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About Voreen

e Framework for interactive visualization of volumetric data

e Originally initiated and maintained by the Visualization & Computer Graphics
Research Group at the University of Miinster in the Collaborative Research Centre
656 ‘Molecular Cardiovascular Imaging’

e Now maintained and developed collaboratively by the Pattern Recognition and
Image Analysis Group (https://uni-muenster.de/PRIA) and the VISualization and
graphlIX (VISIX) research group (https://uni-muenster.de/VISIX)

e Open source (GPL) research platform with a focus on rendering / visualization, some
preprocessing capabilities and analysis tools

e Functional entities can be reused by exploiting
the data-flow metaphor

e |ntegrates not only volume data
(e.g., geometry, flow data, ...)

e Platform independent (Windows, Linux;
Mac OS currently not supported)

Aaron Scherzinger, Dominik Drees
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About Voreen

VoreenVE * - standard.

2B
pe &, o
£ @ <ol o7 |Leve| of Detai [Debug v]|
Processor State o " [ i |
4 Core Rendering Quality
4 Aggregation Interaction Qualty
Aggregation °
4 Input Sampling Rate
VolumeSource ° Use Interpolation Coarseness
VolumeListSource ° Interaction Coarseness
VolumeSelector ° . SP A —
ImageSource P &
ImageSequenceSource Raycasting Shader
ImageSelector S
GeometrySource
TextSource
4 Octree &
P
SingleVolumeRaycaster Camera
This s the standard volume renderer in Vor . - S
generates Up to three output renderings, W CaachCa ke [Cental Diferences ]
one also provides depth values. Several shg Classification [Precintegrated TF (GPU) -
compositing modes are supported.
Shad Phong -
See CubeProxyGeometry, MeshEntryExitPol - [ Ful) ]
Compositing [ow -]
o Compositing (OP2) [ow -]
Compositing (OP3) [ow v
Lighting Parameters
Abasic network for a simple volume ray-casti Widget | vector

T ssE @

Follow Camera

o Ambient Light |
o Diffuse Light
s @f o '

Specuar Light I

1gL.GPUCaPaDItes (Info) US Version: Windows / Service Pack 1 (buid /601
tgt.GpuCapabilties (Info) OpenGL Version: 4.4. 13092 Compatibility Profile Context 14.301.1013.0
tgt.GpuCapabilties (Info) OpenGL Renderer: AMD Radeon HD 7900 Series

tgt.GpuCapabilties (Info) GPU Vendor: ATI Technologies Inc, (ATT)

tgt.GpuCapabiities (Info) Texturing: yes, max size: 16384, 3D: yes, max 30 size: 2048

tgt.GpuCapabilties (Info) Texture features: 32 units, NPOT, rectangles, compression, 16 anisotropic
tgt.GpuCapabilties (Info) Framebuffer Objects: yes, max 8 color attachments

tgt.GpuCapabilties (Info) Shaders: yes (OpenGL 2.0), GLSL Version 4,40, Shader Model 5.0, max GeometryShader Output Vertices: 1024
tgt.GpuCapabilities (Info) Total Graphics Memory Size: No Information

tgt.GpuCapabilties (Info) Avalable Graphics Memory Size: No Information

tgt.GpuCapabilities (Info) Graphics Driver Version: 14,301.1013.0

tgt.GpuCapabilties (Info) GG:‘aws Driver Date: 2014-11-17

Aaron Scherzinger, Dominik Drees
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Collaborating with Domain Experts

e |nsightful visualizations can only be generated collaboratively
e Challenging for domain experts and computer scientist

5
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Data Flow Concept

e Data flow network for visual rapid prototyping
e Modular concept, reusability

e Data (e.g., volume data, geometry, images, ... ) is transmitted
through the network

® Processors: Entities that perform computations *.m?
(e.g., rendering, geometry processing, data import) —
e Connected by ports v ¥ ¥
e Different types, e.g., ImagePort, GeometryPort, ... SingleVotameRaycaster

e Central network evaluator
e Determines evaluation order
* Manages resources

Aaron Scherzinger, Dominik Drees
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Data Flow Concept

e Configuration of processors through properties
e e.g., lighting, camera, transfer function
e Specify processor behavior

Voreen — Volume Rendering Engine

¢ |nteractive manipulation of network behavior through interaction with properties
e Linking of properties for synchronization between processors

Properties L LX)
Level of Detail Advanced v |
SingleVolumeRaycaster
Rendering Quality |Medium vJ
OptimizedProxyGeometry
Interaction Quality {High J
a Sampling Rate - ) 2,00 3
- Use Interpolation Coarseness
Interaction Coarseness — 2 O
MeshEntryEXxitPoints Interaction Step Size ) (100 7]
o o Raycasting Shader { edit f
. oy I
Transfer Function M h g ‘ @\ ~ ‘ N
. [T T i
SingleVolumeRaycaster Camera | edit |
Gradient Calculation Central Differences v
I

o __ P bnbmmenbnd TE oI

VolumeSource

OptimizedProxyGeometry

MeshEntryEXitPoints

SingleVolumeRaycaster

Aaron Scherzinger, Dominik Drees
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0

Data Flow Concept

&

e Reusability of processors Processor state

GeometryTransformatio... @

| | PlaneWidgetProcessor | @

e Processors are organized in processor list TrangleMeshConverter @

SlicePointRenderer3D ]
* List can be searched and sorted by type, module, name, ... | movenfodeonenc.. o
RegionOfinterest2D L]

e State flags depict the processor’s stability Backpround .
(@ = experimental, © = testing, @ = stable) 3D contrl claments to maniplate s

aligned clipping planes. Use linking to
connect the properties to a
CubeProxyGeometry.

e mee =@

e Processors can be dragged into the network to create a new network or extend an
already existing network

Processors

VolumeSource

| Processor State
GeometryTransformatio... @

| | PlaneWidgetProcessor | @
TriangleMeshConverter °
SlicePointRenderer3D
TwoManifoldGeometryC...

v Image Processing

RegionOfinterest2D
Background

LN ® 0

PlaneWidgetProcessor ®
A

PlaneWidgetProcessor

3D control elements to manipulate axis-
aligned clipping planes. Use linking to
connect the properties to a MeshEntryEXt
CubeProxyGeometry.

Aaron Scherzinger, Dominik Drees
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Data Flow Concept

e Drawbacks: networks may become large and confusing for domain experts
e Large number of components and properties, settings, ...
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e Solution: provide a more streamlined application user interface for a created workspace

10
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Application Mode

e As an addition to the network mode there exists an application mode.

e Revised and extended in Voreen 5.0

e Visibility of single properties can be configured

e Provides a user interface for the actual application domain as an abstraction from the
underlying network

Aaron Scherzinger, Dominik Drees
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Workspaces

e The current session is serialized within the XML- based Voreen workspace format .vws

e Network topology

* Property states .
e Processor layout -
e Loaded volumes
[}

<Processor types*"MeshEntryExitPoints® names"MeshEntryExitPoints® ids"ref8®>
<MetaData>
<Metaltem name="ProcessorGraphicsitem” type=*"PositionMetaData®™ x="-205% y="-174* />
</MetaData>
<Properties>

4
4
g
-
»
P
pd

<Property name="camera® adjustProjectionToViewport=®true® id="reflé*>

<MetaData>
<Metaltem name=*"EdictorWindow” type="lindowStateMetaData® visible="false® x=*-955" y

</MetaData>
<position x="-3,16516089" y="1,88449895" 2="2,34805989" />
<focus x="-0.14060999" y=*-0.205892" z="0.00218" />
<upVector x=*0.3551189" y="0.87701076" z=*-0.3236399%" />

</Property>

<Property name=*filterJitterTexture®” value="true* />

<Property name=®*jicterEntryPoints® value=®false® />

<Property name=®jictterSteplength® value=®0.005" />

<Property name=®supportCameralnsideVolume® values®true® />

<Property name=®"useFloatRenderTargets”™ value="false® />

</Properties>
</Processor>

Aaron Scherzinger, Dominik Drees
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Technical Aspects

e Written in C++

e Exploits OpenGL / GLSL and (optionally) OpenCL, OpenMP

e GUIl optional (Qt 5)

e Support for several volume file formats (e.g., RAW, DICOM, HDFs, TIFF-Stacks, ...)

e Main renderer: OpenGL / GLSL volume ray-casting

e Support for out-of-core data sets using an octree data structure and an OpenCL volume
ray-casting approach

Aaron Scherzinger, Dominik Drees
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Obtaining Voreen

e Download of pre-built version or source code from http://voreen.uni-muenster.de
e Current public version 5.0

e Configuration via the CMake build system
e |nstructions for building Voreen from source can be found on the website

Aaron Scherzinger, Dominik Drees
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Data Structures,
Resource
mManagement

VoreenCore

Voreen — Volume Rendering Engine 17
VoreenVE Custom
Application Application
Framework
h 4
; Processors,
— VoreenOt | _optional_| Data 1f0
|
|
|
|
v :
Modules

(Base )

(Custo m)
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Framework

e Voreen core library
Ports, Properties
Processor base classes

* Processor, VolumeProcessor,
RenderProcessor, ImageProcessor, ...

Data structures
» Data flow network, volumes, geometries, ...
Network handling
Minimal external dependencies (OpenGL, GLEW, Boost, TinyXML)

Voreen core
library

e Voreen Qt library
e Property widgets
® Processor widgets
e Graphical network editor

Voreen Qt
library

18
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VoreenVE

e Visualization environment for rapid prototyping
e Auto-generated property widgets (Voreen Qt Library)
e Visual debugging
* Inspection of intermediate rendering results
e Runtime shader editing
e Application mode for domain experts
e Hides the underlying network
e Visibility of single properties can be configured

Voreen — Volume Rendering Engine

VoreenVE
application

Aaron Scherzinger, Dominik Drees



1
L}
I e \WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER Voreen — Volume Rendering Engine

Modules

e Recommended way to extend Voreen S —
e Encapsulate rendering and data processing functionality | custommedtles
i data
® Processors > [ doc
. b B ext
e Data reader and writers b il include
e Are included / excluded from the build process using > i advancedlighting
CMake configuration options b [ base
. . . > B camino
e May contain external libraries b i connexe
. N > =
e Dedicated directory for custom modules > 8 deprecated
b i devil
) B dti
Modules i » @ dynamicglsl
> B experimental

> @ ffmpeg

( Base ) CCustom) b il flowreen

» @ fontrendering
> B gdcm

> B itk

20
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Property Linking

e Properties of the same type can be linked (value synchronization)
e Within or across processors
e Uni- or bidirectional
e Cycle prevention
e Linking of differing, but compatible property types is also possible
e Floate== |nteger == Boolean
e Linking of more complex properties (e.g., transfer functions) “mssoucs
e (Optional) auto-linking of camera properties

OptimizedProxyGeometry

MeshEntryEXitPoints

SingleVolumeRaycaster

22
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Managing Links in VoreenVE

e Network editor provides linking layer
e Links are represented by arrows
e Port connections are faded out

e Dragging a line between
processors opens linking dialog

VolumeSource

OptimizedProxyGeometry

—)

MeshEntryEXitPoints

SingleVolumeRaycaster

> {Camera Identity

MeshEntryExitPoints
Output coordinate system
Camera inside volume technique
Jitter entry params

Jitter step length

Camera

)

Block Events
Render Size Receive

Ex

@
o
2
2
Py
o
¥ ¢
o
o

Render Size Receive

Selected Link Evaluator:

Evaluator <-: {Camera Identity

Direction of Selected Link:

[

Voreen — Volume Rendering Engine

Property Link Editor

Rendering Quality
Interaction Quality

Sampling Rate

Use Interpolation Coarseness
Interaction Coarseness
Interaction Step Size
Raycasting Shader

Transfer Function

Gradient Calculation

Classification

Auto-Link by Name and Type:

Processor Links

Delete all Links:

Processor Links

OK

23
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Extending Voreen

e Tutorials on the website (more to come)
e Adding a module
e Adding a processor
e Sample-module voreen/modules/sample can be used as a starting point
e Documentation in the source code should be helpful
e Use existing processors as templates
e process()-method does (almost) all the work, is called during network evaluation
e Adding ports / properties using addPort() and addProperty() in constructor

e Callback-functions for performing actions on property changes can be realized using
MemberFunctionCallback or LambdaFunctionCallback

Aaron Scherzinger, Dominik Drees
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Visual Debugging

Voreen — Volume Rendering Engine

e By hovering over render ports, their content can be inspected

VolumeSource

OptimizedProxyGeometry

MeshEntryEXitPoints

Entry-points Output
Type: RenderPort
Size: 350 x 350

Background

27
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Visual Debugging
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e Render target viewer allows to inspect the color, alpha, depth layer, ...
e For all render targets (e.g., RenderPort objects)

Render Targe

DEPTH COMPONENT24 DEPTH COMPONENT24
kg round : image. ou tf kg round :image. tmp

@110 O

1315 kb

350x350

GL_RGBA16

GL_DEPTH_COMPONENT24
MeshEntryExitPoints: @ SingleVolumeRaycaste

@110 O
1315 kb
350x350 350x350
GL_RGBA16 GL_RGBA16
GL_DEPTH_COMPONENT24 B GL DEPTH_COMPONENT24 § GL DEPTH_COMPONENT24
SingleVolumeRaycastefl SingleVolumeRaycaste SingleVolumeRaycaste

Render Target Viewer mEo

v Background: Black
Background: White
Background: Checkerboard Pattern

v Activate R Channel
v Activate G Channel
v Activate B Channel
v Activate A Channel

v Color Channel
Alpha Channel
Depth Buffer

16 Hue Channel

- inage o tp | SSGRBER Gl ]

round :image.outpu
Value Channel

)

Display Selected Processor Ports Only
v Keep Aspect Ratio

v Show Infos
v Show Info Details

Save As Image...
Save As Image With Overlay...

Render Target Viewer

@148
1315 kb
350x350
GL_RGBA16

GL_DEPTH_COMPONENT24
Background :image.output

28
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Serialization

e Workspace serializes network topology and property states to XML
e Custom data can be serialized by implementing the Serializable interface and
overwriting the serialize- and deserialize-methods

e Serializer supports primitive data types, tgt data types (e.g., vectors, matrices, ...), and
STL containers

e Voreen 5.0 also added a binary JSON serializer that can optionally be used instead of the
XML serialization

std::vector< std::pair<float, tgt::vec3> > myData_;
void TestProcessor::serialize(Serializer& s) const {

s.serialize("MyData", myData_);

void TestProcessor::deserialize(Deserializer& d) {
d.deserialize("MyData", myData_);

Aaron Scherzinger, Dominik Drees
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Application Mode Configuration

e Configures the application mode by creating property groups and adding selected
properties to a specific group

e Properties of multiple processors can be grouped by functionality in the interface

¢ Independent from network topology

nopsiie uyn e s vy mauLieanuium vian. g tviwslviusnvue. L iieviiueies
VoreenVE * - standard.vws !En
Fi s Help

P
= 2] Data Input
TS Menu Entities =] Color Mapping (Transfer Function)
| Data Input || Add Group Name Value
. Transfer | & ® @
Color Mapping (Transfer Fun i a
pping ( ) New Workspace Function e v o) BT A
Camera Remove Group = .
Axis-Aligned Clipping k=4 Open Workspace... v == — o 5
Ray-Casting Options 1 save works = S R o T . 4
Background Rename Group ve Workspace v
Save Image Pro— 1A save Workspace As... v Camera
Mov
] Axis-Aligned Clipping
Move Down Main Canv: Ray-Casting Options
C Ci
aaaaaaaa v = et
:Datalnput : Color Mappi : Camera : Axis-Aligned: Ray-Casting : Background : Sat 2] Save Image
S 8
—

Aaron Scherzinger, Dominik Drees
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Animation

e Allows to animate (almost) all properties that have been added to the application mode
configuration

e User specifies key frames for which the property value is stored
e Automatic interpolation of values in intervals between key frames
e Video export

Animation m 0

Time
Current Frame:
00:00.0000
Current Interval:
00:00.0000 - 00:08.1000

Property Name Left Key Value Interpolation Function Right Key Value
Camera
EW Remove Camera | edit \ | linear interpolation v | | edit \ J
Background
[V Remove First Color | | | linear interpolation v | _ J

MUNSTER Voreen — Volume Rendering Engine
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Python Scripting

[} Generic read / Write aCCeSS to almost a“ types Python Script Editor - fhome/a_sche26/voreen/voreen/resource/voreencore/scripts/bemmmile el
of properties, including cameras 4 = | A R

. . [ 1|: Voreen Python script for measuring frame rates. _J

¢ Volume and transfer function loading oo voreen
4 import time

e Canvas snapshots  meor mecn
M # --- configuration ---

e |ntegrated Python editor P SO
10

M . 11 processor = "singlevolumeRaycaster™"
e Since Voreen 5.0: Python 3 I omerareos - wcomtas
. . 13 canvas = ®»Canvas"
(ear“er versions Ofvoreen: Python 2.7) 14 initcam = ((0.0, 0.0, 2.75), (0.0, 0.0, 0.0), (0.0, 1.0, 0.0))

1S rotaxis 0.0, 1.0, 0.0)
46 # --- configuration ---
17
18 def benchmark():
19 # store current canvas size and camera settings
20 prevDim = voreen.getPropertyValue(canvas, "canvasSize")
21 prevCam = voreen.getPropertyValue(processor, cameraProp)
22
23 # resize canvas and initialize camera
24 voreen.setPropertyValue (canvas, "canvasSize", canvasDim)
25 voreen.setPropertyValue (processor, cameraProp, initcCam)
26 voreen.repaint () .

‘Running script...
frames: 100

total runtime: 1.734602
fps: 57.650105

finished.

Aaron Scherzinger, Dominik Drees
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Selected Modules

® Base
e Base functionality, standard rendering processors (2D and 3D)
e Volume and geometry processors
e Clipping
e Bounding boxes
® Image processors (post processing etc.)
e Volume /O
® ffmpeg
e Video export
e OpenCL
e Rendering of large data sets (= 30 GB)
e OpenMP
e Parallel code execution for various processors

MUNSTER Voreen — Volume Rendering Engine
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Selected Modules

e Plotting
e Multiple plotting functions (2D / 3D)
e RandomWalker
e Semi-automatic 3D segmentation of volume data sets

e ...and many more.

Aaron Scherzinger, Dominik Drees
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Selected Functionality Examples

e Configurable views: Splitter, triple view, quad view, tabs, ...

Aaron Scherzinger, Dominik Drees
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Selected Functionality Examples

e Interactive clipping: Axis-aligned clipping, arbitrary clipping, on-screen handles

3 -"-_“:’:'. - o
i e
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Selected Functionality Examples

e Random walker: semi-automated volume segmentation

Voreen — Volume Rendering Engine
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Selected Functionality Examples

e Plotting: Support for CSV files, line plots, bar plots, 3D surface plots, ...

Aaron Scherzinger, Dominik Drees
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Selected Functionality Examples

e Large Volume Visualization:

e |nteractive 3D and 2D visualization of multi-channel volume data
(e.g., lightsheet microscopy image stacks)

e Support for TIFF / OME TIFF image stacks
e HDFs5 file support (incl. compression)
e Rendering of large data sets (100 GB and more)

Aaron Scherzinger, Dominik Drees



WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER

Selected Functionality Examples

e Surface Extraction based on iso values

Voreen — Volume Rendering Engine
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Selected Functionality Examples

e Multivolume Raycasting: Simultaneous 3D visualization of multi-modal datasets

41
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Selected Functionality Examples

e Volume Registration: Landmark registration, interactive (manual) registration

42
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