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The method begins by partitioning the bounding box enclos-
ing the distance field into cells. Each cell has a size corre-
sponding to detail of the distance field and a location with
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sampled to obtain a set of values of the distance field for
each cell. A method for reconstructing the portion of the
distance field enclosed by the cell is specified for each cell.
The location and size, the set of values, and the method for
reconstructing for each cell are stored in a memory to enable
reconstruction of the distance field by applying the recon-
struction methods of the cells to the values.
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Fundamental Operations
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10107 10207 10307
PointinHDF (Point *p, HDF *hdf) Boolean| _
*PointinHDFCell (Point *p, HDF *hdf) Cell |Q
*PointinHDFCellAtSomeFixedLevel (Point *p, HDF *hdf, Interger level) Cell |~
*PointinHDFCellAtFixedErrorTolerance (Point *p, HDF *hdf, Float errorfol) Eéll
DistanceToSurfacelnSurfaceCell (Point *p, HDF *hdf, Cell *cell) Float
DistanceToSurfacelnNonSurfaceCell (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 *hdi, Cell *cell, &
BitVector *whichPartials) Vector |2
*LocateClosestPointOnSurface ( Point *p, HDF *hdf, Cell *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,
Float epsParams) Boolean
PartitionCell (HDF *hdf, Cell *parentCell) Void
CombinePredicate (HDF *hdf, Cell *parentCell, <
Float epsDist, Float epsParams) Boolean|8
CombineCell (HDF *hdf, Cell *parentCell) Void _'J_
*BuildLevelOfDetailHDF (HDF *hdf, Float epsDist, Float
epsParams) HDF
“BuildLevelOfDetailSurfaceCellList (HDF *hdf, Float epsDist, Float
epsParams) Cell
*BuildMaxLevelHDF (HDF *hdf, Integer maxLevel) HDF
*BuildMaxLevelSurfaceCelilList (HDF *hdf, Integer maxLevel) Cell
*BuildViewDependentHDF (HDF *hdf, Point *eyePosition, Matrix
ObjToSampleSpaceTransform, 0
Float epsSampleSpaceEtror, =4
Float epsNormal, Float epsParams) j
IsSurfaceCellBackFacing (HDF *hdf, Cell *cell,
Vector *rayDirection) Boolean

FIG. 10



U.S. Patent May 28, 2002 Sheet 11 of 27 US 6,396,492 B1

Model (e.g. implicit function,
triangles, bicubic patches) — 1101

v v

Obtai Obtain
1110 o BBam Dist. and Param |— {120
oX Funtion
MY y 1121
1100 BBox DistAndParamFunc
Allocate & Compute
root HDF cell +— 1130

& ~— 1131

y| Add Cell(s) to
working listL - 1140

A 4 1141
Working list L
of cells
1190
S Y
Generation | Remove cell
Complete from listL [~ 1190
* + ~—1151
Cell C

Add Cell C to
—»
1160 ypF hierarchy _HDF

S —— testPoints,
artitionPredicate i

_ ' epsDist,
11701 (e.g., PointBased) [«— epsParam

1171 —™ ;

True or False

False
—j—_l True
1173 1174—_

1180 — PartitionCell

1181”‘>____£_____

Children Cells

;

FIG. 11




U.S. Patent May 28, 2002 Sheet 12 of 27 US 6,396,492 B1
Model (e.g., implict function,
triangles, bicubic patches)
+ 4, 21201
. Obtain
Obt
12100 BB?:? Dist and Param
Function
1200 & ¢ Z1 220
BBox DistAndParamFunc
1211 ; + { 1221
Specified Generate a fully
Highest p populated HDF at
Reﬁg&gl'on highes;tere;olution 1230
< 1 v
1231 |
HDF @
- <1240
Set Current level to
P (Highest Resolution level -1)
+ p Current level
; C1241
1270 A Decrement |- morliguzsz Get next cell at t
et next cell at curren
Currerilevel < at current level level of HDF <+
I &
Is current 1250 A
1275\/\ Ieve] < HDF‘S 1278 Cell,C
lowest resolution T
1276 V7 1277 S
true| false _ )
Generation process next CombinePredicate
Complete level of cells truel 1261]  false
1290 12627 )\
- CombineCell
{1280 [ |

FIG.12



US 6,396,492 B1

Sheet 13 of 27

May 28, 2002

U.S. Patent

QYOO QK

Q)

O QOO

%

€l old

%

@.%

2%,

()

22210 %00




U.S. Patent May 28, 2002

A

2.

%

2

(N

AN

Sheet 14 of 27

AN

%

%

%

!

(/)

%
9.9.92%

US 6,396,492 B1

FIG. 14



U.S. Patent May 28, 2002 Sheet 15 of 27 US 6,396,492 B1

S e e e

. ' Q

N T Lo
N i ~—

N i
N . O]
5 X LL

N ]

1

{

~ ]

- o)
AN 1 LO
\\ ! T—

~
o Q
N i
— L
1
M

FIG 15a




U.S. Patent May 28, 2002 Sheet 16 of 27 US 6,396,492 B1

HDF, epsDist, epsParéms

16155 ; TTT1601
Compute N: Select surface cells |
1. User selection satistying error tolerances 1—'“ 1610
2. From projected image size (LOD selection)
of cell +
3. From cell size 1611

t Surface Cells
_L ] +
N Seed each cell 1620
> with N poi +
points
) 1600
621 + —
o~1621
Surface cells annotated

with points 1631

-

+ ~. 1630 Region of inter-
Change point and point — force influence
— | locations to reduce the —

total surface energy [— Surface Energy
+ 1633 ___Function
— 16325

1600

Surface cells annotated
with point positions
and the surface
energy delta

v

false Is surface energy delta g 1640 -
16425 < epsEnergy epsEnergy

true#1643 ''''' . 1641 [
e

Surface cells annotated
with final point positions

v

Reconstruct apperance parameters
and distance field gradient at " 1650
point positions

+ h\g 1651

Surface points with assaociated
1661 1 appearance parameters and

i surface normals
+ Surface representation type +

(e.g., triangles)
+ Model Gereration function Build chosen surface
(e.g., Delaunay triangular) —-| representation (e.g.. Deiaunay |- 1660
+ Model Generation Function triangulation)

specific parameters + FIG. 16

~_ 1690
Chosen surface representation (e.g. tnangle model)




U.S. Patent

May 28, 2002 Sheet 17 of 27

1. User selection
2. Derived from epsDist
(e.g- 2 x epsDist)

Complete epsinitPatch: «

HDF, epsDist, epsParams
Y

Select surface cells which
satisfy epslInitPatch and

- epsinitPatch—»

L 1701

epsParam tolerances

Surface cells 711
e

Initialize vertex at the center
of each surface cell
v

~-1720

US 6,396,492 B1

“\1701

~—1710

Patch corner vertices, annotated/\1 721

by their initial surface cells
12
Link corner vertices of neighboring
surface cells to form Bezier triangular
patches or bicubic Bezier patches (some
patches will be triangular but will be
represented as degenerate quadrilaterals)

v

Limited surface mesh including

vertices annotated by their surface cells

L2

1700

~-1730

1731

( 1742

Relax surface mesh:

1740~

1750 A

1> Adjust the position of each vertex in
the mesh to reduce the energy of the
surface mesh
2> If the surface mesh energy delta
is > eps Energy, go to step 1

v

Relaxed surface mesh

v
Compute vertex normals from reconstructed
gradients of the distance field

v

1751 e Patch vertices and vertex normals

1741

l«—— Energy due to

neighboring
positions, Energy
due to distance of
vertex from HDF
iso-surface,
constraints to
keep vertex inside
its surface cell,
epsEnergy

4—|— HDF

For each patch: T
1> Generate the parametric equation from its <_ﬂ3—F
vertex data N\
2> Compute fit between the parametric equation < epsFit y/e5
and HDF iso-surface
3> If the error in the fit exceeds epsFIT, tag the patch
. ) ~-1760
/—\ vertices as bad else tag the patch vertices as good
v
1772 Parametric patches with tagged ver’(ices/-\1 761
iterate For each patch vertex which is t d as bad
. ich is tagged as ba
update finked mesh subdivide its corresponding surface cell and
( ~_1770

1771

FIG.17

update the linked surface mesh. If all patch
vertices are tagged as good, output the final
parametric patches:; otherwise, iterate

Final parametric patchesf\T 790




U.S. Patent

May 28, 2002

HDF, epsDist, epsParams

Sheet 18 of 27

US 6,396,492 B1

+ \—~1801

181 52 Select cells satisfying
error to tolerances  |° 1810
Compute N; (LOD selection)
1. User selection
2. From projected image + ~1811
size of cell Surface Cells
3. From cell size. [ ] +
Pick —E— Initialize N
One SurfaceNet nodes [~ 1820
1821 within each Surface
cell
+ —1821
SurfaceNet nodes
annotated with their initial
Surface cells 1800
r =
4 ¥ 1830
Build SurfaceNet links
corresponding to
1832 ]SurfaceNet nodes 1841 _\

[ - ~- 1831 Energy due to neighboring node
Surface triangle SurfaceNet positions e.g. (Node position - Avg.
list with vertices of neighboring positions)2
corresponding ~-1840

to SurfaceNet
nodes

Adjust the position of each
node in the SurfaceNet to
reduce the energy in the SurfaceNet

Energy due to distance of node

— from distance fiels iso-surface e.g.

1852

1853 wtrue

final positions of SurfaceNet
nodes

v

1854

Reconstruct appearance parameters

and distance field gradient at
node positions.

Y 1861
Final triangle vertices
~.1870

-y {Build triangle model]

~_1890
final triangle model

(Distance (node position))2
+ ~- 1841 : I Constraints to keep node inside
SurfaceNet and the 1842 its initial Surface cell
SurfaceNet Energy delta 1843 {
false + 1850
Is SurfaceNet energy delta -
< epsEnergy € epsEnergy

1851]

L1860

FIG. 18



U.S. Patent

1901

May 28, 2002 Sheet 19 of 27 US 6,396,492 B1
Eye Image Plane
_T_\ Parameters
1902
Ray Generator 1910
1911
Ray HDF

RayTraversal Function:
Uses cell type to test for the
presence of a surface cell.
Uses cell level and the HDF
bounding box to determine

the cell size.

1922y D I
Ra¥ Cell

19301

Equation Generator: Uses

1900

DistanceToSurfacelnSurfaceCell

1940
\ﬂ

1931 ,¢
)
Reparametrized

DistField
AlongRay

v

Solver:
e.g. Bezier Clipping, globally
convergent Newton Raphson,

1950
-~ Y

conjugate gradient minimization

Appearance Parameter Reconstructor:

1941 UsesReconstructAppearanceParams,
i T ComputeHDFGradient,
n ers‘ec lon — | ComputeHDFPartial Derivatives
Points 1951
1952 1960_ — *
i - - Appearance
Posi'lt};gnhst and—p» Analytic Slhadlng = PF;Fr)ameters
Function .
Colors, etc. (e.g., Gradient)
1961 i -

RGBAz

1970
Compositor
1971

Image

1980
Display

FIG. 19



U.S. Patent May 28, 2002

Eye

2001 5

Ray Generator

2011

Sheet 20 of 27 US 6,396,492 Bl

Image Plane

Parameters
2002

2010

Uses cell level and the

RayTraversal Function:
Uses cell type to test for the
presence of a surface cell.

bounding box to determine the

2000
HDF

cell size.
2022 llf 2021
Ra Cell
2041 ‘
- — 2040_\
S am?llin g RaySample
Rate > Generator so50
ﬁ
4 DistAndParameter Reconstructor:
2042 Uses DistanceToSurfacelnsideSurfaceCell,
RaySample ReconstructAppearanceParams,
Points > ComputeHDFGradient.
ComputeHDFPartialDerivatives
2052 2060 2051 i
Light = - Distance and
Positions and—ypjoampled Shad|ng<_— Appearance
Colors, etc. Function Parameters
2061 &
RGBAz

2070

2071

Image

2080

FIG

i

.20






	Bibliography
	Abstract
	Drawings

