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1 Introduction

1.1 Introduction to AVS/Express — Student Workbook

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

1.1.1 What is AVS/Express?

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

1.1.2 Who is the Workbook Aimed at?

The workbook is aimed at those who have a need to visualize both 2D and 3D data. Techniques covered include:

e Reading the data
e Creating 2D and 3D images
e Creating plots

1.1.3 Are there any Prerequisites?

The course is designed for the user with no prior experience of AVS/Express Visualization Edition. The course also
assumes no prior experience of AVS5. No programming skills are required but basic experience of working in a
Windows environment is required.
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1.2 About the Workbook

1.2.1 The Visualization 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
e Data viewing.

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

Before data can be read into the network a field 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 data is 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 in this book works through a series of structured exercises in order to familiarise the user with the
AVS/Express environment.

e  Chapter 2 deals with using the Network Editor:
0 Building networks.
0 Making connections.
0 Reading data.
o0 Saving, loading and deleting applications.
e Chapter 3 and Chapter 4 deal with creating field files to describe the 2D and 3D data respectively. Also deals with
the 2D and 3D data visualization techniques.
e Chapter 5 deals with visualization of Unstructured Cell Data (UCD).
e Chapter 6 deals with the AVS/Express example demonstrations.
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1.2.3 Datafiles and Solutions

Each chapter of exercises uses simple examples of data in order to demonstrate a particular function of AVS/Express.
Some data files for these exercises are not part of the standard AVS/Express release. The course assumes they have
been made available under the directory:

C:\work\avs
Copies of these data files can be obtained via the International AVS Centre website:
http://www. iavsc.org/training/express/intro/data/intro.tar.gz

The answers to the exercises in Chapter 3 and Chapter 4 can be found in Appendix B of this workbook.
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2

Using the Network Editor

2.1 Aims of this Chapter

The exercises in this chapter will illustrate the general features of the AVS/Express Network Editor. Exercise 1 is a
simple example designed to take you through the data visualization process:

Starting AVS/Express.

Constructing networks.

Reading data.

Saving, loading and deleting applications.
Exiting from AVS/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 files will be covered in the subsequent chapters.

2.2 Exercise 1

In this example we wish to visualize the electron density within a hydrogen atom. In particular we want to take a slice
through the atom and observe different electron densities throughout the atom.
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2.2.1 Starting the AVS/Express Visualization Edition

B AVS Express Collection

Figure 2.1:

{ AVS Express

{, Demo License

@ On-Line Help

Start Menu

e To start AVS/Express Visualization Edition, select AVS Express Collection folder from the Start menu and load

the Viz Express application as shown in Figure 2.1.

e At the start-up of AVS/Express the Network Editor is in the Start Library (Figure 2.2). This library enables new
users to create and master AVS/Express applications quickly. The Data Import, Visualization, and View Export,
sub-libraries provide a means for new users to create simple applications.

e A guide to using the wizards can be found in Appendix C, but for now will not be used.

e  Select File, New Application from the tool bar to load a new application.

4 Avs/ Express - C:\Express
File Edit Object Project Journal UIBuider Options Help

DEX|

[E7 Libraries | Start -
£ Data Impart | £ Wisualization | £ Wiew Export | £ Examples | £ Demonstrations
= T r = T T
Ac)’; | j Ac)’; | j [Outputimage) [rd netCDF)] | j J§| Solar Syzstem
* * e R . o
s | S| (Dutput/PS] (d st gl Climate
1 om o r | — |- — [ [ T i ] 3
Fred Field i 2d (DutpUtvRML] (dtest columns) | FlightPath
- NN NN NS o --v-_!-‘- — = — ¥ e -
Read UCD | Sl [Outputtavie] [rd test sequence) Image2volune
P .= B B Fiz — . - - - - ==
Read Image | clamp [i'r netCOF Fid) (rd bin sequence] | i. YolurneS hels
.__._ 1 - - - 1 I 1| o r T
[ R[] = 1-fL 1| LS (ot piot 1-fL

ML indawipp

A=

data_import_wizard

A=

data_vigualization_wizard |

dam_h'nport_wizard

Figure 2.2: Network Editor in the Start Library

International AVS Centre
Manchester Visualization Centre

Page 5 of 159

16 January 2004



Introduction to AVS/Express — Student Workbook

[ New Application E'
Chooze application type
Application type Wiewer type

&+ Single-window D ataiewer f+ 3D

T Multi-window D atabfiewer 20

" Application ™ 30 and 2D

" ModuleStack " Mone

" Scratch Pad

[ Add Data Import ‘wizard bo application
[ Add Data Yisualization *izard o application

-

|lze Project-»5 ave Az... to create a writable project

0K Cancel

Figure 2.3: New Application Pop up window

e A New Application pop up window will appear in which the initial type of application and viewer required can be
selected (Figure 2.3).

e Choose Single-window Data Viewer with a 3D viewer type (usually the best choice when constructing simple
applications).

e Click OK to proceed.

e When the new application loads although the Wizard icons will no longer be shown in the application window, the
Start library modules will still be displayed.

e Select Main from the Libraries drop down menu in order to display the modules required for this exercise (Figure
2.4).

International AVS Centre Page 6 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

)] AVS/Express - C:\Express
File Edit Object Project Journal
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Figure 2.4:

Libraries Drop down Menu
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2.2.2 Structure of the Network Editor

& AVS/Express - C:\Express
File Edit Object Project Journal UIBuilder Options Help

[ Libraries lMain _:j
1 Datald 1 Filters | 1 Happers £ Geornetries | 1 Field Mappers 1 Yiewers
[Read Field] j1 E [GISMapTransfnr:f:I: [adjust slice spacqj1 E [Arrow] il [ Mesh Mappers | E [Uwigwer3aD]
- [Read LICD) I | . [cell data math) | - [adwect multi blo% | . [Arromz] | Ii—l [ata Mappers | . [Uwiewer2D] I
[Fead Image) -E [cell to node] | [adwectar) -E [&rrow3] | [£71 Field Mappers [EI [Uwiewer) i
- [RdHDF5 Field]“ ‘ [clamp) | - [bounds] [ ‘ [Arowd] | D Combiners I L@ (Imagetiew) -
[Rd netCOF FIcI]: .| :@ [clamp cell] . h [cell centers] o :E] [Awis2D] . hm furap Extractors :E] [DutputPS]
Y| = = ‘ 2]

Single"indowApp

Uwigwer3D ‘

Figure 2.5: Network Editor in the Main library

e A layout similar to that of Figure 2.5 should now appear, showing the major components of the Network Editor.

e The library of modules known as Main is selected and on view above the application workspace. This library
contains the major modules for network building. (Look at the drop down menu to observe the other available
libraries.) Within the main library the modules are divided into sub-libraries:

Data 10

Filters

Mappers

Geometries

Field Mappers

Viewers

o Data IO contains the various modules for reading the data.

e Viewers contains the various modules for viewing data.

e The other sub libraries contain modules that are used to build up the intermediate parts of a network in order to
manipulate the data for a specific application.

O O O O O O
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2.2.3 Using the Object Finder

Object Finder

Libraries
Find Object  |By Mame -

Search Pattern

X

\Read Vol

Objectz

tain.Data_l0.Read Wolume

Show

Cancel

A45E Mods UMSUPPORTED.Full Library ACKMOD.Data Input.read

Figure 2.6: Object Finder

When selecting modules for a network it is possible to either scroll through the sub-libraries until the correct module is
located or alternatively the Object Finder (Figure2.6) can be used to search for a specific module. A module can either

be searched for in all libraries or in a specific library.

e To search all the AVS/Express libraries: choose, Find in All Libraries from the Object menu, (located in the
menu bar along the top of the Network Editor), and type the module name in the Search Pattern box. Select Find
and the location of the module will be given in the Objects box. If you wish the location of the module to be

highlighted in the Network Editor library select Show.

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

e Wildcards * can be used to increase search flexibility. For example the above diagram shows a search for any

modules which read volume data — type “Read Vol*” in the search pattern field.
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2.2.4 Selecting a Module

& AVS/Express - C:\Express
File Edit Object Project Journal UIBuilder Options Help

[ Libraries iMain _:__I

1 Datald I 1 Filters 1 Happers I £ Geornetries 1 Field Mappers 1 Yiewers

IE [Read Field] ﬂ E [GISMapTransfnrgﬂ E [adjust slice spacif:’ E [Arrow] ﬂ [ Mesh Mappers E [Uwigwer3aD]
E [Read LICD) E [cell data math) EI [adwect multi bloci E [Arromz] [F1 Data Mappers E [Uwiewer2D]
IEI [Fead Image) E [cell to node] E [adwectar) [EI [&rrow3] [£71 Field Mappers [EI [Uwiewer)

[&] (Rd HOF5 Field) [&] (clamp) [&] bounds E] anowd) [ Combiners R (Imagsview)
[&] (Rd netCOF Fid) [&] (clamp cell] [&] [cell centers) [&] (awis20] . (571 Asray Extractors [&] [ouputiPs)

i

]

E Read Volume

Uwigwer3D |

Figure 2.7: Network Editor containing a Data 10 and Viewers Module

e Find the Read_Volume module which is located in the Data 10 library.

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

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

e  The module will be instanced to the workspace as shown in Figure 2.7.
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2.2.5 Deleting a Module

& AVS/Express - C:\Express
File Edit Object Project Journal UIBuilder Options Help

[ Libraries iMain _:J
1 Datald I 1 Filters ! 1 Happers I £ Geornetries ! 1 Field Mappers I 1 Yiewers
[Read Field] j E [GISMapTransfnrg:‘j- [adjust slice spacaj E [Arrow] ﬂ [ Mesh Mappers E [Uwigwer3aD]
-E [Read LICD) E [cell data math) -EI [adwect multi bloci E [Arromz] -I:—l [ata Mappers E [Uwiewer2D]
[Fead Image) E [cell to node] [adwectar) [EI [&rrow3] [£71 Field Mappers [EI [Uwiewer)
_|E| [Rd HDFS Field) [&] (clamp) ‘ _@ [bounds] E] anowd) ‘ _D Combiners R (Imagsview)
_ (Rd netCOF Fid) | | [&] (clamp cell] . _ [cell centers] o [&] (awis20] . (571 Asray Extractors [&] [ouputiPs)

Single"indowApp

Display Parameters

Info...
Help
Rename...
Object Editor...
Properties...

Add Output Port

jRead_volume

Figure 2.8: Module pop up menu

To delete a module:

e Selectit.

e Hold down the right mouse button to display the popup menu.
e  Choose the Delete popup command.

e When the mouse button is released the module will be deleted.
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2.2.6 Accessing the Help Pages

2 Read_Volume - Microsoft Internet Explorer |._ E'E'
File Edit Wew Favorites Tools Help 1".'
5 — »
\ \ )
g \_/I \ﬂ @ L l\] F
Stop Refresh Home Search

Address |@ C:\Expressruntimethelpreferencedvme V| Go Links ¥ &Snaglt [y

Read Volume _

Synopsis T
read an AVS volume (_dat file) and output an AVS/Express field

Input Port

u_parent user interface parent object

Parameters
Read vol Filename UlfileSE pick file to input

QOutput Ports

s Field Unif + Dim3 + v

< | =
I@ Done :J My Computer

Figure 2.9: Read_Volume Help Page

To access the help pages for a particular module:

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

Alternatively:

e  Select the module
e  From the Help menu at the top right of the Network Editor choose On Selected Object.

Both these routes will cause the appropriate help page to be displayed.
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2.2.7 Selecting the Other Modules

& AVS/Express - C:\Express
File Edit Object Project Journal UIBuilder Options Help

[ Libraries lMain _:j
1 Datald 1 Filters | 1 Happers £ Geornetries | 1 Field Mappers 1 Yiewers
[Read Field] j1 E [GISMapTransfnr:f:I: [adjust slice spacqj1 E [Arrow] il [ Mesh Mappers | E [Uwigwer3aD]
- [Read LICD) I | . [cell data math) | - [adwect multi blo% | . [Arromz] | Ii—l [ata Mappers | . [Uwiewer2D] I
[Fead Image) -E [cell to node] | [adwectar) -E [&rrow3] | [£71 Field Mappers [EI [Uwiewer) i
- [RdHDF5 Field]“ ‘ [clamp) | - bounds [ ‘ [Arowd] | D Combiners I L@ (Imagetiew) -
[Rd netCOF FIcI]: .| :@ [clamp cell] . h [cell centers] o :E] [Awis2D] . hm furap Extractors :E] [DutputPS]
Y| = = ‘ 2]

Single"indowApp

Read Volume

zlice plane

|

Uwigwer3D

Figure 2.10: Selection of Modules in the Network Editor Workspace

Select the modules in the list below from the given sub-libraries and arrange them in the workspace as shown in Figure
2.10.

e Read_Volume (Data IO): reads a volume format file and converts it to a 3D AVS/Express field.

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

o slice_plane (Mappers): extracts a 2D slice from a 3D field with an arbitrarily positioned slice plane.
e Uviewer3D (Viewers): creates a 3D image in the DataViewer.

Attempt to locate one or more of the modules using the Object Finder.
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2.2.8 Connecting the Ports

& AVS/Express - C:\Express g@

File Edit Object Project Journal UIBuilder Options Help

[ Libraries ]Main _VJ

1 Datald 1 Filters | 1 Mappers £ Geornetries | (£ Field Mappers 1 Yiewers
[Read Field] j! E [GISMapTransfnr:ﬂ: [adjust slice spacqﬂ! E [Arrow] ﬂ [ Mesh Mappers | E [Uwigwer3aD]
- [Read LICD) I | . [cell data math) | - [adwect multi blo-c.:i | . [Arromz] | |‘=_—| [ata Mappers | . [Uwiewer2D] I
- [Fead Image) 1 -E [cell to node] | - [adwectar) 1 -E [&rrow3] | [‘=_—| Fizld Mappers i [EI [Uwiewer) i
- [RdHDF5 Field]-- L [clamp) | - bounds [ L [Arowd] | D Combiners I L@ (Imagetiew) ,
: [Rd netCOF FIcI]: .| i@ [clamp cell] . [cell centers] o -.E] [Awis2D] . D furap Extractors :E] [DutputPS]

Single"indowApp

Read Volume |

slice plane | . . P bounds |

Uwigwer3D

Sing-l-eWindbwApp

Figure 2.11: Connected Modules (Network)

Connect the modules together to form the network shown in Figure 2.11. It is important to make sure that the correct
input/output ports are connected or the network will not perform the correct function. (Often AVS/Express will not
allow incorrect connection to be made or will produce an error message if one is made.)

e  Connecting modules:
o Position the mouse pointer above the port you wish to connect.
0 Pressing the left button will display all of the available connections.
0 Keeping the button pressed move the mouse towards the module port to which you wish to make the
connection. The connection chosen will be highlighted.
0 Release the mouse button to make the connection.
o  Disconnecting modules:
o Position the mouse pointer above the port you wish to disconnect.
0 “Remake” the connection i.e. press the left button while positioned on this port, move towards the connected
port and when the connection is highlighted release the button.
0 The connection will be removed.
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2.2.9 Reading a Data File (1)

m—ry

Modules |F|ead_\-"c-lume ﬂ

‘olume Filename F

‘ ‘ Browse... |

Read vol Filename

File name: Folders: oK
[ dat] cenpress datawolume _
Cancel
hydrogen dat = e
lobster dat (= Express
[=r data
B= volume
List files of type: Drives:
|Fi|e Extension(” dat) ﬂ | c: Windows XP ﬂ Metwork...

<idle> -
)

Figure 2.12: Data Viewer Pad with File browser

When a module is instanced to the workspace you can access controls for the module in the Editor Panel of the
DataViewer Pad.

e Select the Modules command from the Editors pull-down menu. A menu of all modules instanced to the
workspace will appear.

e Choose the Read_Volume module and select the Browse button. The file browser will now appear (Figure
2.12).

e Use the file browser to change the directory c:\express\data\volume and click on the hydrogen.dat
file.

e  The network will execute producing an image in the viewer window located in the DataViewer pad.
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2.2.10 Reading a Data File (2)

u SingleWindowApp E’ @@

File Editors Windows
Modules [Read Volume ~] |z ElEZEE [al=]alw ]

‘olume Filename F

‘C:'\E spresshdatatvolumethydrogen|

Browse... I 1

£

| »
<idle> 3D
L 1 ]

fz Select Dbject...

Figure 2.13: Data Viewer Pad

e The DataViewer window should display an image similar to that in Figure 2.13.
e  After an image has been obtained, it is necessary to manipulate it into the desired format.
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2.2.11 Interacting with the Objects (1)

b

<

HEEE=EERDEEEEEEE

Figure 2.14: Data Viewer Interface

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

e Move the mouse over the icons to reveal a small label indicating the action the icon provides a short cut to, e.g.
o Transform mode selection, rotation, translate xy, translate z, and scale.
0 Reset, normalize and centre objects.

International AVS Centre Page 17 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

2.2.12 Interacting with the Objects (2)

File Editors Windows

Modules [Read_Volume |

Yolume Filename e

|C:'\E:4pres&'\data\volume\h}ldmgen

£

>
<idles : an
’L‘ s

han Select Object...

Figure 2.15: Transformed Image in the Data Viewer Pad

e Click on the Reset/Normalise/Center icon, so that the full image can be seen in the viewer window.
e Now perform a few simple transformations on the image in the DataViewer window:
0 Scaling: click on the Scale icon in 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.
0 Rotating: click on the Rotate icon in the Toolbar, place the cursor in the window and while holding down the
left mouse button, rotate the object.
0 Translating: click on the Translate icon in the Toolbar, place the cursor in the window and while holding
down the left mouse button move the mouse to translate the object in the window.
e Manipulate the object until the scene appears similar to the one shown in Figure 2.15.
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2.2.13 Changing the slice_plane Parameters

n SingleWindowApp E@
File Editors Windows
Modules |s|ice_p|ane ﬂ | | | L]| | Q | ] | ||| @l @
[ Plane Transform Editor 7
plane distance 0.00
Kl I 3 55
map components
W MO MNAME
map cell components
v
< ¥
<idles s 3D |Top ;
"z ’7 Select Object...
Figure 2.16: Slice_Plane Control Panel

From the Modules command from the Editors pull-down menu and select the slice_plane module to open the
Editor Panel. From here the parameters of the slice plane can be altered.

It is possible to alter the position of the slice through the atom by changing the value of the plane distance slider.
Turning on the Plane Transform Editor (Figure 2.16) will load a window containing a series of sliders. These
sliders can be used to scale, rotate and transform the slice in the X, y and z directions.

Alter some of the other slider parameters in order to alter the position of the slice.

[‘ Transformation Editor E
Transformation E ditor

* Rotation 0.00

A | o

' Rotation 0.00

A | i

Z Rotation 0.00

A _ i

Scale 1.00 [1.00

L >

IV Absolute
Reset |
Close

Figure 2.17:

Transformation Editor
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2.2.14 Saving Applications

& AVS/Express - C:\Express
5 Edit Object
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Mew Application. .. | ,!
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Uwigwer3D

Save current application to file

Figure 2.18: Save Application

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

o A file browser will appear showing the files in the current working directory (Figure 2.19). Use the file browser to
change the current directory to a directory suitable for saving the file in. (It is best to save networks in your home
directory.)

e A good convention is to always save the application network by typing in the file name followed by the file
extension “.v”, e.g. “fred.v”.
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Save Application

File name:

[

Folders:
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Save file as type:
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Figure 2.19:

Save Application File Browser
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2.2.15 Deleting an Application

& AVS/Express - C:\Express
5 =8 Edit Object Project Journal UIBuilder Options Help

Mew Application. .. | v|
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Delete current application A

Figure 2.20:  File Drop down Menu and Delete Application Option

To clear an existing application network from the workspace:

o Select the Delete Application command from the File pull-down menu.
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2.2.16 Loading an Application

[ AVS/Express - C:\Express |L”E|E|
5 =8 Edit Object Project Journal UIBuilder Options Help
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Figure 2.21: Load Application

e To load an application network select the Load Application command from the pull-down File menu. A file
browser will appear showing the files in the current working directory (Figure 2.21).

e Use the file browser to change the current directory to the one containing the saved application network.

e  Click on the file name in the file browser window and select OK to load the application network.

International AVS Centre Page 23 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

Load Application
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Figure 2.22: Load Application File Browser
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2.2.17 Exiting from AVS/Express

& AVS/Express - C:\Express
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Figure 2.23: Exit

e To exit from AVS/Express select the Exit command from the pull-down File menu.
e A pop up window containing “Do you really want to exit?” will appear (Figure 2.24).
e Select the OK button to safely exit AVS/Express.

M Exit AYS/Express?

\ ? J Do you really want to exit?

Cancel |

Figure 2.24: Exit AVS/Express Pop up Window
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2.3 Exercise 2

The variation in bone density through the body of a lobster will be visualized and investigated within this exercise.

Use the same network as the one constructed in Exercise 1.

When using the volume browser select the file 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 Modules menu and alter some of its parameters.
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3 Visualizing 2D arrays of Data

3.1 Aims of this Chapter

e Attempt the field file examples:
0 Understand the structure of field files.
0 Gain the ability to create field files
0 Solutions are given in the Appendix B.
e Work through several structured exercises which cover visualization techniques for 2D data:
o Creating field files
0 Constructing networks
0 Manipulating images.
0 Solutions to the field files in the 2D data examples are given in Appendix B.
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3.2 Creating Field Files

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

3.2.1 Field File Format

A basic field file has the following format®, although a particular field file need not have all the components shown:

# AVS field file
#
ndim=?
diml=???
dim2=???
nspace=??7?
veclen=???
data=???
field=?7??
label=???
unit=2???
variable n file=??? file type=??? skip=??? offset=??? stride=???
coord n file=??? filetype=??? skip=??? offset=??? stride=??7?
e The file should have the file extension “.f1d” (you may want to create a sub directory to keep all your field files
in).
o Thefirst line should read “#  AVS Ffield file”.
e The next line, also beginning “#” could be a line describing the data. This way it is obvious which application the
field file refers to.

1 A one line return must be entered into the text editor after the field file information, in order to be read by AVS/express.
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3.2.2 Defining the Data Structure

The dimensions of the data must be specified, both in computational space and as it is passed to AVS/Express, in

coordinate space.

o ndim and nspace give the number of dimensions in computational and coordinate space, respectively.

o diml, dim2 and dim3 specify the size of the X, y and z dimensions.

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.

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

byte.

The mapping type of the field is given by Field. The mapping type can be one of 3 types:

0 Uniform: data is not transformed as it is imported. Used to import regular arrays of data. Number of
dimensions in computational and coordinate space must be the same.

o0 Rectilinear: each dimension in the data has explicit coordinate mapping, but the spacing along the coordinate
axis need not be the same. Number of dimensions in computational and coordinate space must be the same.

o 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 must be different.

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

temperature and pressure:

label=temperature pressure

unit=C Pa
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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.

e Each data component needs a line,
variable n <number of format keywords>

e Each item of coordinate information needs a line,
coord n <number of format keywords>
e Although each new variable and each new coordinate begins on new lines, all format keywords for a particular item
must be on the same line.
e Format keywords:
o Tile: filename of the datafile to be read, (full pathname required).
Filetype: format of the data, binary or ascii.

o skip: number of lines or bytes in the data file before the data is actually found.
o offset: number of columns to jump before the data is read (ASCII only).
0 stride: how many steps to jump before the next item is reached.
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3.2.4 Summary

Field file format keywords:

ndim: number of dimensions in computational space

diml: size of dimension 1

dim2: size of dimension 2

nspace: number of dimensions in coordinate space

veclen: number of data components per element

data: type of the data components

field: mapping method.

label: label for each data component.

unit: units for each data component

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

Where

file: location and data file

Tiletype: format of datafile

skip: number of lines (ASCII) or bytes (binary) before the data is found
offset: number of columns to jump before data is read (ASCII only)
stride: number of steps forward to reach next item
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3.3 Exercises

Write field files to describe the datafiles® described in Exercises 1, 2, and 3. The solutions are given in Appendix B.

3.3.1 Exercise 1

The dataset called image -dat is a 2D image (512x256) consisting of greyscale values in the range 0-255,

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.
The file has one line of header information.

Patient: Steve 10/11/93
0O 255 2 1 7 ...

3.3.3 Exercise 3

The data is a 2D array (5x10) with floating point values of temperature and pressure at each point in space. The field is
irregular. The temperature and pressure data is contained in the file Flow.dat and the coordinates are contained in the
file coord.dat. Neither file contains any header information.

flow.dat

tl pl 2 p2 t3 p3 - - -
coord.dat

x1 yl X2 y2 x3 y3 - - -

2 No datafiles exist for this Exercise — it is theoretical
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3.4 Visualization of 2D Data

Now that creation of field files has been covered it is necessary to progress to the creation of applications which are able
to process the data described within these field files. The exercises in the rest of the chapter demonstrate several simple
examples of the visualization of 2D data.

3.5 Moving to the Home Directory

In this chapter, it is necessary to read the field files which should have been saved in specific sub-directories within the
home directory. By default when a version of the Read_Field or other data reading module is instanced, it will point
to the directory C:\express\data. Move to your home directory within the browser by navigating through the
directory and sub-directory folders.
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3.5.1 Exercise 1

The aim of this exercise is to visualize data that was obtained from an MRI scan of a brain.

3.5.2 Importing the mri .dat Data (1)
Below is a description of the data contained in the datafile mri . dat.

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

o Create afile called mri . Fld to describe the data contained in mri .dat.
e Use the template field file given on page 24 and the information given above to complete the specification.

International AVS Centre Page 34 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

3.5.3 Displaying the MRI Data
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Figure 3.1: Network for mri . Fld

e Using the Network Editor, instance the modules in the list below into the workspace and construct the network
shown in Figure 3.1 (be careful to connect the correct ports).
0 Read_Field (Data IO): reads an AVS field file and converts it into an AVS/Express field.
o downsize (Filters): resample a field 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.
o Uviewer2D (Viewers): creates a 2D image in the DataViewer.
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3.5.4 Importing the mri .dat Data (2)

n SingleWindowApp
File Editors Windows
Modules |downsize j
[v Inteqer Sliders o
| dowanzize fachar g
Kl _ i3
J dovenzize factor g
Kl _ J
b
< ¥

Figure 3.2: mri.fldin the Data Viewer Pad

e |In the DataViewer window select Modules from the Editors pull-down menu and select the Read Field
module.

e To import the data into the network use the file browser to move to the correct directory and select the file
mri . Fld previously created.

e Animage similar to the one shown in Figure 3.2 should be obtained.

The image displayed has been produced using a subset of data, due to the downsize module. The image is likely to be
poor.

International AVS Centre Page 36 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

3.5.5 Changing the Downsizing

4 SingleWindowApp
Ele Editors Windows
Modules]downsme _'_J o @’ A = @
v Imteger Sliders 2
| downisize factor 1 =
‘ o
J downsize factor 1
Al -+
¥
i | ¥

Figure 3.3: downsize Editor Panel

e  Select the downsize module from the Modules drop down list.
L]

Alter the I and J downsize factor. (The best resolution of the image is obtained it both values are set to 1.)
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3.5.6 Changing the Colour Map (1)

[E
i - | | g
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Figure 3.4: Object Selector Pop up Window

The image is coloured according to the Default AVS/Express Datamap. It is possible to alter the colour map of the
image in order to create more useful and informative visualizations.

In AVS/Express, each object in the image hierarchy can be selected and manipulated separately. In order to change the
datamap, the image itself must be selected as the current object.

o Click the Select Object... button, which is found in the bottom right corner of the DataViewer.
e Select the object which in this case is downsize, in the object selector pop up window and click Apply or OK.
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3.5.7 Changing the Colour Map (2)
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Figure 3.5: Datamap Editor

Select the Editors pull down menu and select Datamap. The Datamap editor should appear in the Data Viewer pad
as shown in Figure 3.5.

Details regarding the main properties of the Datamap editor are listed below:

There are two colour models which may be used:

0 HSV (Hue Saturation Value)

0 RGB (Red Green Blue)

The Colour Range Mapping can be either:

o0 linear - interpolated between max and min values of data

0 Stepped - constant colour for each step).

0 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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3.5.8 Changing the Colour Map (3)
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Figure 3.6: Greyscale Datamap

There are several pre-defined datamaps which can be used to view the image. The way in which to alter the datamap in
order to obtain a greyscale image is as follows.

In the Options menu select Input.

In the Action menu select Read Datamap.

Select the Browse button.

From the Read Datamap Name pop up window select Greyscale and click Apply.

The image in the DataViewer should now be a greyscale image, with black set to 0 and white set to 255.
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3.5.9 Changing the Colour Map (4)

G| SingleWindowApp
File Editors Windows

Min (0002000 || Hsy ﬂ bax |2, B5e+002

™ Immediate Add Range | Delete Hange ‘
Current Range 0

T N
Currett Cantral Paint a

o w |

Options |Edit Fiange/Data -]
Edit |Range ¥ SubrangeValues
Ranage Size 256 5
O g |
Sub-range
Fiange Min 0.00
Rl i I
Fanas Max 285,00
« )] .l

<idle 3D downzize :
5 Select Object...
}% | elect Objec

Figure 3.7: Binary Black and White Datamap

By further altering the datamap it is possible to transform the greyscale image into a binary black and white image.

e From the Options menu select Edit Colour.

e Change the Colour Mapping Range from Linear to Constant. A binary map should be obtained as shown in
Figure 3.7.

e Select Edit Range/Data from the Options menu.

e Select the Sub-range Values and alter the values of max and min in order to alter the position of the black/white
division.

e  Try out some of the other datamap parameters.
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3.6 Exercise 2

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

3.6.1 Importing the temps.dat Data (1)
Below is a description of the data file contained in the datafile temps . dat:
The ASCII data file contains data on a regular, 31x31 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.

o Create a file called temps.fld to describe the data contained in temps.dat (rather than re-type the field
format edit the existing mri . ¥1d and save it under a new filename).
e Use the template field file given on page 24 and the information given above to complete the specification.
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3.6.2 Displaying the Temperature Data with surf_plot

] AVS/Express - C:\Express
File Edit Object Project Jourmal UI Builder Options Help
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Figure 3.8: Network containing surf_plot for temps.fld

Using the Network Editor construct the network shown in Figure 3.8. Descriptions of the modules are given below:

e Read_Field (Data lIO): reads an AVS field file and converts it into an AVS/Express field.

e LegendVert (Geometries): produce a colour legend which displays the objects datamap.

o surf_plot (Mappers): creates a 2D or 3D mesh whose height is proportional to the scalar data values at each
point. 2D data produces a 3D mesh and 1D data produces a 2D mesh.

e UViewer3D (Viewers): produces a 3D image in the DataViewer.
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3.6.3 Importing the temps.dat Data (2)

n SingleWindowApp E@

File Editors Windows
LighllGeneraI j £ 4 .r'r:.:.‘. +vl*_ mﬂ nl!]lalm | |@
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Diirectional
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Reset Current
Current Light Color E ditar
‘ ™ Immediate
[ |
Hue Saturation Walue
oo [RilI] 1.00

e N

E: Select Object...

Figure 3.9: Light Editor and temps. fld Visualization

e Select the Read_Field module from the Modules drop down list and select the Browse button. The file browser
should appear.

e To import the data into the network, select the file temps. ¥1d using the file browser.

o If an image similar to the one shown in Figure 3.9 appears then the field file has been created successfully.

o It often improves the appearance of the image upon rotation to change the light to bi-directional:
0 Inthe Editors menu select Light.
0 Inthe Type menu select BiDirectional.
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3.6.4 Normalizing the Image

M singleWindowApp
File Editors

Windows

Madules | Read Field |

[v Partable [<DR] w

[ Flip Image
Field Filename
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Browse... ‘

£ ¥

<idler T ‘ a0
L

Top Select Object...

Figure 3.10: Transformed Image in the Data Viewer Pad

e Select the Reset/Normalize/Center icon on the Toolbar so that the whole object fits into the window.
e Using the mouse, transform the object so it appears similar to that of Figure 3.10.

International AVS Centre Page 45 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

3.6.5 Altering LegendVert and Axes3D

] SingleWindowApp
File Editors Windows
Modules |.&Hi83D ﬂ
v ndigits 1 5
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' minar ticks 1]
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o =
< >
‘<|dle> }% S G Select Object...

Figure 3.11: Axes3D Editor Panel

e Select the LegendVert module from the Modules drop down list.
e  Change the parameters of the legend.
0 Decrease the Intervals
e Similarly, select the Axes3D module from the Modules drop down list:
0 Increase the number of steps on the z-axis.
0 Label the z-axis “Temp”.
0 Remove the minor ticks
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3.6.6 Using surf_plot

Ml si ngleWindowApp

Eile Editors Windows

Modules |surf_p|ot ﬂ
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v DATAD
input nzpace 2
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< >

<idlex il
-

Top Select Object...

Figure 3.12: surf_plot Editor Panel

e Select the surf_plot module from the Modules drop down list.
o Alter the scale slider to increase the scaling.
e The module should now provide an image similar to the one shown in Figure 3.12.
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3.6.7 Enhancing the Image
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Figure 3.13: Object Editor

e Select Object from the Editors pull-down menu to invoke the Object editor.
e  Select Modes from the Object drop down menu.

e Set the mode of Line Rendering to Regular. This will shade the image and superimpose a wireframe structure
onto the surf_plot image.
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3.6.8 Displaying the Temperature Data with city_plot

] AVS/Express - C:\Express
File Edit Object Project Jourmal UI Builder Options Help
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Figure 3.14: Network containing city_plot

Using the Network Editor construct the network shown in Figure 3.14. The location of the modules as listed below:

e Read_Field (Data I0): reads an AVS field file and converts it into an AVS/Express field.

o downsize (Filters): resamples a field 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.

e city_plot (Mappers): creates a plot of blocks whose height is based on the value of the mesh extents.

e Uviewer3D (Viewers): creates a 3D image in the Data Viewer.
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3.6.9 Importing the temps.dat Data

n SingleWindowApp E@@

File Editors Windows
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Figure 3.15: Image produced by the city plot Network

e Select the Read_Field module from the Modules drop down list and select the Browse button. The file browser
should be shown.

e To import the data into the network, select the file temps . ¥1d using the file browser.
o If an image similar to the one shown in Figure 3.15 then the field file has been successful.
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3.6.10 Normalizing the Image
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Figure 3.16: city_plot Editor Panel and Transformed Image

Click the Reset/Normalize/Center icon in the Toolbar so the whole object is shown in the window.
Select the appropriate icons from the Toolbar and use the mouse to transform the object so it appears as shown in

Figure 3.16.
To reduce the bar chart’s length select the city plot module from the Modules drop down list. Change the

height scale value on the corresponding slider.
Alter some of the scale values (as shown in Figure 3.16) using the sliders and observe the effects.
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3.6.11 Changing the Downsizing

Ml si ngleWindowApp
File Editors Windows
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Figure 3.17: downsize Editor Panel

The image shown in Figure 3.17 has been produced using a subset of the data, due to the downsize module.

Select downsize from the Modules Editor Panel.
Alter the values of the | and J downsize factors. (Again the best resolution of the image will be obtained if both of

the values are setto 1.)
Locate and select the Perspective toggle icon on the Toolbar to observe its effect.
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3.7 Exercise 3

3.7.1 Importing the hslice.dat data

Below is a description of the data contained in the datafile 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 64x64 single scalar bytes for each data value. The data file is binary and the data is
arranged contiguously with no header information.

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

Use the template field file given on page 24 and the information given above to complete the specification.
Construct a network as in Exercise 2 using surf_plot

Select the Read_Field module from the Modules drop down list and select the Browse button. The file browser
should now be shown.

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

4.1 Aims of this Chapter

The aim of this chapter is to demonstrate techniques which are used to visualize 3D data. It consists of several
structured exercises which illustrate the visualization process:

o  Creating field files.

e Constructing applications.

e Manipulating data in 3D.

e The solutions to the field files for the 3D data are given in Appendix B.
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4.2 Exercise 1

The aim of this exercise is to visualize a downsized version of the AVS/Express sample dataset ¥in . ¥ld which shows

the flow of air over a blunt fin.

4.2.1 Importing the 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 a 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 a small extract from the file is shown below:

2.171
2.1523
1.9742
1.6659
1.2728
0.86119
0.7654
0.73957
0.55002
0.45067

0

0
0
0
0
0
0
0
0
0

O OO O0OO0OO0OO0oOOoOOo

o

O OO O0OO0OO0OO0oOOoOOo

o

10.7602
10.6423
9.61927
7.96548
5.94705
3.92577
3.6417

3.52176
2.62795
2.20615

NP, OOOOOODO

(0]

.0160473
.0757717
-173189
-299646
-443802
.618551
-08654
47197
-57433

0
0
0
0
0
0
0
0

0

-129677
.266559
.379764
.45922

-497866
-501378
-501378
-501378
0.

501378

e Create a file called fin.fld to describe the data contained in fin.dat.

O OO O0OO0OO0OO0OOoOOo

e Use the template field file given on page 24 and the information given above to complete the specification.

International AVS Centre
Manchester Visualization Centre

Page 55 of 159

16 January 2004



Introduction to AVS/Express — Student Workbook

4.2.2 Display the Vector Data
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Figure 4.1: Network for Displaying Fin._dat as Vector Data

Create the above network using the following modules:

o Read_Field (Data Input): reads an AVS field file and converts it into an AVS/Express field.

o slice_plane (Mappers): extract a 2D slice from a 3D field with an arbitrarily positioned slice plane.

o combine_vect (Filters): takes all the selected scalar data components and combines to output a single vector
component.

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

e Arrowl (Geometries): creates a wireframe arrow shaped mesh.

o glyph (Mappers): places a geometrical object at each node of an input field. The glyph is coloured and sized
according to the magnitude of the data component at that point.

e UViewer3D (Viewers): creates a 3D image in the DataViewer.
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4.2.3 Selecting the Map Components
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Figure 4.2: slice_plane Editor Panel

e Select the Read_Field module from the Modules drop down list and select the file fin.Ffld to import using
the file browser.

e Select the Editor Panel for the slice_plane module and activate all five data components by selecting each one
with the mouse as shown in Figure 4.2. Temporarily ignore any error messages which appear.

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 modules in the AVS/Express network.
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4.2.4 Extracting the Vector Data

G| SingleWindowApp
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Figure 4.3: combine_vect Editor Panel
e Select the Editor Panel for the combine_vect module and activate the three data components x-momentum, y-
momentum and z-momentum as shown in Figure 40.

e Since the veclen is set to 3 it is currently only possible to have 3 vector components active.

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
modules in the AVS/Express network.

International AVS Centre Page 58 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

4.2.5 Using the glyph Module
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Figure 4.4: glyph Editor Panel

e  Select the gl'yph modules control panel.
e Reduce the scale value using the scale slider to create arrows of a more acceptable size.
e  Alter some of the other parameters — use the module help facility to understand their effect.
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4.2.6 Moving the slice_plane
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Figure 4.5: slice_plane Editor Panel

e Selectthe slice_plane modules Editor Panel.
e Alter the plane distance value to observe the value of momentum at different positions within the dataset.

e Change the orientation of the slice plane by altering the plane transformation parameters in the Plane
Transformation Editor.
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4.2.7 Visualizing the Scalar Data
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Figure 4.6: Network to View Fin.dat as Scalar Data

Change the network to match that shown in Figure 4.6:

e Read_Field (Data Input): reads an AVS field file and converts it into an AVS/Express field.

o slice_plane (Mappers): extract a 2D slice from a 3D field with an arbitrarily positioned slice plane.
o 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 Using the slice_plane Module
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Figure 4.7: slice_plane Editor Panel

e Select the Read_Field module from the Modules drop down list and select the file Fin_fld to import the data
using the file browser.

o  Select the Editor Panel for the sl ice_plane module and activate the density data component.
This module will now pass on a 3D field with a scalar data element to the other modules in the AVS/Express network.

e The Viewer window should now show an image similar to Figure 4.7.
e Use the plane distance slider to change the slice position.
e  Extract the other scalar components using this same 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:

e  Temperature
e  Specific humidity
e U, Vv, and w components of wind velocity

These values are sampled over the surface of the globe at several altitude levels. There are two sets of coordinates for
the sampling: rectangular and spherical.

e Present the scalar data (temperature and specific humidity) using the spherical coordinate system.
e Present the vector data, the resultant wind velocity, using the rectangular coordinate system.
e The solutions to the field files for this exercise are given in Appendix B.
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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 i
yl y2 y3 y4 y5 6y y7 y8
y9 21
yl z2 z3 z4 z5 z6 z7 z8
y9 720 O

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 values for the u, v and 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: A 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 this information it is necessary to write three field files:

o Create afield file called climscal . ¥1d to describe the scalar data (temperature and specific humidity) using the
spherical coordinate system.

e Create a field file called climvect.fld to describe the vector data (wind velocity) using the rectangular
coordinates.

e Create afield file called worIdrec. fld to describe the world map using the rectangular coordinates.
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4.3.2 Visualizing the Scalar Data
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Figure 4.8: Network to Visualize the Scalar Data

Create the network shown in Figure 4.8 using the following modules:

e Read_Field (Data Input): reads an AVS field file and converts it into an AVS/Express field.

o extract_scalar (Filters): extract a single scalar data element from a field’s vector component.

o orthoslice (Mappers): produces a slice of a structured field perpendicular to a selected coordinate axis.
e bounds (Mappers): generates a bounding box of a 3D field.

e LegendVert (Geometries): produces a colour legend which displays the data objects datamap.

o TextTitle (Geometries): Produces a title.

e UViewer3D (Viewers): creates a 3D image in the DataViewer.
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4.3.3 Changing the orthoslice Parameters (1)
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Figure 4.9: Initial Image in Data Viewer Pad

o Select Read_Field from the Modules Editor Panel and select cl imscal . fld from the file browser.

e Animage similar to the one shown in Figure 4.9 should appear in the Data Viewer Pad.

e Select the extract_scalar module and ensure that temperature is selected.

o Select orthoslice, orthoslice#l and orthoslice#2 modules in turn and set the axis values to 0, 1 and
2 respectively.
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4.3.4 Changing the Legend and Label Parameters
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Figure 4.10: orthoslice Editor Panel and Transformed Image

e Rotate the image so it appears similar to that shown in Figure 4.10.

e Select the LegendVert module and change the parameters to produce a vertical legend similar to that shown in
Figure 4.10.

e Select the TextTitle module and change the parameters to produce a title similar to that shown in Figure 4.10.
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4.3.5 Changing the orthoslice Parameters (2)

M si ngleWindowApp
File Editors Windows
Modules |ortho$lice ﬂ o d ;—'5'—_: ,':i_. : I]l L] | ul (]| |@ @qj
axiz 0 ~ 306.19 y
Rl » Scalar Data
plane i] 291 .64 a1
< o
27708
B "
¢ » 176.23
<idlex | e o D (Top .
. }% ’7 Select Object...

Figure 4.11: orthoslice Editor Panel with plane 0

e Select the orthoslice and orthoslice#1 modules, (or the modules with axes set to 0 and 1), and reduce the
plane sliders to 0.

e Animage similar to that shown in Figure 4.11 should be obtained.

e The image can be further improved by selecting the bounds module and either removing the hull or selecting
data. This will colour the bounds the same as the boundary value of the data (not just white).
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4.3.6 Observing the Temperature Data

] SingleWindowApp
File Editors Windows
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Figure 4.12: orthoslice Editor Panel with plane 5

Select the orthosl ice#1 module whose axis is set to 1, and whose plane slider should have been set to 0.
This orthoslice is currently illustrating the temperature around the surface of the earth.

Increase the value of the plane slider and observe how the temperature of the atmosphere changes as altitude
increases.
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4.3.7 Observing the Humidity Data
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Figure 4.13: orthoslice Editor Panel with plane 0 for Humidity Data

e Select the extract_scalar module and select humidity.
e Investigate how specific humidity varies with altitude.
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4.3.8 Visualizing the Vector Data
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Figure 4.14: Network to Visualize the Vector Data

Create the network shown in Figure 4.14 using the following modules:

e Read_Field (Data Input): reads an AVS field file and converts it into an AVS/Express field.

e orthoslice (Mappers): produces a slice of a structured field perpendicular to a selected coordinate axis.

e combine_vect (Filters): takes all selected scalar data components and combines to output a single vector
component.

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

e Arrowl (Geometries): Creates a wireframe arrow shaped mesh.

o glyph (Mappers): Places a geometrical object at each node of an input field. The glyph is coloured and sized
according to the magnitude of the data component at that point.

e UViewer3D (Viewers): creates a 3D image in the DataViewer.
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4.3.9 Reading the World Map

G| SingleWindowApp
Eile Editors Windows
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Figure 4.15: orthoslice Editor Panel

e Select the module Read_Field#1 from the Modules drop down list, locate and select worldrec.fld from
the file browser.

e Select the orthoslice#1 module which is connected to the Read_Field#1 module and set the axis value to
1.

e Reduce the plane slider to 0.

e Using the mouse, rotate the picture until it is orientated as shown in Figure 4.15.
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4.3.10 Reading the Velocity Data
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Figure 4.16: Wind Velocity Data lllustrated using the glyph Module

e Select the Read_Field module and select cl imvect. fld from the file browser.

e Select the combine_vect module and ensure that u-comp, v-comp and w-comp are selected.
e Select the orthoslice module that is attached to Read_Field and set the axis to 1.

e  Select the bounds module and select data to colour the bounds.

e  Select the gl'yph module and reduce the scale to ~ 0.1 or until the arrows are a sensible size.

e Animage similar to the one shown in Figure 4.16 should be obtained.

International AVS Centre Page 73 of 159 16 January 2004

Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

4.3.11 Looking at the Velocity Data

G| SingleWindowApp
Eile Editors Windows
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Figure 4.17: orthoslice Editor Panel with Plane 11

e Select the orthosl ice module concerned with the velocities and set the plane slider value to 0.
e This shows the velocities on the surface of the earth.
e Increase the plane value and observe how the wind velocities change with increasing altitude.

Figure 4.17 shows the wind velocities at the highest altitude level.
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4.3.12 Changing the Datamap

G| SingleWindowApp
Eile Editors Windows

Min[-1.96e+000 || Hsv | Max[2 40e+002
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<idle> & 3D
L

Toggles camera projection

Figure 4.18: Datamap editor

e To improve the appearance of the image, alter the Datamap of the world map so as to colour the land green and the

oceans blue.

o Refer back to Section 3.5.6 on page 34 in order to achieve this datamap alteration.

(Hint: Select the world map as the current object and set the Colour Range Mapping as Constant. Alter the values of

the Current Control Point slider (Figure 4.18.))
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Using the Software Renderer

The renderer option can be altered in order to alter the renderer which is used to draw the display. There are several
options;

e Software: software renderer which uses its own graphics rendering techniques.

e OpenGL.: uses the workstations own software and hardware graphics techniques (OpenGL).

The OpenGL/hardware renderer is used as the default. However, when using the volume render to observe 3D images,
it is often necessary to use the software renderer. The software renderer is selected in the following way.

e  Select the View editor from the Editors pull down menu.
e Inthe Renderer menu select Software.
e  Proceed with the examples as usual.

Ml si ngleWindowApp
File Editors Windows

Wiew |Genera|

Bl

Renderer [sEEliE

Refresh |
width |528 |
Height ‘433 ‘
IZ| Background Color E ditor
| B Immediate
Hue S aturation Walue
0.00 0.00 0.oo

P Y (Y
ﬂa.an ﬂa.an ﬂa_nn |

|< idle> & K]
L=i7)

Top Select Object...

Figure 4.19: View Editor

The rest of the exercises in this chapter are concerned with 3D representation of various fields. The examples use the
volume_render module and all require the use of the software renderer.

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

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

4.4.1 Displaying the head.fld Data using volume_render

| AVS/Express - C:\Express
File Edit Object Project Journal UIBuilder Options Help

[ Libraries ]Main _:_j }
] Datald [ Filters | [ Mappers ] Geometries | [C7] Field Mappers
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[Read Image| ] -EI [zell to node] | [adwector) ] -EI [vrrona3] | [ Field Mappers
_ [Rd HDFS Field]“ ‘ [clamp) | _ bounds T ‘ [rowed) | |=‘_‘| Combiners
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i ]
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Figure 4.20: Network to Visualize head .dat

Create the network shown in Figure 4.20 using the following modules:

e Read_Field (Data 10): reads the AVS field file and converts it into an AVS/Express field.
o volume_render (Mappers): directly renders a volume.
o Uviewer3D (Viewers): creates a 3D image in the Data Viewer.
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4.4.2 Normalizing the Image

G| SingleWindowApp
Eile Editors Windows
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Figure 4.21: volume_render Editor Panel

e Select the Read_Field modules Editor Panel and select the file head . f1d, from the file browser, to import the
data.

Note — if an error message is reported when Read_Field is selected, or if no image appears, it is likely that the
software renderer has not been set.

e Click the Reset/Normalize/Center icon in the Toolbar in order to fit the whole object in the window. The head
should now be visible.

e Select the volume_render module Editor Panel as shown in Figure 4.21.

The steps listed on the following page will improve the appearance of the image and explain certain properties of the
volume_render module.
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4.4.3 Using volume_render
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Figure 4.22: volume_render Editor Panel and Improved Image

e Switch the Surface Mode to Gouraud shading. This selection provides the highest quality rendering, includes

both lighting and interpolation.
e Uncheck the Fat Ray option box in order to improve the resolution of the image.

The volume_render module has two default data maps. The range to be edited can be selected by altering the
value of Current Range. The Range Control Point value allows the mid-point of these two ranges to be altered.
Set the Range Control Point value to approximately 70.

Set the Alpha Range Model to Linear. The alpha component is interpolated between the maximum and minimum
current data range. The other option is constant; the alpha component for the whole data range is set to the
minimum alpha value.

Rotate the head so that it appears similar to the image shown in Figure 4.22.

Alter some of the alternative volume_render parameters and observe the effects.
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45 Exercise 4

In this exercise the electron density of the hydrogen atom will be represented, this time in 3D.

Use the network constructed in Exercise 3.

Select the Read_Volume modules control panel and select the file hydrogen.dat, in the file browser, to
import the data.

Click the Reset/Normalize/Center icon in the Toolbar so as to fit the whole object into the window.

Change the parameters of the volume_render module in order to improve the appearance of the image. Use the
volume_render property explanations given in Exercise 3.

Using the mouse, transform the objects.

Finally, add a sl ice_plane module to the network and investigate the obtained results.
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4.6 Exercise5

This example will use the excavate_brick module to observe the 3D image of a lobster encased in a brick.

4.6.1 Displaying the lobster .dat data using the excavate_brick

& AVS/Express - C:\Express E||E|®
File Edit Object Project Journal UIBuilder Opfions Help
[ Libraries IMain _":_j
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Figure 4.23: Network to Visualize lobser .dat

Create the network shown in Figure 4.23 using the following modules:

e Read_Volume (Data I0): reads a volume format file and outputs an AVS/Express field.

e colormap (Search for using Object, Find in all libraries): generates a coloured image.

o Excavate_brick3D (Mappers): technique for visualizing a 3D uniform volume. The volume is displayed with
an X, Y and Z slice plane, which removes a rectangular sub-volume of the field, revealing the internal structure.

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

e Uviewer3D (Viewers): produces a 3D image in the Data Viewer.
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4.6.2 Normalizing the Image

M singleWindowApp#1
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Figure 4.24: lobser.dat using excavate brick3D

o Select the Read_Volume modules Editor Panel and select the file lobster .dat to import the data.
o Click on the Reset/Normalize/Center icon in the toolbar so as to fit the whole object in the window.
e Using the mouse, transform the object so it appears similar to that shown in Figure 4.24.
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4.6.3 Using the excavate_brick

[ SingleWindowApp#1
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Figure 4.25: excavate_brick3D Editor Panel

e Select the excavate_brick Editor Panel from the Modules menu.

e Check the Draw sides option box, this causes the sides of the brick to be drawn.
e Alter the other parameters in order to observe their effects.

e  Select the bounds module and uncheck the Hull options box.
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5 Visualizing UCD Data

5.1 Whatis UCD Data?

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

¢ Nodes: contain data, which can be a collection of scalar and vector data, and position information.
e  Cells: have a geometric shape and are made up of reference nodes.
e  Structure: collection of cells.

The UCD format is shown below

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

<cellid> <cell shapes> nodes

<data label> <data units>

<nodeid> data

UCD files have a suffix “.inp”. An example of this is the hex. inp file which defines a single hexahedral cell with
stress at each node. An extract from this file is given below.

81100

1 0.000 0.000 1.000
1.000 0.000 1.000
1.000 1.000 1.000
0.000 1.000 1.000
0.000 0.000 0.000
1.000 0.000 0.000
1.000 1.000 0.000
0.000 1.000 0.000
1 l1hex 123456738
11

stress, 1lb/in**2
4999.9999

18749.9999

37500.0000

56250.0000

74999.9999

93750.0001

107500.0003

5000.0001

0N O~ WN

0o ~NO O A WNPRP

International AVS Centre Page 84 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

5.2 Aims of the Chapter

The writing of UCD format files is not covered by this course, but it is useful to know a little about their structure.
UCD is read into AVS/Express via the Read_UCD module. In order to help understand the process, there are several
prepared UCD formal files which can be found in the directory,

C:express\data\ucd

The exercises in this chapter are designed to demonstrate several examples of UCD visualization and cover the principal
uses of the format.

5.3 Exercise 1

The aim of this exercise is to use the UCD file containing the AVS logo in order to demonstrate some simple networks
which can be used to display UCD data.
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5.3.1 Displaying the UCD Geometry (1)
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Figure 5.1: Simple Network to Visualize UCD Data

Create the network in Figure 5.1 using the following modules:

e Read_UCD (Data I0O): reads an AVS UCD (.inp) file and outputs an AVS/Express field.
e UViewer3D (Viewers): creates a 3D image in the Data Viewer.
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5.3.2 Displaying the UCD Geometry (2)
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Figure 5.2: Visualization of UCD Data

e Import a UCD file by selecting the file avs. inp using the Read_UCD file browser.
e Using the mouse transform and rotate the object until the image is similar to the one shown in Figure 5.2.
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5.3.3 Displaying the UCD External Edges and Faces (1)

ﬂ AVS/Express - C:\Express
File Edit Object Project Jourmal UIBuilder Options Help
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Figure 5.3: Extended Network for UCD Data

Create the network shown in Figure 5.3 using the following modules:

e Read_UCD (Data I0O): reads an AVS UCD (.inp) file and outputs an AVS/Express field.

o external_edges (Mappers): produces a wire frame representation of the outside of the unstructured mesh to
reveal objects inside

o external_faces (Mappers): produce a mesh which represents the exterior, visible faces of an unstructured
mesh.

e UViewer3D (Viewers): creates a 3D image in the Data Viewer.
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5.3.4 Displaying the UCD External Edges and Faces (2)

G| SingleWindowApp
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Figure 5.4: external_edges Editor Panel and Result

e Select the avs. inp UCD file using the file browser on the Read_UCD module.
e Select the external _edges modules Editor Panel.
e Alter the max edge angle and observe the effect.
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5.3.5 Shrinking the UCD Cells (1)

ﬂ AVS/Express - C:\Express
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Figure 5.5: Alternative Network for UCD Data

Create the network shown in Figure 5.5 using the following modules:

e Read_UCD (Data I0): reads an AVS UCD (.inp) file and outputs an AVS/Express field.

o external_edges (Mappers): produces a wire frame representation of the outside of the unstructured mesh to
reveal objects inside

o shrink_cells (Mappers): produce a mesh with cells shrunk relative to their geometric centres.

e UViewer3D (Viewers): creates a 3D image in the Data Viewer.
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5.3.6 Shrinking the UCD Cells (2)
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Figure 5.6: shrink_cells Editor Panel and its Result

e Select the avs. inp UCD file using the file browser on the Read_UCD module.
e Select the shrink_cells Editor Panel
e Alter the scale factor and observe the effect.

International AVS Centre Page 91 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

5.4 Further Exercises

Now that the basic UCD examples have been covered, it is recommended that the networks illustrated are used to
display some alternative UCD files. Below is a list of several UCD files that are available, they can be found in the
same directory as the AVS logo file.

e Pyr.inp: example of a pyramid shaped cell
e Tet. inp: example of a tetrahedral shaped cell
e Bluntfin. inp: flow of air over a fin

5.5 Exercise 2

This exercise contains several different networks which are able to display the bluntfin data as a UCD.
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5.5.1 Displaying Scalar Data using the contour Module (1)
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Figure 5.7: Network to Display Scalar Data

Create the network shown in Figure 5.7 using the following modules:

e Read UCD (Data I0O): reads an AVS UCD (. inp) file and outputs an AVS/Express field.

o external_edges (Mappers): produces a wire frame representation of the outside of the unstructured mesh to
reveal objects inside

o external_faces (Mappers): produce a mesh which represents the exterior, visible faces of an unstructured
mesh.

o Axes3D (Geometries): creates an XYZ axis grid with labels based on mesh extents.

e contour (Mappers): creates an isovolume bounded by two isosurfaces (3D) or isolines (2D).

e UViewer3D (Viewers): creates a 3D image in the Data Viewer.

International AVS Centre Page 93 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

5.5.2 Displaying Scalar Data using contour Module (2)
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Figure 5.8: contour Editor Panel and its Result

e  Select the file bluntfin. inp using the Read_UCD modules file browser.
e Using the mouse rotate the object so that similar to that in Figure 5.8.

e Select the contour modules Editor Panel

e  Check the density data component option box

e  Alter the max and min values to be contoured and observe the effect.
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5.5.3 Using the 1sol ine Module (1)
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Figure 5.9: Network containing an isol ine Module

e Read UCD (Data IO): reads an AVS UCD (. inp) file and outputs an AVS/Express field.

o external_edges (Mappers): produces a wire frame representation of the outside of the unstructured mesh to
reveal objects inside

o external_faces (Mappers): produce a mesh which represents the exterior, visible faces of an unstructured
mesh.

o Axes3D (Geometries): creates an XY Z axis grid with labels based on mesh extents.

o isoline (Mappers): creates contour lines of constant value.

e UViewer3D (Viewers): creates a 3D image in the Data Viewer
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5.5.4 Using the 1sol ine Module (2)
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Figure 5.10: isol ine Editor Panel and its Result

e  Select the file bluntfin. inp using the Read_UCD modules file browser.
e Select the isol ine modules Editor Panel

e  Check the data component density option box.

e Animage similar to that in Figure 5.10 should be obtained.

e 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)
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Figure 5.11: Network to Visualise the Vector Data

Create the network shown in Figure 5.11 using the modules listed below:

e Read_UCD (Data I0): reads an AVS UCD (- inp) file and outputs an AVS/Express field.

o external_edges (Mappers): produces a wire frame representation of the outside of the unstructured mesh to
reveal objects inside

o combine_vect (Filters): takes all selected scalar data components and combines to output a single vector
component.

o Arrowl (Geometries): creates a wireframe arrow shaped mesh.

o glyph (Mappers): places a geometrical object at each node of an input field. The glyph is coloured and sized
according to the magnitude of the data component at that point.

o UViewer3D (Viewers): creates a 3D image in the Data Viewer
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5.5.6 Displaying Vector Data (2)

G| SingleWindowApp

Eile Editors Windows

todules |g|_|,l|:|h ﬂ

Glyph Component
* combine_wector

Colar Companent
% combing_wector

Scale Companent
{* combine_wector

tode

" scalar
% vector
" components

[ Marmalize

scale 0.20
4 [ L (T
W Scale

v Scale'

v ScaleZ

<

*
<idle> 5 3D
L

Scales and translates ohject to fill the screen

Il Select Object...

Figure 5.12: glyph Editor Panel and its Result

e Select the file bluefin. inp using the Read_UCD modules file browser.

e Select the combine_vect module and check the x-momentum, y-momentum and z-momentum option boxes.
e  Select the gl'yph module and reduce the scale to ~ 0.2 or until the arrows are suitably sized.

e The image obtained should be similar to that shown in Figure 5.12.
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5.5.7 Using the streaml ines Module (1)
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Figure 5.13: Network using the streaml ine Module to Visualize Vector Data

Create the network shown in Figure 5.13 using the following modules:

e Read_UCD (Data I0): reads an AVS UCD (. inp) file and outputs an AVS/Express field.

o external_edges (Mappers): produces a wire frame representation of the outside of the unstructured mesh to
reveal objects inside

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

e combine_vect (Geometries): takes all selected scalar data components and combines to output a single vector
component.

o streamlines (Mappers): generates streamlines or streamribbons based on a field with one, two or three element
vector components.

o UViewer3D (Viewers): creates a 3D image in the Data Viewer
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5.5.8 Using the streaml ines Module (2)
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Figure 5.14: streaml ines Editor Panel and its Result

e  Select the file bluntfin. inp using the Read_UCD modules file browser.

e Select the combine_vect module and ensure that x, y and z-momentum are selected.
o Select the streaml ines modules Editor Panel.

e Increase the nsegment value to increase the number of streamlines.

e |nvestigate the effect of changing the min_velocity value.

¢ Change the streamlines to streamribbons by selecting the Ribbons option box.

e  Alter the FPIane module parameters.
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6 AVS/Express Examples

6.1 Aims of the Chapter

There are numerous on-line examples included within AVS/Express in order to illustrate the operation and applications
of most of the AVS/Express modules. This chapter will investigate an example network.

6.2 Exercise 1

This exercise will illustrate the use of these on-line examples using the advector module as a demonstration. The
advector module releases a sample of massless particles into a field. 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 Examples Library
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Figure 6.1: Examples Library in the Libraries Menu

To access to the AVS/Express on-line examples

e Select the Examples library page from the Libraries dropdown list on the top of the Network Editor window.
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6.2.2 Starting the advect Demo
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Figure 6.2: Advect Instanced in Application Workspace
e Double click the Visualization sub-library to open it. (It may already be open.)
e Close or delete all current applications, then drag and drop the Advect demo module into the workspace.
e The screen should appear as shown above.
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6.2.3 The advect Demo

n AVS/Express - C:\Express
File Edit Object Project Journal UIBuilder Options Help

71 Libraries (==

[ Wisualization 1 Imaging | B2 Wiz Macras [ Graph Macros | £ Applications

7 Readers i‘: [&] (IPabs) Ei|" [&] iatitrary Slicer) i]: [&] (MuliGraph) Ei|" E&] wispp)

' Advert 1 - (IParithmetic) ' ' [feis2D1) | - (MultiGrapha) ' ' [bddertpp]

- {Cell Cut] | - {IPblend] ' - fis30) | - (MultiGirapha) 1 1l

- [Cell Data) [ - [IPcompare] | ' [Bubbleviz] | - {PolarGraph]

- (City Plot] | _ IPconwolve] - - [Dffeet) | _ (MultiPolar)
I€| (Clarmg] ~| [ (Pedgel |- B Oroslics] = [ [
--Iﬁ«dvect T

Aiz3D | _ combine vect _ FPlane

advector f J f /
Advect =
Figure 6.3: Advect Network

o Double click the Advect icon in the workspace in order to maximise it. The complete Advect network will be
shown in the workspace.

o Refer to each of the modules help documentation in order to understand the way the network operates.
Understanding the advector module is especially important.

e Rearrange the network so it appears similar to the layout shown above. Select the Main library page in order to
select any new modules.
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6.2.4 Changing the Parameters
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Figure 6.4: advector Editor Panel

e Select the advector module from the Modules dropdown menu.
The following steps will run the Advect demonstration:

o Before releasing the advectors select the Reset Time option box.

e To release the advectors select the Run option box.

e Select the cycle option box in order to run advectors on a continuous loop. To stop the cycle, unselect the Run
option box.

Recommended extensions:

e Alter the size of the glyphs by changing the Glyph scale value.
e Alter other parameters in the advector modules control panel in order to observe the effects they have on the
demonstration.
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6.3 Other Exercises

Carry out further investigation of the other examples in the Examples library. Use the module documentation in order
to help understanding in regards to their functions.
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Appendix A:

A.1l: Obtaining Hardcopies from AVS/Express
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Figure A.1: Print editor and Print Setup Window

The contents of the Viewer window can be printed using the Print Editor

e  Select Print from the Editors menu:

e  Alter the parameters to reflect those shown above.

e Print Setup can be displayed by selecting the Print Setup button within the editor. Options such as Orientation
and Printer selection are available here for alteration.

e Select the Print button in the editor in order to print the contents of the viewer.
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A.2: Journaling in AVS/Express

Journaling allows users to record a set of operations, performed on an object and replay them. AVS/Express records
these operations as V statements and commands within a journal file.

To record a series of Network Editor operations:
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Figure A.2: Journal menu

e From the Journal menu on the Network Editor menu bar select Record. The Record File pop up browser window
will be displayed as shown in Figure A.3.
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Figure A.3: Record File Pop up Window

e  Specify a journal filename.
e Select OK to begin recording. Perform the series of operations, e.g. build a network, set values and manipulate the
object. (Any action preformed outside the workspace will be ignored.)

e To stop recording select the Stop command from the Journal menu. The recording will stop and the resulting V
file will be saved.

To play back the V file:

e Ensure that the recording has been stopped and that the network is in the same state as it was when the recording
began.

e Select the Playback option from the Journal menu, Figure A.2. The Playback File pop up browser window will
be displayed.

e Select the journal file and select OK. The recording will be executed and cannot be stopped part way through.
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Appendix B: Field Files

B.1: Solutions to Chapter 3

B.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 Ffiletype=ascii skip=0 offset=0 stride=1

B.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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B.1.3: Field Descriptor for Exercise 3

# AVS fTield 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 skip0O offset=1 stride=2
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B.2: Solutions to Chapter 3

B.2.1: Field Descriptor for Exercise 1

# AVS field file

#  MRI

ndim=2

diml=512

dim2=512

nspace=2

veclen=1

data=byte

Ffield=uniform

variable 1 file=mri.dat Filetype=binary skip=0 stride=1

B.2.2: Field Descriptor for Exercise 2

# AVS field file

# Temp

ndim=2

diml=31

dim2=31

nspace=2

veclen=1

data=float

field=uniform

variable 1 file=temps.dat Ffiletype=ascii skip=1 stride=1

B.2.3: Field Descriptor for Exercise 3

# AVS field file

#  Hydrogen

ndim=2

diml=64

dim2=64

nspace=2

veclen=1

data=byte

field=uniform

variable 1 file=hslice.dat filetype=binary skip=0 stride=1
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B.3: Solutions to Chapter 4

B.3.1: Field Descriptor for Exercise 1

# 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=fin.dat filetype=ascii skip=0
variable 2 file=fin.dat filetype=ascii skip=0
variable 3 file=fin.dat filetype=ascii skip=0
variable 4 file=fin.dat filetype=ascii skip=0
variable 5 file=fin.dat filetype=ascii skip=0
coord 1 file=fin.dat filetype=ascii skip=0 offset=5 stride=8
coord 2 file=fin.dat filetype=ascii skip=0 offset=6 stride=8
coord 3 file=fin.dat filetype=ascii skip=0 offset=7 stride=8

offset=0
offset=1
offset=2
offset=3
offset=4

stride=8
stride=8
stride=8
stride=8
stride=8
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B.3.2: Field Descriptor for Exercise 2

B.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 Humidity

variable 1 file=temp.dat filetype=binary skip=16 offset=0 stride=1
variable 2 file=humid.dat Ffiletype=binary skip=16 offset=1 stride=1
coord 1 file=ccml.sph Ffiletype=ascii skip=1 offset=0 stride=1
coord 2 file=ccml.sph Filetype=ascii skip=2941 offset=0 stride=1
coord 3 file=ccml.sph Filetype=ascii skip=5881 offset=0 stride=1

B.3.2.2: Vector Data

# AVS Tield file

# Climate Modelling — vector 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=bi.u.49 filetype=binary skip=16 offset=0 stride=1
variable 2 file=bi.v.49 filetype=binary skip=16 offset=0 stride=1
variable 3 file=bi.w.49 filetype=binary skip=16 offset=0 stride=1
coord 1 file=ccml.rect filetype=ascii skip=1 offset=0 stride=1
coord 2 file=ccml.rect filetype=ascii skip=2941 offset=0 stride=1
coord 3 file=ccml.rect Filetype=ascii skip=5881 offset=0 stride=1
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B.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=world.asc Ffiletype=ascii skip=1 offset=0 stride=1
coord 1 file=ccml.rect filetype=ascii skip=1 offset=0 stride=1
coord 2 file=ccml.rect filetype=ascii skip=2941 offset=0 stride=1
coord 3 file=ccml.rect filetype=ascii skip=5881 offset=0 stride=1

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

International AVS Centre Page 115 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

Appendix C: Using the Wizards

C.1: Aims of this Appendix

The exercises in this appendix will illustrate the purpose of and way in which the Wizards can be employed. Exercise 1
is a simple example designed to illustrate the fundamental idea behind Wizards. Exercise 2 is a similar example to be
attempted without guidance. Exercise 3 is a more advanced example designed to illustrate how data of a type unknown
to AVS/Express can be imported using Wizards. In all cases, it is unnecessary to create a field file in order to read the
data. The creation of field files was covered in Chapter 2.

C.2: Exercise 1

In this example the electron density within a hydrogen atom is the subject of the visualization. The aim is to take a slice
through the atom and observe differing electron densities throughout the atom.

There are two Wizards within AVS/Express, designed to help new AVS/Express users to get started, by guiding them
through the application process. These two Wizards, the data_import wizard and the
data_visualization_wizard will be employed in order to create the network without any need to interface with
the Network Editor directly.
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C.2.1: Starting the AVS/Express Visualization Edition

@l AVS Express Collection { AVSExpress

{ Demo License
@ On-Line Help
ﬂ Viz Express

Figure C.1: Start Menu

e To start AVS/Express Visualization Edition, select AVS Express Collection folder from the Start menu and load

the Viz Express application (Figure C.1)

o At the start-up of AVS/Express the Network Editor will be in the Start library and the data_import_wizard

and data_visualization_wizard will be instanced in the working area (Figure C.2).

n AYS/Express - C:\Express
File Edit Object Project Jowrnal UIBuilder Options Help

£ Libraries |Start j
11 Data Impaort 7 ¥Wisualization [ Wiew Expaort [ Examples
— o r— — "
A‘/‘;; :‘ A‘)}{: :‘ [Outputimage] [rd netCDF]
&+ *
Importuizard Ve [Dutput/Ps) {rd text grid)
3 il
Fead Field s 2l _—— [OutputyR kL) [rd text columnsz)
T NS BN e L LTl -_ .
Fead UCD =i 3l [Outputbd ovie] [rd text sequence]
. NS BN (e - .
Read Image j clamp j w1 netCOF Fid) [rd bin zequence]

EN
Multiwindowipp

A

data_import_wizard

A=

data_wvizualization_wizard

Data_Import

Figure C.2:

Network Editor in the Start Library
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C.2.2: Data Viewer Pad

¥ MultiwindewApp
File Editors

Modules | Data lmport Wizard ﬂ

I thiz panel, you will chooze the file wou would like
e to import. There are bwo ways to select your file:

-Y'ou can type itz pathname directly into the
Filename field below and then press Enter to commit
your change; or

-ou can click the Browse... button and uze the
resulting dialog box to find and select your file.

filenanme:

| ‘ Browsze. .. ‘

Wwhen your file's pathname iz comect, verify the
dezcription below. Thiz iz generated by the Wizard
bazed on a quick analysiz of the file you selected.

Click the Continug button below to go ancta the next
step.

file description:

Ma filename

Maore Help

”~

< AEE

R

L=
@ £ b3
IT

b Select Object...

|<id|e>

Toggles camera projection

}%

Figure C.3:

MultiwindowApp DataViewer

By default the DataViewer will be split in two with the Editor Panel, left of Figure C.3 and the Viewer window, right of

Figure C.3 as two separate windows.

This layout will not affect the visualization process or method. However, the DataViewer layout can be altered by
reloading and redefining the application type. This is unnecessary but if preferred follow these steps:

¢ Remove the Viewer window and Editor Panel by selecting the cross in the right hand corner of each window.
e From the Toolbar at the top of the Network Editor select File, New Application to display the New Application

pop up window shown in Figure C.4.

e Within the New Application pop up box select Single-window DataViewer, 3D viewer, Add Data Import
Wizard to application and Add Data Visualization Wizard to application (Figure C.4).

e Select OK to proceed.
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[ Hew Application

Chooze application type

Apphcation type Wiewer type
v Single-window D atal/iswer e 20
" Multi-window D ataiewer ]
" Application " 3D and 20
" ModuleStack " Mone

" Scratch Pad

v Add Data Import Yizard to application
v Add Data Visualization Wizard to applicatiore

-

|Jze Project-»Save As... to create a witable project

0K Cancel

Figure C.4: New Application Pop up Window

e The resulting DataViewer can be seen in FigureC.5
e The Network Editor is shown in Figure C.6.

&) SingleWindowApp
Eile Editors Windows

Miodules |Data Impoart wizard ﬂ

In thiz panel, you will choose the file you would like i
toimport. There are two ways to select pour file:

-You can tupe its pathiname directly into the
Filenarme field below and then presz Enter ta commit
your change; or

-*rou can click the Browse. .. button and uze the
resulting dialog bow to find and select your file.

filerame:

‘ Browse... ‘

When wour file's pathname is comect, verify the
description below. Thiz is generated by the “Wizard
bazed on a quick analyziz of the file you selected.

Click the Continue button below to go on to the nest
step.

file description:

M filename

Mare Help

< 4

Top

<idlex 4% K1)
&

Select Object...

Figure C.5: SingleWindowApp DataViewer

International AVS Centre Page 119 of 159
Manchester Visualization Centre

16 January 2004



Introduction to AVS/Express — Student Workbook

[l AVS/Express - C:\Express |._||_E|E|
File Edit Object Project Journal UIBulder Options Help
[ Libraries iStart _:_!
[ Data Import | 1 Yizualization I [ View Export | [ Examples I [ Demaonshations
| | 1 |

—‘ i . —. ~ . . "
So 24 = [Outputimage) =y rd netCOF) |§| Salar System
Aaﬂ'p‘" j A.;/i" j = =
Irarwizard Viswizard E [OutputyPS] E [rd text grid) ,. Clirnate:
-m-ﬂ_ ol e -

- -
R Read Field ‘ &) s 20 (Dutput/RML] (1 test colurnns] FlightPath
RN B N 1} -"-'-ﬂ-‘i-"-i'_! r r r—————————
Head UCD i E [Outputhdovie) E [rd text sequence] ‘ Image2yolume
._.-.—.-—- .-...“_-
EI Fead Image _'_i E clamp _'J [t netCDF Fid) _ [rd bin sequence] __'_i ‘E WalumeShell:
yes =

Singletindowdpp

LN

A= | A

data import_wizard § data_wisualization_wizard |

Start 2

Figure C.6: Network Editor in the Start Library

A connection between the two Wizards will be setup automatically (Figure C.6).
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C.2.3: Structure of the Network Editor

] AVS/Express - C:\Express

File Edit Object Project Jourmal UI Bulder Options Help

S=1Ed

SingleMindowdpp

(£ Libraries | Start |
[ Data Import | 0 Visualization | £ View Export | £0 Examples | £1 Demanstrations
= | r— Nl | |
A}; ::I A); :I [Outputimage) [rd netCDF) :I @ Salar System
* + -~ - . ] -
importvizad oiie (OutputyPS) (1 test rid] Climate
L= E= — - = - .
T =] e 24 (Dutputy kL) (1 tet columiis) FlightPath
I I S N o - - -'_‘ o - e
Read UCD :iﬁd_ - [Dutputtovie) [rd text sequence] D Image2yolume
J_-_-!\.A_ I - — r — K =
Fiead Image _:_j clamp _:j [ netCDF Fid) [rd bin zequence] _:_j iVDlumeShells
i -1 ] ! @ i i - |3

4¢¢

A~

+
data_import_wizard |

A

*
B data_visualization wizard |

UrwiewmersD g

Start

Figure C.7:

Editor.

Network Editor in Start Libarary with Wizards Instanced

The Network Editor should have a layout similar to Figure C.7, showing all major components of the Network

The Start library of modules is on view above the application workspace. This library enables new users to create

and learn about AVS/Express applications quickly. Within the Start library modules are divided into sub-libraries:

Data Import

View Export
Examples

O O O ©0 O

started on.

Visualization

Demonstrations
Data Import, Visualization, and View Export provide a means of creating simple applications for users to get

Examples and Demonstrations provide a learning tool to help inexperienced users.
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C.2.4: Reading a Data File

7 - [5]x|
a|=[a]]

Modules |Data Impart YWizand j

In thiz panel, you will choose the file you would like ~
toimport. There are bwo waps to select your file:

-'ou can type ite pathname directly into the
Filename field below and then press Enter to commit
wour change; or

- You can click the Browze. S —
resulting dialog box ta find aRR LR G R [T el gl @ T 1

File nams: Folders:

filename; hydrogen dat c\express'data‘wvolume
Cancel
droger o
lobster dat (= EXFRESS

“When pour file's pathname i [= DATA
dezcription below. Thiz iz ge = volume
bazed on a quick analysiz ol
Click. the Continue buttan bs
step,

List files of type: Dnives:
file dezcription: |File BExtension{™.") j | c: Windows XP j Network ..

Multiple possil
More Help | Continue »» |

Top Select Ohject. ..

>
<idle - D
L]

Figure C.8: Data Import Filename Browser

When any module including a Wizard is instanced to the workspace the controls for the module can be accessed in the
Editor Panel of the DataViewer.

e Select the browse® button in the Data Import Wizard Editor Panel. The file browser should appear. (Figure
C.8)

e Use the file browser to change the directory c:\express\data\volume and click on the file called
hydrogen.dat.

e Select Continue and the Multiple options file import Wizard will appear as shown in Figure C.9.

% As default the Data Import Wizard Editor Panel should be loaded in the DataViewer. If it is not, perform the following two steps: Select
Modules from the Editors drop down menu, select the Data Import Wizard from the Modules drop down list.
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O] Multiple options file import wizard
filename: C:AEXPRESSADATANvolumeshydrogen. dat

"The filename extension you specified iz used by more than one type of file.
‘which of the following best describes your data:

™ AVS Volume File
" Generic Binary File

If none of the above describes vour data, please read the following suggestion and then click the Cancel
button to exit: To work with vour file, you can write a small text file referred to as an 245 Field File header.
The header file describes your data so that AVS/Express can interpret it, and will allow you to use the
standard Read_Field module with wour data. For more information, see the topic "Field File Farmat" in the DY
reference pages.

Cancel

Figure C.9: Multiple Options File Import Wizard

As the file extension “.dat” is used by more than one type of file it is necessary to define the data so it can be handled
appropriately. In addition to the two options provided by the Wizard there are also suggestions that can be followed if
neither of the options are suitable.

e  Select the AVS Volume File option and the Wizard will produce an image in the DataViewer window.
e The network created by the Wizard that is being executed to produce the visualization can be seen in the Network
Editor as shown in Figure C.10.

] AVS/Express - C:\Express
Eile Edit Object Project Journal UIBuilder Options Help

{571 Libraries | Stan =]
1 Data lmport [ isualization 1 Yiew Expart [ Examples
_— L [— _— "
Ac/’:“’; :‘ A)‘: :| [Outputimage) [rd netCOF)
- +
Ingortizard idwizard [DutputsPS) (rd test grid])
- — 3 =
Fead Field - _—— [OutputRML) [rd test columns) Fl
I NN . —
Fead UCD :-:i;d- - [Dutputtd owie] [rd text sequence] D In
I NN . -
Head Image j cl$ j 1 netCOF Fid) [rd bin zequence] j F“
Al |

Singletwindowipp

Fead Wolume

Wiz izard

Figure C.10:  Network Created by the data_import_wizard

International AVS Centre Page 123 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

O] SingleWindowApp
File Editors Windows

Modules [Read_Valume | o | o | @

“alurne Filename e

|C:\E><F'F!ESS\DATMvqume\hydr |

] [a[=]a]w | [E]@

Browse... ‘

b

£

b4
<idle> |! » 3D
i [

Tep Select Object...

Figure C.11:  Image Created by the ImportWizard

e The DataViewer window should display an image similar to that shown in Figure C.11.
e Now that an image has been obtained it is necessary to view it in a way that is useful and provides relevant
information.
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C.2.5: Visualizing the Data

G| SingleWindowApp
Eile Editors Windows

todules | Data Visualization wizard ﬂ

Thiz iz the starting panel for the D ata Yisualization
“wizard, |f the input of the wizard iz connected to a
field, you should see a brief description of the field
below.

- If you see the descriphion, you can click on the
Continue button to proceed,

- | there iz no description, pau first need to read in a
field using a reader module or the data import wizard
and connect itz output figld port to the input port of
the: vizualization wizard.

field description:
Unifarm 30 field with node data

More Help Continue >3

W

<

»
<idles i T N ED
| &

Transform object mode: transform object with mouse

Il Select Object...

Figure C.12: Data Visualization Wizard Editor Panel

e SelectData Visualization Wizard from the Modules drop down list, its Editor Panel will be displayed as
in Figure C.12.
e  Select Continue >> in order to load the Data Viz Wizard where the visualization method can be defined.
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n Data Viz Wizard - Framing

I thiz panel, you will chooze operators that frame your ariginal
datazet. Thiz will give vou an idea of the size and shape of the original
dataset after you hawve applied other visualization operators to it.

Select bounding option:
" n

Select axis option;

{* mone
" amis

<¢ Back Continue >3

Figure C.13:  Data Viz Wizard — Framing

e In the Framing window select the bounding box option, leave the other as default (none) and Continue >>
(Figure C.13)
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4 Data Viz Wizard - Preprocessing E@@

Ir thiz panel, you will choose operators that preprocess your dataset.

Crop and downsize select a subzet of the onginal dataset. Thiz allows
wou to focus on a region of interest or to simply reduce the amount of

data that downstream operators must process.

Select preprocess mesh option:
* none
" crop
" downzize

Clamp alters data values, setting data values over or under a
threshold to the threshold value. Threshold is similar, but it removes

[zets to null] data values over or under a threshold, leaving gaps in the
datazet.

Select preprocess: data option;

* none
" clamp
" threshald

<4 Back Continue >3

e Inthe Preprocessing window leave all options as default (none) and Continue >> (Figure C.14).

Figure C.14:  Data Viz Wizard - Preprocessing
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n Data Viz Wizard - Visualization g@@

In thiz panel, you will chooze your core visualization operation, The list
below will van accarding to what kind of datazet you have. The icons
show orthzolice and izozurface for 30 datasets and izoline for 2D
datazets.

Select visualization option:

nane
volume_render

ace
izovolume
cantaur

BN e MO e e

<< Back Continue >3 |

Figure C.15:  Data Viz Wizard - Visualization

e Inthe Visualization window select orthoslice and Continue >> (Figure C.15).

n Data Viz Wizard - Legend @@@

In thiz panel, pou can chooze a data legend, which shows the
relatiohizhip between the colors in the vizualization and the data
values in your datazet. Y'ou can also choose to change the
backaround color of the viewer.

Select legend option:

™+ none
" harizantal
" wvertical

Select misc optiohs:

* mone
" set backaground colar

<¢ Back Finizh

Figure C.16:  Data Viz Wizard - Legend

e Finally in the Legend window leave all options as default (none) and Finish (Figure C.16).

The network created by the VizWizard that is being executed to produce the visualization can be seen in the Network
Editor as shown in Figure C.17
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ﬂ AVS/Express - C:\Express
Fle Edit Object Project Jowrnal UIBuilder Options Help

CBX

Singletwindowdpn

.,
/;Q

Importyyizard

Read Yolurme

orthiozlice bounding bos

Wigwizard

7 Libraries |Start ﬂ
[ Drata Impart [ Yisualization [ ¥iew Expart [ Examples [ Den
— o r— — N N
Ac/’;’; :‘ Ac/’;’; :‘ [Dutputimage] [1d netCOF) :‘ IEI g
* *
Im&orl\a\n‘izard Widwizard (QutputvF'S) (rd text grid) .
Fead Field anis 2d - — [DutpubyRkiL] [rd text colurmnz) F
I B N | L
Read UCD ::igd- [Outputtdovie] [rd text sequence] D In
I B N | L
Flead Imags j C|$ j 1 netCOF Fld) [rd bin zequence] j H
-l | |

Figure C.17:  Network Produced by VizWizard

The DataViewer window should now display an image similar to that shown in Figure C.18. The data is being
visualized as was intended; as a slice through the hydrogen atom in order to view the differing electron densities.
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Eile Editors Windows

&) SingleWindowApp

Miodules | D ata Visualization ‘wizard L] k= el

below.

field descriphion:

More Help

Thiz iz the starting panel for the D ata Yisualization
Wizard. [f the input of the wizard is connected to a
field, pou should see a brief description of the field

- |F pout zee the description, you can click on the
Continue button to proceed.

- |f there iz no description, pou first need ta read in a
field using a reader module or the data import wizard

and contect itz output field part ta the input port of
the: vizualization wizard.

Unifarm 30 field with node data

Continue >3

L3

Tbggles camera projection

! ¥
<idlex K1)
@&

P Select Object...

Figure C.18: Data Visualzation Wizard Editor Panel

Now that a suitable visualization of the image has been obtained, it is necessary to manipulate the image into the desired

format.
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C.2.6: Interacting with the Objects

G| SingleWindowApp
Eile Editors Windows
Modules |anthoslice |
aris 2 o
A 1+
plane 32
KT [ i
w
< 4
Rl }i% Sl Select Object...
Reset, normalize, and center on current object

Figure C.19:  orthoslice Editor Panel and Transformed Image

e The toolbar located above the DataViewer window, provides a quick way to manipulate images in the DataViewer.

e Move the mouse over the icons to reveal a small label indicating the activity of the icon.

e Click on the Reset/Normalize/Center icon, in order to suitably position the object in the window.

e To transform the image click on an icon in the Toolbar, place the cursor in the window and while holding down the
left mouse button transform the object as desired.

e Now using the scale, rotate and translate icons manipulate the object until the scene appears similar to that shown
in Figure C.19

e Select orthoslice form the Modules dropdown list to display its parameters in the Editor Panel.

e Altering the value of the plane slider will allow the differing densities throughout the hydrogen atom to be
observed.

e Altering the value of the axis slider will alter the axis that the slice is perpendicular to.

e  Alter the values of these two parameters and observe the effects.
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C.3: Exercise 2

In this exercise the variation in bone density through the body of a lobster will be visualized.

e Using the Data Import Wizard, select the file browser and load the data file lobster .dat.
e Build the same network as Exercise 1 using the Data Visualization Wizard.

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

e  Alter the parameters of the bounds and orthosl ice modules using the Editor Panel widgets.

e Rerunthe Data Visualization Wizard from the DataViewer Editor Panel by selecting Continue >> and
in the Data Vis Wizard - Visualization window select a different visualization method such as isosurface (Figure
C.20).

e  Alter the parameters of the new module using the Editor Panel widgets.

[‘ Data Viz Wizard - Visualization E@@

It thiz panel, you will chooze your core visualization operation. The list
below will vary according to what kind of datazet you have. The icons
show orthzolice and isozurface for 30 datasets and izoline far 2D
datazets.
Select visualization option;
" none
" wolume_render
" orthoslice
¢ isosurtace
" isovalume
" contour
£¢ Back Continie >3 |

Figure C.20:  Data Viz Wizard - Visualization
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C.4: Exercise 3

In this example the data is from Whittakers field, CEDAR Farm, Reading, Berkshire and relates to soil properties within
the field. The properties contained in the data file are Potassium, Magnesium, Phosphorus, Ph and Organic
Matter. The data is contained in Soi IData. txt. The data has been exported from Microsoft Excel into a text file,
which contains the properties in addition to two columns of X and Y coordinates. A hardcopy of Soi IData.txt can
be found in Appendix D and should be referred as necessary.

This Geostatistics data is the subject of the visualization. The aim is to use the visualization as an aid to soil
management for Precision Agriculture. AVS/Express does not have a read module designed to import data with a file
type like Soi IData.txt. The data will be imported using the data_import_wizard and visualized using the
data_visualization_wizard.
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C.4.1: Instancing the Wizards

e From the Toolbar at the top of the Network Editor select File followed by New Application.

e The New Application pop up window will be shown. Select Single-window DataViewer, 3D and finally OK.

e  Ensure the Start library is selected and locate the ImportWizard in the Data Import sub library.

e Select the ImportWizard using the left mouse button and drag onto the application workspace. Release the left
mouse button to instance the Wizard to the workspace.

e Repeat this process for the VizWizard located in the Visualization library. The network should appear similar to
that shown in Figure C.21.

O] AVS/Express - C:\Express
File Edit Ohject Project Journal UI Builder Options Help

[ Libraries IStart _"J
[ Data Import | £ Wisualization | 1 Wiew Export | £1 Examples | 1 Demo
G o r— T il il |
A::)}; j AH; j [Outputimage] [rd netCOF] j @ Sol |
* * = - = J e
Importit/izard Vizhizard (QutputyP3) (rd text grid) Clir
Fead Field E e [OutputyRML) [rd temt colurnng) Flig
H.-- I N . _,H._- = . - = . e -
Fead LICD iz 3d [Clutputhd owvie] [rd text zeQUENCE] n Ima |
-'_--\-\_l I . - - . p— v - - S e — |
Read Image :_j clamp :_j "1 netCDF Fid) [rd bin sequence) :_j ﬁ‘m |
IS e o | — | - = s ! | | = :
41 i 21

Singletaindoviypp

A

Importifizard

A=

Wizwizard

Start 1z

Figure C.21:  Network Editor in Start Library with Wizards Instanced
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C.4.2: reading the data file

todules | Data Impart wizard ﬂ

Ir this panel, you will choose the file you would ke o
toimport. There are bwo ways to select vaur file:

-ou can type its pathname directly into the
Filename field below and then press Enter to commit
your change; or

-"rou can click the Browse... buttorn and uze the
resulting dialog bow to find and select your file.

filename;

‘ Browse... ‘

When your file's pathname is comect, verify the
description below. This iz generated by the “Wizard
bazed on a quick analyziz of the file you selected.

Click. the Continue button below to go on to the nest
step.

file description:

Mo filenane

More Help artinu |

<idle:
| &

Data Import Filename

File name:

Folders:
cexprezstdata

List files of type:

[ e

(== Exprass
= data
3 cans
3 cmap
3 DEM

Drives:

| File Extension(™.") -

| c: Windows XP

j MNetwork...

Figure C.22:

Data Import Filename browser

e TheData Import Wizard Modules Editor panel should be open as shown in Figure C.22. Select the Browse

button.

e  Use the file browser to locate and load Soi IData. txt.
e Select Continue >> and the Unknown file import Wizard* window will appear as shown in Figure C.23.

* The file extension “.txt” is unknown to AVS/Express. The data must be defined manually using the Unknown file import wizard. The wizard
(Figure C.23) contains options and short descriptions. The data must be known and understood in order to select the correct option.
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n Unknown file import wizard

filename: C:\UsershzzogutchSoilD ata kst

Which aof the following best describes your data;

Iv Colurn-onented test data. More Help

There are only a limited number of columnz in the data [compare with nest option]. Each column can be handled
zeparately and columnz can be skipped. This kind of data often results from exporting text from a spreadshest or
databaze.

[ Text data arganized in a grid. tore Help

This type of data can be alza thought of as columi-oriented but has many columnz, all containing numeric data. Al
columng are treated the same. The structure [rows, columng] can be inferred by looking at the data. Thiz kind of data
often results from exporting text from a spreadsheet or database.

[ Text data organized as a continuous sequence of numbers. tare Help

Text nat organized as rows and columnz. The file may contain line breaks, but theze are not used to infer the structure of
the data. This type of data often resultz from a utility progran that prints out the contents of an array as text. ou will have
to supply information about the dimensions of the data.

r tore Help

Binary raw' data. This type of data often results fram a utilty program that wites out the contents of an aray as raw
[binam] numberz. vou will have to supply information abaut the binary data type uzed and the dimenzions of the data.

If hone of the above describes your data, pleaze read the following suggestion and then click the Cancel button to
exit: To work with vaur file, you can write & small text file referred to az an AWS Field File header. The header file
descrbes your data so that 25 /Express can interpret it, and will allow you to uze the standard Read_Field module
with wour data. For more information, ee the topic "Field File Format™ in the DY reference pages.

Cancel

Figure C.23:  Unknown File Import Wizard

e Select the Column-orientated text data® option and then select Cancel.
e Ignore the Error Dialog message shown in Figure C.24 — the error is due to the wizard automatically inputting
incorrect values into the Read Text Columns module® (Figure C.25)

® Column-orientated text data allows each column to be individually defined. Columns can be skipped and given a different data type (float, int),
there is more flexibility. This option is selected as the file contains coordinate and component data which need to be treated individually.
¢ The number of columns in the data file, the type of column separator in the data file and the presence of a header line.
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4 Error Dialog

Errar Dialog

- Ermor detected in; module; Ditable_to_scat - -
column column_0 has invalid field data twpe. lgnored

Figure C.24:

Error Dialog Message

] SingleWindowApp

File Editors Windows

Modules |F|ead Text Calumnsz ﬂ

skip lines

i

[ has header line

column separator | space A

User separator

]

Iv columns setup from file

[ generate index column

# columnz in file

I

Colurmns Setup | calumn_0 =l

[+ read column

column name column_0

data bype | sting

| 4

null walue

1§

Read File

<

o

<idle> Top

== "

Select Object...

Figure C.25: Read Text Columns Editor Panel
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C.4.3: Setting Read Text Columns Module Parameters

The Read Text Columns Modules Editor Panel should be open as shown in Figure C.26. From here the
parameters of the module can be set.

] SingleWindowApp

File Editors Windows

Modules |F|ead Text Columng j

=ty ‘

@) o [Z2

=

skip lines

I

¥ has header line

column separator |space %

[+ columng setup from file

[ generate index calumn

# calumns in file

Columnz Setup !><

Iv read colunin

column name

data type iint

| 4

null walue

I

Read File

<

A

>
<idle: a0
]

ap Select Object...

Figure C.26: Read Text Columns Editor Panel for X Coordinate

The following bullet points should provide enough information to set the correct parameters. It is still necessary to
understand the structure of Soi IData. txt and relate it to the parameters set (Appendix D).

There is a header line describing the data in each of the 7 columns in the file.

There is a space which separates each of the columns.

The data type of the x and y coordinates is int. Using the Columns Setup dropdown list select the required
coordinate and set its properties using the widgets in the indented panel above the Read File button (Figure C.26).
The data type of the 5 soil property components is float. Using the Columns Setup dropdown list select the
required component and set its properties using the widgets in the indented panel above the Read File button
(Figure C.27). It is important to set each component to float. This is tedious but necessary.
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e Select Read File in order to read the data.

&) SingleWindowApp
Eile Editors Windows

Miodules |F|ead Teut Columng ﬂ

B

¥ has header line

column separator |space o

_

[ colurnng setup from file

[ generate index calumn

# calumng in file

I

Columing Setup |Phosphorus ﬂ

Iv read colunin

column name Phosphorus

data type |flaat

|4

Read File

w

<

>
‘<id|e> = o
=]

Transform object mode: transform object with mouse

Il Select Object...

Figure C.27: Read Text Columns Editor Panel for Phosphorus Component

The data is being read into AVS/Express, however, it will not be visible as expected because the parameters of the
table to scatter field module have not been set.
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C.4.4: Improving the Macro Created by the ImportWizard

ﬂ AVS/Express - C:\Express

File Edit Object Project Journal UIBuilder Options Help
[ Libraries ISlart l.]
| | | |
1 Data Import 20 Yisualization | B3 View Export | E3 Examples | B3 Demonstrations

Importwizand izhizard
[2] ReadFisld | [ asis 2d
Read UCD | avis 3d

e — ——
—

Hﬂlmﬂ _:JI clarnp o

[1d netCDF]

A}; j‘ i A}; ﬂ‘ [Dulpullmage]

[&] ouput/Ps)
[OutputvRML)

E [rd text grid)

: Solar Spatem
Clirnate:

FlightPath

E [Dutputhd cvie)
(Wt netCDF Fid)

|

!
- I - [rd text calumnz)
(|

E [rd text sequence]

[rd bin sequence]

Image2folume

Yolurnes hells

s

Singletwindowdpp

A=

Importizard

Wizwizard

E text columis o scat

Figure C.28:

Network Created by Data_import_wizard

e A macro text columns to scat has been loaded into the Network Editor by the ImportWizard (Figure

C.28).

o Double click the macro to show its network in the Network Editor as seen in Figure C.29
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& AVS/Express - C:\Express |:||E|E|
File Edit Object Project Journal UIBuilder Options Help
[ Libraries 15tart _vJ
1 Data Import E [ Visualization E 1 Wiew Export E [ Examples E 1 Demonstrations
L____| 1l - L____| T RS (1] il T RS (1]
A){: j A‘/'_-?; j [Dutputimage) (rd netCOF] j @Sular System
+ - | =11 | |=
Inpartvizad i [DutputéPs) frd test grid) | Climate
Fread Fisld _ -_.axis.;d | [DutputyRML] [ tet oohurnrs] | FlightPath
B EEE B B S = - - I | 11 | 15 —_—
Bead UCD | :-:igd_ ——— [Dutputhdovie] [rd test sequence] | n Image2yolume
I :_] e j;J [ netCOF Fid) [rd bin sequence] j;J iVulumeShells

Singletw/indovwdpp.text_columng_to_scat

Data_Impc.n:f i

Figure C.29: text_columns_to_scat Macro

e The Macro, text_columns_to_scat consists of two modules:
0 Read Text Columns: Reads an ASCII file containing any number of separated columns, often the result of
exporting a spreadsheet
o table to scatter Field (Mappers): maps the data in an array of columns to a scattered field.

The module table to scatter Tield is not the best module for the type of visualization required. The
following module will be more useful:

o table to uniform field (Mappers): maps the data in an array of columns to a uniform field. Use
uniform fields to represent regular data that forms continuous 1D, 2D, or 3D uniformly spaced arrays. Uniform
field can be visualized in many ways including city plot, ribbon plot, surface plot, contour, isosurface, and
isoline.

o Right click on the table to scatter Tield module and select Delete from the pop up menu. This will
delete the table to scatter fTield module from the network of the text columns to scat macro.

o Inthe Libraries drop down list select Main.

e Locatethe table to uniform field module in the Mappers sub library.

e Drag and drop the table to uniform module in to the text columns to scat macro network and

connect to Read Text Columns as shown in Figure C.30.

e Connect all the output ports of the table to uniform module as shown in Figure C.30.
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[lAVSfExpress - C:\Express
File Edit Object Project Jourmal UIBuilder Options Help

7] Libranies ]Main _v_j
£ Datald = Filters | ] Mappers [ Geametries | [ Field Mappers 7 Wiewer
|| == 1.1l el 1!

[Read Field) E [GISMapT ransforr = o - -—1_. E [&rrow] £ Mesh Mappers EI Lwie
- 1 _1] |- . [surf optimize] | - , = 1| |- -
(Riead UCD) ' [cell data math] [ f |"] = [Arow2] [F7 Data Mappers (Ui
Kz = - L surf plot - . - 1 |- =
[Read Image] E [cell to node) = E [Arrow3] =7 Field Mappers EI Uwie
= = 2 J [table to scatter fig ! ) b ] |- 2
(Rd HDF5 Field) [clarp) = 1 || [Arowd] [E1 Combiners R limags
— = - . table to uniform fig — | |- . = A1 |- -
[Rd netCDF Fid) [clamp cell] = - [Amiz2D] 7 Array Extractors [Outp

. = ‘_:j E‘ __:J [=] [text glyphl A:j EI _:J = =l EI |

FE e 2

Singletw/indowapp text_columng_to.scat

text”_azlu-r.r-n.'ls_to'_sca-i—:.

Figure C.30: New text columns to uniform Macro

e Leftclick on the bar at the top of the network area, from the pop up menu select Close to return to the initial view
of the Network Editor.

e Reconnect the text_columns_to_scat macro to the Uviewer3D module as shown in Figure C.28.

o Right click on the text columns to scat macro and select Rename from the pop up menu. The Rename
Object pop up window will appear as shown in Figure C.31.

e Rename the macro text_columns_to_uniform and select Ok. The improved macro will now have a suitable name in
the network.

Rename Object

Enter a new narne tar the selected abject

|te:-ct_c:nlumns_tu:u_unifu:urn']

Cancel

Figure C.31: Rename Object Pop up Window
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C.4.5: Setting table_to_uniform_field Module Parameters

Select the Modules command from the Editors drop down menu and select the table to uniform field
module to open its Editor Panel as shown in Figure C.32. From here the axis of the module can be set.

] SingleWindowApp

File Editors Windows
Modules [table_to_unifam_field =i - | = | | | 0 | ]| | |r:£
A

Field Coordinates

s [ |~ on

Az [ ~| ¥ oN
Z Az [ | oM
Wiz Setup |>< j

Asis Setup Parameters

| Dizcrete

i walue 100.00

I 2% walue 400.00

Bin zize 30.00
[ nomalize axis
| setlabels
[+
label ztep 1
4 | i
[Field D ata s
£ »

ReEs }% Sat- [hog Select Dbject..

Figure C.27:  table_to_uniform_field Editor Panel for X Coordinate

The following bullet points should provide enough information to set the correct parameters. It is still necessary to
understand the structure of Soi IData. txt and relate it to the parameters set (Appendix D).

The Field Coordinates for this 2D data are the X Axis and the Y Axis.

Ensure the Axis Setup Parameters for each coordinate are not set as Discrete, normalize axis or set labels. Using
the Axis Setup dropdown list select the required coordinate and set its properties using the widgets in the indented
panel below the Axis Setup drop down list (Figure C.32).

Ensure the Axis Setup Parameters for each data component are not set as Discrete, normalize axis or set labels.
Using the Axis Setup dropdown list select the required component and set its properties using the widgets in the
indented panel below the Axis Setup drop down list (Figure C.33).
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&) SingleWindowApp
Eile Editors Windows
todules |tab|e_to_uniform_field ﬂ
A

Field Coordinates

s [ |~ oN

s [ v| W ON
7 Az [ ~| ™ on
iz Setup | Phosphorus =]

Asis Setup Parameters

| Dizcrete

Min walue 16.40

b ax walue 81.20

Bin zize E.48
[ nomalize axis
[ setlabels
-
label step 1
KA 5|
[Field D ata s
< 4
Rl };’% Sl Select Object...
Transform camera mode! transform camera with mouse

Figure C.33:  table_to_uniform_field Editor Panel for Phosphorus Component

e The Field Data parameters should be set to those known to be data components; Potassium, Magnesium,

Phosphorus, Ph and OrganicMatter’. Ensure that Count Records is not selected as Field Data
e The Data Setup type of each component should be set to Average

The Network Editor should resemble that shown in Figure C.34.

" If this was Organic Matter the Wizard would assume there where two different columns, must be written as OrganicMatter in the header line.
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Figure C.34:  Network produced by the ImportWizard

The image in the viewer should be similar to that shown in Figure C.35
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Figure C.35:  Image Created by the Data Import Wizard

Now that an image has been obtained it is necessary to view it in a way that is useful and provides relevant information.
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C.4.6: Visualizing the Data

G| SingleWindowApp
Eile Editors Windows

LTV ERRI ) ot s Visualization Yizard

B (o] =[] w| [=]

Thiz iz the starting panel for the D ata Yisualization
“wizard, |f the input of the wizard iz connected to a
field, you should see a brief description of the field
below.

- If you see the descriphion, you can click on the
Continue button to proceed,

- | there iz no description, pau first need to read in a
field using a reader module or the data import wizard
and connect itz output figld port to the input port of
the: vizualization wizard.

field description:

Mo field

More Help

w

<

| b4
i I S
L L

fes Select Dbject..

Figure C.36: Data Visualization Wizard Editor Panel

e Select the Data Visualization Wizard from the Modules drop down list, its Editor Panel will be
displayed.

Usually Continue >> would be selected from the bottom of the Editor Panel, however in this case this is not possible®.
There is a bug in the Wizard which has been reported to AVS/Express and can be fixed in a few simple steps:

e In the Network Editor double click ImportWizard to open up its network in the working area as shown in
Figure C.37.

® Inthe Data Visualization wizard Editor Panel (Figure C.35) the field description: contains the statement No field. The Wizard is not
receiving information regarding the text columns to uniform macro.
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Figure C.37:

| T outfid

=» ¢—. text_columnn=_to_scat. table _to _=scatter_field.field

ImportWizard Network

Figure C.38:

out fld Module

Using the left mouse button double click on the module out Fld in order to observe its contents®. A close up of
the contents can be seen in Figure C.38.

® This is the link which connects ImportWizard and VizWi zard. If this link is wrong, then information will not be passed between the two.
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e There are three alterations, replace scat with uniform®, scatter with uniform™ and finally the last field with
out_fld*.
e Press the Return key on the keyboard in order to load up the correct icons as shown in Figure C.39.

| outna I
—. text_columns_ to uniform. table to uniform field out_f1d
@ nnodes = 10 n i‘
@ nzpace =1 n
@ coordinates
(&) ndim=1 =
&) dims{1] =
@ npoints = 2 [
points[2][1] -
@ grid type =1 ™
@ ncell etz =1 ]
@ cell zet
LI i

Figure C.39:  Corrected out_Fld Link

e Right click the top left corner of the out_fld module. From the pop up menu select Close

e Right click the top left hand corner of the SingleWindowApp. ImportWizard network. From the pop up
menu select Close.

If the instructions have been followed correctly the bug should be fixed. It should now be possible to visualize the data
using the Data Visualization Wizard.

e The parameters of the Read_Text Columns and table_ to_ scatter_ field modules may be reset to
default when fixing the bug. Before you continue it is necessary to reset these parameters (Section C.4.4) and to
obtain an image similar to that shown in Figure C.40.

1% This refers to the macro which was originally text_columns_to_scat, and now is know as text_columns_to_uniform.

1 This refers to the module table_to_scatter_field in the macro which was replaced by the table_to_uniform_field module.

2 This is the bug, the ImportWizard assumes that there is an object called field inside the macro that gets instanced to read the file. In most cases
this is likely to be alright, but in the case of the text_columns_to_scat and text_columns_to_uniform it is wrong
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€] SingleWindowApp E@
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Wizard, If the input of the wizard iz connected to a
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- |F pou see the description, you can click on the
Continue button to proceed.

- |F there is no description, you first need to read in a
field using a reader module or the data impart wizard
and connect its output field port ta the input port of
the: vizualization wizard.

field description:
Uniform 2D field with node data

More Help Continue >3»

¢ >

<idler

Select Object...

Figure C.40: Data Visualization Wizard Editor Panel

e In the Modules drop down list in the Data Viewer select Data Visualization Wizard to display its
properties in the Editor Panel as shown in Figure C.40.

e Select Continue >> in order to load the Data Viz Wizard (Figure C.41), this is where the visualization method can
be defined.

¥ Data Viz Wizard - Framing

In thiz panel, you will choose operators that frame pour ariginal
datazet. Thiz will give you an idea of the zize and zhape of the original
datazet after you have applied other vizualization operators o it,

Select bounding option:
~

Select axis optioh:

* none
" amiz

<¢ Back Continue >
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Figure C.41:  Data Viz Wizard — Framing

e Inthe Framing window select the bounding box option, leave the other as default (none) and Continue >>.

e Inthe Preprocessing window leave all options as default (none) and select Continue >>.

e Inthe Visualization window select solid_contour and select Continue >>.

e Finally in the Legend window select horizontal, leave the other option as default (none) and select Finish.

e The data will not be visualized as a contour map* in the Scene window; however it will now have both a bounding
box and a horizontal colour legend as shown in Figure C.42.

HEE

)] SingleWindowApp
File Editors Windows

[lale MR ) 2t 2 iz aalization Wi

= B a[=[ofw| [EE

Thiz iz the starting panel for the Data Yisualization %
‘wizard, If the input of the wizard is connectad ta a

field. you should see a brief description of the field

below,

- If you see the description, you can click on the
Continue button to proceed.

- If there is no description, you first need to read in a
field using a reader module or the data impart wizard
and connect itz autput field port ba the input part of
the: vizualization wizard.

field description:
Uniform 20 figld with node data

Mare Help Continue >»

W

¢

| *
<idlex lm = = i
_E L J

ap Select Object...

Figure C.42:  Visualization produced using the Data Visualization Wizard

e In the Network Editor delete the connection that is directly between text columns_to_uniform and
Uviewer3D, so that it appears similar to that shown in Figure C.43.

¥ The reason for this is that the original connection between the macro text_columns_to_uniform and Uviewer3D still exists and is
overriding the new network.
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Figure C.43:  Network Created by VizWizard

International AVS Centre Page 152 of 159 16 January 2004
Manchester Visualization Centre



Introduction to AVS/Express — Student Workbook

G| SingleWindowApp
File Editors Windows

todules | Data Visualization wizard LJ

B2 (o] a{o]w|[=]

|

Thiz iz the starting panel for the D ata Yisualization
“wizard, |f the input of the wizard iz connected to a
field, you should see a brief description of the field
below.

- If you see the descriphion, you can click on the
Continue button to proceed.

- [f there iz no description, wou first need ta read in a
field using a reader module or the data import wizard
and connect itz output figld port to the input port of
the: vizualization wizard.

field description:

Uriform 20 field with node data

More Help Continue 3>

W

2 il

oA
= IS |
L L

Scales and translates object to fill the screen

Hefe Select Dbject...

Figure C.44:  Contour Map Visualization produced by the Data Visualization Wizard

The data should now be visualized as a contour map, with a bounding box and a horizontal legend as would be expected
(Figure C.44). Now that a suitable visualization of the image has been obtained, it is necessary to manipulate the image
into the desired format.
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C.4.7: Interacting with the Objects

e The toolbar located above the DataViewer window, provides a quick way to manipulate images in the DataViewer.

e Click on the Reset/Normalize/Center icon, in order to suitably position the object in the window.

e Using the scale, rotate and translate icons manipulate the object until the scene appears similar to that shown in
Figure C.45.

e Select solid_contour form the Modules dropdown list to display its parameters in the Editor Panel.

e Altering the contour component that is selected will alter the component which is shown in the Data Viewer Pad.

e Altering the value of the number of contours slider will alter the amount of contour regions produced.

e Altering the value of the min level slider and max level slider will alter the minimum and maximum values
between which to extract data; the module extracts from the selected contour component all data values in this
range.

e  Selecting Contour Lines will create isolines.

e Alter these parameters to observe the effects and eventually gain a view similar to that shown in Figure C.45.

Eile Editors Windows

Modules |solid_contoul ﬂ

contour component

* Potassium

™ Magnesium

" Phosphorus

" pH

" orgaric

numnber of contours 2
= i
mir level F0.00

* fi i
max level 2639.00
A b
[ Cortour Lines

>

70.00

>
<idlex ‘;’% 30 |Top Select Object...

Figure C.45:  solid_contour Editor Panel and Transformed Image

e Using the Data Visualization Wizard Editor Panel produce an image similar to that shown in Figure
C.46. If necessary use trial and error in order to locate the correct modules.
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™ Potassium

™ Magnesium

" Phosphorus

& pH
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input hepace 2
A | i
scale E517
P i i
offset -406. 47

L - 4 I

<

>
<idlex @&y K1)
L

P Select Object...

Figure C.46:  surf_plot Editor Panel and Transformed Image
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Appendix D: SoilData.txt

XY
100
100
100
100
100
100
100
100
100
100
120
120
120
120
120
120
120
120
120
120
140
140
140
140
140
140
140
140
140
140
160
160
160
160
160
160
160
160
160
160
180
180
180
180

Potassium Magnesium Phosphorus Ph
100 128.00 61.00 29.00 7.80 4.40
120 113.00 77.00 37.00 7.60 4.43
140 163.00 104.00 35.60 7.80 4.99
160 147.00 128.00 33.00 7.70 5.05
180 152.00 146.00 41.40 7.40 4.99
200 134.00 145.00 36.20 7.60 4.84
220 114.00 137.00 41.00 7.50 4.65
240 79.00 126.00 34.80 7.20 4.17
260 67.00 123.00 35.60 7.30 4.27
280 59.00 114.00 31.40 6.80 4.09
100 94.00 60.00 38.80 7.10 4.49
120 129.00 64.00 39.00 6.90 4.29
140 96.00 77.00 31.20 7.00 4.42
160 106.00 106.00 36.80 6.80 4.69
180 119.00 122.00 36.40 7.10 4.46
200 107.00 140.00 41.00 7.60 4.72
220 113.00 134.00 37.20 7.50 4.80
240 103.00 186.00 43.40 7.30 4.86
260 87.00 163.00 36.40 7.00 4.61
280 81.00 154.00 38.00 6.70 4.35
100 106.00 48.00 48.20 7.70 4.62
120 109.00 49.00 34.60 7.80 4.64
140 89.00 45.00 35.60 8.10 4.54
160 68.00 46.00 23.60 7.90 4.06
180 123.00 78.00 33.00 7.90 4.70
200 89.00 97.00 31.80 8.00 5.08
220 69.00 83.00 29.40 8.10 5.18
240 94.00 134.00 47.80 7.70 5.09
260 429.00 268.00 48.20 7.20 4.50
280 82.00 135.00 32.60 7.20 4.17
100 101.00 58.00 35.20 7.30 3.69
120 125.00 67.00 32.80 7.20 4.43
140 93.00 53.00 19.80 7.80 4.33
160 96.00 58.00 21.00 7.80 4.62
180 77.00 62.00 16.40 7.60 4.01
200 88.00 86.00 18.80 7.90 3.88
220 104.00 110.00 20.00 7.90 3.96
240 142.00 150.00 19.80 7.70 4.43

260 97.00 100.00 18.20 8.00 4.24
280 96.00 100.00 19.60 7.80 4.17
100 158.00 99.00 32.80 6.60 3.83
120 151.00 71.00 31.00 6.70 4.27
140 139.00 71.00 28.00 7.70 4.48
160 117.00 56.00 25.20 8.00 4.50
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180
180
180
180
180
180
200
200
200
200
200
200
200
200
200
200
220
220
220
220
220
220
220
220
220
220
240
240
240
240
240
240
240
240
240
240
260
260
260
260
260
260
260
260
260
260
280
280
280

180
200
220
240
260
280
100
120
140
160
180
200
220
240
260
280
100
120
140
160
180
200
220
240
260
280
100
120
140
160
180
200
220
240
260
280
100
120
140
160
180
200
220
240
260
280
100
120
140

119.00 65.00 27.20 8.00 4.49

123.00 54.00 19.00 8.10 4.10

125.00 59.00 27.20 7.90 4.45

133.00 82.00 26.20 7.70 4.32

126.00 101.00 40.00 6.70 4.23
98.00 127.00 22.20 6.80 4.09

135.00 37.20 6.80 3.75
-80
.30
.30
.40
.60
.60
.60
.60
.70
.30
.40
.20
-90
.60
.50
.50
166.00 55.40 6.40 4.88
260.00 40.20 7.10 4.73
295.00 34.20 7.20 5.11
140.00 56.80 6.90 4.65
130.00 66.00 6.80 4.12
83.00 56.00 6.60 4.74

149.00
126.00
119.00
141.00
138.00
132.00
164.00
132.00
146.00
136.00
173.00
238.00
198.00
143.00
188.00
170.00
166.00
182.00
138.00
154.00
247.00
239.00
196.00
184.00
172.00
132.00
123.00
125.00
127.00
122.00
217.00
269.00
227.00
215.00
194.00
146.00
133.00
137.00
119.00
134.00
229.00
216.00
244 .00

68.00
37.00
50.00
50.00
53.00
58.00
73.00
92.00
54.00
96.00
57.00
71.00
64.00
60.00
83.00
75.00

168.00
147.00
150.00
155.00
172.00
175.00
100.00
113.00
116.00
100.00
170.00
170.00
160.00
180.00
166.00
155.00
100.00
116.00
175.00
113.00

41.80
37.40
39.00
30.00
38.80
42 .80
38.80
42 .60
38.80
52.00
45.40
48.80
54.00
65.40
55.60
51.60

54.80
43.60
33.40
41.20
42 .60
50.00
44 .40
59.40
70.00
71.00
66.80
63.00
47.40
45.60
52.40
47.80
54.40
79.00
81.00
70.60

O 00O NNNNSNSNNSNSNSN~NO

[l e RN RN RN e e RN R e R lNe) Be) R e)Re) R o))

.50
.60
.70
.70
.60
.50
.50
.70
.60
.50
.20
.40
.70
-90
.60
.60
-40
-80
.70
.70

as~rbwbrb,wbr,bwpbr,dbbrbpsrdbbo

.78
-13
.92
.57
.76
77
.25
.92
77
.41
.87
-85
.91
.71
.92
.01

A hAbdDdpbhbooooanbrdbdbbddbhsbdbdM>dbdbowbdhDbd

.42
.94
.88
-90
.62
.65
-49
.97
.94
.05
.32
.15
.17
.54
.10
.46
.94
.59
.70
.65
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280 160
280 180
280 200
280 220
280 240
280 260
280 280
300 100
300 120
300 140
300 160
300 180
300 200
300 220
300 240
300 260
300 280
320 100
320 120
320 140
320 160
320 180
320 200
320 220
320 240
320 260
320 280
340 100
340 120
340 140
340 160
340 180
340 200
340 220
340 240
340 260
340 280
360 100
360 120
360 140
360 160
360 180
360 200
360 220
360 240
360 260
360 280
380 100
380 120

189.00
202.00
198.00
180.00
144.00
150.00
132.00
208.00
186.00
196.00
185.00
191.00
170.00
141.00
143.00
141.00
141.00
157.00
193.00
145.00
167.00
135.00
175.00
131.00
122.00
133.00
120.00
159.00
200.00
167.00
168.00
157.00
125.00
143.00
141.00
108.00
142.00
189.00
188.00
151.00
198.00
190.00
168.00
143.00
134.00
144 .00
131.00
138.00
127.00

167.00 68.80 6.40 4.68
210.00 55.40 6.40 4.81
233.00 56.60 6.60 5.22
182.00 65.80 6.70 5.32
138.00 64.20 6.50 4.78
158.00 64.20 6.40 5.00
160.00 54.80 6.40 5.31
100.00 75.60 6.50 4.61
96.00 66.40 6.70 4.39
110.00 65.80 6.70 4.52
129.00 60.80 6.40 4.69
139.00 59.60 6.40 4.40
126.00 59.40 6.60 4.61
122.00 52.60 6.50 4.48
123.00 54.60 6.50 4.36
137.00 52.80 6.50 4.79
162.00 59.20 6.60 5.23
102.00 66.40 6.80 4.63
115.00 72.40 6.70 4.18
94.00 62.00 6.80 4.44
123.00 53.60 6.80 4.54
102.00 53.20 6.60 4.33
131.00 60.20 6.50 3.96
109.00 52.80 6.50 3.48
119.00 49.20 6.50 4.25
142.00 44.60 6.70 4.49
167.00 56.60 6.70 4.58
108.00 72.60 6.70 3.69

88.00 81.20 6.70 4.21
114.00 68.60 6.70 4.24
129.00 60.80 6.70 4.39
105.00 67.20 6.50 4.11
99.00 64.40 6.50 4.36
111.00 53.00 6.40 3.97
135.00 53.20 6.30 4.54
127.00 50.00 6.70 4.75
168.00 55.40 6.50 3.88
86.00 67.00 6.50 4.00
86.00 64.80 6.80 4.45
77.00 51.20 6.90 4.34

120.00 58.80 6.50 4.63
123.00 64.20 6.40 4.87
113.00 65.40 6.50 4.22
100.00 53.60 6.70 4.38
122.00 54.40 6.70 4.48
157.00 60.80 6.60 4.35
163.00 63.20 6.40 4.32

76.00 54.20 6.60 3.34
53.00 47.60 6.90 3.76
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380 140
380 160
380 180
380 200
380 220
380 240
380 260
380 280
400 100
400 120
400 140
400 160
400 180
400 200
400 220
400 240
400 260
400 280
120 110
120 130
190 120
210 120
290 120
310 120
150 160
170 160
310 160
330 160
380 150
380 170
230 180
250 180
140 190
140 210
280 190
280 210
220 210
220 230
340 210
340 230
370 240
390 240
110 260
130 260
180 250
180 270
300 250
300 270

175.00
190.00
153.00
150.00
139.00
166.00
133.00
164.00
181.00
152.00
155.00
188.00
182.00
170.00
200.00
213.00
194.00
184.00
161.00
131.00
175.00
135.00
245.00
194.00

79.00 61.40 7.10 4.15
98.00 57.40 6.70 4.47
84.00 48.80 6.90 4.67
96.00 51.40 6.80 4.32
85.00 46.00 6.90 4.22
114.00 47.60 6.80 4.42
120.00 40.80 7.00 4.48
156.00 46.00 6.80 4.73
81.00 62.20 6.60 3.99
74.00 59.00 6.60 4.11
76.00 52.40 6.80 4.06
91.00 55.60 6.40 4.20
112.00 50.20 6.70 4.57
87.00 43.40 6.90 4.65
106.00 48.40 6.80 4.93
125.00 52.80 6.60 4.67
133.00 46.20 6.50 4.40
162.00 50.60 6.60 4.39
57.00 37.60 7.00 4.62
64.00 31.00 6.90 4.17
69.00 47.00 6.60 4.14
59.00 42.20 6.50 4.52
124.00 77.40 6.90 4.83
101.00 55.00 7.00 4.48

90.00 46.00 18.00 7.70 4.81

145.00
214.00
139.00
168.00
196.00
127.00
143.00
122.00
122.00
212.00
186.00
174.00
155.00
134.00
110.00
169.00
177.00
103.00
106.00
150.00

388.00 31.20 7.20 4.58
127.00 51.80 6.50 4.12
102.00 43.40 6.60 3.90
75.00 49.40 7.20 4.30
98.00 47.20 6.80 4.23
77.00 41.00 6.30 4.63
123.00 42.80 6.40 4.42
76.00 32.00 7.80 4.76
84.00 42.00 7.80 4.99
145.00 60.00 6.40 4.32
171.00 55.40 6.70 4.44
119.00 57.00 6.20 4.86
114.00 61.40 6.50 5.07
93.00 53.60 6.50 4.26

109.00 40.60 6.60 4.13
105.00 55.60 7.10 3.98
100.00 51.40 6.30 3.65
144 .00 42.80 6.60 4.70
134.00 44.60 7.00 4.95
158.00 31.00 6.70 4.21

87.00 116.00 30.00 6.30 4.30

177.00
146.00

117.00 64.20 6.40 4.92
132.00 58.60 6.60 4.78
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