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3 WHY MATHEMATICA? (@) SiSSRARH 2025

OpenVDB fits nicely with Mathematica’s rich set of functionality regarding
geometry, image processing, and graph theory.

reg = RegionDifference|
ParametricRegion[{{%, Vv, Z+ yYwx}, x*"24+yA24+27221), (%, Y, 2}],
CapsuleShape[{{-2, 0, 3}, {2, @, B}). 0.5]
13

Integrate[s'in[xyz], {Xy ¥y 2} €

3.64567 <10 RegionImage([reg]

Reg‘ionbilationl. ,I J// Region




3 WHY MATHEMATICA? (@) SiSSRARH 2025

OpenVDB fits nicely with Mathematica’s rich set of functionality regarding
geometry, image processing, and graph theory.

im = Import ["ExampleData/CTengine.tiff", "Image3D"];

RidgeFilter[im]



3 WHY MATHEMATICA? (@) SiSSRARH 2025

OpenVDB fits nicely with Mathematica’s rich set of functionality regarding
geometry, image processing, and graph theory.

capitals = DeleteMissi ng[ all countries, dependencies. and {erritories | capital city H .

tour = FindShortestTour [capitals])

GeoGraphics|[{Red, GeaoPath|[capitals|[tour[[2]]]), GeoRange - "World")
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2 OPENVDBLINK

List of functions exposed (so far)

Length [MNames["OpenVOBLink «"] )

58
TOpenVDBLink ™ «
v DpanVDE !

OpenVDBACTeTiles
OpenVDBEACTVEVOXRIS
QpenVDBAcciveNaxe!SliceTotals
OpenVDBArea
QpenVDEBcol2anGridQ
QpenVDEClip
OpenVDECInsing
OpenVDBCapy
OpenVDBCopyGrid
OpenVDBCreateGrid
OpenVDEData
QpaenVDEDefaultSpace

OpenVYDBDeleteGrid

OpenVDBDepthimage

DpenVDEDiffarence
DpenVDBDIfferenceFrom
CpenVDBDilatian
CpenVDBDistancs
OpenVDEDynamicSlicelmage
CpenVDBE resion

DpenVDEE ularCharactaristic
CpenVDBExport
CpenVDBFIIWIthDalls
CpenVDBFilter
OpenVDEFogVolume
CpenVDEGammaAdjust
OpenVDBGenus
CpenVDBGrid

OpenVDBGridQ
DpenVDBGrids
OpenVDRGridTypes
OpenVDBImaga3D
OpenVDBImport
CpenVDBIntegerSridQ
OpenVDEIntersaction
OpenVDBIntersectWith
OpenVDBLavelSet
OpenVDBLevelSetRender
OpenVDBLevelSetViewer
OpenVDBEMaskGridQ
OpenYDEMembar

CpenVDBMe=h

OpanVDBMultiply
OpanVDE Xparast
OpenVDBOpening
OpanVDBProjacticnimage
OpenVDB Property
OpenVDEB ReszeBandwidth
OpanVDEScalarGrioQ
OpenVOBSetFroperty
OpanVDDSetStacs:
OpenVDBSetValues
OpenVDBSignedDistan ce
OpanVDBSlice
OpenvDBSlicelmage
OpenVDB States
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OpenVDEToFopValume
OpenVDATransform
OpenVDABURIon
OpenVDBURiONTO
OpenVDBValues
OpenVDBYectorGridQ
OpenVDEVDlume
$OpenVDBCreatar
SOpenVDBHalAVIdth
SOpenVDBInstallationDiractory
SOpenVDBLIbrary

SOpenVDBSpacng




% OPENVDBLINK (@) SiSSRARH 2025

Grid types

OpenVDBGridTypes|[]

{Scalar, Vector, Double, Float, Byte, Int32, Int64,
UInt32, Vec2D, Vec2I, Vec2S, Vec3D, Vec3I, Vec3S, Boolean, Mask}

Here, "Scalar" is a synonym for "Float" and "Vector" for "Vec3S".




% OPENVDBLINK (@) SiSSRARH 2025

Grid types

OpenVDBCreateGrid[1.0, #] & /@ OpenVDBGridTypes[][[3 ;5 -1]

( N Class: Scalar ] A | Class: Scalar ]
1 OpenVDBGrid| ﬂ rype: double (5,4,3) | » OPenVDBGrid| ﬂ rype: float (5,4,3) | °

OpenVDBG”’d: % E llj?r:f:‘(’;,a.a) ’ OPE"VDBGHd: ﬂ :"‘.’;],j : ilr?tt:ZQG(!rS,d,3) ’ OpenVDBGﬁd[ ﬁ :::2(::5,4,3) ’
OpenVDBGrid | 5 sntas (5,43 |» OPeNVDBGrid| 25 TORON ], openvoBGrid| m 2\ T RO ],
OpenvDBGrid| £ 2\ oo RO o | OpenvoBGrid| m 2\ e RO o | s openvBerid| m X TP EOE o ]
OpenVDBGrid: 1}: \Xaicst:r(s,a,s) , OpenVDBer‘di . | ) ::31?2?4'3) ’ OpenVDBGrid[ :} ) ,:::::(5'4'3) |

Grids are displayed in elided form in a notebook.




% OPENVDBLINK (@) SiSSRARH 2025

Level sets
dino = ExampleData[{"Geometry3D", "Triceratops"}, "MeshRegion"]

$OpenVDBSpacing = 0.0125;
$0OpenVDBHalfWidth = 3.0;

dinovdb = OpenVDBLevelSet[dino]

Class: Level set ]

OpenVDBGrid ’ - Type: float (5,4,3)

$OpenVDBSpacing and $OpenVDBHalfWidth are optional global



2 OPENVDBLINK

Grid properties

dinovdb[*"Prosertyvaluelr-

c")

ActivelcafvexelCount

1656508

ActiveTileCount

(V)

ActivaVexel Count

165K SAR

BeckgroundYolusz

©.0275

BourdingCridvoxeliount

3% 381 528

Creztionbata

Creeto~

wed 27 Jul 2022 110823 GM

Missding NotAveilable)

Pescription

MisS£INg NotAvailable|

Empty

False

ExpreasionID

4

Gridclass

Levelset

GridType | Tree_flost 5 4 3
Halfwidth | 3.
InCexsoundingoc | ] -3e9, 20b), (- U7, 1Usi, {-144, 14/}
IrdexDimencions | (816, 214, 282,
LagstModifiadlata | Wed 37 Jul 2022 17:06:29 GM

Keroryusage

£Z1 336 JeU

Minkax/alues

{-0.€375, D.€374959)

Nane

Mis=ing NulAvailable)

UnifcrmVoxels

Irue

VoxelSdize

0.0125

Wor WBvuidingBox

{{-4.6125, 3.325), {-1.3375, 1,325}, {

-1.675, 1.8375}

WerldDimensions

{7.55, 2.675, 3.£25)
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% OPENVDBLINK (@) SiSSRARH 2025

Modifications

Let's drill a hole in our dino friend and apply 8 applications of a mean filter with window 2.

OpenVDBD1ifferenceFrom[dinovdb, Cylinder[{{0, -2, 0.5}, {0, 2, ©.5}}, ©0.5]]
OpenVDBFilter [dinovdb, {"Mean", 2}, 8]



% OPENVDBLINK (@) SiSSRARH 2025

Interactive level set viewer —

COrentation

Geoecal

Let’s inspect our creation. The viewer in the notebook
lets you choose custom shading, pan, zoom, rotate,

lip, etc. _
{:Jr?der the hood, it uses the LevelSetRaylntersector and
LevelSetRayTracer classes with custom PBR shader.
No conversion to a mesh for rendering.




% OPENVDBLINK (@) SSShapn 2023

Level set to mesh
Vary the adaptivity:

OpenVDBMesh[dinovdb] OpenVDBMesh[dinovdb, "Adaptivity" - 1]

. -




% OPENVDBLINK (@) SiSSRARH 2025

Fog Volumes

Convert a level set into a fog volume:

fog = OpenVDBFogVolume [dinovdb]

-~

Class: Fog volume

OpenVDBGrid [ Type: float (5,4,3)



% OPENVDBLINK (@) SiSSRARH 2025

Fog Volumes
Visualize as a (dense) Image3D object: OpenVDBImage3D[fog]




% OPENVDBLINK (@) SiSSRARH 2025

Fog Volumes
Slice through the object:

OpenVDBDynamicSliceImage[fog]

slice Y




% OPENVDBLINK (@) SiSSRARH 2025

Voxel and tile data Graphics3D[Cuboid @ee OpenVDBActiveTiles [fog]]

OpenVDBActiveVoxels[fog]

%*L Specified elements: 2109718

SparseArray ="+ Dimensions: {610, 202, 268}

Data not in notebook. Store now —




% OPENVDBLINK (@) SiSSRARH 2025

N xampl

eat exa p € balls = OpenVDBFillWithBalls[dinovdb, 100000, {0.025, 10},
"Overlapping" -» True, "SeedCount" - 1000000] }

radii = balls[All, 2];

colors = ColorData['"Rainbow"] /@Rescale[Log[radii]];

Graphics3D[Transpose[{colors, balls}], Lighting - "Neutral']




% OPENVDBLINK (@) SiSSRARH 2025

Notebook interfacing

* Mathematica's interrupter works with OpenVDB and is enabled with

cmd-.
* OpenVDB can throw exceptions to Mathematica.
e [ OpenVDBFilter[vdb, ") ate:

'Laplacian"
"Mcan"
"MeanCurvature"
'Med1ian"

'Gaussian”

* Highlighting to indicate missing / extra / invalid arguments:

OpenvDBTransform|[vdd )
OpenVDETransform|vdd, ScalingTransform[(1.2, 1.2, 1.6}], "WrongOpzion" « 1]

OpenVDEFilter[vdb, "Laplacian", 8, too, many, args ||
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BUILD SETTINGS @ SIGGRAPH 2023

Adjust any build settings as necessary:

. O BuildSettings.m 100% v

Q) Update = Format Cell | v () Debug » Run All Code

Switch[$OperatingSystem,

"MacOSX",
SbuildSettings =
"CompileOptions" -> {M®-std=c++14 -1ltbb -1lHalf -lopenvdb -fltg"},
"Compiler" -> CCompilerDriver ClangCompiler ClangCompiler
'3
$libraryName = "OpenVDBLink.dylib",

"Windows",




5 COMPILATION )

Run this in a Mathematica notebook. Only necessary the first time or if changes are made to the
code.

OpenVDBLink Developer Recompile[]

Current directory 1is:

/Users/ghurst/openvdb/openvdb_wolfram/openvdb_wolfram/Source/ExplicitGrids
Unloading Llibrary QOpenVDBLink ...
Generating library code
LTemplate-OpenVDBLink.cpp already exists and will be overwritten.
Compiling library code



5, UNIT TESTS

OpenVDBLink Developer TestOpenVDBLink[]

( TestResults - || Aggregate + TestRepartonjers | v ""”'"“1"‘_::;:’“ B &z |+ T5G - TestRepartinjert -~ e '“'”;’n:":gu'“,'" N
DéstarceMessure - TestReportObject| | Y01 Tust Ff"':l'__;:‘"""f’i"'f'ff_"f‘",‘" , Filzer + TestRepertObject i “""1;'“"' ""i" wnay |0 FegNOlume  TestReportOdject v """:'T:;';;' RS
Gotters - TosthicporsChyrct | v "y ]”"l"n,oc';;‘c"_"f" s | Crids « TestReportnh]ect v o bods l;*:;;;ncs.wz T8¢ y Tnage « TestReportOb)ect I v L “-c‘:’y:'aa".*" - 235 :
I ;Yestﬂe:-srt‘l:jcc:: v | e, -"\’J'J;:W;'.j.:: ae s |l Levelet « T:stﬁ::c-r:iject: v ) T“'F°°:;:‘]";°ﬁ|5¢:'": ey Nezsure -'e::Repo-tO:u'ect[ v ”e::?cc:ﬂf:.kaw'c . a5 l,
Mesh .T.'-s.rRap'n'r.‘.:jm"j - -"“;"’::(j:"'" i - |, varphatlopy -T:-uﬁ:-prnr'ohjw,r: v T'“"_'"";;:;_:"*"""G'" Tr - |, Rerder .fﬁ:-ﬁﬁro.~r0b1a.-.r| ./ “—"‘""(:;2'\*""’ - ],
Scttors o TestRopor :ijcct' » 'Nv"F"p?{:')‘j“"’v‘a Mlv s |0 Tror=form » TestReportObject v ' ““Hx:;‘;m:w“"w?‘:_ g * Values » TestReoor t"-?’J_iE'-"-V = 4 P ..0“ *D:.:'-:dw"wt ST ’ '

Elobalstatiatica o | Testatuccerdeclount + 1392, TestskailedCount 5 B, Successiate

L., TMncElapased « 78,1065 5 » |
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: e<typename V>
mma: :GenericImage3CRef
OpenVDBGride<V>::gridImage3D(mma: : IntBounds3DRef bds)
i

pixel_type_assertaV>();

] ValueT = typen: wlGridType::ValueType;

(bds.isDegenerate())
v mma::LibraryExrror(LIBRARY_FUNCTION_ERROR);

openvdbmma: : image: ipixelExtreme<wlGridType> extremal(grid());
ValueT vrin = extrema.min, vmax = extrema.max;

openvdbmma: :image: :GridImage3D<wlTreeType> op(bds.toCocrdBBox(), vmin, vmax);
tree: :DynamicNodeManager< st WiTreeType> nodeManager(grid()->trees());
nodeManager.reduceToplLown(op, ue);

op.im;

Functions make use of efficient schemes such as DynamicNodeManager 2
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: NodeT>
(Il NodeT& naode, cize t)

(ImBBcx.hasOverlap(ncde.getNodeBoundingBox()))

iter = noda.ckeginValueOn(); iter; ++itar) {
CoordB3ox bbox(
CoordBBox::crecateCube(iter.getloord(), MNedeT::ChildNodeType::DIM]);

(bEbox.hasOverlap(mB3ax))
PixelT ival = nodeValue(=iter);

xstart = xLeft(bbox), xend = xRighti(bbox];
ystart = yLeft(bbox), vend = yRight(bbox};
zstart zleft(bbox), zend zRight{bbox);

// Cache friendly way to iterate since im(k, 7, 1) is image data[ kx=y + 7=
[ k = zstart; k <= zend; kK+=)
c{int J = ystart; J <= yend; j++)

( i = xstart; i <= xend] i+4)
im({k, 7, 1) = 1val;

A routine DynamicNodeManager uses to populate an active tile in an Image3D 2



5 THANK YOU! )

Greg Hurst
ghurst588 @gmail.com

A
F
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