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Introduction

In order to work comfortably witlCTvoxwe suggest the followingonfiguration

9 adisplay adapter with (Bor moreof dedicatedvideomemory
(installation of the latest drivers is recommaad, for maximunOpenGlcompliance)
9 1024x 800 screen resolutioor better

Importantnote

I ¢ B2EQa OF LI oAt AGASE IdeteiminetfbiNtAeytaphicsc@@installedsin yaufr compateri St @
Before starting using the software, please adjust the maximum volume size to fit your specific graphics adapter, as
follows:

1. Find out how much dedicated video memory your graphics adapter has.

One method ¢ look up the amount of dedicated video memory is consultirgSystem InformationThis
can be launched through thgystem Info. button in CTvox'&\boutdialog or directly througlstart >
Programs > Accessories > System Tools > System Informaitidhe System Informatiowlialog, select
Components Displayin the left pane. The entnpdapter RAMwill show the video memory size.

2. Enter this value into th&/ideo memorygrop down listin the Preferenceslialog {n the Optionsmenu).
Mind: if your PC is equipped with a graphics chipset using shared memory, make sure to 8karts:
setting.

3. Should you experience problems loading volume data, please refer t8ahéigurationsectionof the
online helpto fine tune your configuration.

Online relp is availabl¢hroughHelp Topicsn the Helpmenu.
Contextsensitive help is algorovided

K2

9 Clicking on the toolbar first and then any element of the user interface will pop up help on
that specific item.
1 Pressind-1in any dialog will pp up help specific to that dialog.

Loading a dataset

'}

=

To load the dataset of your choice, seleoad Volume Data.in the Actionsmenu, or click the
button on the toolbar. Alternatively, you can drop a file from tliataset on (a shortcut to) CTvdke
application will start and load the dataset without further prompting.
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On the right, thd_oad Datasetlialog offers several options to resize your dataset:

9 reducingthe dataset in all directions
91 loading only a central portion of the dataset, eithessiice (XY) or in thedirection

Once a dataset has bedwaded, the transfer functioplot area(in the Transfer Functiopane,in the
upper left cornerwill alsodisplay a histogram for the dat&ince low intensities dominate the
distribution (due tonoise and other contributions}he histogram is best displayed using a log scale:
right click in the transfer function window and selétigscaled histogram

Likavise, these lowintensity contributions (which dominate the periphery of reconstructed ges)
tend to obscurethe core of the volume data. Therefore, it is usually useful to suppress these low
intensities in the rendering to some extent, by making them highly transparent:

1 Make theopacitychannelactive in the
transfer function editor, by selecting
Opacityfrom the Channelrop down box.
The markers for the purplepacitycurve
(initially a straight line, with just two
markers, one at each end) appear, to
indicateit is active.

Opacityis the opposite of transparency
Hence, we will need to map low
intensities to low opacities ( = high
transparency).

1 Add a knot to theopacitycurve by
clicking in the lower left corner of the
transfer function window: the curve
changes to smoothly pass through the
new and existing markers.

1 Try moving the marker to smoothly
change the transfer function and obtain
the desired effect: left atk the marker
and drag the mouse with the left mouse
button held down.

One can switch betweenspline
(smooth) curve and polygonal lindoy
togglingUse splinesn the context menu
(invoked by right clicking in the transfer
function plot area).

The contet menu also includes entries t
reset the currently active or all curves ai
to delete a marker (when invoked with
the mouse pointer over a marker).
Markers can also be deleted by double
clicking them or dragging them outside
the plot area.
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Often,the bitmaps making up the dataset will contawverlaidscales or textual information, which also
hide the actuabbjectfrom view. To remove these, proceed as follows:

1

The wireframe box surrounding the object acts adipping boxits faces can be moved
independently, to selectively clip away portions of tigect

(&

(The visibility of the clipping box can be toggled usin button on the toolbar.)

If necessary, rotate thebjectby dragging the mouswith the right button held down (see
further below) until the mouse pointer can be broughtectlyover the cube face that needs to
be moved inward.

With the mouse pointer directly over the cube factick and hold down th&eft mouse button
while holding theShiftkey pressed. This willick'the clipping plane: to reflect this, the face's
edge turns from purple to yellow.

By dragging the mouse, the cube face can be moved along its perpendicular, clipping away
portions of theobjectthat fall outside the clippingox.

Release the mouse button when the desired position is reached: the face's edge shifts back to
purple, to indicate it is no longer picked.

Navigating the scene

Two modes exist for navigating the scene:

q &

Objectmovement the orientation (rotation)and position (translation) of thebjectcan be

adjustedusing the right and left mouse button respectivellye cameracan bemoved closer to or
farther from the objectusing the mouse wheel.

&

Cameramovement the objectis held in place; the camerarcée rotated around thebject

(right mouse buttonandthe camera viewing angle can be adjusted (left mouse buttagdin,the
mouse wheemoves the camera forward or backward.

The following table summarizes the navigation controls:

Mouse interaction Object movement Camera movement

Left button down Object translation Camera viewing angle

Left button + Ctrl Clipping box only translation Clipping box only translation
Left button + Shift Pick clipping plane Pick clipping plane

Middle button [+ Ctdl Out-of-plane translation Camera forward/backward
Right button down Object rotation Camera rotation

Right button + Ctrl Clipping box only rotation Clipping box only rotation
Mouse wheel Camerdorward/backward Camera forward/backward
Double click Toggleinteraction mode Toggle interaction mode
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The right mouse button controls rotation in both modes.

In objectmovementmode,the left button controls the translatioin the viewing planeOut-of-plane
translation (i.e. perpendicular to the viewing plane) is performed using the middle mouse button.
In camera movement mode, tHeft button controls thecameraviewing anglgacting as a zoom, but
introducing perspective distortion when the camera is clusthe object, the viewing angle can also be
set in theView Optiongpane)

By holding theShiftkey down while left clicking, thiaceof the clippingbox under the mouse pointer
can be 'grabbed' and subsequently dragged to clip a portion obkiject

Holding theCtrlkey during rotation or translatiofin both modes)will keep theobjectin place and
move only the clipping box, allowimgsitioninga clipping plane appropriately.

The mouse wheel controls the distance between cameraaijelctin both modes.

Double clicking either mouse button in tireagingwindow toggles thanovementmode.

Precise motion control is available through tMevement > Numeric..command in theActionsmenu.
The orientation and position of the camera aolbjectcan be reset to their starting state usidgtions >

"‘§‘ ;“

Movement > Reset Cameli—') andActions > Movement > Res@bject(

) respectively.

Transfer Function

In volume renderingevery voxel in the volume data is assigned an emissilam (the color the voxel
emits, determinedy its red (R), green (G) and blue (B) componesgavell as an opacitgfacity is the
oppositeof transparency). Both of course depend on the original volume data and the mapping is
governed by the sgalledtransfer function displajed on the left side of th€Tvoxvindow. The

horizontal axisn the plot represents the original scalar data (theay attenuation), thevertical axis
represents one of the transfer function components (R, &, Bpacity).

Modifying the opacity contris the visibility of the corresponding voxels and how much they obscure
more distant voxels. By setting the opacity for a given intensity range to zero (full transparency), the
corresponding voxels are effectively made invisible.

The color channels can lieked (yielding the. [forluminancé channel), in which case only gray values
will appear in thamage or controlled independently (R, G and B channels), allowing to introduce color
in theimage.

Channels Transfer function plot Resulting image
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L,
Opacity

R, G, B,
Opacity

Blending mode

After startup, theblending modas set toVolumeblending (this blending type can be selected at any

)

time by selectin@lending > Volumén the Actionsmenu or pressing th button on the toolbar),
meaning the emissicabsorption model as described above is used.
Other blending modes available are:

)

1 Attenutation
This mode corresponds to digitally reconstructing a radiograph: a radiograph along the current
viewing directionis generated.

1 Maximum Intensity Projection
For every ray hitting the screen, only the most intense voxel along the ray is retained. Hence,
this mode automatically highlights the structures of maximum intensity.
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View options

TheView Optiongpane, m the left, groups settings that determine the general appearance of the scene
The camera viewing anglelescribed above, can be set using the corresponding slider.
Thebackgroundagainst which the scene is displayed can be specified:

1 Colorfill
An homogeneous background of the usgpecified color.In this mode, the camera position is
unbounded.

9 Color cube
A cubewith faces of slightly varying color, based on a tsgcified color. Theube size&an be
specified. In this modeamera movement iBmited, such that the camera remains within the
cube.

1 Image cule
Acube whose faces are painted with usgrecified bitmaps A default set of bitmaps is
provided to generate the coastline scenery depicted below. Here, too, the camera position is
bounded by the cube and the cube size adjustable.

The three types of background are illustrated below:

Cutting/clipping shapes

In addition to the clipping box, CTvox offers thating/clipping shape As the name suggests, it
supports bothclipping(i.e. the portion of the volume lyingutsidethe shape is removed) as well as
cutting (i.e. the portion of the volume lyinipsidethe shape is removed Furthermore, multiple shapes
are availablein addition to the familiabox,a sphere,acylinder,a wedge and grism.

To show or hide the cutting/clipping shape, click - button on the toolbar to open the
cutting/clippingshapedropdown menu andelectShow @tting/Clipping Shape To specify the
behaviorof the shape select eitheNo Cutting/Clipping Cuttingor Clipping Selecting one of the listed
shapeswill change the geometry of the cutting/clipping shape accordingly.
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Unsurprisingly, the handling of the cutting/clipping shape shows many parallels with that of the clipping
box:

1 Hdding down theAlt key while translating or rotating (using the left or right mouse button
respectively in object movement mode), will move the cutting/clipping shape independently
from the volume. (Compare this to holding down &l key in the case dhe clipping box.)

1 Similarly, to move any surface of the cutting/clipping shape, left click while holding down both
ShiftandAlt keys to 'grab’ the surface under the mouse pointer and drag the mouse to move
the surface accordingly. (Compare this to madddown theShiftkey in the case of the clipping
box; as a matter of fact, holding down bd#hift and Ctrl keys will also work for the clipping
box.)

The following images illustrate the effect of cutting for the various shapes:

Lighting effects

Lighting effects can also be added to the scexueh lightingeffects increas¢he realism of the resulting
image by providing additionalegith cues and enhancing smatiale structuresTo invoke/hide the

¥

Lightingdialog, select th®©ptions > ightingcommand or clic on the toolbar.

Two types of lighting effects are available:

o

1 m) Shadows
Thiseffect adds shadows to the imaday taking into accounthe attenuation of the lightas it
travelsfrom the light sourcg greatly enhancing the depiberception and the visual realism.
o

1 = Surface lighting

This effect emphasizes the local structure or roughness of thecbfijg modeling the reflection
of thelight), lending the appearance of realistic materials to surfaces.
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Clicking thF_’O‘_ button toggks the visibility of the light source. Use e button to switch from

Objector Camera movemerb Light movementthe right mouse button now controls the orientation of

. o . . &
the light source.Thisorientation can be reset using th “+*| button.

TheShadowsslider controls the intensity of the shadows

TheLight colompane allows modifying the color of the light source, either through the sep&ate
GreenandBluesliders or through the color picker.

TheMaterial propertiesdetermire the appearance of thebject when using surface lighting

1 TheMaterial colorcan beadjustedusing theRed GreenandBluesliders or the color picker.
1 anumber of sliders control the contributigof the various componentsaking upthe light:

Emission the contribution ofthe familiar emission component
Diffuse the portion of the reflected light that is evenly scatterec
Specular the contribution of mirrorlike reflection

These material properties can be savedile and restored at a later point using tisaverespectively
Loadbutton. TheResetbutton resets the material properties to their default values.

The following images illustrate the various lighting effects:

Shadows + surface
lighting

No lighting Shadows Surface lighting

Flight Recorder

The Flight Recorder functionality can be used to produethfiyugh animations for youBDdata. To

1)

invoke/hide theFlight Recordedialog, select théctions > Flight Recordeommand or click—! on
the toolbar.
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The idea is to saip the scene and to tait as &key frameby clicking theAddbutton. When eventually
creating the movie, th@rogramwill generate the specified number of intermediate frames by
appropriatelyinterpolating these key frames.

Use the following controls to navigate the sequentd&ey frames:

|< show the previous key frame

<< cyclebackwardtrough the key frames
|> Start preview

Il pause preview/cycling

>> cycleforward trough the key frames
>| show the next key frame

The Hide clipping boandHide cutting/clipping shapeheckboxs allowsuppressngthe clipping box
and the cutting/clipping shape respectivatythe generated movie, even though visible in the
rendering.

When ready, the movie can be generated by clicldage movie The output is either an AVI fibe a
series of bitmaps (BMBPGor PNG.

At any moment, a screen capture of thendering can be saved (as BMPGor PNG, using theSave

: : L
Image...command in théActionsmenu or the “ button on the toolbar.

Stereo viewing

CTvoxsupportsstereo viewingto further enhance the 3D impression. To switch on/off stereo viewing,

use theStereo Modecommand in theDptionsmenu or click the s button on the toolbar. Thestereo
anglerequired for an ideal stereo image depends on #dpecific setup (i.e. theiewer's interocular
distance and the distance from eyes to scrieand can bedjusted in thePreferenceslialog, accessible
through Options > Preferences

Exporting as ImagVis3D Mobile data

Image\ls3DMobile is a volume rendering app intended for Appleart devices (iPad, iPhone and iPod
Touch.) It is freely available through the Apple App Store.

CTvox supports conversion to the file format expected by I&E$D Mobile, the soalledI3M format,
by selectind E LJ2 NIi I &in theoAatiorSrhetid: X
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http://itunes.apple.com/us/app/imagevis3d-mobile-universal/id378071694?mt=8

Exporting a volume as I13M data results in two files:

1 asingle file for the volume data (up to 8 MB in size), with the .i3m extension.
9 afile describing the trarier function, with the .1dt extension.

Transferring the I3M data to the mobile device requires a WiFi connection between the device and a PC
running a dedicated application for the data trandféfhenext section describes in detail how to set up
the datatransfer.

Setting up the data transfer to ImagVis3D Mobile

Step 1 : Install the dataset server on the PC
Download and install the scalleddataset servefrom the ImageVis3D Mobilsupport website

Installation amounts to unpacking the downloaded zip file to the location of your choice.

We suggest unpacking the zip archive to the same folder as the CTvox executable: this way, when
exporting data through CTvox to the default folder, the exported datutomatically written to the

a S NJg&aaiar.

! 1t should be pointed out that the ImageVis3D Mobile app also supports data trarestieeen Apple devicessing
Bluetooth.
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http://ivda.cs.uni-saarland.de/IV3Dm

Launch the dataset server by running thataServerGuexecutable, then clicking th8tart Data Server
button. (The default value for the communication port should do just fine.)
The server is now readg communicate with the mobile device.

5] IV3Dm Data Sewerl = | ﬁ]

Port  10050|

Start Data Server

Step 2 : Install the ImageVis3D Mobile app
Install thelmageVis3D Mobile app on your mobile device, through the App Store.

Step 3 : Configure the connectivity for the app

Make sure that both the PC and the mobilevite are connectedtthe same WiFi networkYgu may
need to temporarily disconnect or disable the wired network connection to allow the wireless
connection to take over.)

I 00Saa e 2Saigsiidugi the31ond screen, and proceed to the settings for theageVis3D
Mobile app.

wi_Mobistar 7 13:21 13:21 su1..Mobistar = 13:21 B =
S ESS = e
Settings Settings IV3D Mobile
| Mail, Contacts, Calendars B e
o et Ignore Video out OFF J
[o—
e nable the last option on devices that
A\ Phone > Enable the last option on devices th
mirror the video automatically (e.g. the
% Safari > i iPad2)
= 5 | Enterprise Data Transfer
Messages >
X B e < Servername
C iPod > C
‘ e Port
{8 Photos >
Password
3 Notes >
TR, e Personal Data Transfer
Store >
Servername 172.31.48.143
=~ i T
IV3D Mobile q | Port 10050
{3 A

In the ImageVis3d Mobile settings, tBervernamdor the Personal Data Serveneeds to point to the

PC running the dataset server. (The valuePort should match the setting on the server side.)

Both hostname and IP address can be entered. If you manage to establish communication using the
K2alylryYSy GKA&Z Aa GKS LINBFSNNBR YSGK2R aiAyoS Al Y
IP address However, should the hosthame resolution fail to work, you will need to enter an IP address.
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¢2 200FAYy GKS t/Qa Lt FRRNBaa FT2NJGKS 2ACA ySig2N.
ipconfigcommand, then look for the IP address of the wirelestwvork adapter among the returned
information.

Step 4 : Test the connection
al 1S adzNB (i rataifoldérkdhtains StNGSAsE dv@laM file and that the server is running.

Launch the ImageVis3D Mobile app on the mobile device.

Near the bottom ofthe screen, tap thé&elect Dataseicon, then select th&®ownload from Server
option.
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