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Tutorial Overview
NCAR

Purpose : Understand how to incorporate interactive 3D
visualization into understanding of simulation results

Utilizing VAPOR (A visualization and analysis package
developed at NCAR):

On completion: You will be able to:
— Convert data for VAPOR visualization
— Use multiresolution for interactive navigation in massive datasets.

— Edit transfer functions to identify important features in volume
rendering of data

— Construct flow visualizations using streamlines and image-based
flow.

— Place flow seed points based on features in data.
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Supporting software and data NenE

* Installed on Longhorn
— VAPOR 2.0.2

— Raw data at: /scratch/01380/anorton/8spot3dRaw
— Sample Vapor datasets at /scratch/01380/anorton

e On the web:

Vapor website 1s http://www.vapor.ucar.edu where you can get:

— Installers

— Documentation and Tutorials
— Example data

— Image Gallery
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VAPOR project overview NCAR

* VAPOR is the Visualization and Analysis Platform for Oceanic,
atmospheric and solar Research

* Goal: Enable scientists to inferactively analyze and visualize
turbulence datasets resulting from numerical simulation
— Initially supported uniformly gridded turbulence data
— Expanded to support WRF-ARW and AMR data
* VAPOR is a collaboration between scientists and computer scientists:
— A steering committee of scientists helps prioritize capabilities
— Applying current visualization research to advance earth science research

* VAPOR is funded by NSF, relies on research efforts at NCAR, UC
Davis, and Ohio State University

* VAPOR is free, open source, many resources available at
http://www.vapor.ucar.edu

-
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Tutorial Outline A

Data preparation process (command-line tools)
Set up a visualization session in VAPOR of a hydrodynamics data set.
Render an 1sosurface, navigate in the 3D scene
Volume rendering: Identify and analyze vortices
— Build a Transfer Function (color/opacity map)
Flow integration
— Streamlines: track fluid motion

Derived variables: Use Python to derive new variables

— Use derived variable visualization to position flow seeds

Visualize a large dataset using VAPOR’s multi-resolution (wavelet)
representation
— Navigate through an MHD dataset, identifying a roll-up of a current sheet
— Position magnetic field lines associated with the current roll

-
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Preparing data for VAPOR visualization oA

Two command-line utilities needed before you visualize your data; this
conversion has already been done for this tutorial

« vdfcreate [options] vaporfile.vdf

— Constructs a metadata file that describes the dataset

— Options include:
e -dimension XDIMxYDIMxZDIM (grid sizes)
e -extents minx:miny:minz:maxx:maxy:maxz (user coordinate extents)
e -vars3d a:b:c:d .... (names of 3d variables)
e -numts N (number of time-steps)
e -level L (number of multiresolution refinement levels)

— Writes a metadata file “vaporfile.vdf” describing the entire Vapor Data
Collection to be created from the data

« raw2vdf [options] wvaporfile.vdf rawfile
— Converts one timestep of one variable into the VAPOR VDC

To save time, the data used in this tutorial has already been converted,
available at /scratch/01380/anorton/
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Data preparation exerci
ta preparation exercise oA

This exercise shows how to prepare to run VAPOR. Then we illustrate
the use of vdfcreate and raw2vdf.

» vdfcreate will create a vapor metadata file (file of type .vdf) that
describes your dataset.

e raw2vdf is used to convert raw data files into the VAPOR
multiresolution data format.

» ncdf2vdf (not used here) can be used to convert NetCDF data files

Open a shell on Longhorn in your VNC session.
In that shell issue the command:

module add vapor
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Data preparation exerci
ta preparation exercise oA

To use vdfcreate and raw2vdf:
Change directory to your $SCRATCH directory

Create a vapor metadata file ‘vaporfile.vdf’ with following command (all in
one line):

vdfcreate —-dimension 512x512x255
-extents 0:0:0:1:1:0.5
-vars3d ru:rv:rw:ro
-numts 30
-level 3
vapordata.vdf

Convert the raw files from the directory /scratch/01380/anorton/8spot3dRaw/ into
your VAPOR data collection with the command:

raw2vdf -varname ru -ts 0 vapordata.vdf wrfout* /
scratch/01380/anorton/8spot3dRaw/ru.0.raw

Then reissue this command with ru replaced by rv, rw, and ro

-
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Set-up to visualize a dataset N\

* Use a command shell wherein ‘module add wvapor’ was issued NCAR

e Launch VAPOR user interface with
vglrun vaporgui
* Set up preferences from Edit menu:
1. Edit=»Edit User Preferences
2. Set cache size to 10000 MB
3. Check “When data is missing, use lower refinement if available”
4. click “OK”, save preferences to default location

¥ VAPOR User Interface - [Visualizer No. 0]

Filg D: ure Help

H% Unda preferences Ctrl+z BB A A Qe fagnvew > I Inter.

HIVisualizer No. 0

Edit Python program

Inst: Edit Python startup s

-
ﬁl 4 J Helpl Restore Defaults | Session Defaults
S—"

General User Preferences

'—l Cache Size (Megabytes) 10000 2
™ Specify graphics texture size
JPEG image quality (1-100) 100
LOD m Re V' sutomatically save session every: I 10 changes
Renderer V' Show warning messages for missing data

/APOR
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c I s l @ 3 3 missing, use less accurate data if available
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Load a vapor dataset (.vdf file) N\

NCAR

* From Data menu:
— Load a Dataset into Default Session:

e select 8spot3d.vdf from /scratch/01380/anorton/

¥ VAPOR User Interface - [Visualizer No. 0]

ualizer Mo. 0 IH B 4 4 Qe |alignview

j] Interactive Refinet

Animation I

Look in: | ) exampleData LJ £k Edv
A )8spot3d Sspot3d-lowres.vdf
£ 9
;‘) )8spot3d_data april.vdf
My Recent )8spot3d-lowres_data april_lowres.vdf
~] D°°f‘me”‘3 )april_data april_lowres_save.vdf
24 Dapril_lowres bar.vdf
april_lowres_data foo.vdf
Desktop )ot128_data ot128.vdf
)ot128_lowres_data ot128_lowres.vdf
J Jsphanmhd_data save_april.vdf
LOD | 1:1 v I My Docments __] sphanmhd-lowres_data sphanmhd.vdf
temp_data sphanmhd-lowres.vdf
Rende Ctest_data temp.vdf
_,) g ) testhkup test.vdf
My tomputer vDC2data
8spot3d.vdf
Hue: | i « )
2
Sat: | Gr My Network  File name: Sspot3d. vdd v Open
Places | —1
val: I 2 Files of type: |Vapor Metadata Files (*.vdf)
- —_ Transfer Function Editor Jalysis Platform



Render an 1sosurface

You are now prepared to visualize the dataset.
Click Iso tab;
2. Check the “Instance:1” checkbox to enable rendering of an isosurface of ru.

1.

LISt

%7 VAPOR User Interface - [Visualizer No. 0]

File Edit Data View Capture Help

=181 ]

1”% j Sl o L!7¢HH 0 4 B« Il »E » MJIVisualizerNo.D

B B 4 -_‘ﬁ- Qe |AlignView || Interactive Refinement: 0 £

View |Animation | Region l 2D I Image l 1 Isor ﬂJTDVH l

N
Renderer Control —

2

<

jew New I Delete

nstance: 1 v -
l Duplicate In: v

Isosurface Selection

Refinement | 0 vl Variab®_;|
Edit ZoomPan | FittoView | Histo

1.00568 -0.514585 7.976¢
Isosurface Value I -0.514585
-9.00568 Histo Domain Bounds I 7.97651
. NNRea Nats Rande 7 a7eR

BT

N\

NCAR
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Ways to Navigate in the 3D Scene N\
NCAR

* To navigate: rotate, zoom, translate by dragging in
the scene with left, right and middle mouse
buttons respectively.

» Click “Home” icon ( 7} ) to return to starting
viewpoint

* Click “Eye” 1con («#*) to see full domain

» Use Edit—Undo 1f you make a mistake

» Use the VCR controls at the top left of the window
to animate through time

D‘II{IP

Vtobe EI Flow I DVR |7 l
1
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‘gé& Data$View Capture Help

Edit Visualizer Features

Edit User Preferences

n<||»ﬂ>i)

Navigation with an 1sosurface of ru

‘\I Visualizer No. 0

N\

(=163

Frobe { Iso ]Flow | DVR IiA‘

1.00568

I-S.ODSBS
-9.00568

<]

Point Coordinates I

15| x}
L] E ﬁ @ 4_& -k o § Align View L”In!elaclive Refinement: 0 ﬁﬂ

-

ol
View New |
Instance: 1 v -
I Duplicate In: Vl

Isosurface Selection

Refinement | 0 vl Variable Iru ']
| Edit ZoomPan | FittoView | Histo

-0.514585

Isosurface Value I -0.514585

Hista Domain Bounds

7.97651
7.9765

Data Bounds

Histo scaling factor I 1

Isosurface through specific point

0 | 0 | 0

Value of iso variable at point

7.976¢

Undo the most recent session state change

vapor@ucar.edu
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Volume Visualization of vertical momentum (rw) h

37 VAPOR User Interface - [Visualizer No. 0]

Disable the

File Edit Data View Capture Help

[#0»>2 48[ <o )

1sosurface (un-

WView IAnimation ] Region I 2D I Image I Probe I Iso I Flow

L ove [}

check the Instance: | 4

Renderer Control

New

1 checkbox)

Refinement [0 \/aria
Select DVR panel RenderTpe [T0Terre oo ]
(direct VOlume Color Selector
rendering) e | B | |
Sat: I Green: |

Select variable
“rW” (Vertical Transfer Function Editor

Zoom/Pan I Fit to View Histo

momentum)

Check “Instance:1”
to enable volume
rendering

I Edit

AL/MNA ™

B8 a4 e

||| Visualizer No. 0

vapor@ucar.edu
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%7 VAPOR User Interface - [Visualizer No. 0]

Volume Visualization: O+ ] < 505>
Edit Transfer function (1) View IAnimation I Region I 2D I Image I Probe I Iso I Flow {DVR l -
View New | Delete |
* Click “Histo” to see histogram of data o < [Ouptcatein <]

values of rw at current timestep et [7] e ]
e Objective: Show the largest and e

smallest values of rw, hide the
intermediate values

Color Selector

Red: |255

Sat: 1193

e To edit transparency: v [

— Drag two opacity control points to |
position on left and right sides of
histogram peak, move down to set
to opacity O

Transfer Function Editor

Zoom/Pan Fit to View

— Make opacity=1 at largest and
smallest values of rw.

* Control overall transparency with the

vertical slider on the right T
|-3.741 69 TF Domain Bounds I 6.76429
-3.74169 Data Bounds 6.76429

Bind Color- [w'j:uiﬂ‘_‘,il Bind Dpacity->Color | Fit Data | 2
c ISL vapor@ucar.edu d [
- —_—
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Volume Visualization:
Edit Transfer function (2)

Add or delete control points
with right mouse menu over
transfer function editor.

To edit the color, select a color
control point and then click on
the desired value in the color
selector.

—  Make the color blue to violet for
upward motion (rw>0)

—  Make the color orange to red for
downward motion (rw<0)

Click the play button “»” to
animate the fluid motion

vapor@ucar.edu

$7 VAPOR User Interface - [Visualizer No. 0]

File Edit Data VYiew Capture Help

& O "1'47¢U|—U_‘D<u»@

Wiew I Animation I Reagion I 2D | Image | Probe I lso I Flow 3 I

Ao
Renderer Control I
View New | DElete I
[instance: 1 I '
nstance | Duplicate In: ;]

Refinement I 0 vl Variable I T ']

Renderer Type | 30T exture-Shader

Color Selector

—
Hue: |39 Red: |255
Sat: 1198 Green: |188
Val 1255 Blue: 5

Transfer Function Editor

I Edit Zoom/Pan Fit to View Histo
=i |
New Opacity Widget | G —
I-3A?4189 pacly 8 6.76429
-3.74169 MNew Color Control Point L £.76429

¢ 1 New Opacity Control Paint £ p . |

< _ : o S ILI_

Histogram Scaling

G imtia il o | L Lo b = R |




Using a transfer tunction to identity N\
upward and downward fluid motion NCAR

%7 VAPOR User Interface - [Visualizer No. 0]

File Edit Data Yiew Capture Help __l- ._’S_X.J
w* 0 » & & ¢‘ 0 <4 O« 1 3 >, MIVisuarlirzerNovD ~| B & 2t -‘:} L = |/-\lign\/iew _'_”Interackiveﬂefinement:0_—T_I
= = = |8 N
View I Animation | Region | 2D | Image I Probe I Iso | Flow DVR I
-
Renderer Control —
View New I elete |
Instance: 1 _ [WI
Refinement |0~ Valiablelrw vl
Renderer Type | 20 Texture-Shade
Color Selector
—d
Hue: [45 Red: [255
Sat [200 Green: [205
Val: [255 Blue: [55
Transfer Function Editor
[ Ea Zoom/Pan | FittoView Hso |
-0.640314
-3.74169 TF Domain Bounds 6.76429
-3.74163 Data Bounds 6.76429
t I hd Opa | Fit Data |
Load TF | Load Instaled TF | SaveTF | [
Bits per vozel |8« Histo scale 1 iz 7
4 5 /
| /
.t iy A ot/ \'hn‘lllldnlm&/\l!ill}\ix Platform
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Flow Visualization Overview NCAR

Vapor can display streamlines (steady flow, constant time) and
pathlines (unsteady flow, showing particle paths over time)

Flow can be illustrated in cross-section using the flow image capability
in the Probe tab.

Streamlines and path lines are established by seed points (starting
points for flow integration)
Seed points can be:

— Random: Randomly placed within a range of X, y, and z values, or

— Nonrandom: Evenly spaced in x, y, and z dimensions, or

— Seed List. Explicitly placed in the scene
Vapor Rake tool is provided to specify a box for random or evenly
spaced (nonrandom) seeds (looks like: P=)

VAPOR Probe tool ( S ) can be used to position flow seed points.

-
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Random streamlines using the Rake

st

Disable DVR (un-check Instance:1
box)

Click on Flow tab
Set time step to O

In flow tab, select ru, rv, ry
steady field variables.

Check “Instance: 1” to enable steady
flow (streamlines).

—

Specity seed count 100 (random) for

steady flow
Adjust smoothness (~300) and

diameter (~1.5) \

vapor@ucar.edu

37 VAPOR User Interface - [Visualizer No. 0]

File Edit Data View Capture Help

[0 »2 28(F )« nosr| [=
T ——
View I Animation ] Regigg I Image I Probe I lsoﬂ Flow IDVR I
Renderer Control =
el Delete I
[Dupicate . ]
Basic Flow Parameters
Type | Steady | 5TOP

Refinement IU '] Integration accuracy l 05

Vector fields periodicin: [~ X [~ Y [ 2

steady fie @ mw v
/ Steady
-

earation Direction | Bidirectional «

Steady Line Smoothness

Typical Steady Flow Lenath

[V Auto Flow Refresh

Show Advanced Flow Parametersl

Flow Seeding Parameters
. —
‘ Random Rake v Random Seed I 1
oad Seeds I Save Seeds | Edit Seed List |

Set Rake to Current Region |

Rake center Rake sizes

Shape ITube vl
Amowhead size I 2




Position seed points with the rake

* Enable the DVR again

(check Instance:1 in .
DVR panel)

File Edit ta View Capture Help

Hﬁ_:l) 47¢M|0—4 O« NI 3 »‘

. . >View I A tion I Redgion ] 2D | Image I Probe I Iso ’ Flow I DVR
* View it from the bottom =

New | Delete I

(home viewpoint). ——fres o s =]

Note that there appears soictimPasos
to be a vortex in the e
10W€I‘-left quarter Of the Vector fields periodicin T~ X [~ Y T~ 2
volume. We shall R o | - | -
concentrate the Steady Integration Ditection [ Bidectional ]
streamlines in that regi Sesty i Spootness ——— = [ m _—

to visualize the vortex. e ——— - L~

AHl Visualizer No. 0 ~| B 2

[V &uto Flow Refresh Refresh Flow I Save Flow |

Show &dvance | rlow Parameters |

* Click on rake button
Flow Seeding Parar-"sis

( h--) a,t top left, above Wake_] HandomSeed[f'
the tabS . Note that the _Load“,cds | SaveSeedsJ "_'l‘oeedListl

red rake-box has red e S netoCurentFegon| ke s
[ o [ o8 —— | T
cube-handles on each | —F—1= v —

e le—F—1 20— |

‘l seedcount | 1w =t ] vil 1 = [

Shape Parameters

Shape ] Tube VI Diameter I 1 'l

LISt
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Isolating a vortex with the rake

We Will pOSiti(.)n the §7 VAPOR User Interface - [Visualizer No. 0]
rake in the region oo e
around the apparent

Animation I Region I 2D | Image l Probe I Iso | Flow |«|»

Vortex: d [ =1 [w =] [ | =l .

Set “Steady ﬂOW 'ead.vlntegrationDirectionW
length” to 0.1 (shorten |~ — T ==

the streamlines)

Liresh Refiesh Flow | SaveFlow |
Grab the red handles Of ShowAdvancedFlowPaIametersl
the rake box with the = |

Y Parameers

right mouse, drag them | :l’ _| =

inward to enclose the RN
vortex

Rotate the scene so that
you can shorten the rake

In its vertical F o e [
dimension. e o N

Color/Opacity mapping

Color flow lines -

1 ¢¢ 141 oom/Pan
according to Positi ———
along flow |

.
Zoom ln CIO Ser tO the |[Rake Mode: To modify rake in scene, grab handle with left mouse to translate, right mouse to stretch
rake

Rake sizes

030463 X — }—— — 01172
035938 ¥ — f——— 0152

0.39104

0 By dimension X: I 1 o | 1 P | 1

\(\\"—
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Use Python to derive a new variable NenE

* We next use vorticity to analyze the vortex we found.

* We shall create a derived variable, “vortmag”
representing the magnitude of vorticity.

* The vorticity magnitude provides another way of
identifying a vortex in the data.

* From Edit menu, select “Edit Python program defining
a new variable”. This will launch the Python editor.

H g  Undo viewpoint navigation Ctri+z HIVisuaIizer MNo. 0 ~IH B 4 4+ Q @@ |aignview || Interactive Refinem

Box it Y =

Edit Visualizer Features

Edit User Preferences

Edit Python Program defining existing variable
Edit Python startup script
Rake center Set Rake to Current Region] Rake sizes

__C IS£ vapor@ucar.edu \,/ APOR
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NCAR

Use Python to derive a new variable

e In the Python Editor, check ru, rv, rw, and ro as Input 3D
Variables.

e C(lick “Add 3D Variable” and specify “vortmag”
e Type in the following 2-line python script:

vort = curl_findiff(ru/ro, rv/ro, rw/ro)

vortmag = mag3d(vort[0],vort[1],vort[2])

e C(lick “Test” and make sure there are no error messages
e (Click “ Apply” % Python Derived Variable Script Editor

Input 2D Yariables Output 2D Yariables

Add 3D Variable

Remove Selected Yariable _._I Remove Selected Yariable

“vort = curl findiff(ru/ro,rv/ro, rw/ro)
= vortmag = mag3d(vort[0],vort[1l],vort[2])
e ———

c ISL Save to File | Load {append) from Filel ! Test ! |Apply ] I Cancel
B . S—_—

Wt 3D Variables Output 3D Yariables

- {‘ vortmag )

Add 2D Variable |
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S.

Position the Probe in the middle of the rake nnc -

Click on the Region tab.
In the Region tab, click “Copy Rake to Region”
Then click “Copy Region to Probe”

Then click “Maximize Region in Full Domain”, returning
the region to the original (full) extents.

Click on the Probe icon ( & ) to show the Probe location

. File Edit Da af Ip
“$ 0 } j l 5 U 0 = | v » HIVisuaIizerNo.D ~HBH B 4 ﬁ QU d_\IAIignView L” Interactive Refinement: O
(=

Anir- =t ‘Fegio@ 2D ] Image I Probe I Iso I Flowe I DVR I‘

1 | [ 040 0498 Al

Full Yertical (2) Grid Size

4 Aaximize Reglon 1 Ful Domainl >

Copy Region to Rake | < Copy Rake to Region | 2
Copy Region to Probel > Copy Probe to Regionl ‘

Load Reqgion Listl Save Reqgion List Adijust Extentsl

3
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Use the Probe to visualize vorticity magnitude B
NCAR

1. In the Probe tab, check the checkbox “planar probe” to make it just a
2D probe.

2. Check the “Instance:1” checkbox to enable the probe.
3. Set the probe refinement level to 2.

¥ VAPOR User Interface - [Visualizer No. 0]

. File Edit Data Capture Help

H* 0 »[747 ¢ JJI 0 = | 2 » HlVisualizerNo.D ~HBH B 4 -fﬁ- Q «@ [align view || Interactive Refinem:

snimation | Region | 20 | tmage Probe | 1so | Flow | DvR | 4]

Renderer Control =

New | Delete I

IDupIicate In: 'l

Planz

=
Probe 11 & @ i IDataValue -]

LOD Refine 3 Probe Type

l Probe Position and Size

| Probe/Contour Center Probe/Contour Size | P
c,st ‘ ‘ Vapor@ ucar.c
- —_
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Visualize vorticity
magnitude (2)

Scroll to the bottom of
the Probe tab, select
the variable “vortmag”

Below the transfer
function, set the TF
bounds to 0 and 50.

Click “Fit to View”
and ““ Histo” to get a
histogram of values of
vortmag.

Click in the probe
image, note how the
2D probe cursor
controls the 3D cursor
in the scene

Animation I Region I 2D | Image  Probe I Iso ] Flow I DVR I<

Cursor (cross-hair) Selection and Usage
Selected Point 0.309144 0.325149 0.361862

Yalue of variable(vortmag) at selected point:  18.7711

I™ attach Point to Flow Seed Add Point to Flow Seeds I

Use selected point to center:

Region View Rake I Probe |

Capture Current Probe Image I

Appearance Parameters
Mapped Variable(s)

ro
Sy fex

-l
oy
1—zl

Transfer Function Edjtor
I Edit Zoom/Pan View I { Histo ! |
3 =

Fit to
e —

TF Domain Bounds

nN2A127% MNata Bonnde

vapor@ucar.¢|

A0
2 ™
200420
| o

4




$7 VAPOR User Interface - [Visualizer No. 0]

File Edit Data Yiew Capture Help

Using the probe to specity [0 (72 2T < o ua ] =

View I An I Region I 2D I Image I Probe | Iso(Flov\ - |

Renderer Control

flow seed points (1) e

i Instance: 1 v IDupIicateIn: ,I
H w Parameters
1. Click on the Flow tab i 4 5
2. Set the flow tab with the same settings “e"”eme@ e
Vector fields periodicin: [~ X [T Y I~ 2
as before (smoothness = 300, i [ —— ——]
C010r=pOSiti0n along ﬂOW) SteadyIntegralionDirectionIWJ 2
. Steady Line S hi —_— 305.083
3. Set Typical Steady Flow Length = 3 o \é
Typical Steady Flow Length | 3.05053
Set reﬁnement leVel tO 2 [V Auto Flow Refresh Refresh F'\CMI Save Flow | 3
5 . On the ﬂOW tab, under “ﬂOW Seeding Show Advanced FIowParamelersI
parameters’,, Select “List Of Seeds” 5 ow Seeding Parameters

instead of “Random Rake”. Rardom Seed [T

Load Seeds | Save Seeds | Edit Seed Lisll

6 . Check “Instance: 1” to enable the ﬂow . Rake center Set Rake to CurrentHegionl Rake sizes
i K — —— [ oo x— f—— [ oz
Ignore the warning messages (there are y— [ - [

z

039062 Z |—— o029
seed count I 0 By dimension X l 1 e ] 1 Z I 1 i

no seeds in the list).

Shape Parameters

Shape l Tube 'l Diameter I 1
Arrowhead size I 2 Diamond size I 2

Color/Opacity mapping 2

c ,S L Opacity: I Constant 'l Colodl] Position along Flow
- —_—

vapor@ucar.edu | Edit Zoom/Pan | Fit to View
o e P e [ N




LISt

Using the probe to specity flow seed points (2)“

Click on the DVR tab.

Disable the DVR.

Click on the Probe tab

Below the Cross-section
view, click on “Attach

point to flow seed”

Click cursor 1in image,
see various resulting
streamlines

Click “Add point to Flow |
Seeds” for several points

near the vortex center
(where the color 1s

purple)

NCAR

¥ YAPOR User Interface - [Visualizer No. 0]

File Edit Data Capture Help

H 3 P—7¢ ¢‘H|—D— -« D‘Trﬂ > Hlvisualizermo.o ~H B A4 4 Qe |ugnve
&

Animation I Region I 2D I Image v Iso I Flowe TDVR |4 )
’ L - erererre

X _

Cursor (cross-hair) Selection and Usage
Selected Point 0,317924 0.373168 0.361862

alue of variable{vortmag) at selected point:  61.0993

é Ai‘d Foint to FIDW%I

e ——

Use selected point to center:
Region l View I Rake | Probe |

Capture Current Probe Image I

L ' _ _Il_l_l
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N\

A large, interesting MHD dataset NCAR

Based on results of P. Mininni, A. Pouquet, D.
Montgomery: MHD simulation at high Reynolds Number.
Found that current sheets can evolve to tubular structures
(“current roll”).

Grid size 1536°. Time steps infrequently saved. Sample
data for one time step (105) 1s on Longhorn at /scratch/
01380/anorton/rnd1536.vdf

Interesting structures are hard to find, requires interactive
browsing of large data volume

VAPOR multi-resolution approach facilitates browsing in
large data, identifying novel structures.

=
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¥ VAPOR User Interface - [Visualizer No. 0]
. File | Edit Data Capture Help

J % Undo change mode probe-set to navigate Ctri+z m\/isualizer No. O

. S N\
Set up for volume visualization of current magmtucbN oy

* From your vnc window on
Longhorn, issue: Feomn ’Eit‘-.-‘isualizer Features

— module add vapor
— vglrun vaporgui /

e Edit — Edit Visualizer
Features to launch visualizer

features panel:
V' Shaw X, YZ (R,G,B) Arrows

W CheCk “ShOW X’Y’Z (R’G’B) e X,Y,Z arrow location relative to current region:
Arrows’’; then click “OK” o | s [ o

P Data - Load Data then load I Enable axis annotation
ScratCh/O 1 3 80/an0rt0n/ Time Annotation: |No annotation Ll

Lower-left coords: | 0.1 I

0.1
rnd 1 5 3 6 .Vdf Text size: I 10 Textcolor:  Select I
I Display Terrain Surface Color:  Select | -

_,C IS! vapor@ucar.edu R \‘/ AXPOR

Ctrl+Y

Following apply to this Visualizer: ]Visualizer No. 0

Visualizer name: | Yisualizer No. 0

ation & Analysis Platform
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Set up for volume visualization of current magnitu(s N

¥ VAPOR User Interface - [Visualizer No. 0]

. File Edit Data Capture Help

e Set timestep = 105
* Click DVR panel:

— Set variable = jmag (current
magnitude)

— Set refinement level 2

— Enable (check Instance:1
checkbox)

l}gﬂ == ’*‘*%’E < [ X » HIVisuaIizr

I Animation I Reqgion | 2D | Image | Probe I Iso I Flow  DVR

4

Renderer Control

Instance Iview _I

| Nelete
‘In:s:tanl:e: 1|#: New | Delete |

|Dup|icate n

LOD |1:1 'I Refinement |2 '] Variable Ijmag 'l

Renderer Type |E:[,:Te:-:,h,u‘e—‘zzi‘;a!je.r _J

Color Selector

vapor@ucar.edu

Hue: l_ Red: [_

Sat: I_ Green: l_

Yal: l— Blue: l— 4
R

e = L .

\JAPOR
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Edit transfer function of current magnitude

* Setup transfer function for ymag, to
clearly display the current sheets:

l.
L

LISt

Set TF Domain Bounds to 0, 100

Click “Histo” and “Fit to View”
buttons

Drag 2"¢ opacity control point down
to the bottom (opacity 0) at data
value about 15

Drag 3" opacity control point
upward (opacity 1) at data value ~50
Slide opacity slider to about 1/5 of
the way up, to make current sheets
fairly translucent.

vapor@ucar.edu

N\
NCAR

LOD Il:l 'l Refinerment |2 ¥| Variable |jmag
Renderer Type |3DTe><ture-Shader 'I

Color Selector

Stl— eeeee “
val [ B |—




Transfer function highlights current sheets

File Edit Data View Capture Help =8| x|

m % 0 » 2 47¢’“ 10s <« f« I »E » ‘ H\"isLl{llin‘l' No. 0 L] B E} 4 -f:} Q= lAlign View L” Interactive Refinement: 0 g‘

I Animation I Region I 2D l Image I Probe I Iso l Flow | DVR |4
-
Renderer Control i
New | =te |

Duplicate In: %

Renderer Type

Color Selector

Hue: l Red: I P
Sat: I Green: I "
Val: I Blue: I 4

Transfer Function Editor

l Edit Zoom/Pan | Fit to View Histo

‘ !: i TF Domain Bounds .

0.00129544 Data Bounds 352.862

| E icit 1 | Fit Data |

A - — | f
,_C Isé vapor@ucar.edu APOR )
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Focus on small subregion to allow interactive n

visualization at full resolution

File_Edit Data View Capture Help

» Enable region mode ((J )/

— Note the complex structure
at bottom (large z, small y)

* Grab region handles to

make a box of diameter ~ %

0.1, centered near x=0.25,
y=0.1,z=0.9

— Or just type these values
into the Region panel

c I Sl vapor@ucar.edu

NCAR

v57>)47¢v”|F1ﬂ<ll>ﬂ>!

I Animation | Region IZD I Image | Probe l Iso I Flow | DVR |4

<

Full Vertical (2) Grid Size |

Maximize Region in Full Domain |

Copy Region to Rake
Copy Region to Probe Copy Probe to Region |

Load Region List | Save Region List | Adjust Extents |

Region Information about Loaded Data

Refinement: |0 V[ Variable; I:lx v Timestep: |244 %l_

Coord VDC Extents Variable Extents Region Extent:
Min Max Min Max Min Ma:
User X 0 1 0 1 0.2 0:3

UssrY 0 1 0 1 0 0.1
5
| Ll_l

{Reglon Mode: To modify region in scene, grab handle with left mouse to translate, right mou.
A

\J ALY
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Focus on small subregion to allow interactive ﬁ
visualization at full resolution

Click on
magnifying
glass icon (q )
to center view
Oon new region

Set refinement
level to 5 to see
data at full
resolution

Rotate around
to see the
current roll

____VAPOR User Interface - [Vist alizer,No. 0],

te, right mouse to stretch 4




¥ VAPOR User Interface - [Visualizer No. 0]

File Edit Data Capture Help

Set data probe to view cross- [l#o>[- <= - =[u = - [
. Animation R;gion I 2D ] Image  Probe I Iso I Flowe l DYR | 4 .
section of current roll “CAR

- Planar LOD Refinement Probe Type
Probe [1:1 +] s ~| |patavale |

Probe Po:

and Size

[ ) Enable PrObe mode (Click ’ ) ) _Probe/Conb:ur Cenlter o Probe/Contour SizDeI1
. g . i wel——] 01 |
e In Probe tab, click “Axis Align” — D ——

Ugfr extents (¢,Y,2) Grid extents (,Y,2)
.2 0.05 0.85 307 77 1305
0.05 0.95 461 77 1458

and select “+Y”’ to make probe
orthogonal to current roll

e Click “Fit to Region” ,+hen slide
probe down to middle of regio
(Y =0.1)

e Set Probe refinement level 5 / " =
Transfer Function Editor
e Scroll down in Probe panel, P e _zompn | _ftmvew | |

Set “Mapped Variable” = ymag 'i

* Set TF domain bounds 0, 100; ~— =g IR IN_GG_G——
then click “Histo”’ and “Fit to | —

b 929
CISL Vlew Vapor@ucar edu IU TF Domain Bounds 100
0.00129544 Data Bounds 352.862
-— —_— ;

Orientation Angles Rotate about axes

Theta Phi Psi X:
[oo0 [ooo [io0 v [
|axis align ] [90 deg rotate ¥] z: @)

\ —

Region

Fit to
Domain

Crop o
Region

Crop to
Domain




Current roll in probe r

File Edit QNlew Capture Help ;Ii,g
H * 0 Pﬂm ¢ M 1005 <4 B« 1l »E » ‘ HI Visualizer No. 0 L] + E 2t -f:} Q - IA]ign View L” Interactive Refinement: 0 i‘]i
k¥ y A

Iso I Flow | DVR |<

| Animation I?e-g';m | 20 | mage | Probe

»

Cursor (cross-hair) Selection and Usage
Selected Point 0.280557 0.066077 0.9

Value of variable(jmag) at sslected point:  11.9502

™ Attach Point to Flow Se=d Add Point to Flow Seeds

Use selected point to set:

Region Center View Center Rake Center I Probe Center

Capture Current Probe Image |

Appearance Parameters

Mapped Variable(s

Merge color and opacit

iriable

xture

Transfer Function Editor

Edit Zoom/Pan Fit to View Histo

»

APOR

[H’obe Mode: To modify probe in scene, grab handle with left mouss to translate, right mouse to stretch 4 |Visudlization & Analysis Platform
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Set up flow to observe
magnetic field lines

Click on Flow tab

Set variables bx, by, bz

Set smoothness 300, length = 0.2
Set diameter 4

Set refinement level 5

Set color white

Set “List of Seeds”

Enable (check “Instance:1” at top
of flow tab), ignore error
messages

vapor@ucar.edu

File Edit Data View Capture Help

|# o "‘74747”105 <« O »u_»_‘

I Animation I Region l 2D I Image I Probe I Iso (Flow VR |4 b

Basic Flow Param eters 1

Type ISt ady 3 TOF I

Refmemeno 5 Integration \I 0.5

Vector fields periodicin: ™ X T v [T z

steady ﬁe]( bx ‘

Steady Integration Direction | Bi

Steady Line Smoothne

Typical Steady Flow Length —_|— 3 ?.0.198096 S

[V Auto Flow Refresh Refresh Fl | Save Flow |

x— [ o x
v— [ s v
21— [ o5z

Show Advanced Flow Parameters |

7 Flow Sexding Parameters

List of Seeds Random Seed l 1

Load Sexds I Save Seads | Edit Sead Listl

Rake center Set Rake to Current Region | Rake sizes

2l 1

2l 1
seedountl—r:fi:m»/:w‘;w X:I 1 Y:l i Z:I 3»

Color/Opacity mapping

Opacity: I Constant :J Color: at

Edit Zoom/Pan | 6 fit to View

Constant color, opacity values: 1

Opacity data limits ¥
|



Insert magnetic field lines near current roll n

Click on Probe tab

Click “Attach Point to flow
Seed”

Place cursor in core of
current roll, click “Add
Point to Flow Seeds”
— Note that field lines follow
the core of the roll
Insert seeds on either side

of current sheet. Note
change of magnetic field as
1t crosses current sheet.

vapor@ucar.edu

" File Edit Data Capture Help

¥ YVAPOR User Interface - [Visualizer No. 0]

l# 0 »r &&= « odu o »

=

snimation | Region | 20 | Image  Probe
TREGTOoTT T T

TOTTTET TOTT

S |

Iso | Flow | DVR |i

Cross-Section View

Cursor (cfdgs-hair) Selection and Usage
Selected Point 0. 29 0.1 0.916299

Yalue of variable(jmag

(« Attach Point to Flo@

selected point: 29,4872

Add Point to Flow Seeds

Llmm mmlmmbmd cmmiimd b —mmdimen .L AL L\
U Visudlization & Analysis Platform
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NCAR

Magnetic field lines placed nearby current roll

VAPOR User |

=181 x|
H & 0 P-’7 47 ¢‘H 105 < D« I »3E » ‘ H Visualizer No. 0 'I B E' 72t -f} Q = Ir\lign View jl Interactive Refinement: 0 iﬁ

File Edit Data View Capture Help

] Animation I Region I 2D I Image [ Probe llso | Flow I DVR ](

a

Max 0.330557 0.066077 0.95 507 101 14
Orientation Angles Rotate about axes
The Ph e xe [T r

[ 900 [900 |1s0.0 v: [

| axisalign  »| [90degrotate w| z: LI 11 111100

Fit to
Domain

Fit to
Region

Crop to
Region

Crop to
Domain

Cross-Section View

T iF

Cursor (cross-hair) Selection and Usage

Selected Point  0.265323 0.066077 0.888103

Value of variable(jmag) at selected point:  48.1762

@ttach Point to Flow Sead ( Add Point to Flow Seeds ,

Use sslectad point to sst:

Region Center | View Center | Rake Center | Probe Center

Capture Current Probe Image | =
‘ ;l_‘
- —

!H‘obe Mode: To modify probe in scene, grab handle with left mouss to translate, right mouse to stretch




Other useful capabilities of VAPOR H

NCAR
Some features we haven’t shown you

(more at http://www.vapor.ucar.edu/):

e Visualization of WRF output
e Support for compressed data
e (alculate derived variables in IDL or NCL

e Visualization of 2D variables

— 2-dimensional variables can be visualized in the scene alongside the 3D
variables, and can be applied as terrain images

e Insert images into scene

— Can be applied to terrain surface, or geo-referenced
e More flow visualization

— Image-based flow, to animate flow motion in a surface

— Particle traces can be visualized and animated.

— Field line advection can be used to track field lines moving over time
e Animation capture

— A sequence of images can be captured to jpeg files, for making a movie /»

_C IS£ vapor@ucar.edu ‘ /AP OR
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VAPOR plans h
NCAR

We are preparing a new release for later this year

Some features under consideration:

3D geometric model rendering

Wind barbs

Improved Python support

Extensibility support: users can add their own renderers.
Inclusion of standard earth-based geo-referenced images.
Improved usability of probe and flow panels

Enhanced Web-based documentation

=
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Where to go from here NenE

To visualize the output of your simulation:

e Install VAPOR on your (Windows/Linux/Mac) computer
(Instructions at http://www.vapor.ucar.edu/ )

e Convert your data to VAPOR using command-line utilities

* Additional tutorials and user guides are available at
http://www .vapor.ucar.edu/

e VAPOR WREF tutorial is at
http://vis.ucar.edu/~alan/wrf201 1/tutorial

 E-mail vapor@ucar.edu with questions, suggestions, bugs.

* Letus know if you have additional needs — That’s how we
select and prioritize new features!

- >
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VAPOR Availability NCAR

Version 2.0.2 software is available
Runs on Linux, Windows, Mac

System requirements:
— amodern (nVidia or ATI) graphics card (available for about $200)

— ~1GB of memory
Supported in NCAR visualization/analysis systems
Software dependencies:

— IDL® http://www.ittvis.com/ (only for interactive analysis)

Contact; vapor@ucar.edu

Executables, documentation available (free!) at
http://www.vapor.ucar.edu/

-~ A ,
vapor@ucar.edu / AP :
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NCAR

Thanks!
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