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OverviewOverview

�� Constructive Solid Geometry (CSG)Constructive Solid Geometry (CSG)

�� Laser Scanning of Physical ObjectsLaser Scanning of Physical Objects

�� Extracting 3D Models from Camera ImagesExtracting 3D Models from Camera Images
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Complex Shapes and ScenesComplex Shapes and Scenes

Many objects in this scene modeled with CSG
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Constructive Solid Geometry (CSG)Constructive Solid Geometry (CSG)

�� Build complex objects by adding and subtracting Build complex objects by adding and subtracting 
simple primitive solid shapes simple primitive solid shapes 

�� Objects must have clearly defined Objects must have clearly defined ““ insideinside”” and and 
““ outsideoutside””

�� Efficient to render with ray tracingEfficient to render with ray tracing

�� �� �� �� �� ��

UnionUnion IntersectionIntersection DifferenceDifference

AA U U BB AA �� BB AA -- BB
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CSG Boolean OperationsCSG Boolean Operations
�� Union and IntersectionUnion and Intersection

�� ExampleExample: Subtraction (Difference): Subtraction (Difference)
““ Drilling holesDrilling holes”” or removing overlapping volumeor removing overlapping volume

SphereSphere BoxBox

Sphere with overlapping boxSphere with overlapping box
volume cut awayvolume cut away



15-462 Graphics I,  CMU,  Fall 2006  (James Kuffner)

CSG Boolean Implicit FunctionsCSG Boolean Implicit Functions

�� Need method for determining if a test point is in Need method for determining if a test point is in 
the the insideinside or or outsideoutside of a primitive volumeof a primitive volume

�� Solid as implicit function:Solid as implicit function:
F(xF(x, y, z)  <  0, y, z)  <  0 inside (interior)inside (interior)

F(xF(x, y, z)  =  0, y, z)  =  0 on surfaceon surface

F(xF(x, y, z)  >  0, y, z)  >  0 outside (exterior)outside (exterior)

�� For CSG limit range to [For CSG limit range to [--1, 0, 1]1, 0, 1]
UnionAB(xUnionAB(x, y, z)  , y, z)  =  min ( =  min ( A(xA(x, y, z), , y, z), B(xB(x, y, z) ), y, z) )

IntersectAB(xIntersectAB(x, y, z), y, z) =  max ( =  max ( A(xA(x, y, z), , y, z), B(xB(x, y, z) ), y, z) )

DifferenceAB(xDifferenceAB(x, y, z), y, z) =  max ( =  max ( A(xA(x, y, z),  , y, z),  -- B(xB(x, y, z) ), y, z) )
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CSG UnionCSG Union
UnionAB(xUnionAB(x, y, z)  =  min ( , y, z)  =  min ( A(xA(x, y, z), , y, z), B(xB(x, y, z) ), y, z) )

�� ““ UnionUnion”” vs.  vs.  ““ MergeMerge””
in in POVRayPOVRay

�� For transparent surfacesFor transparent surfaces
need to decide how toneed to decide how to
render interior surfacesrender interior surfaces

�� No difference for opaqueNo difference for opaque
surfacessurfaces UnionUnion MergeMerge

�� ��

AA U U BB
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CSG IntersectionCSG Intersection

IntersectAB(xIntersectAB(x, y, z)  =  max ( , y, z)  =  max ( A(xA(x, y, z), , y, z), B(xB(x, y, z) ), y, z) )

Only Only ““ insideinside”” if implicit function =  if implicit function =  --1  for1  for
two (or more) intersecting solidstwo (or more) intersecting solids

�� ��

AA �� BB
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CSG Difference (Subtraction)CSG Difference (Subtraction)
DifferenceAB(xDifferenceAB(x, y, z), y, z) =  max ( =  max ( A(xA(x, y, z),  , y, z),  -- B(xB(x, y, z) ), y, z) )

Equivalent to the intersection of  A  with the Equivalent to the intersection of  A  with the 
negative or negative or ““ complementcomplement”” of  Bof  B

�� ��

AA –– B  =B  =

““ Complement of BComplement of B””

WarningWarning:   Due to floating point errors, :   Due to floating point errors, 
make sure to make sure to avoid coincident surfacesavoid coincident surfaces
when taking differences of solidswhen taking differences of solids

AA �� –– BB

inner boxinner box
coincident coincident 

with outer boxwith outer box

inner boxinner box
largerlarger

(no ambiguity)(no ambiguity)
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Example CSG ModelExample CSG Model
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Models from the Real World :Models from the Real World :
Laser ScanningLaser Scanning

�� ““ NonNon--invasiveinvasive”” automated modeling of automated modeling of 
physical objectsphysical objects

http://graphics.stanford.edu/projects/mich/
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Models from the Real World :Models from the Real World :
Camera ImagesCamera Images

�� Take one or more camera imagesTake one or more camera images

�� Use automatic or semiUse automatic or semi--automatic means to infer or automatic means to infer or 
extract 3D  geometryextract 3D  geometry

�� Texture maps derived from original imagesTexture maps derived from original images
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Input Image

Automatic Photo Pop-up [Hoiem et al. 2004]

[Liebowitz et al. 1999]
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Models from the Real World :Models from the Real World :
Camera ImagesCamera Images

�� Multiple ImagesMultiple Images
–– Manual ReconstructionManual Reconstruction

»» FaFaççade [ade [DebevecDebevec et al. 1996], REALVIZ Image Modeler, et al. 1996], REALVIZ Image Modeler, 
PhotobuilderPhotobuilder [[CipollaCipolla et al. 1999], [et al. 1999], [ZieglierZieglier et al. 2003], etc. et al. 2003], etc. 

–– Automatic ReconstructionAutomatic Reconstruction
»» Structure from Motion (e.g. [Structure from Motion (e.g. [NisterNister 2001], [2001], [PollefeysPollefeys et al. 2004])et al. 2004])

�� Single ImageSingle Image
–– Manual ReconstructionManual Reconstruction

»» Metric (Metric ([[LiebowitzLiebowitz et al. 1999],  [et al. 1999],  [CriminisiCriminisi et al. 1999])et al. 1999])

»» Approximate: Approximate: Tour into the PictureTour into the Picture [Horry et al. 1997]; [Horry et al. 1997]; 
[Kang et al. 2001], [Oh et al. 2001], [Zhang et al. 2001], etc.[Kang et al. 2001], [Oh et al. 2001], [Zhang et al. 2001], etc.
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Automatic Photo PopAutomatic Photo Pop--Up:Up:
3D Model from a 3D Model from a SingleSingle ImageImage

�� D. D. HoiemHoiem, A.A. , A.A. EfrosEfros, and M. Hebert, "Automatic , and M. Hebert, "Automatic 
Photo PopPhoto Pop--up", ACM SIGGRAPH 2005up", ACM SIGGRAPH 2005
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Automatic Photo PopAutomatic Photo Pop--Up:Up:
3D Model from a 3D Model from a SingleSingle ImageImage
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Automatic Photo PopAutomatic Photo Pop--Up:Up:
Geometric CuesGeometric Cues

Color

Location

Texture

Perspective


