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1 Introduction

1.1 The AVSEXxpress Visualization Edition course

The AV S/Express Visualization Edition course has been developed by the International AV S Centre (Manchester) and
is based on the Introduction to AVS course produced previously by the Manchester and North Training and Education
Centre (MAN T&EC) based in the Computer Graphics Unit at The University of Manchester.

1.1.1 What isAV S/Express?

AV SExpressis an object-oriented, visual development tool that enables you to build reusable application components
and sophisticated applications. The AV S/Express Visualization Edition provides hundreds of application components
for visualizing, analysing, manipulating and displaying data.

1.1.2 Whoisthisworkbook aimed at?

This workbook is aimed at those who have a need to visualize both 2D and 3D data. Techniques covered include:
reading data, creating 2D & 3D images, isosurface plots, arrow plots etc.

1.1.3 Arethereany prerequisites?

The course is designed for the user with no prior experience of AV S/Express Visualization Edition. The course aso
assumes no prior experience of AVS5. No programming skills are required but basic experience of working in a
workstation environment, i.e. UNIX and X windows, is needed.
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Introduction

1.2 About the wor kbook

1.2.1 Thevisualization process

The data visualization process is carried out using a network.

A network consists of modules and connections. Modules carry out certain tasks such as: reading fields, mapping,
filtering and data viewing.

The networks are built in the Networ k Editor.
Modules are chosen from the module library and connected in order to carry out a specific application.

Before data can be read into a network afield file must be created in order to describe the data to the network. The
data is read into the network via the field file, the network carries out its specified function and presents the data
visually.

Interaction with the visual datais carried out until the desired analysis has been achieved.

Networks can be saved as Applications and reused to analyse similar data sets.

1.2.2 Structure of the exercises

Each chapter of this book works through a series of structured exercises in order to familiarise you with the AVS
Express environment.

¢ Chapter 2 deals with using the Network Editor: building network, making connections, reading data, saving,
loading and deleting applications.

 Chapter 3 and Chapter 4 deal with creating field files to describe 2D & 3D datarespectively. Also dealt with
are visualization techniques for 2D & 3D data.

* Chapter 5 deals with visualization of Unstructured Cell Data (UCD).
* Finally Chapter 6 deals with the AV S/Express example demonstrations.
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Introduction

1.2.3 Datafiles and solutions

Each chapter of exercises uses simple examples of datain order to demonstrate a particular function of AV S/Express.
Some data files for these exercises are not part of the standard AV S/Express release. This course assumes they have
been made avail able under the directory

/usr/express/auxdata

Copies of these data files can be obtained via the International AV S Centre website:

http://www.iavsc.org/training/express/intro/data/intro.tar.gz
or
http://www.iavsc.org/training/express/intro/data/intro.zip

The answers to the exercises in Chapter 3 and Chapter 4 can be found in Appendix Il of this workbook.
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2 Using the network editor

2.1 Aimsof the chapter

The exercises in this chapter will illustrate the general features of the AV S/Express network editor. Exercise 1 is a
simple example designed to take you through the data visualization process. starting AV S/EXxpress, constructing
networks, reading data, saving, loading and deleting applications and exiting from AV S/Express. Exercise 2 is a
similar example for you to attempt on your own. In both cases, it is not necessary to create a field file in order to read
the data. The creation of field fileswill be covered in subsegquent chapters.

2.2 Exercise 1l

In this example we wish to visualize the el ectron density within a hydrogen atom. In particular we want to take adlice
through the atom and observe differing electron densities throughout the atom.
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Using the network editor

2.2.1 Starting the AVS/Express Visualization Edition

e Tostart AVS/Express Visualization Edition, simply type the following command:
* VXp

e AVS/Express displays the network editor and a dialogue box in which you choose the initia type of
application and viewer you want to use.

¢ Choose single-window DataViewer witha3D viewer type (usualy the best choice when constructing
simple applications).

¢ Click on OK to proceed.
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Using the network editor

2.2.2 Structure of the network editor

=.i AVSiExpress — fusriexpress i a iD
File Edit Object Project Jourmal Ul Builder Options AVS Compat Help
7 Libraries Main = |
1 pata 10 1 Alters 1 Mappers [ Geometries 7 Feld Mappers 1 viewers
{Loop) < {cell data matlﬁ {advect multi j (Arrowt) j £ Mesh Mappers Uviewer3D
(Read Geom) J {cell to node)" (advector) (Arrow2) £ Data Mappers u iewerzD
({Read Geoms {clamp) " (bhounds) (AxisZD) 1 Feld Mappers Uviewer
{Read netCDF {combine com" {cell centers) (Axis3D) £ combiners
i R&d volume | {combine rgh)" - {city plot) - (#sts Glyphz)| | || T Array Extractors

SingleWindow App

Uviewer3D

Uviewer3D

 The screen should now show the above layout, which shows the major components of the network editor.

» The library of modules on view, above the application workspace area, is called main. This is the library
which contains the major modules for network building. (Look at the popup menu to observe the other
available libraries.) Within the main library the modules are divided into sub-libraries:

» DatalO

* Filters

» Mappers

» Geometries

» Field mappers
* Viewers

« Data |l O contains the various modulesfor reading data and Viewer s contains the various modules for viewing
data. The other sections are used to build up the intermediate parts of a network in order to manipulate the
datafor a specific application.
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Using the network editor

2.2.3 Using the object finder

| |
—| Object Finder

Libraries

Find Object By Name — |

Search Pattern

|Read Vol#

Objects

AVSH_Modules . Data_lnput.read_volume

AVS5_Modules.Full_Library ACMOD Data_lnput.read_volume
Main.Data_lO Read_¥olume

Selection

| AV¥S55_Modules.Data_Input.read_volume

Find | Showl Closel

When selecting modules for a network you can either scroll through the sub-libraries until you locate the correct one
or alternatively you can use the Object Finder to search for a specific module. You can either search for amodule in

all libraries or in a specific library.
» To search through all the AVSExpress libraries: choose, Find in All Libraries from the Object menu,
(located in the menu bar along the top of the network editor), and type in the name of the modulein the Sear ch
Pattern box. Click Find and the location of the module will be given in the Object box. If you wish the
location of the module to be highlighted in the network editor library click show.

 Tolimit your search: select thelibrary or library page you want to search by clicking on it using the left mouse
button. Now hold down the right mouse button to display the popup menu, and choose Find popup command.
Alternatively, you can select the library page, and then choose Find in Selected Library from the Object
menu and follow the same procedure as before.

* You can use the wildcard * to increase search flexibility. For example the above diagram shows a search for
any modules which read volume data - type "Read Vol=*" inthe Search Pattern field.
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Using the network editor

2.2.4 Selectinga module

Find the Read_Volume module which islocated in the Data 1O library.

Point to the module using the mouse and press the left mouse button.

While keeping the mouse button pressed drag the module onto the application workspace. When you are
happy with its location release the button.

The module will be instanced to the workspace.
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Using the network editor

2.2.5 Deletinga module

To delete amodule:
* Selectit
¢ Hold down the right mouse button to display the popup menu
¢ Choose the Delete popup command
* When you release the mouse button the module will be deleted.
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Using the network editor

2.2.6 Accessing the help pages

=| AVS/Express Onfine Documentation ia iDj

File Edit Bookmark Search Help
gontents| Hisgoryl -':é<| ==<Browse Browsei>| Copy|

AVS/Express document set

Data Visualization Kit

o Macros

9.75 Read_Volume

3

575 Read_Volume

Synopsis

read an AYS volume (&af file) and output an &V S/Express field

Input Port

ui_parent user interface parent ohject

Parameters

Read val

Filename Uifile=B pick file to input

Output Ports

field Field_Unif + Dim3 + Spaced+Scalar+Byte+Oparam

geam output renderahle ohject

Description

Read_WYolume reads an Application Visualization System volume format file (22f suffix)

and converts it into an AVS/Express Field_Unif.

Input Port
ui_parent

& port to connect to a user interface object that contains the macro’s widgets. By
| default it ic connectand fo tha Module Stack nhiect (Thic default connection ic hot ]
|1 P

To access the help pages for a particular module:

 Select the module and hold down the right mouse button to display the popup menu
» Choose the Help command.

Alternatively:

* Select the module
» From the Help menu on the menu bar at the top right of the network editor choose On Selected Obj ect.

Both these routes will invoke the appropriate help page to appear.
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Using the network editor

2.2.7 Selecting the other modules

—
Read Yolume |

e
S

UviewerdD

* Select themodulesin the list below from the given sub-libraries and arrange them in the workspace as shown
above.

* Read Volume (DatalO): reads avolume format file and convertsit to a 3D AV SExpressfield.
* bounds (Mappers): generates a bounding box of a 3D field.

* slice plane (Mappers): extracts a 2D dlice from a 3D field with an arbitrarily positioned slice
plane.

* Uviewer3D: (Viewers): creates a 3D image in the DataViewer.

» Try tolocate at least one of the modules using the Object Finder.
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Using the network editor

2.2.8 Connecting theports

Read Yolume

A

hounds

L

slice

Uviewer3D

 Connect the modules together to form the above network. It isimportant to make sure that the correct input/
output ports are connected or the network will not perform the correct function. (Often AV S/Express will not
let you make an incorrect connection or will produce an error message if oneis made.)

» Connecting modules:
» To connect modul e ports together move onto one of the ports you wish to connect with the mouse.
» Now pressthe left button - al the possible connections are shown.

* While keeping the button pressed move the mouse toward the other module port you wish to make the
connection to. The connection should now become highlighted.

» Release the mouse button and the connection is made.

« Disconnecting modules:

 To disconnect a module connection move onto the module which is connected viaits output port and
"remake" the connection i.e. press the left button while positioned on this port, move toward the other
port and when the connection between the two ports becomes highlighted, rel ease the button.

» The connection will be removed.

AV S/Express Visualization Edition - Student Workbook 13



Using the network editor

2.2.9 Reading adatafile (1)

Single

A

Read vol Filename

When a module is instanced to the workspace you can access controls for the module in the editor panel of the

DataViewer Pad.
¢ Select the M odules command from the Editors pull-down menu. A menu of all modules instanced to the

workspace will appear.
* Choosethe Read_Volume module and press the browse button. The file browser should now appear.
« Usethefile browser to changetothedirectory /usr/express/data/volume andclick onthefilecalled

hydrogen.dat.
« The network will execute producing a picture in the viewer window located in the DataViewer Pad.
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Using the network editor

2.2.10 Reading adatafile (2)

SingleWindowApp

i RV v e T e TR Y o "

e el ww seestoest. |

» The DataViewer window should display the above picture.
» Now that an image has been obtained,we want to manipulate the picture to the desired format.

AV S/Express Visualization Edition - Student Workbook
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Using the network editor

2.2.11 Interacting with the objects (1)

N IE s e = ol wR I = | T

» The Toolbar, located in the DataViewer interface, provides a quick way to open DataViewer components
and to manipulate images in the DataViewer window.

» Move the mouse over theseiconsto reveal asmall label indicating the action the icon provides a short-cut to,
eg.
» Transform mode selection, rotation, translate xy, translate z, and scale

» Reset, normalize, and centre objects
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Using the network editor

2.2.12 Interacting with the objects (2)

o =1 S &) e .2 T ST O i e Y

Top Select Object... I ‘

« Click on the Reset/Normalize/Center icon, and the full picture should appear in the viewer window.
* Now you can perform afew simple transformations on the image in the DataViewer window:

« scaling: click onthe Scale iconin the Toolbar, place the cursor in the window and, while holding
down the left mouse button, move the cursor up and down to enlarge and shrink the object.

« rotating: click ontheRotate iconin the Toolbar, place the cursor in the window and, while holding
down the left mouse button, rotate the object.

* trandating: click onthe Translate iconin the Toolbar, place the cursor in the window and, while
holding down the left mouse button move the mouse to transl ate the object in the window.

« Manipulate the object until the scene appears similar to the one shown in the diagram above.
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Using the network editor

2.2.13 Changingthe slice plane parameters

SingleWindowApp

File Editors Windows

Modules  slice_plane

—— 1

I MO NAME ~| Transformation Editor

Transfonmation Editor

- .00

plane distance =)
X Rotation

I~ Fane Transi

=]
Y Rotation

=0
£ Rotation

1.00
el 21

X Tran D.00

¥ Cent :u_uu

|7 fbsolute

Select Object... ‘

* Select the Modules command from the Editors pull-down menu, (or the Toolbar), and choose the
slice plane module. You can now try altering some of the parameters of the dice through the atom.

* You can dter the position of the dlice through the atom by changing the value on the plane distance
slider.

» Turn on the Plane Transform Editor - a series of sliders should appear. These sliders can be used to rotate
and transform the dliceinthe x, y, & z directions and to scale it.

 Try atering some of the other slider parameters to alter the position of the slice.

18
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Using the network editor

2.2.14 Saving applications

» The network can be saved as an application by selecting the Save Application... command from the File pull-
down menu.

* A file browser will appear showing the filesin your current working directory. Use the file browser to change
the current directory to the one you want to save thefilein. (It is best to save networks in your home directory
ortry /tmp.)

« A good convention is to always save the application network by typing in the file name followed by the file
extenson".v",eg."fred.v".
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Using the network editor

2.2.15 Deleting an application

* To clear an existing application network from the workspace select the Delete Application command from
the File pull-down menu.
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Using the network editor

2.2.16 Loading an application

» Toload an application network select the Load Application... command from the pull-down File menu. A
file browser will appear showing the files in your current working directory.

» Usethefile browser to change the current directory to the one containing the saved application network.

¢ Click on thefile name in the file browser window to load the application network.
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Using the network editor

2.2.17 Exiting from AV S/Express

* Toexit from AV S/Express select the Exit command from the pull-down File menu.

* You will then be asked “Do you really want to exit?" in a popup window. Click the OK button if you still
wish to exit.
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Using the network editor

2.3 Exercise2

In this exercise we want to visualize the variation in bone-density through the body of alobster.
 Use the same network as the one constructed in Exercise 1.
* When using the volume browser select thefile lobster.dat and click OK.

« Using similar manipulation techniques as those described in Exercise 1, investigate the bone density of the
lobster within its exoskeleton.

* Select the bounds module from the M odules menu and try altering some of the parameters.
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3 Visualizing 2D arrays of data

3.1 Aimsof the chapter

There are two aims to this chapter. Firstly, for you to learn how to create field files and to understand their structure.
Further understanding will be gained by attempting the field file examples, the answers to which are given in
Appendix 11 . Secondly, for you to work through several structured exercises which cover visualization techniques for
2D data creating field files, constructing networks and manipulating images. The solutionsto the field filesin the 2D
dataexamplesare aso givenin Appendix Il .
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Visualizing 2D arrays of data

3.2 Creating field files

Field files are used to represent arrays of data in AV S/Express. The data is described by the field file which in turn
reads the data into the network viathe Read_Field module.

3.2.1 Field file format

The basic field file has the following format, although a particular field file need not have al the components shown:

# AVS field file

#

ndim = ?

diml = ?°?°?

dim2 = ?°?°?

nspace = ??7?

veclen = ??°?

data = ?°?°?

field = 2727

label = 2?27

unit = ??°?

variable n file = ??? filetype = ??? skip = ??? offset = ??? stride = ??7
coord n file = ??? filetype = ??? skip = ??? offset = ??? stride = 2?7

» Thefile should have the file extension ".fld" (you may want to create a sub-directory to keep al your field
filesin).

e Thefirstlineshouldread "# AVS field file".

» Thenext line, also beginning "#" could be aline describing the data. Thisway you know which application
thisfield file refersto.

26 International AV'S Centre - Manchester



Visualizing 2D arrays of data

3.2.2 Defining the data structure

» The dimensions of the data must be specified, both in computational and, asit is passed to AV S/Express, in
coordinate space. ndim and nspace give the number of dimensionsin computational and coordinate space,
respectively. diml, dim2 and dim3 specify the size of the X, y and z dimensions.

e The number of data values per element is specified by veclen. For example, if there is a value of
temperature and pressure for each element in the data set then veclen=2.

e The type of the data components is given by data. The data components can be integer, float,
double or byte.

» The mapping type of thefieldisgivenby field. The mapping type can be oneof 3types:

 uniform: datais not transformed as it isimported. Used to import regular arrays of data. Number of
dimensions in computational and coordinate space must be the same.

» rectilinear: each dimension in the data has explicit coordinate mapping, but the spacing along
coordinate axes need not be the same. Number of dimensionsin computational and coordinate space
must be the same.

* irregular: each element is mapped to a point in coordinate space, e.g. 1D scatter to 3D coordinates.
Number of dimensions of computational and coordinate space may be different.

e The data components in the dataset can be labelled and given units by label and unit, eg. for 2
components, temperature and pressure,

e Jlabel=temperature pressure

e unit=C Pa
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Visualizing 2D arrays of data

3.2.3 Specifying the format of the data

Once the data structure has been defined, it is necessary to specify the location and format of the datafiles to be read.

 Each data component needs aline,
variable n <number of format keywords>

» Each item of coordinate information needs aline,
coord n <number of format keywordss>

» Although each new variable and each new coordinate begin on new lines, all format keywords for a particular
item must be on the same line.

* Format keywords:
« file: filename of the datafile to be read, (full pathname required)
* filetype: format of the data, binary or ASCII
* skip: number of lines or bytesin the datafile before the data is actually found
« offset: number of columns to jump before the datais read (ASCII only)

* stride: how many steps to jump before the next item is reached
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Visualizing 2D arrays of data

3.24 Summary

Field file format keywords:
e ndim: number of dimensionsin computational space
e diml: size of dimension 1
* dim2: size of dimension 2
* nspace: number of dimensionsin coordinate space
e veclen: number of data components per element
* data: type of the data components
e field: mapping method
e label: label for each data component
e unit: unitsfor each data component
e variable n file = ??? filetype = ??? skip = ??? offset = ??? stride = ?°?°?

e coord n file = ??? filetype = ??? skip = ??? offset = ??? stride = ??°?
where:

e file:location of datafile

e filetype: format of datafile

e skip: number of lines (ASCII) or bytes (binary) before the datais found
e offset: number of columnsto jump before datais read (ASCII only)

e stride: number of stepsforward to reach next item
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3.3 Exercises

Write field files to describe the datafiles! described in Exercises 1, 2 & 3. The solutions are given in Appendix 11 .

3.3.1 Exercisel

The dataset called image . dat isa2D image (512x256) consisting of greyscale valuesin the range O - 255,
0 10 0 15 200 255

3.3.2 Exercise 2

The datafile called volume . dat consists of a 3D array of density components in a regular volume, 128x128x128.
Thefile has one line of header information.

Patient: Steve 10/11/93
0 255 2 1 7
5 6

3.3.3 Exercise 3

The dataisa 2D array (5x10) with floating point values of temperature and pressure at each point in space. Thefield
isirregular. The temperature and pressure data is contained in file £1ow.dat and the coordinates are contained in
file coord. dat. Neither file contains any header information.

flow.dat

tl pl t2 p2 t3 p3
coord.dat

x1 y1l x2 y2 x3 vy3

1. Thesefiles are examples and are not supplied as part of the data files supporting this workbook.
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Visualizing 2D arrays of data

3.4 Visualization of 2D data

Now that you can create field files to read data you are ready to move onto creating applications which will processthe
data described by your field files. The exercises given in the rest of this chapter will take you through several simple
examples of the visualization of 2D data.

3.5 Movingto your homedirectory

In this chapter you will want to read field files which you will create in sub-directories within your home directory.
By default when you first instance a version of the Read_Field module, or any other module which reads data, it
will point to the directory /usr/express/data. Inorder to move rapidly to your home directory:

» Delete the contents of the £i1ter box.
e Type"~" and press return.

 You will now be placed in your home directory and can easily move to the sub-directory which contain your
field files.
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3.6 Exercisel

The aim of this exerciseisto visualize the data obtained from the MRI scan of abrain.

3.6.1 Importingthemri .dat data (1)

Below is a description of the data contained in the datefilemri . dat,

The dataset is 2D and contains 512x512 single scalar bytes for each data wvalue.
The data file is binary and the data is arranged contiguously with no header
information.

» Createafilecalled mri. £1d to describe the data contained inmri . dat.
» Usethetemplate field file given on page 26 and the information given above to complete the specification.
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Visualizing 2D arrays of data

3.6.2 Displaying the MRI data

Read Field

Uviewer?ZD

* Using the network editor, instance the modules in the list below into the workspace and construct the above
network (be careful to connect the correct ports).

* Read Field (DatalO): readsan AVSfield file and convertsit into an AV S/Expressfield.

» downsize (Filters): resamples afield using ascaling factor. Usually the factor is greater than 1 and
the size of thefield is reduced to save processing time and memory.

* Uviewer2D (Viewers): creates a 2D image in the DataViewer.
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Visualizing 2D arrays of data

3.6.3 Importing themri.dat data(2)

File Editors Windows
ot v = SIS 8/ afaf 0] 305
I Integer Sliders
1
| dowmsize factor
1
AR
J downsize factor
]
<ile> I o_o]‘ Top Select Object... ”

* Inthe DataViewer window select M odules from the Editor s pull-down menu and select the Read _Field
module.

« To import the data into the network use the file browser to move to the correct directory and select the file
mri.f£1d you havejust created.

* You should obtain a picture similar to the one shown above.
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Visualizing 2D arrays of data

3.6.4 Changingthe downsizing

FlElE EEIEEEE ajw|aje] @ =[5 =

| ZD | |Tl:|p Select Object... ||

Theimage displayed has been produced by a subset of the data due to the downsi ze module function. Thisimageis
likely to be poor.

 Select the downsize module from the M odule editor panel.

 Try altering the values of the | & Jdownsize factors. (You will find that the best resolution of the image is
obtained if both values are set to 1.)
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Visualizing 2D arrays of data

3.6.5 Changingthe colour map (1)

SingleWindowApp
File Editors Windows

Modules downsize

I” Integer Sliders

1

| downsize factor

1
-J downsize factor Items
Top

Prompt.

I downsize]

ok |

<dlle> _ - | Top Select Object... |‘
Select downsize control panel.

Theimage is coloured using the Default AV S/Express datamap. It is possible to alter the colour map of the imageto
amore suitable format.

In AV S/Express, each object in the image hierarchy can be selected and manipulated separately. In order to change the
datamap, the image itself should be selected as the current object.
* Click the Select Object... button, which isfound in the bottom right corner of the DataViewer.

» Select the object i.e. the downsize object in the the object selector dialog displayed and click apply or OK.
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3.6.6 Changingthe colour map (2)

—| SingleWindowApp |- J||
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e -

Select Object... | ‘

* Bring up the Editor spull down menu and select datamap. The datamap menu isshown in the above diagram.
Below are listed some of the main properties of the datamap:
 There are two colour models which may be used
» HSV (Hue Saturation Value)
* RGB (Red Green Blue)

« The colour range maps can either be linear (interpolated between max and min values of data) or stepped
(constant colour for each step). The mapping is set by control points.

« The datamap range and the data range can be altered or additional sub-ranges added to give a more precise
representation of the data.
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3.6.7 Changing the colour map (3)
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There are severa pre-defined datamaps which can be used to view theimage. Now you are going to alter the datamap
to obtain a greyscale image.

* In the Options menu select the input/output option.

* In the Action menu select Read Datamap.

* In the datamap options select Greyscale and click apply.

» Theimage in the dataviewer should now be a greyscale image, with black set to 0 and white set to 255.
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3.6.8 Changing the colour map (4)
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Now you are going to turn the greyscale image into a binary black and white image.
« From the Options menu select Edit Colour.

« Change the Colour mapping range from linear to constant. A binary map should be obtained as shown
above.

« Select Edit Range/Data from the Options menu.
» Select sub-range and alter the values of max and min to alter the position of the black/white division.

« Try out some of the other datamap parameters yourself.
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3.7 Exercise2

The aim of this exercise is to represent the temperatures taken from a cross section of an injection moulding system.

3.7.1 Importingthe temps . dat data (1)

Below is a description of the data contained in the datafile temps . dat :

The ASCII data file contains data on a regular, 31 x 31 grid. The data component
at each element is a single floating point value and the first two numbers in
the file indicate the X and Y dimensions of the grid respectively.

» Createafilecalled temps . £1d to describe the datacontained in temps . dat (rather than re-typethefield
format edit the existingmri.£1d and saveit under anew filename).

» Usethetemplate field file given on page 26 and the information given above to complete the specification.
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3.7.2 Displaying the temperaturedatawith surf plot

i G o [ Read Field

- [ surf plot

B axis3D T [ Legendvert

- [ Uviewer3D

Using the network editor construct the above network. Descriptions of the modules are given below:
* Read_Field (DatalO): readsan AVSfied fileand convertsit into an AV S/Express field.
* LegendVert (Geometries): produces acolor legend which displays the object’s datamap.

* surf plot (Mappers): creates a 2D or 3D mesh whose height is proportional to the scalar data value at
each point. 2D data produces a 3D mesh and 1D data produces a 2D mesh.

e TextString3D (Geometries): produces alabel.
e Axes3D (Geometries): creates an XY Z axis grid with labels based on mesh extents.

* Uviewer3D (Viewers): produces a 3D image in the DataViewer
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3.7.3 Importingthe temps.dat data (2)

SingleWindowApp
File Editors Windows

Modules Read Field _||

7 Fortable (XDR)

1 Fip Image

Field Filename
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ol ——
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Select the Read _Field module from the Modules editor panel and press the browse button. The file
browser should now appear.

To import the datainto the network, select thefile temps . £1d you havejust created using the file browser.
If apicture similar to the one above appears then you have been successful.
It often improves the appearance of the image upon rotation to change the light to bi-directional:

* Inthe Editors menu select Light.

* Inthelight-type menu select bi-directional.
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3.7.4 Normalizing thepicture
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* Click on the Reset/Nor malize/Center icon in the Toolbar so you can fit the whole object in the window.

« Now using the mouse, transform the object so it appears as above.

AV S/Express Visualization Edition - Student Workbook

43



Visualizing 2D arrays of data

3.7.5 Altering LegendvVert and Axes3D
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» Select the Legendvert module from the M odules editor panel

Change the parameters of the colour bar or legend to make it look optimal in the picture.

Similarly, select the Axe s3D module from the M odules editor panel:
* Reduce the number of steps on the z-axis.

o Label the z-axis "Temperature".
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3.7.6 Using surf plot

Fle Editors Windows

SingleWindowApp

Modules  surf_plot _||

2L EE 2] wf wfof of G =] 5 & =

data component

4 DATAD

Jd
input nspace

J=d
scale

J=d
offset

Jod ——1

<idle =
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» Select the surf plot module from the M odules editor panel

 Alter the dider to increase the scaling.

¢ The modul e should now produce a picture as shown above.
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3.7.7 Enhancing thepicture
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Select the Object command from the Editor s pull-down menu or the Toolbar to invoke the Object editor.

Select M odes from the Object menu.

» Select themode of Line Rendering as Regular. This shades the image and superimposes a wireframe image
onthesurf plot image.

» Select one of the Text String3D parameters, and enter “Temp (C)” in the string box. Re-position next to
the legend and alter the other parameters, e.g. font, if necessary.

Select the other Text St ring3D parameters, and enter “temp.dat visualized with surf_plot” in the string box.
Again re-position and alter the other parameters if necessary.
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3.7.8 Displaying thetemperaturedatawith city plot

; [ Read Field

- r [ downsize

- [ city plot

‘ Axis3D
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Using the network editor construct the above network. The location of the modules are listed below:
* Read_Field (DatalO): readsan AVSfidd fileand convertsit into an AV S/Express field.

e downsize (Filters): resamplesafield using a scaling factor. Usually the factor is greater than 1 and the
size of the field is reduced to save processing time and memory.

* city plot (Mappers): creates aplot of blocks whose height is based on the value of a 2D field.
* Axes3D (Geometries): createsan XY Z axis grid with labels based on mesh extents.

e Uviewer3D (Viewers): createsa3D imageinthe DataViewer.
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3.7.9 Importing the temps .dat data
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Select the Read_Field module from the Modules editor panel and press the browse. The file browser
should now appear.

To import the datainto the network, select thefile temps . £1d you have just created using the file browser.

If apicture similar to the one above appears then you have been successful.
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3.7.10 Normalizing the picture
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* Click on the Reset/Nor malize/Center icon in the Toolbar so you can fit the whole object in the window.

Now using the mouse, transform the object so it appears as above.

To reduce the bar chart’ slength select the city plot modulefromthe M odules editor panel. Change the
height scale value on the corresponding slider.

Alter some of the other scale values as well to see what happens.
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3.7.11 Changing the downsizing
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» Theimage displayed has been produced by a subset of the data due to the downs i ze module function.

Select the downs ize module from the M odules editor panel.

Try altering the values of the | & Jdownsize factors. (Againyou will find that the best resol ution of theimage
is obtained if both values are set to 1.)

Click on the Per spective toggle icon from the Toolbar to observe the effect.

50 International AV'S Centre - Manchester



Visualizing 2D arrays of data

3.8 Exercise 3

3.8.1 Importingthehslice.dat data

Below is a description of the data contained in the datefile hslice . dat:

This data file represents a single slice through a hydrogen atom where the data
values represent the electron density. The dataset is 2D and contains 64 x 64
single scalar bytes for each data value. The data file is binary and the data
is arranged contiguously with no header information.

e Create afile called hslice. £1d to describe the data contained in hslice.dat (rather than re-type the
field format edit an already existing field file and save it under a new filename).

« Usethe template field file given on page 26 and the information given above to compl ete the specification.
* Construct anetwork asin Exercise 2 using surf_plot.

» Select the Read_Field module from the Modules editor panel and press the browse button. The file
browser should now appear.

 Import the data into the network and investigate the possible aterations to the image, given in Exercise 2.
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4 Visualizing 3D arrays of data

4.1 Aimsof the chapter

The aim of this chapter is for you to learn techniques which are used to visualize 3D data. You are to work through
several structured exercises which will demonstrate the visualization process: creating field files, constructing
applications and manipulating datain 3D. The solutions to the field filesfor 3D data are givenin Appendix 11 .
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4.2 Exercisel

The aim of this exercise is to visualize a downsized version of the AV S/Express sample dataset £in.£1d which
shows the flow of air over ablunt fin.

4.2.1 Importingthe fin.dat data

Below is a description of the data contained in the datafile fin . dat:

The data file is called fin.dat and is an ASCII file which represents an 10x8x8
irregular grid. Each data element has 5 floating point data components and each
element has some associated coordinate data to position it in 3D space.

The data file format is as follows:

density x-momentum y-momentum z-momentum stagnation x-coord y-coord z-coord

and asmall extract from the file is shown below:

.171 0 0 0 10.7602

.1523 0 0 0 10.6423
.9742 0 0 0 9.61927
.6659 0 0 0 7.96548
.2728 0 0 0 5.94705

.7654 0 0 0 3.6417

.86119 0 0 0 3.92577

00O

0.0160473 0.129677 0
0.0757717 0.266559 0
0.173189 0.379764 O
0.299646 0.45922 0
0.443802 0.497866 0

0.618551 0.501378 O

.73957 0 0 0 3.52176
.55002 0 0 0 2.62795
.45067 0 0 0 2.20615

1.08654 0.501378 0
2.47197 0.501378 0
6.57433 0.501378 0

OO0 oo orkrHFEFEFDNMDN

» Createafilecalled £in.£1d to describe the datacontained in £in.dat.

» Usethetemplate field file given on page 26 and the information given above to complete the specification.
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4.2.2 Displaying the vector data

Read Field

M. DERRRRRRRF.. .
B | gme |

glyph

. Uvievwrer3D ;

Create the above network using the following modules:
* Read_Field (Datalnput): reads an AVSfield file and convertsit into an AV S/Expressfield.
* slice_plane ( Mappers): extractsa 2D slice from a 3D field with an arbitrarily positioned slice plane.

* combine vect (Filters): takesall selected scalar data components and combines to output a single vector
component

e bounds (Mappers): generates a bounding box of a 3D field.
* Arrowl (Geometries): creates awireframe arrow shaped mesh

* glyph (Mappers): placesageometrical object at each node of aninput field. Theglyphiscoloured and sized
according to the magnitude of the data component at that point.

* Uviewer3D (Viewers): creates a 3D image in the DataViewer.
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4.2.3 Selecting the map components

* SelecttheRead Field modulefrom the Moduleseditor panel and then select thefile£in . £1d whichyou
have just created to import the data using the file browser.

* Select thecontrol pandl forthe slice plane moduleand makeactive al datacomponents, asshown above.
For now ignore any error messages which appear.

e This module will now pass on a 3D field with a 5-vector data element consisting of density, x, y and z
momentum, and stagnation to the other modulesin the AV S/Express network.
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4.2.4 Extracting the vector data

T

* Select the control panel for the combine vect module and make active the three data components x-
momentum, y-momentum and z-momentum, as shown above. Sinceveclen issetto 3itisonly possibleto

have 3 vector components active at atime.
 This module will now pass on a 3D field with a 3-vector data element consisting of x, y and z momentum to

the other modulesin the AV S/Express network.
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4.2.5 Usingthe glyph module
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» Select the glyph modul€’s control panel.
* Reduce the scale value using the slider to make the arrows a more acceptable size

* Try atering some of the parameters - use the module help facility to understand their effect.
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4.2.6 Movingtheslice plane

Fle Editors Windows E

[ | el SiE(EE el e o] of O = Of s+

map components

=

™ density
I~ x-momentum
I© y-momentum
I~ z-momentum
I~ stagnation
1.00

[ J P
plane distance

I Plane Transform Editor

Jl —— P

<ile> P 2| 3| select onfct... ||

» Selecttheslice plane modul€'s control panel.
* Alter the plane distance value to observe the value of momentum at different positions within the data set.

* Try altering some of the plane transformation parameters to change the orientation of the slice plane.
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4.2.7 Visualizing the scalar data

Read Field

e

Uviewer3D

Change the network to create the above network:
* Read_Field (Datalnput): readsan AVSfield file and convertsit into an AV S/Expressfield.
e slice plane (Mappers): extracts a2D slice from a 3D field with an arbitrarily positioned slice plane.
¢ bounds (Mappers): generates a bounding box of a 3D field.

e Uviewer3D (Viewers): creates a 3D image in the DataViewer.
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4.2.8 Usingtheslice plane module
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Select theRead Field module from the Modules editor panel and then select thefile £in . £1d to import

the data using the file browser.

Select the control panel for the s1ice plane module and make active the density data component.

This module will now pass on a 3D field with ascalar data element to the other modulesin the AV S network.

The viewer window should now show something similar to the above figure.

Use the modul €’ s control panel to change the dlice position.

Try extracting the other scalar components using the module.
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4.3 Exercise 2

The aim of this exercise is to visualize some data obtained from a climate modelling experiment. The data contains
values of temperature, specific humidity and u, v, & w components of wind velocity, which are sampled over the
surface of the globe and at several atitude levels. There are two sets of coordinates for the data sampling: rectangular
and spherical.

Firstly, you are to present the scalar data - temperature and specific humidity - using the spherical coordinate system.
Secondly you are to present the vector data, the resultant wind velocity, using the rectangular coordinate system. The
solutions to the field files for this exercise are given in Appendix |1 .
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4.3.1 Importing the climate data

Below is a description of the data files containing the climate modelling data.

Coordinates. The data is irregularly spaced on a 49x12x40 grid. The coordinates
are provided in ASCII files ccml.rect which gives the coordinates in
rectangular space and ccml.sph which gives the coordinates in spherical space.

Both files have one line of header information and are arranged with all the
coordinates of the first dimension followed by all the coordinates of the second
dimension, followed by all the coordinates of the third dimension. There are
eight values on each line of the files i.e.

x1 x2 x3 x4 x5 x6 x7 x8
x9 x10 ..... ..o
vl y2 y3 y4 y5 y6 y7 y8
v9 yv10 ...
z1l z2 z3 z4 z5 z6 z7 z8
z9 z10 ....... ...,

Temperature and Specific Humidity: Temperature and specific humidity data are contained
in binary files called temp.dat and humid.dat, respectively. The data consists
of a single floating point value at each grid point. There are 16 bytes of
header information in each file.

Wind Velocities: The wind velocity data is contained in three binary files of
floating point wvalues for the u, v & w components. The files are called
bi.u.49, bi.v.49 and bi.w.49, respectively. Each file contains 16 bytes of
header information.

World Map: 2 simple map of the world showing land/ocean outlines is contained in
the file world.asc. The file is in ASCII format and irregularly spaced on the
same grid as the other files. There is one line of header information.

In order to visualize thisinformation you will need to write three field files:

e Create afield file called c1imscal. £1d to describe the scalar data - temperature and specific humidity -
using the spherical coordinate system.

» Createafieldfilecalled climvect . £14d to describe the vector data - wind velocity - using the rectangular
coordinates

» Create afieldfile called worldrec . £1d to describe the world map using the rectangular coordinates.
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4.3.2 Visualizing the scalar data

SingleWindow App

Read Field _
extract scalar .
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LegendVert _

orthoslice orthoslice#1 orthoslice#2

TextString3D ¢

TextString3D#1 _
Uviewer3D .

Create the above network using the following modules:
* Read_Field (Datalnput): readsan AVSfield file and convertsit into an AV S/Expressfield.
* extract_scalar (Filters): extracts asingle scalar data element from afield’ s vector component.
e orthoslice (Mappers): produces aslice of astructured field perpendicular to a selected coordinate axis.
¢ bounds (Mappers): generates a bounding box of a 3D field.
¢ LegendVert (Geometries): produces a color legend which displays the object’s datamap.
e TextString3D (Geometries): produces alabel.

e Uviewer3D (Viewers): creates a 3D imagein the DataViewer.
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4.3.3 Changingthe orthoslice parameters(1)

4‘ SingleWindowApp | : |J||
Modues  Read Fela i | il =5 S S 5 2 e R T T 2 o™

I~ Fortable (XDR)

I— = |

1 Aip Image

Field Flename

'climateffields/climscal.fif ~ Browse...

H—

-
=

Top Select Object... ‘

Select Read Field fromthe Module Editors menu and choose climscal . £1d from the file browser.

Y ou should obtain apicture similar to the one above.

Select theextract scalar module and check that temperature is selected.

Select theorthoslice, orthoslicett1 and orthos1iceH2 modulesin turn and set the axis values

to 0, 1 and 2, respectively.
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4.3.4 Changingthelegend and label parameters
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* Rotate the picture so that it appears as above.

» Select the Legendvert module and change the parameters to make them look optimal in the picture.

e Select the TextString3D modules and enter suitable text into the string box. Also change the position
variablesif necessary.
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4.3.5 Changingtheorthoslice parameters(2)
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« Select the orthoslice and orthoslice#1 modules, (or the modules with axes set to 0 and 1), and
reduce the plane slidersto O.

* You should obtain the above picture.

* You may wish to improve the picture further by selecting the bounds module and either removing the hull
or selecting data, to colour the bounds to the boundary value of the data.
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4.3.6 Looking at thetemperature data
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» Select theorthoslice#1 module whose axisis set to 1, you should have just set the plane slider value
toO.

* Thisisthe temperature around the surface of the earth.

* Increasethe value of the plane dider and observe how the temperature of the atmosphere changes as altitude
increases.
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4.3.7 Looking at the humidity data
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» Selecttheextract scalar module and select specific humidity.

* Investigate how specific humidity varies with altitude.
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4.3.8 Visualizing the vector data
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Create the above network using the following modules:
* Read_Field (Datalnput): readsan AVSfield file and convertsit into an AV SExpressfield.
e orthoslice (Mappers): produces aslice of astructured field perpendicular to a selected coordinate axis.

e combine vect (Filters): takesall selected scalar data components and combines to output a single vector
component

¢ bounds (Mappers): generates a bounding box of a 3D field.
e Arrowl (Geometries): creates awireframe arrow shaped mesh

* glyph (Mappers): placesageometrical object at each node of aninput field. Theglyphis coloured and sized
according to the magnitude of the data component at that point.

e Uviewer3D (Viewers): creates a 3D imagein the DataViewer.

70 International AV S Centre - Manchester



Visualizing 3D arrays of data

4.3.9 Reading theworld map

SingleWindowApp En i

File Editors Windows

plane

<idle> I Select Ohject...

Select orthoslice control panel.

Select the module Read_Field the Module Editors menu and choose worldrec. £1d from the file
browser.

Select the orthos1ice modulewhichisconnected totheRead Field moduleand set the axisvalueto 1.

Reduce the plane dider to 0.
Using the mouse, rotate the picture until it is orientated as shown above.

Hopefully the above picture will ook familiar.
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4.3.10 Readingthevelocity data

SingleWindowApp

File Editors Windows

Moduies [ gyen =B JE] o] =] of oSG < | e <o

Glyph Component
combine_vector
Color Component
combine_vector
Scale Component
combine_vector
Mode

scalar

vector

components

Hommalize

.20

L i —]
scale
- Scale X
| Scale¥Y

1 Scale Z

<idle> | »f 3D | |Top Select Object...

» SelecttheRead Field#1 module and choose climrect . £1d fromthefile browser.

* Select the combine vect module and check that u-comp, v-comp and w-comp are all selected.
* Select the orthoslice module whichis attached to the Read Field and set the axisto 1.

* Select the bounds module which is attached to the orthos11ice module and remove the hull.

¢ Select the other bounds module and select data to colour the bounds.

» Select the g1l yph module and reduce the scale to ~0.2 or until the arrows are a sensible size.

Y ou should have obtained the above picture.
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4.3.11 Looking at the velocity data

<idle> = | (3D ||Top Selecl Object...

Select orthoslice control panel.

SingleWindowApp -

» Select the orthos1ice module concerned with velocities and set the plane dider valueto O.
* This shows the velocities on the surface of the earth.

« Increase the plane value and observe how the wind velocities change with increasing altitude.
 The picture above shows the wind velocities at the highest altitiude level.
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4.3.12 Changing the datamap

|
SingleWindowApp .

File Editors Windows

i 5 S R o SO T e TR =1 R

Min|§-1.as HSY i [Max|Z40.00
7 Immediate Add Range | Deipte Hanw |

0

Quving Bange

1
= Hi= |1

Current Control Point

Options Edit Color = |
Color Range Mapping Constant

.33

| T ~|| .33
Hue
1.00
=4 1700
Saturation
1.00
I 1< 1.00
Value

<idle: gl‘ orthoslice#1 Select Object... ”

» To improve the appearance of the picture, attempt to alter the datamap of the world map so that the land is
coloured green and the oceans are coloured blue.
* You may want to use the notes from Section 3.6.5 on page 36 to help you.
(Hint: Select the world map as the current object and make the colour map constant. Alter the values of the control

points.)
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4.4 Using the softwarerenderer

You can use the renderer option to alter the renderer which is used to draw the display. There are severa options:

* Softwar e software renderer which usesits own graphics rendering techniques.

» Hardwar e: uses the workstations own software and hardware graphics techniques.
The hardware renderer is used as the default. However, when using the volume renderer to look at 3D images, it is
often necessary to use the software renderer. The software renderer is selected in the following way:

» Select the View editor from the Editors pull down menu.

* Inthe Renderer menu select Software.

* Proceed with the example as usual.

Therest of the exercisesin this chapter are concerned with 3D representation of variousfields. The examples use the
volume render moduleand al require the use of the software renderer.

Note: Use of the software renderer will significantly slow down the visualization process - but for volume rendering
this is unavoidable.
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4.5 Exercise 3

The volume to be represented in this example is a 3D image of a human head.

45.1 Displayingthehead. f1d datausing volume render

Read Field

volume render

Create the above network using the following modules:
* Read Field (DatalO): readsan AV Sfield file and convertsit into an AV S/Express field.
* volume render (Mappers): directly renders avolume.

» Uviewer3D (Viewers): creates a 3D image in the Data viewer.
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4.5.2 Normalizing the picture

= SingleWindowApp | - |J||
== -] 15.4% ulsjaje) @ %jCjsie

-

Modes

Surface Inherit — |
Volume Ray tracer —

Properties

Interpolation  Trlinear
Ray Algorithm Direct Composite —
Distance Mormalize Global —

I Fat Ray

127.50
5] = =
Range Position

1]
ol =
Current Range

L B E— 1 i
o ——1

F
<idle= gl‘ Top Select Object... ”

» Select the Read Field module's control panel and select the file head. £1d, from the file browser, to
import the data. Thehead. £14d file can be found under the path /usr/avs/auxdata/. ..

Note - if an error message isreported when Read_Field isselected, or if noimage appears, it islikely that you have
forgotten to switch on the software renderer

* Click onthe Reset/Nor malize/Center icon in the Toolbar so you can fit the whole object in the window. The
head should now be visible.

» Selectthevolume render modul€'s control panel as shown above.

The steps listed on the next page will improve the appearence of the image and explain some of the properties of
volume_render.
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45.3 Using volume render

SingleWindowApp

File Editors Windows

Modules  volume render —i |

Distance Mommalize Global
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Switch the surface mode to Gouraud. This selection providesthe highest quality rendering - including both

lighting and interpolation.

Switch off the Fat Ray option. The resolution of the image should improve.

Thevolume render module hastwo default datamaps. Therange to be edited can be selected by altering
the value of Current Range. The Range position value allows the mid-point of the two ranges to be altered.

Set the Range position value to approximately 70.

Set the Alpha Range M odel to Linear. Now the a pha component is interpolated between the maximum and
minimum of the current data range. The other option is constant, the alpha component for the whole data

rangeis set to the minimum alphavalue.

Rotate the head so it appears as above.

Try atering some of the other volume render parameters and observe the effect.
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4.6 Exercise4

In this Exercise the electron density of the hydrogen atom will be represented, thistimein 3D.

Use the network constructed in Exercise 3.

Select theRead Volume modul€'scontrol panel and select thefilehydrogen.dat, inthefilebrowser,
to import the data.

Click on the Reset/Nor malize/Center icon in the Toolbar so you can fit the whole object in the window.

Change some of the parameters of volume render to improve the appearance of the image. Use the
explanations of the properties of the volume render module given in the previous exercise.

Using the mouse, transform the object.

Finally, try adding aslice plane module to the network and investigate the results obtained.
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4.7 Exercise5

This example will usethe excavate brick module to observe the 3D image of alobster encased in a brick.

4.7.1 Displayingthe lobster.dat datausing excavate brick

oy Reaﬂ‘l.l'nlume s

0 excavate brck3D S huunds .

UviewerdD .

Create the above network using the following modules:
* Read Volume (DatalO): readsavolume format file and outputs an AV S/Express field.
¢ colormap (DatalO): generates a coloured image.

* excavate brick3D (Mappers): techniquefor visualizing 3D uniform volume. Volumeisdisplayed with
anX,Y & Z diceplane, which removes arectangular sub-volume of thefield, revealingtheinternal structure.

¢ bounds (Mappers): generates a bounding box of a 3D field.

e Uviewer3D (Viewers): produces a3D imagein the Data Viewer.

80 International AV S Centre - Manchester



Visualizing 3D arrays of data

4.7.2 Normalizing the picture

— SingleWindowApp | : |J||
Modules Read_Volume jjJ Jﬂﬂfd !ﬂlgg @ iljgj

L

Volume Filename

|sfdataNnIume!lnhster.dat: Browsse...

ol —1

F
<idle= !I‘ Top Select Object... ”

» SelecttheRead Volume module's control panel and select thefile lobster . dat to import the data
¢ Click on the Reset/Nor malize/Center icon in the Toolbar so you can fit the whole object in the window.

* Now, using the mouse, transform the object so it appears as above.
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4.7.3 Using excavate brick

SingleWindowApp [

File Editors Windows

Modules excavate_brick3D _||

=L SR afmlaf wf @) 506 =

= |

E

=|

Hip X
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<idle=

r
| [

Top Select Object... ‘

Select the excavate brick control panel from the M odules menu.

Turn on Draw Sides - this allow the sides of the brick to be drawn.

Try atering some of the other parameters and observe their effect.

Select the bounds control panel and remove the Hull.
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5 Visualizing UCD data

5.1 What isUCD Data?

UCD stands for Unstructured Cell Data. The format of UCD isjust a different way for you to read your datafiles and
visualize the information. UCD consists of:

» Nodes: contain data, which can be a collection of scalar and vector data, and position information.
« Ceélls: have geometric shape and are made up of reference nodes.

¢ Structure: collection of cells.

The UCD format is shown below:

<num of nodes> <num of cells> <data per node> <data per cell> <model datas>
<nodeid> coordinates

<cellid> <cell shape> nodes

<data labels> <data unitss>

<nodeids> data

UCD files have the suffix ".inp". An example of thisisthe hex . inp file which defines a single hexahedral cell with
stress at each node. An extract from thefileis given below:

8 1 100
1 0.000 0.000 1.000
2 1.000 0.000 1.000
3 1.000 1.000 1.000
4 0.000 1.000 1.000
5 0.000 0.000 0.000
6 1.000 0.000 0.000
7 1.000 1.000 0.000
8 0.000 1.000 0.000
1 1 hex 123 456 78
11
stress, 1lb/in**2
1 4999.9999
2 18749.9999
3 37500.0000
4 56250.0000
5 74999.9999
6 93750.0001
7 107500.0003
8 5000.0001
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5.2 Aims of the chapter

The writing of UCD format files is not covered by this course, but it is useful to know alittle about their structure.

UCD isread into AV S/Express viathe Read_UCD module. In order to help you to understand the process, there are
several prepared UCD format files which can be found in the directory,

/usr/express/data/ucd. ..

The exercisesin this chapter are designed to take you through several examples of UCD visualization and demonstrate
the principal uses of the format.

5.3 Exercise 1

The aim of this exerciseisto use the UCD file containing the AVS logo to demonstrate some simple networks which
will display UCD data.
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5.3.1 Displaying the UCD geometry (1)

Create the network above using the following modules:
* Read_UCD (DatalO): reads an AVS UCD (.inp) file and outputs an AV S/Express field.

* Uviewer3D (Viewers): creates a 3D imagein the DataViewer.
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5.3.2 Displaying the UCD geometry (2)

SingleWindowApp [

File Editors Windows

Modules Read UCD _||

=L SR afmlaf wf @) 506 =

UCD Filename

Ifexnmssfdatafucd!avs.inr@ Browse...

{I— = |

o —

<idle=

r
| [

Top Select Object... ‘

 Import aUCD file by selecting thefile avs . inp using theRead UCD file browser.

 Using the mouse transform and rotate the object until the picture is similar to that shown above.
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5.3.3 Displaying the UCD exter nal edges and faces (1)

Read UCD
extemal edges s s, extemal faces

Uviewer3D

Create the network above using the following modul es:

Read UCD (DatalO): readsan AVS UCD (.inp) file and outputs an AV S/Expressfield.

external edges (Mappers): produces awireframe representation of the outside of an unstructured mesh
to reveal objectsinside.

external faces (Mappers): produces a mesh which represents the exterior, visible faces of an
unstructured mesh.

Uviewer3D (Viewers): creates a 3D image in the DataViewer.
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5.3.4 Displaying the UCD external edges and faces (2)

SingleWindowApp [

File Editors Windows

Modules extemnal edges _||

=L SR afmlaf wf @) 506 =

163.96

H

1

=|
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{I— = |

o —

<idle=

r
| [

Top Select Object... ‘

*» Select theavs . inp UCD file using the file browser on theRead_UCD module.

» Selecttheexternal edges modul€'s control panel.

* Alter the max line angle and observe the effect.
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5.3.5 Shrinking the UCD cells (1)

extemal edyges s, shrink cells

Uviewer3iD

Create the network above using the following modules:
* Read_UCD (DatalO): readsan AVS UCD (.inp) file and outputs an AV S/Expressfield.

* external edges (Mappers): produces an wireframe representation of the outside of an unstructured
mesh to reveal objectsinside.

* shrink cells (Mappers): produces amesh with cells shrunk relative to their geometric centres.

* Uviewer3D (Viewers): creates a 3D image in the DataViewer.
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5.3.6 Shrinking the UCD cells (2)

— SingleWindowApp | : |J||
Modules  shrink_cells _|| ;I__:_I_I _IQI’_II:H !IEIQIQI @I ﬂgﬂﬂ
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» Select theavs . inp UCD file using the file browser on theRead UCD module.

 Alter the shrink factor and observe the effect.
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5.4 Further exercises

Now that you have worked though some basic UCD examples, you may wish to try out your networks on some other
UCD files. Below isalist of several UCD files you may liketo look at, they are to be found in the same directory as
the AVSlogo file.

e pyr.inp: example of a pyramid shaped cell
* tet.inp: example of atetrahedral shaped cell

e bluntfin. inp: flow of air over afin

55 Exercise 2

In this exercise you will look at several different networks which display the bluntfin data asa UCD.
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5.5.1 Displaying scalar data using contour module (1)

Read UCD

extemnal edges oy extemnal faces ) )

contour

Uviewer3D -

Create the network above using the following modules:

Read_UcCD (DatalO): reads an AVS UCD (.inp) file and outputs an AV S/Express field.

external edges (Mappers): produces an wireframe representation of the outside of an unstructured
mesh to reveal objectsinside.

external faces (Mappers): produces a mesh which represents the exterior, visible faces of an
unstructured mesh.

Axes3D (Geometries): creates an XY Z axis grid with labels based on mesh extents.
contour (Mappers): creates an isovolume bounded by two isosurfaces (3D) or isolines (2D).

Uviewer3D (Viewers): creates a 3D imagein the DataViewer.
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5.5.2 Displaying scalar data using contour module (2)

— SingleWindowApp | . |J|
File Editors Windows
| = | j— kT
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Select thefilebluntfin. inp using theRead UCD modul€ sfile browser.
 Using the mouse, rotate the object so that it appears as above.

 Select the contour module’s control panel

« Make active the data component density

* Try altering the max and min values to be contoured and observe the effect.
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553

Using the isolines module (1)

Read UCD

external edges o extemal faces . Axis3D .

isoline

Uviewrer3D

Create the network above using the following modules:

Read UCD (DatalO): readsan AVSUCD (.inp) file and outputs an AV S/Expressfield.

external edges (Mappers): produces an wireframe representation of the outside of an unstructured
mesh to reveal objectsinside.

external faces (Mappers): produces a mesh which represents the exterior, visible faces of an
unstructured mesh.

Axes3D (Geometries): creates an XY Z axis grid with labels based on mesh extents.
isoline (Mappers): creates contour lines of constant value.

Uviewer3D (Viewers): creates a 3D imagein the DataViewer.
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5.5.4 Usingthe isolines module (2)
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* Select thefilebluntfin. inp usingtheRead UCD modul€e sfile browser.
» Select the 1soline modul€ s control panel.

» Make active the data component density.

« Y ou should have obtained a picture similar to the one above.

« Alter the min and max data values to be contoured and observe the effect.
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5.5.5 Displaying vector data (1)

_

extemal edges ) cumhine vect s Hme1 )

. [2] giyph .

.

Create the network above using the modules listed below:

Read UCD (DatalO): readsan AVSUCD (.inp) file and outputs an AV S/Expressfield.

external edges (Mappers): produces an wireframe representation of the outside of an unstructured
mesh to reveal objectsinside.

combine vect (Filters): takesall selected scalar data components and combines to output a single vector
component.

Arrowl (Geometries): creates awireframe arrow shaped mesh.

glyph (Mappers): places ageometrical object at each node of aninput field. Theglyphiscoloured and sized
according to the magnitude of the data component at that point.

Uviewer3D (Viewers): createsa 3D imageinthe DataViewer.
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5.5.6 Displaying vector data (2)
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Select thefilebluntfin. inp using theRead UCD modul€ sfile browser.

» Select the combine vectors module and select x-momentum, y-momentum and z-momentum.

Select the g1yph module and reduce the scale to ~0.2 or until the arrows are a sensible size.

Y ou should have obtained a picture similar to the one above.
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5.5.7 Usingthe streamlines module (1)

Read UCD _
extemal edges . comhine vect ) FPlane )

streamlines

Uviewer3D )

Create the network above using the following modules:

Read UCD (DatalO): readsan AVSUCD (.inp) file and outputs an AV S/Expressfield.

external edges (Mappers): produces an wireframe representation of the outside of an unstructured
mesh to reveal objectsinside.

FPlane (Geometries): generates a 3D plane of variable size which can be transformed in three dinensions.

combine vect (Filters): takesall selected scalar data components and combines to output a single vector
component.

streamlines (Mappers): generates streamlines or streamribbons based on afield with a one, two or three
element vector component.

Uviewer3D (Viewers): createsa 3D imageinthe DataViewer.
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5.5.8 Usingthe streamlines module (2)
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Select thefilebluntfin. inp using theRead UCD modul€ sfile browser.

Select the combine vect module and ensure that X, y & z momentum are selected.

Select the streamlines modul€e's control panel.

* Try altering the Nsegment value to increase the numbers of streamlines.
* Investigate the effect of changing the minimum velocity value.

« Change the streamlines to streamribbons.

* Try altering some of the FP1ane module parameters.
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6 AV S/EXpress examples

6.1 Aimsof the chapter

There are numerous on-line examples which are included with AVS/Express to illustrate the operation and
applications of most of the AVS/Express modules. In this chapter you will investigate several of these example
networks.

6.2 Exercise 1l

This exercise will illustrate the use of these on-line examples using the Advector module as a demonstration. The
Advector releases a sample of massless particlesinto afield. The particles move through the field according to the
magnitude and direction of the vectors at the nodes. The Advector module is used to demonstrate fluid flow.
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6.2.1 Entering the AVS/Express exampleslibrary

I soulisaiins

To access to the AV S/Express on-line examples

« Select the Exampleslibrary pagefromthe Library page selector on the top of the Network Editor window.
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6.2.2 Starting the Advect demo

| Fpplicaiions

» Double click the Visualization sub-library to open it. (It may aready be open).
* Instance the Advect demo module to the workspace.

 The screen should appear as shown below.
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6.2.3 TheAdvector demo

falypni

i

=

» Double click the Advect in the workspace to maximize it. By doing so, the complete Advect network is
shown in the workspace.

» Refer to each modul€e’'s help documentation to understand the way the network operates, especially the
Advector module.

» Rearrange the network so it appears similar to the layout shown above. You will need to select the main
library pagein order to select new modules.
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6.2.4 Changing the parametersyour self

Modules  Controls

Mode
~ scalar
4 vector
+ COmpohents
~I Glyph Normalize

26
= = =
Glyph Scale

00
Jod L =
Start Time

1.00
= =
End Time

20
| =
Step

Time 1.00

~1 Run
_I Reset Time

I Cycle

II’J — — Top3D Left Button Translate .||

* Select the Advector module from the Modules menu.

The following steps will run the Advector demonstration.
» Before releasing the advectors select the Reset Time button.
 To release the advectors click the Run button.

* You can aso use the Cycle mode. To stop the cycle mode click the Run button to turn it off.

You may also wish to,
* Alter the size of glyph by changing the Glyph scale value.

« Try atering some of the other parametersin the Advector modul€e’s control panel to see the effect on the
demonstration.
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6.3 Other exercises

Try out some of the other examples in the Examples library. Use the module documentation to help you understand
their functions.
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7/ Appendix |

7.1 Obtaining hardcopy from AV S/Express

You can print the contents of the Viewer window by using the interactive tool - Print Editor.
* Alter the parameters to those shown above.
* Click “Create Print File”. Thiswill create a postscript filecaled /tmp/express.ps.
« Goto ashell window and execute the appropriate system command to create the postscript file.
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7.2 Customising AV SExpress

You can include a number of command line options when you enter the AV S/Express start-up command “vxp”. Below
isalist of afew of the available command line options which you may find useful:

» The -version option indicates which version of AV S/Expressisinstalled. Does not start AV S/Express.

» The -usage option lists al the possible options. Print a summary of command line options. does not start
AV S/Express.

» Thefilename option loads a specified V fileinto the Applications object. Y ou can use this filename command
option to start an application created with AV S/Express and saved with the Save application command. By
default neither the Network Editor nor the V CP appear but this can be altered using the following commands,

» -ne: requests the network editor
* -none: suppresses the network editor
* -vcp: requeststhe VCP

* -novcp: suppresses the VCP
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7.3 Journaling in AVSEXpress

Journaling lets you record a set of operations you perform on an object and replay them. AV S/Express records these
operations as V statements and commands on ajournal file.
To record a series of Network Editor operations:

« From the Jour nal menu on the Network Editor menu bar sel ect the Recor d pull-down command. The Record
File dialogue box will appear.

 Specify ajournal filename.

 Select OK to begin recording. Perform the series of operations, e.g. build anetwork, set values and manipul ate
the object. (Any actions performed outside the workspace will be ignored).

 To stop recording select the Stop pull-down command from the Jour nal menu. The recording will stop and
theresulting V file will be saved.
To play back the V file:

» Make surethat you are no longer recording and that your network isin the same state it was in when you began
recording.

» Select the Playback pull-down command from The Journal menu. The Playback File dialogue box will
appear.

» Select thejourna fileand click OK. The recording will be executed and cannot be stopped part way through.
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8 Appendix ||

8.1 Solutionsto chapter 3: field file exercises

8.1.1 Field descriptor for Exercise 1

# AVS field file

# Image

ndim=2

diml=512

dim2=256

nspace=2

veclen=1

data=integer

field=uniform

variable 1 file=image.dat filetype=ascii skip=0 offset=0 stride=1

8.1.2 Field descriptor for Exercise 2

# AVS field file
# Volume

ndim=3

diml=128
dim2=128
dim3=128
nspace=3
veclen=1
data=integer
field=uniform
variable 1 file=volume.dat filetype=ascii skip=1 offset=0 stride=1
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8.1.3 Field descriptor for Exercise 3

# AVS field file

# Flow

ndim=2

diml=5

dim2=10

nspace=2

veclen=2

data=float

field=irregular

label=temp press

units=K kg/m**2

variable 1 file=flow.dat filetype=ascii skip=0 offset=0 stride=2
variable 2 file=flow.dat filetype=ascii skip=0 offset=1 stride=2
coord 1 file=coord.dat filetype=ascii skip=0 offset=0 stride=2
coord 2 file=coord.dat filetype=ascii skip=0 offset=1 stride=2
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8.2 Solutionsto chapter 3: 2D data exercises

8.2.1 Field descriptor for Exercise l: mri.f1ld

# AVS field file

# MRI

ndim=2

diml=512

dim2=512

nspace=2

veclen=1

data=byte

field=uniform

variable 1 file=/usr/express/auxdata/mri.dat filetype=binary skip=0 stride=1

8.2.2 Field descriptor for Exercise 2: temps.f1ld

# AVS field file

# Temp

ndim=2

diml=31

dim2=31

nspace=2

veclen=1

data=float

field=uniform

variable 1 file=/usr/express/auxdata/temps.dat filetype=ascii skip=1 stride=1

8.2.3 Field descriptor for Exercise 3: hslice.fld

# AVS field file

# Hydrogen

ndim=2

diml=64

dim2=64

nspace=2

veclen=1

data=byte

field=uniform

variable 1 file=/usr/express/auxdata/hslice.dat filetype=binary skip=0 stride=1
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8.3 Solutionsto chapter 4. 3D data exercises

8.3.1 Field descriptor for Exercisel: fin.f1ld

# AVS field file
# Bluntfin

ndim = 3
diml = 10
dim2 = 8
dim3 = 8
nspace = 3

veclen = 5

data = float

field = irregular

label = density x-momentum y-momentum z-momentum stagnation

variable 1 file=/usr/express/auxdata/fin.dat filetype=ascii
stride=8

variable 2 file=/usr/express/auxdata/fin.dat filetype=ascii
stride=8

variable 3 file=/usr/express/auxdata/fin.dat filetype=ascii
stride=8

variable 4 file=/usr/express/auxdata/fin.dat filetype=ascii
stride=8

skip=0
skip=0
skip=0

skip=0

offset=0

offset=1

offset=2

offset=3

variable 5 file=/usr/express/auxdata/fin.dat filetype=ascii skip=0 offset=4

stride=8

coord 1 file=/usr/express/auxdata/fin.dat filetype=ascii skip=0 offset=5 -

stride=8

coord 2 file=/usr/express/auxdata/fin.dat filetype=ascii skip=0 offset=6 -

stride=8

coord 3 file=/usr/express/auxdata/fin.dat filetype=ascii skip=0 offset=7 -

stride=8
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8.3.2 Field descriptersfor Exercise 2

8.3.2.1 Scalar data

# AVS field file
# Climate Modelling - scalar data
ndim = 3

diml = 49
dim2 = 12
dim3 = 40
nspace = 3

veclen = 2
data = float
field = irregular

label = temperature specific humidity

variable 1 file=/usr/express/auxdata/temp.dat filetype=binary skip=16 offset=0

stride=1

variable 2 file=/usr/express/auxdata/humid.dat filetype=binary skip=16 offset=0

stride=1

coord 1 file=/usr/express/auxdata/ccml.sph filetype=ascii skip=1 offset=0

stride=1

coord 2 file=/usr/express/auxdata/ccml.sph filetype=ascii skip=2941 offset=0

stride=1

coord 3 file=/usr/express/auxdata/ccml.sph filetype=ascii skip=5881 offset=0

stride=1

8.3.2.2 Vector Data

# AVS field file
# Climate Modelling - wvector data

ndim = 3

diml = 49
dim2 = 12
dim3 = 40
nspace = 3

veclen = 3

data = float

field = irregular

label = u-comp v-comp w-comp

variable 1 file=/usr/express/auxdata/bi.u.49 filetype=binary skip=16 offset=0

stride=1

variable 2 file=/usr/express/auxdata/bi.w.49 filetype=binary skip=16 offset=0

stride=1

variable 3 file=/usr/express/auxdata/bi.v.49 filetype=binary skip=16 offset=0

stride=1

coord 1 file=/usr/express/auxdata/ccml.rect filetype=ascii skip=1 offset=0

stride=1

coord 2 file=/usr/express/auxdata/ccml.rect filetype=ascii skip=2941 offset=0

stride=1

coord 3 file=/usr/express/auxdata/ccml.rect filetype=ascii skip=5881 offset=0

stride=1
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8.3.2.3 World Map

# AVS field file
# World Map

ndim = 3

diml = 49
dim2 = 12
dim3 = 40
nspace = 3

veclen = 1

data = float

field = irregular

variable 1 file=/usr/express/auxdata/world.asc filetype=ascii skip=1 offset=0
stride=1

coord 1 file=/usr/express/auxdata/ccml.rect filetype=ascii skip=1 offset=0
stride=1

coord 2 file=/usr/express/auxdata/ccml.rect filetype=ascii skip=2941 offset=0
stride=1

coord 3 file=/usr/express/auxdata/ccml.rect filetype=ascii skip=5881 offset=0
stride=1

(Hint: For coordinates there are 49x12x40 values with 8 values on each line.)
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