a2 United States Patent

Perry et al.

US006483518B1

(10) Patent No.:
@5) Date of Patent:

US 6,483,518 Bl
Nov. 19, 2002

(54) REPRESENTING A COLOR GAMUT WITH A
HIERARCHICAL DISTANCE FIELD

(75) Inventors: Ronald N. Perry, Cambridge, MA
(US); Sarah F. Frisken, Arlington, MA
(US); Thouis R. Jones, Cambridge,
MA (US)

(73) Assignee: Mitsubishi Electric Research
Laboratories, Inc., Cambridge, MA
(US)

(*) Notice:  Subject to any disclaimer, the term of this

patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

(21) Appl. No.: 09/369,819

(22) Filed: Aug. 6, 1999
(51) Int. CL7 .o GO06T 15/00
(52) US.CL et 345/590
(58) Field of Search ........................ 345/590, 419,
345/589, 591, 593, 597, 600
(56) References Cited
U.S. PATENT DOCUMENTS
4,791,583 A 12/1988 Colburn ......cceeevevveeenen. 364/522
5,542,036 A 7/1996 Schroeder et al. .......... 395/124
5,740,076 A 4/1998 Lindbloom 364/514

5,982,992 A * 11/1999 Warldron .....
6,400,843 B1 * 6/2002 Shuetal .................. 345/590

OTHER PUBLICATIONS

Aref et al., “Efficient Window Block Retrieval in Quadtree—
Based Spatial Databases”; Geolnformatica, 1(1), pp. 59-91
(Apr. 1997).

Avila et al.,, “A Haptic Interaction Method for Volume
Visualization”; In Proceedings of Visualization °96, pp.
197-204, IEEE, 1996.

J. Baerentzen, “Octree—based Volume Sculpting”, Proc. Late
Breaking Hot Topics, IEEE Visualization 98, pp. 9-12,
1988.

J. Bloomenthal, “Polygonization of Implicit Surfaces”,
Technical Report, Xerox Parc, EDL-88-4, Dec., 1988.

D. Breen et al., “3D Scan Conversion of CSG Models into
Distance Volumes”, Proc. IEEE Symposium on Volume
Visualization, pp. 7-14, 1998.

T. DeRose, et al., “Subdivision Surfaces in Character Ani-
mation”, Proc. SIGGRAPH 98, pp. 85-94, 1998.

M. Eck et al., “Automatic Reconstruction of B—spline Sur-
faces of Arbitrary Topological Type”, Proc. SIGGRAPH
’96, pp. 325-334, 1996.

S. Fang et al., “Volumetric-CSG—A Model-Based Volume
Visualization Approach”, in Proc. 6,, International Confer-
ence in Central Europe on Computer Graphics and Visual-
ization, pp. 88-95, 1998.

(List continued on next page.)

Primary Examiner—Phu K Nguyen
(74) Attorney, Agent, or Firm—Dirk Brinkman

(57) ABSTRACT

The invention provides a method for representing a device
color gamut as a detail directed hierarchical distance field. A
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method for reconstructing the portion of the distance field
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set of values, and the method for reconstructing is stored in
amemory to enable reconstruction of the device color gamut
by applying the reconstruction methods of the cells to the
values.
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Fundamental Operations

10107 10207 10307
PointinHDF (Point *p, HDF *hdf) Boolean
“PointinHDFCell (Point *p, HDF *hdf) Cell é
*PointinHDFCellAtSomeFixedLevel (Point *p, HDF *hdf, Interger level) Cell |~
*PointinHDFCellAtFixedErrorTolerance (Point *p, HDF "hdf, Float errorfiol) Eél
DistanceToSurfaceinSurfaceCell (Point *p, HDF *hdf, Cell *cell) Float
DistanceToSurfaceinNonSurfaceCell (Point *p, HDF *hdf, Cell *cell,

Float errorTol) Float
PointinsideObject (Point *p, HDF *hdf, Cell *cell) Boolean
*ReconstructApperaranceParams (Point "p, HDF *hdf, Cell *cell) Vector |&
*ReconstructComputationalParams (Point "p, HDF *hdf, Cell *cell) Vector |2
*ComputeHDFGradient (Point *p, HDF *hdf, Cell *cell) Vector [J
*ComputeHDFPartialDerivatives (Point *p, HDF *hdf, Cell *cell, 3
BitVector *whichPartials) Vector | =
*LocateClosestPointOnSurface ( Point *p, HDF *hdf, Celi “cell, -
Float eps PositionError Point
PointBasedPartitionPredicate (HDF ~hdf, Cell *cell, Point *testPoints
ObjDistAndParamFunction dpFunc,
Float epsDist, Float epsParams) Boolean
CellBasedPartitionPredicate (HDF *hdf, Cell *cell, Point
*predictionPoints, Point
*validationPoints, Float epsDist,
Fioat epsParams) Boolean
PartitionCell (HDF ~hdf, Cell *parentCell) Void
CombinePredicate (HDF ~hdf, Cell *parentCell, <
Float epsDist, Float epsParams) Boolean|&
CombineCell (HDF ~hdf, Cell "parentCell) Void _j
*BuildLevelOfDetailHDF (HDF ~hdf, Float epsDist, Float
epsParams) HDF
*BuildLevelOfDetailSurfaceCellList (HDF *hdf, Flcat epsDist, Float
epsParams) Cell
*BuildMaxLevelHDF (HDF *hdf, Integer maxLevel) HDF
*BuildMaxLevelSurfaceCellList (HDF *hdf, integer maxLevel) Cell
*BuildViewDependentHDF (HDF ~hdf, Point “eyePosition, Matrix
ObjToSampleSpaceTransform, 0
Float epsSampleSpacekrror, 8
Float epsNormal, Flcat epsParams) j
IsSurfaceCellBackFacing (HDF ~hdf, Cell "cell,
Vector *rayDirection) Boolean

FIG. 10
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