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MotivationMotivation

• Standard framework for handling Standard framework for handling 
volumetric datavolumetric data

� Accessing the dataAccessing the data

� Reading / Writing to different file formatsReading / Writing to different file formats

• A platform for collaborationA platform for collaboration
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Key ObjectivesKey Objectives

• Uniform volume access APIUniform volume access API

• Different layouts for dataDifferent layouts for data

• Modular, extensible designModular, extensible design

• High performanceHigh performance

• Ease of useEase of use

• Open sourceOpen source
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Volume UnitVolume Unit
Purpose :Purpose :

• Holds the volumetric dataHolds the volumetric data

• Provides access to the dataProvides access to the data

Goals :Goals :

• Uniform volume access APIUniform volume access API

• Allow different data layoutsAllow different data layouts

• Tansparent layout mechanismTansparent layout mechanism
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Volume UnitVolume Unit
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Volume API Volume Access (iterator) API

Volume Data Layout API
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Data LayoutsData Layouts
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Volume Data Layout API
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Data Layout IdeasData Layout Ideas

• Compressed layoutsCompressed layouts

• Disk based layoutsDisk based layouts

• Disk based cached layoutDisk based cached layout

• Network based layoutNetwork based layout

• Internet based layoutInternet based layout

• Texture memory based layoutTexture memory based layout
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Data AccessData Access

• Volume access API : Volume access API : IteratorsIterators
� Avoid direct use of pointersAvoid direct use of pointers

� More robust codeMore robust code

� Code is much more readableCode is much more readable

� Easy code profilingEasy code profiling
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Data AccessData Access
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

Volume Access (I terator ) API

Data in 
L inear  Array

Linear  I terator

Data in 
RLE Array
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Data in 
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Data AccessData Access

Iterator properties :Iterator properties :

• Always at a grid voxelAlways at a grid voxel

• Always inside a volumeAlways inside a volume
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Data AccessData Access

Iterator API :Iterator API :

• Position change operationsPosition change operations
� next ( )next ( )

� next XYZ( )next XYZ( )

� moveTo( new_posi t i on)moveTo( new_posi t i on)

� pr ev( )pr ev( )

� pr evXYZ( )pr evXYZ( )
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Data AccessData Access

Iterator API :Iterator API :

• Value query operationsValue query operations
� get ( )get ( )

� get Rel at i ve( of f set )get Rel at i ve( of f set )

� set ( )set ( )

� set Rel at i ve( of f set )set Rel at i ve( of f set )
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Data AccessData Access

Iterator API :Iterator API :

• No bounds checking operationsNo bounds checking operations
� next NBC( )next NBC( )

� pr evNBC( )pr evNBC( )

� get Rel at i veNBC( of f set )get Rel at i veNBC( of f set )

� set Rel at i veNBC( of f set )set Rel at i veNBC( of f set )
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Volume UnitVolume Unit
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

Volume API Volume Access (iterator) API

Volume Data Layout API
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Volume ClassVolume Class

• Implements the Volume APIImplements the Volume API

• Class name : Class name : v l Vol umevl Vol ume

• Volume objects are the “ volumes”Volume objects are the “ volumes”
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Volume ClassVolume Class

Volume API :Volume API :

• Volume informationVolume information

• Metadata for each volumeMetadata for each volume

• File I/O function callsFile I/O function calls
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Volume File I /OVolume File I /O

Goals:Goals:

• Provide API for reading data from filesProvide API for reading data from files

• Provide API for writing data to filesProvide API for writing data to files
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Volume File I /OVolume File I /O
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

File Input/Output API

SLC Files

VolVis SLC

RAW Files

RAW

New Format 
Files

New Format

GRC 2003GRC 2003



Volume File I /OVolume File I /O

Volume File I/O API :Volume File I/O API :

• For readingFor reading
� r eadI nf o( )r eadI nf o( )

� r eadDat a( )r eadDat a( )

• For writingFor writing
� wr i t eI nf o( )wr i t eI nf o( )

� wr i t eDat a( )wr i t eDat a( )
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Volume File I /OVolume File I /O

Volume File I/O API :Volume File I/O API :

• File ExtensionsFile Extensions
� get Fi l eExt ensi ons( )get Fi l eExt ensi ons( )
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Utility ClassesUtility Classes

• vl Sl i cevl Sl i ce

• vl TxFunct i onvl TxFunct i on

• vl Hi st ogr amvl Hi st ogr am

• vl Cl ockvl Cl ock

• Math :Math :
� v l Tr i pl e,  v l Vect or ,  v l Nor malvl Tr i pl e,  v l Vect or ,  v l Nor mal

� v l Mat r i xvl Mat r i x

� v l Di m,  v l Uni t ,  v l Poi ntv l Di m,  v l Uni t ,  v l Poi nt
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Volume ProcessingVolume Processing

• Any task on a volumeAny task on a volume

• Image processingImage processing

• Volume renderingVolume rendering
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Volume ProcessingVolume Processing
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Volume Processing API

Thresholder Eroder New Processor
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Volume ProcessingVolume Processing

Volume Processing API:Volume Processing API:

• conf i g( )conf i g( )

• set Vol ume( )set Vol ume( )

• r un( )r un( )

• r esul t s( )r esul t s( )
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Volume ProcessingVolume Processing

vl Var Li stv l Var Li st  Class Class

• set ( name,  val ue)set ( name,  val ue)

• get ( name,  val ue)get ( name,  val ue)
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ImplementationImplementation

Goals:Goals:

• FastFast

• Ease of useEase of use

• Hiding templatesHiding templates
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ImplementationImplementation

System :System :

• Linux OSLinux OS

• GNU C++ compilerGNU C++ compiler
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ImplementationImplementation

Multiple data types :Multiple data types :

• Use of templatesUse of templates

• Volume Data Layout API is Volume Data Layout API is 
templatizedtemplatized
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ImplementationImplementation

Shared Library (.so files) :Shared Library (.so files) :

• Dynamically linked libraryDynamically linked library

• Linking at run timeLinking at run time
� Applications can use updated versionApplications can use updated version

� Reduces memory footprintReduces memory footprint
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ImplementationImplementation

Plugins:Plugins:

• Everything in OpenVL is a pluginEverything in OpenVL is a plugin

• The core library has very little The core library has very little 
functionalityfunctionality
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ImplementationImplementation

Plugins:Plugins:

• Dynamic pluginsDynamic plugins
� All plugins are dynamic pluginsAll plugins are dynamic plugins

� Shared library file (.so file)Shared library file (.so file)

� Loaded at run time when neededLoaded at run time when needed
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ImplementationImplementation

Plugins:Plugins:

• Plugin managerPlugin manager
� Keeps track of available pluginsKeeps track of available plugins

� Loads plugins as and when neededLoads plugins as and when needed

• TraderTrader
� Looks for and returns the requested pluginLooks for and returns the requested plugin
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Example CodeExample Code
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• Creating a volumeCreating a volume

vl Vol ume * vol  = new vl Vol ume( v l Di m( 50, 40, 20) ,  Unsi gnedI nt 8) ;v l Vol ume * vol  = new vl Vol ume( v l Di m( 50, 40, 20) ,  Unsi gnedI nt 8) ;
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Example CodeExample Code
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• File input / output:File input / output:

vl Vol ume * vol  = new vl Vol ume( ) ;v l Vol ume * vol  = new vl Vol ume( ) ;

vol - >r ead( " sampl e. sl c" ) ;  vol - >r ead( " sampl e. sl c" ) ;  

vol - >wr i t e( " sampl e. r aw" ) ;vol - >wr i t e( " sampl e. r aw" ) ;
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Example CodeExample Code
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• Accessing volume information:Accessing volume information:

cout  << " Di mensi ons :  "  << vol - >di m( )  << endl ;cout  << " Di mensi ons :  "  << vol - >di m( )  << endl ;

cout  << " Voxel  uni t s  :  "  << vol - >uni t s( )  << endl ;cout  << " Voxel  uni t s  :  "  << vol - >uni t s( )  << endl ;

cout  << " Byt es per  voxel :  "  << vol - >byt esPer Voxel ( )       << cout  << " Byt es per  voxel :  "  << vol - >byt esPer Voxel ( )       << 
endl ;endl ;
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Example CodeExample Code
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• Accessing volume data:Accessing volume data:
vl Vol ume * vol  = new vl Vol ume( v l Di m( 50, 40, 20) ,  Unsi gnedI nt 8) ;v l Vol ume * vol  = new vl Vol ume( v l Di m( 50, 40, 20) ,  Unsi gnedI nt 8) ;

v l Vol I t er <ui nt 8> i t er ( vol ) ;v l Vol I t er <ui nt 8> i t er ( vol ) ;

ui nt 32 count ( 0) ;ui nt 32 count ( 0) ;

whi l e( ! i t er . end( ) )  {   whi l e( ! i t er . end( ) )  {   

  i f ( i t er . get ( )  ! = 0)  ++count ;  i f ( i t er . get ( )  ! = 0)  ++count ;

  i t er . next ( ) ;  i t er . next ( ) ;

}}

cout  << " No.  of  non- zer o voxel s :  "  << count  << endl ;cout  << " No.  of  non- zer o voxel s :  "  << count  << endl ;
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Example CodeExample Code
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• Using a volume processor:Using a volume processor:

vl Vol ume * vol  = new vl Vol ume( ) ;vl Vol ume * vol  = new vl Vol ume( ) ;

vol - >r ead( " sampl e. s l c" ) ;vol - >r ead( " sampl e. s l c" ) ;

vl Vol ume * maskVol  = new vl Vol ume( vol - >di m( ) ) ;vl Vol ume * maskVol  = new vl Vol ume( vol - >di m( ) ) ;

vl Pl ugi n * pr oc= vl Ker nel : : t r ader ( ) - >get Pl ugi n( " Vol Pr ocessor " , " Thr eshol der " ) ;vl Pl ugi n * pr oc= vl Ker nel : : t r ader ( ) - >get Pl ugi n( " Vol Pr ocessor " , " Thr eshol der " ) ;

i f  ( ! pr oc)  r et ur n;i f  ( ! pr oc)  r et ur n;

pr oc- >set Vol ume( vol ) ;pr oc- >set Vol ume( vol ) ;

pr oc- >conf i g( ) - >set ( “ maskVol ” ,  maskVol ) ;pr oc- >conf i g( ) - >set ( “ maskVol ” ,  maskVol ) ;

pr oc- >conf i g( ) - >set ( " Thr eshol dLow" ,  ( ui nt 8) ( 100) ) ;pr oc- >conf i g( ) - >set ( " Thr eshol dLow" ,  ( ui nt 8) ( 100) ) ;

pr oc- >conf i g( ) - >set ( " Thr eshol dHi gh" ,  ( ui nt 8) ( 150) ) ;pr oc- >conf i g( ) - >set ( " Thr eshol dHi gh" ,  ( ui nt 8) ( 150) ) ;

i f ( ! pr oc- >r un( ) )  r et ur n;i f ( ! pr oc- >r un( ) )  r et ur n;

st d: : cout  << " Thr eshol di ng done. "  << st d: : endl ;st d: : cout  << " Thr eshol di ng done. "  << st d: : endl ;

maskVol - >wr i t e( " sampl e_t hr eshol ded_mask. sl c" ) ;maskVol - >wr i t e( " sampl e_t hr eshol ded_mask. sl c" ) ;
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Future WorkFuture Work
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• More plugins!More plugins!

• LayoutsLayouts
� Texture memory based layoutTexture memory based layout

� Networked layoutNetworked layout

� Disk-Cache layoutDisk-Cache layout
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Future WorkFuture Work
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• Volume Rendering APIVolume Rendering API
� Unified API for different enginesUnified API for different engines

� Similar to OpenGL and VLI (Volume Pro's API)Similar to OpenGL and VLI (Volume Pro's API)
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Misc. StuffMisc. Stuff
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

• Source is CVS controlledSource is CVS controlled

• Available freely under LGPL license Available freely under LGPL license 
from the OpenVL websitefrom the OpenVL website

• Mailing list for usersMailing list for users

• Bug trackingBug tracking

• Encouraged to get involved!Encouraged to get involved!
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Misc. StuffMisc. Stuff
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

Availability:Availability:

• SourceSource
� You need gcc 2.96 or gcc 3.2You need gcc 2.96 or gcc 3.2

• BinariesBinaries
� Two sets of RPM packages are available for Two sets of RPM packages are available for 

Linux distributions based on Linux distributions based on 

» gcc 3.2 (Mandrake 9.x, RedHat 9.0, etc.)gcc 3.2 (Mandrake 9.x, RedHat 9.0, etc.)

» gcc 2.96 (Mandrake 8.x, RedHat 7.3, etc.)gcc 2.96 (Mandrake 8.x, RedHat 7.3, etc.)
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Misc. StuffMisc. Stuff
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

Statistics (4 months):Statistics (4 months):

• ~ 300 downloads~ 300 downloads

• ~ 5000 page hits~ 5000 page hits

• ~ 25,000 lines of code~ 25,000 lines of code

• Plugins:Plugins:
� 5 File I/O5 File I/O

� ~ 10 Image processing~ 10 Image processing
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More InformationMore Information
OpenVLOpenVL
The Open Volume LibraryThe Open Volume Library

OpenVL Website:OpenVL Website:

ht t p: / / openvl . sour cef or ge. netht t p: / / openvl . sour cef or ge. net

&&

ht t p: / / www. cs. sunysb. edu/ ~vi s l abht t p: / / www. cs. sunysb. edu/ ~vi s l ab
/ pr oj ect s/ openvl/ pr oj ect s/ openvl
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Thank You!Thank You!
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