Styles from Auxiliary

Rename Style

Save All Styles to Auxdiary

Linked Objects ~ Pseudo-Geographic Mosaic Display  Pruning  Auto Layout

Attribute Default for Attribute Use

O

Line Thickness Summary Object Data Type

T | e =

Line Color Summary Object Data Type

ine Thickness

Fill Color

Change

Fill Color Summary Object Data Type

Use Auto Width of Objects

Total Area
Size to Width Ratio

Area Summary Object Data Type

Field Lookup

~ || Find...
Style Default ~

~ || Find,
Style Defauit ~

~ || Find.

Kitz Shape Only
Style Default ~

[15cale Size, Mot Total Area

Generators MW ~  Find...

Kitz Shape Only

Style Default ~

| Add Geographic Data View Objects to Oneline and Close Dialog §

Save Style Changes

Area Value Lookup
Field Set Metrics
Min | 0.00

| Medan [ 2213.02 |

Max | 4438.04 | Average [ 0.37 |

Value Map Options
[Juse absolute value

Characteristic
Value

Input Value

K cancel

? Help




Texas 7K, 10 by 10 Grid

Min Voltage

000 P

—-1.000 PU

-0.940 PU

Example case is
Texas7K_Grid10_10

Thisisa 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

Min Voltage

e 1.060 PU

This is the same
grid, except the
GSO center is
based on the
average of all its
elements. This
approach is often
preferred.

sssssss

—-1.000 PU

-0.940 PU —

To create this display, load the Texas7K_Grid10_10 case, then on the
GDV Style Options change Object Center to Object Avg. and select
Update GDV Summary Objects.



Dynamically Changing the Grid Size
is Simple

Min Voltage

e —1.060 PU

—1.000 PU

-0.940 PU

This shows results
for a 15 by 15 grid,
with the same
scale as before.

To change the grid
dimensions, on the
GDV Options Page
just change the
Grid Count values
and again select
the Update GDV
Summary Objects
button.
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GDV Summary Object Dialog

* All the GSOs are linked and have an associated
dialog that provides details on all its elements;
in the string grid all the objects are also linked.

GDW Summary Object Dialog >
Attribute Field values (blank if not used
number[i0s ] = - 3'
== Field Mame Field value Type Field Mame Field value Type
-
Name [GDV Summary 109 = Area [Gen Mw | [3178.3895 | [5um | Line color |Area Num | [2885.0000 | [sum |
Number Objects Area2  [AreaNum | [2865.0000 | [sum | Line Thickness |Area Num | [2885.0000 | [sum |
Center Latitude 32.865549 Fill Color |F'L| Volt {mir) | | 0.9619 | |Mi|‘|i|‘|‘|LII'I‘| | Rotation Angle |AFEE| Murm | |2665.|:I|:I|:I|:I | |Sum |
Center Longitude | -95. 77045 Fill Color 2 | | | o.0000 || | Rotation Rate |Area Num | [2885.0000 | [sum |
Grid Coordinate Longitude =
Grid Coordinate Latitude =
Linked Object Type |Substation
Linked Obhject ID Latitude Longitude Type Type Integer |Attribute Area |Attribute Aread Attribute Attribute Lol
WValue Walue FillColor Walue FillColorz
Walue
1 j5ubstation 13107 32.6938 -96.6457 Monline o 0.0000 5.0000 1.0215 0.0000
2| Substation "1311° 32.6973 -25.5881 Monline o 0.0000 5.0000 1.0242 0.0000
3| Substation 13127 32.6116 -96.6815 Monline o 0.0000 5.0000 1.0743 0.0000
4| Substation "1313° 32.6422 -%5.5542 Monline o 0.0000 5.0000 1.0199 0.0000
5|Substation "1314° 32.6430 -25.6134 MNonline o 0.0000 5.0000 1.0153 0.0000
&|Substation 13157 32.6615 -96.5391 Monline o 0.0000 5.0000 1.0201 0.0000
7| Substation "1316° 32.6391 -%5.6180 Monline o 0.0000 5.0000 1.02228 0.0000
2| Substation 1317 32.7837 -95.8934 MNonline o 0.0000 5.0000 1.0070 0.0000
S| Substation 13187 32. 7030 -96.82934 MNonline o 0.0000 5.0000 1.0033 0.0000
10| Substation "1319° 32.7588 -%5.82332 Monline o 0.0000 5.0000 1.0157 0.0000
111 Sukstation 13207 I7.ANA1 _GR.ATRS Manlines n .00 5.0 1.Mmanz? n.nnnn ¥
< >

Ok Cancel




GDV Summary Data Types

* How the object values should be summarized
depends on the field type

— E.g., sum, average, minimum, maximum
 The Default Data Type provides a default object

Geographic Data View Style Options

Object and Field Display Option Sets

Style Mame | Ubstation SubID Change Linked Style Rename Style
Object Type |5Ub5tﬂﬁﬂﬂ | View Different Style Ngd Styles from Auxiliary Save All Styles to Auxiliary

General Display Options  Fields and Atiributes  Display Attributes  Linked Objects \jne Summary Objects  Pseudo-Geographic Mosaic Display ~ Pruning  Auwl * | *

Style Selection Options Animation Control

(® Rectangle Okite []Can Be Selected ] Enable Animation

{_JRounded Rectangle () Arrows ) . - . =
Line Thickness - = Interval (Milli-seconds m -

i oval (_JLine Segment - ™ ) -

() Triangle Line Colar I:I

GOV Summary Object Options

ge GOV Obiects on Contours

Object Type to Insert Grid Count, X {Longitude) = O@':'JECECE""ltEF E(EFSE:: Data Type O v, Abe. Vs O M
o IE— ) ) < Grid Cel ' '
Individual Object GDVs Grid Count, ¥ {Latitude) = . () Abs. Value Sum () Minimum () Max Abs with Sign
summary Objects by Lat/Long () Object Avg. () Average (I Min. Abs, Mo Zero () Count
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GDV Summary Data Types

 The Default Data Type can be overridden for
individual attributes

General Display Options ~ Fields and Attributes  Display Attributel Linked Objects  Line Summary Objects  Pseudo-

Attribute Default for Attribute Use Field Lofup -
i
Line Thickness = [] |arean “w || Find... Field Set Metrics
Miry 0.9619
Line Thickness Summary Object Data Type | Style D e
Max | 10921
Line Colar I:I Change L[] | AreaMu « || Find... Color Map
Line Color Summary Object Data Type Style Deffult " Discrete 21 Red
] Reverse Colo
Fill Color Use il Voltage Py Volt (mir ~ || Find... lUse Discrete Color Map
Kite Sha Iy Find... '
Darker Mormal Lighiter
Fill Color Summary Object Data Type Minimum w [ ] Use absolute value [] Ignore Zero Values
. = [
i Maxirnurm 1.06
Use Auto Width of Objects []5cale Size, Mot Total Area - -
Total Area 264,993 = Generators MW ~ || Find... Break High U.uurS
. & —
- M I 1.00
Size to Width Ratio < Kite Shape Only Find... omina -
Break Low 0.00 |2

Minimurm . =

Area Summary Object Data Type Style Default " e -



Example Stability Application

* One useful application is to combine a GSO
display with a GDV contour. This can be useful
for showing two separate values, such as bus
frequency and voltage magnitude

* The next slides shows an example for the Texas
7K case in which the previous 15 by 15 grid is
combined with a contour is created by having
small GDVs for all the grid substations
— The example shows how it can be used with

stability results, either the actual values or the
deviation from initial
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Example Stability Application

-60.00 Hz = =

o
-59.80 Hz
e ° =

Voltage Change
.0.100 PU
0.000 PU

—-0.100 PU

Transient Stability Time (Sec):

3.250

Result is for a
time-domain
stability
simulation in
which the goal is
to show the
frequency with a
contour and the
largest voltage
deviations using
GSOs (with the
GSO size and
color based on
the voltage

variation)
18



Aside: Storing Stability

Power Flow States

e During a stability simulation (i.e., what
PowerWorld has called Transient Stability), there
has long been the ability to pause the simulation
and transfer the results to the power flow

e Version 22 adds the ability to save and restore
these time-varying power flow states. This
allows the solutions to be easily examined and

visualized

— This supplements, and to some extent replaces, the
Transient Stability Contour Toolbar
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Aside: Storing Stability
Power Flow States

* To save the power flow states, on the Transient
Stability, Options, General page check the
Store Full Power Flow State on Update field

— This stores the Power Flow State at the Display
Update Interval i o mese The Display Update
with the *.pwb - Interval can be

— Memory usage changed during the

ral  power System Model
is about 70 bytes
L]
per bus per time = \&im -.
‘Resu e [JUpdate Displays after Interval Check (® Number ;
.  -Plots Transfer Results to Power Flow after Interval Check O Name (N
e a rl or oo Otonber
. . ) Plot Definiti rids Transfer Results to Power Flow On Manual TimeStep =
3 : d t 2 : -Result Analyzer - i Transfer Results to Power Flow On Run Until Specified Time
-States, M ual Control Show Results Page When Done
L] L a
: Valdati [[JRun at Rate Propartional to Real-Time; Slowdown = -
I I i~ SMIB E |||||| lues
o nalysis [ allow Interactive Power Flow Control
8 q O IVI b -~ Dynamic Simulator Cptions [ ] Autosave Onelines as *.jpg Files Using Contour Toolbar Options
Store Full Power Flow State on Update (Use with Care!!!) 50

: -Power System Model MVA Ba ut/Display of ¢ . I .
-Remedial Actions rr'] t
‘- Result Options Use Cnol P Ftc-r " S I u a I O n

Y Generic Limit Monitors

C on Power

Automatic Update and Transfer R N E::NamE .
Mumber

DpIyUpdtefChckP e Interval (Tmesteps) - =

Transfer Results Immediately for Events




Aside: Storing Stability

Power Flow States

e The stored states are available at Results From
RAM, Power Flow States

— Right click and select Transfer State to Power Flow
to transfer an individual time point

— Select Show Power Flow Transfer Control Dialog to
automatically transfer the states (useful for making
movies since there is an option to store each timep
point as a jpeg.

* From a visualization perspective, the stored
power flow states make it very easy to test
different visualizations
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Example Stability Application

* I[mage combines a substation GDV frequency
contour with GSOs showing the min voltage

Case is Texas7K_Stability

-60.00 Hz

59.80 Hz
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Example Stability Application

* With stability sometimes it is best to display
the deviation from the initial values; this is
done by using the Tools, Difference Case

— Set the starting time power flow as Base, then
visualize using the Difference Mode

— Of course the ranges on the fields of interest need
to be changed (such as showing the maximum
absolute value of the voltage difference)

— The visualizations should be made keeping the
Transient Stability Form open; movies can be made
using the Power Flow Transfer Control Dialog
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Example Stability Application

PBu zeuss

v I Case is Texas7K_Stability using the

File Case Information Draw Onelines Tools Options Add Ons ‘Window
) —
Edit Moge | (%0Abort Primal LP % 3 |—4 g }ﬁ % mm L] °
[FLog Refine Model P
Run Mode SCOPF  OPF Case VooV ATC  Transient  Stabilty  Modal
W scrpt Infa Stability  Caselnfo™  Analysis — —
Mode Log Optimal Power Flow (OPF) PV and QV Curves (PVQV] ATC Transient Stability TS}

Voltage Change x

0.100 PU

Transient Stability Time (Sec): 3.000

Frequency X

60.20 Hz

0.000 PU Transient Stability Analysis

Simulation Status [Nt Initalized

Run Transient Stability Pause Abort Restore Reference | For Contingency: | Find ||Bus

Select Step Resuits from RAM
- > - Simulation
—-0.100 PU 60 .00 H Z . Time Values Minimum/Maximum Values Summary Events So
Power Flow Transfer Control Dialog X Jor Setr C
Flayback Control Options Save Oneline as JPEG Options
Start Time (Seconds) = Save Oneline Images at JPEGs Using TS Contour Toolbar Options ] Dele

End Time (Seconds)

lected
Slowdown Rate Scalar = e
Place in Subdirectory with Name Equval to Base File Mame
BesenLiine econda) l:l JPEG Base File Name Options

- Image Directory: |C:\AProjects_2021\GDV_GDVSummary_WithSlidesCases\Slides_Cas| = Browse

Goto Specified Time (O Oneline Name (® Contingency Name and Oneline Name
= Forward One Step | | Badkiard One Sien | 1Mage JPEG Qualty (0 to 100 with higher less compression) <
Manually Save JPEGs for Present Time Delete All *,jpg Files in Directory
- Start/Continue Pause Reset Close Clear all States

- Time Has Stared J Selected | -
Power Flow Stat

7 0.000000 YES VES

z 0.050000 YES VES

3 0.100000 YES YES

4 0.150000 YES YES

5 0.200000 YES VES B
5 0.250000 YES VES ed by Store t
7| 0.300000 VES

8 0.350000 YES

o 0.400000 VES har | (At
10 0.450000 YES
1 0.500000 VES
12] 0.550000 YES
13 0.600000 YES
13 0.650000 YES

3
B
)
H
H
i
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GDV Summary Display Example

with a 30 by 20 Grid

* The image shows the minimum pu voltage

variation across the 82K grid

h S
Q
v 2 T

5. _8EPs5yg
S w< 2 ® 0 g
.Iawgr(wa
o € £ o £ 9O ouw O X
L = 0O0c w o N O
— £ S 50 % .2 S

,w(/a\ it _mmu

n .--.

Delg (] Bp0 g @l .-
/3.06. iy --..@---m-m..-. g7 -

Case is US82K 30 20VoltGrid
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Previous Slide with Coarser Grid

Image uses the same size scale as before, though this could be
increased with the coarser grid (now 15 by 10) ; the grid can be
easily using the GDV Style Options, changing the grid size and
selecting Update GDV Summary Objects
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Lines Flows and GDVs

 PowerWorld has several different ways to
visualize line flows (including ac transmission
lines and transformers, and dc lines)

— These include regular oneline objects, case based
aggregations (such as interfaces), and regular line

GDVs
* To insert regular line GDVs select the line
objects as normal (i.e., with the Model Explorer
Geographic Data View option) then on the
GDV form select Line Segment for the style

— Do not show the name field
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37 Bus Example of Line GDVs

Style is Line
Segment

Text to
Show is set
to None

Geographic Data View Style Options *

Obiject and Field Display Option Sets
Style Name | Change Linked Style Rename Style

Object Type View Different Style Load Styles from Auxiliary Save All Styles to Auxdliary

General Display Options  Fields and Attributes  Display Attributes  Linked Objects  Line Summary Objects  Pseudo-Geographic Mosaic Display  Pruning  Auw| ¥ | *

Selection Options Animation Control
Orite [Jcan e selected [CJEnable Animation
gle () Arrows } ) |:| - - -
Line Thickness = Interval (Mili-seconds -
() owal (®) Line Segment o ) m
(O Triangle e air Use GDV Objects on Contours
GOV Summary Object Options .
Object Type to Insert Grid Count, X (Longitude) IEI - Object Center Default Data Type )
o ) o ) ) - (® Grid Cell (®) Sum (O) Awg, Abs. Values () Maximum
Individual Object GDVs Grid Count, Y (Latitude) E = . () Abs. Value Sum () Mirimum () Max Abs with Sign
Summary Objects by Lat/Long (O Object Avg. () Average () Min, Abs, Mo Zero () Count
Summary Objects by Custom Int 1 GDV Line Flow Summary Objects (GLSOs)
[J automatically Indude Line Flow Summary Objects Show Line Flow Summary Options and List Dialog
Update GDV Summary Objects Insert Planar GL50s GLS0 Count IC' Update GLSOs Delete All GLSOs
ne  Second Line  Third Line
Relative Line Siz8 Text to Show
O MName @ Mone
[JPrefix ID with Object T () Number () Field value

(IName {Mumber) () Sparkline
() Number (Mame)

Existing Geographic Data View Objects on One-ine
Count for All Styles Delete Existing Oneline GDV Objects, All Styles

Count for Selected Style Delete Existing Oneline GOV Objects, Spedified Style

Set Font...

Aslo Delete Styles with Mo GDV Objects (Close Dialog if All Deleted)

Save Style Changes x Cancel P Help
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37 Bus Example of Line GDVs

All the lines
will be
visualized
using line
segments
with the
line
segment
width and
color
parameter
dependent

Geographic Data View Style Options *
Object and Field Display Option Sets
Style Name | Chanage Linked Style Rename Style
Object Type View Different Style Load Styles from Auxdiliary Save All Styles to Auxiliary
General Display Options ~ Fields and Attributes  Display Attributes  Linked Objects  Line Summary Objects  Pseudo-Geographic Mosaic Display  Pruning  Au| * | *
Attribute Default for Attribute Use Field Lockup . 2
Line Color Lookup
Line Thickness = MW\MW (maximum) ~ | Find... Field Set Metrics
- . Min | 12941 |Medan | 33.1051 |
Line Thickness Summary Object Data Type | Style Default i
Max| 64.9162 | Average | 35.1145 |
Line Color I:I Change Limit Monitoring\% ¢ ~ || Find... Color Map
Line Color Summary Chject Data Type Style Default i |Discrehe 10 Black & White v |
- [Jreverse Color Map Colors
Fill Color s Amps‘\Amps (maximu ~ || Find... Use Discrete Color Map
Change
Kite Shape Only Find...
Darker Mormal Lighter
Fill Color Summary Object Data Type Style Default e [Juse absolute value [ ]Ignore Zero Values
Use Auto Width of Objects [ scale size, Not Total Area Maimurm 100.00 | -
Total Area 74.051 = Amps\Amps (maxim. ~ || Find... Break High -
Ol . =
= M I
Size to Width Ratio s00|= Kite Shape Only Find. . amina -
Break Low :
Area Summary Object Data Type Style Default ~ =
Minimum =
Rotation Angle < (Degrees) ] | amps\Amps (maxim ~ | Find... Set Breakpoints from Metrics
Rotation Angle Summary Object Data Type | Style Default W Add Mew Color Map
< Draw Colar Key
Rotation Rate Amy i Find...
otation Ra = (H2) O psiAmps {maxim. ~ || Fin Calor Key Title |Percent Line Flow |
Rotation Rate Summary Object Data Type Style Default " Color Key Urits |Percent |
Decmal Points [ 1]=] oo [ 1.000]2 ¥

Save Style Changes X cancel P Help
T
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37 Bus Example of Line GDVs

This display

1.05 PU
shows the .
flow between ~1.00 P
substations ... @
GDVS; the Percent Line Flow B
Iine,s Color .100.0 Percentﬁ
depends on ==

—50.0 Percent

its percentage = -

loading and
its width on
\j

its flow.

ppppp
P

—0.0 Percent

1.02PU
\\ N ﬂ

PEACH
100 PU TULIES
1.01PU

There is one GDV per line, and all are linked

Case is BUs37 _LineGDVS

60



GDV Line Summary Objects (GLSOs)

The challenge with flow visualization is except
for small cases there can be too many lines

— Showing interface flows can help

GLSOs can also be added to show the net flow
of power between the GSOs (and actually any
bus-based GDV such as substations, areas, etc.)

The GLSOs can either be inserted automatically
or by using a *.axd file

GLSOs are always associated with a particular
gdv style (and its associated objects) and can
include ac and/or dc branches
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GDV Line Summary Objects (GLSOs)

From an existing GDV display, inserting the
GLSOs is simple

As an example, open case GDV_Examplel;
view the Geographic Data View Style Options
form, and select the Update GLSOs

— They will be auto-inserted A number of
Geographic Data View Style Options X Options are

Object and Field Display Option Sets
Style Name Change Linked Style Rename Style .
available to
L]
customize

Object Type View Different Style Load Styles from Auxiliary Save All Stylegllo Auxiliary

General Display Options  Fields and Attributes  Display Attributes  Linked Objects  Line Summary Objects  Pseudo-Geograpfic Mosaic Display  Pruning  Au * | *

Style Selection Options Animation Control
(®) Rectangle (I Kite [ can Be selected []Enable Animation
8g°quEd Rectangle 8?”025 . Line Thickness = Interval (Milli-seconds) .
val ine Segmen
- wecor [ ] them
O Triangle ine Lolar Use GDV Obiects on Conjiiurs
G0V Summary Object Options .
Object Type to Insert Grid Count, X {Longitude) IEI = Object Center Default Data Type .
’ ) (@ Grid cell ®) sum ) avg. Abs. values () Max
Grid Count, ¥ {Latitude) EI = ] () Abs, Value Sum ) Minimum O bs with Sign
(O object Avg. () Average [ Min. Abs, No Zero ()
t1 GDV Line Flow Summary Objects {GLSOs)
[ automatically Indude Line Flow Summary Objects Show Line Fiw Summary Options and List Dialog
Update GDV Summary Objects Insert Planar GLSOs GLS0 Count I:I Update GLSOs Delete All GLSOs
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GDV Example 1 with GLSOs

Here the green arrows visualize the

" _- flows between areas using a planar
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‘ Mississippi

en: 23128 MW

aaaaaaaaaaaa
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GLSO Details

 The GLSOs are display objects just to aggregate
the line flows

 There are two approaches for doing this

— The traditional way, in which lines go directly between
their end objects; this can give line overlap

— A newer approach that utilizes a Delaunay
triangulation algorithm so there is no overlap; lines
can be mapped into multiple segments

 Details on this algorithm are described in a 2021 KPEC
paper, available as paper 2 in 2021 at
https://overbye.engr.tamu.edu/publications/

 PowerWorld supports both approaches
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GDV Example 1 with GLSO Insert
with the Nonplanar Approach

§ Note the intersecting GLSOs
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Gen: 11286 MW

Wisconsin Upstate New York

Gen: 13792 MW|
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GLSO Dialog

* Each GLSO has an associated dialog that shows

its lines —
Each line is

GDV Line Summary Object Dialog

-

Mame |4B_49

Terminal Group Objects
First {Into) Group Object

also linked,
| First (Into) Group Integer

| Second (Out of) Group Integer II giVing aCCeSS

Positive flow is defined from the First Group Object to the Second Group Object t .t d . |
110154 First Flow Type g
|

|Area Kansas (48)

Second (Out of) Group Cbject |Area Mebraska (49)

Mumber Objects 35
Geographic Data View Styl

Center Latitude
Style Name GAGC

38.41581 First Flow Value

Center Longitude | -97. 17021 Second Flow Value Second Flow Value Obj Area |
First Group |First Group First Group |Second Group [Second Group [Second Group | Li it| First Group Second Group |Flow First Type|F
Side Bus Side Bus Mame Side Bus Side Bus Sid Bus Mame Has a Terminal [Has a Terminal | [First to 5
MNumber Mominal kV Mumber Bus Bus Second Group](f
5
1 63958 NORCATUR 69.00 67202 BARTLEY 1 1 YES YES 1.25
2 63950 OBERLIM 4 2 69.00 67203 DANBURY 131 69.00 1 YES YES 0.14
3 63961 OBERLIM 51 161.00 66722 MC COOK 11 161.00 1 YES YES -4.41
4 63987| HIGHLAMD 111 161.00 767D FALLS CITY 47 161.00 1 YES YES 19,95
5 63938 HIGHLAND 112 69.00 67213 FALLS CITY 3 2 69.00 1 YES YES 1.81
B E4310 MANKATO 12 3 161.00 67406 RED CLOUD 2 & 161.00 1 YES YES -5.41
7 £4315 SUPERIOR & 5 161.00 E7406 RED CLOUD 2 & 161.00 1 YES YES -0.30
2 B4618 AXTELL 11 161.00 67176 PAWMNEE CITY 1 161.00 1 YES YES -1.98
9 B4619 AXTELL1 2 69.00 67177 PAWMEE CITY 2 69.00 1 YES YES 0.70
10 64621 BLUE RAPIDS 1 161.00 67569 TECUMSEH ST 161.00 1 YES YES -12.54
11 64630 MARYSVILLE 10 69.00 BE7E0 WYMORE 21 69.00 1 YES YES -0.29
12 4631 MARYSVILLE 10 161.00 B7176 PAWMNEE CITY 1 161.00 1 YES YES -5.91
13 BAT02 SEMECA12 2 69.00 67173 BURCHARD 1 69.00 1 YES YES -1.18
14 B4702 SEMECA12 2 69.00 67175 PAWMEE CITY 1 69.00 1 YES YES -1.66 W
£ >
0K Cancel

66



GDV Line Summary Object Dialog

* The flow arrows, line thickness and line field
symbols can be customized

GDV Line Summary Options Dialog x

Line Flow Options  Line Field Symbal

Line Parameters Second Flow Visualization

Line Color I:l Line Max, Thickenss 10,0000 [-= %ﬁﬂnd Flow Type [ show Flow Arrows
Mone

Line Min, Thidkness = Line Thickenss Maxx. Flow |5000.0000)= (O Actual MW Power Flow Arrow Color .
The ling's thickness iz dynamically scaled based on the first flow value @ Actual Mvar Power Flaw Arrow Size 100.0000 | = A n egat |Ve

Al Flows (_J)PTDF Percentage Flows Arrow Max, Flow 0.0000 = .
density value

Arrow Symbal Type Arrow Density = (O GIC Amps
() PowerWorld Classic M o
@5 Arow is used to set a

Animate Scale Speed of Flow
First Flow Visualization [Janima [scale Speed of Flow

First Flow Type Show Flow Arraws Animation Rate S p e C I fl e d
O Mone '

(®) Actual MW Power Flow

. I:I . Slower Faster n u m b e r Of
(") Actual Mvar Power Flow Arrow Size = . .
() PTDF Percentage Flows Arrow Max. Flow - Creation Options . _
= Delete Empty Line Summary Objects a r' ro WS p e r

() GIC Amps
segment

Arrow Color

[ 5taore Mumber of Objects Per Line in Ling's Custom Integer 1 Field

(0]4 Cancel




GLSO Flow Fields

\. Pf;@_q "’
. :; LT
x| 2 "3_ ’/

mcluded with
the GLSOs

™~ T o ‘ ““v \
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GLSO Dialog, Line Field Symbols

GDV Line Summary Options Dialog

Line Flow Options

Show Line Field Symbaols Text, FirstLine ' Text, Second Line

%mbnl Stg.rlnla 0 | Text to Show Field Value Cptions

Rectangle Ova
J (ONene Field to Use for Custom Field
() Rounded Recta (@) First Flow . »
Default Data Type () Second Flow Total Digits =] Decmal Places Ijl x
@ Sum D Min. Ignore Zerc D Custom Field Summary Object Data Type | Style Default e
() Abs, Value Sum () Maximum o bl I
| Show Absolute Value Font Col I:I
() Average () Max Abs with Si ot aer Change Color
D Minirnum

Symbaol Attributes

Border Thickness I:I = Colar _I Change Color

R
Fill Calor Use Fill  Color I:I Change Color [ oynamically Color with Field
Style Default w
ol Width 400.000 | Flow (First Type) v
ntal Area = Dynamically Size with Field
Size to Width Ratio = Aoy i Style Default ~
OK Cancel

Fill Color Lookup
Field Set Metrics
Min | 0.0000 | Median 0.0000

Max | 0.0000 Average | 0.0000

Color Map

|Per_Gen w

Reverse Color Map Colors
[Juse Discrete Color Map

Darker Mormal Lighter
Use absolute value [ ]Ignore Zero Values

| A

Break High 0.00| %
-
Break Low 0.00| %

Set Breakpoints from Metrics
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A Final Example

* This example uses the 82K system to visualize its
dynamic response to a large generator outage

e The East and West are assumed to be
interconnected

* Visualization uses
substation GDVs to
contour the voltage
change, GSOs to show
the change in generation
and GLSOs to show the
change in line flow
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A Final Example

Here is an example image; the movie (Synthetic82K_2PV_Movie) is
included with the cases
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GDV Final Thoughts

* The GDVs are meant to provide a quick and
flexible way to supplement existing
visualization techniques

* Many different options are available so | would

encourage you to play around with them and
see what works for you
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Human Factor Testing at Texas A&M

* Recently at Texas A&M we added eye tracking
to allow the testing of various visualizations
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A GDV Line Summary PTDF Example

This image actually has an error in the shown PTDFs due to a
software bug (that has since been corrected). Where is the error?
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Eve Tracker Results
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Moving Forward

* One approach might be to test visualizations
using the two alternative, forced choice (2AFC)
methodology

The images show the same system. What is the question?
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Questions?
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