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Inconsistent Normals

- Many models (especially, created with: mogelling
t00lS) consist of many. Unconnected patches
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Inconsistent Normals

- PaiGNes not necessary have consistent
orientation; of normais
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Inconsistent Normals

o Problems

- Real-time rendering;
two-sidedllighting IS necessary

- Meshiprocessing algonitams;
for example; appearance preservm? simplification
USINg| Vertex normals needs correctly: oriented
normals
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Related Work
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Basic Idea

- Bounoary conerence; paiches with close
boundaries should be: oriented consistently
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Basic Idea

- Bounazary conerence; patches withi close
bounaaries should be oriented consistently

« |n "solid™ cases; it works
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Basic Idea

- Bounoary conerence; paiches with close
boundaries should be: oriented consistently

» But'not always..
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Basic Idea

« VIs10//ty; patches shoulal e visiole with their
front-faces; from most Viewpoints

-
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Basic Idea

« VIs/0//ty; paiches shoulal e visible with their
front-faces from most Viewpoints

» Works in'most cases
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Basic Idea

« VIs10//ty; patches shoulal e visiole with their
front-faces; from most Viewpoints

» BUt In Some  cases It Causes Inconsistency
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Basic Idea

- COmuinea approacs

- Maximize consistency netween patches witn close
houndares

- Maximize tne ronkiace visioniy/of all paiches

.
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Algorithm Outline
. Detection of patches

2. Calculationi of boundary conerence
3. Calculation; of Visioility

4, Consistent orientation; of patches
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Detection of Patches

1. Detect houndary andinon-manifold edges
2. Divide the:mode!linto; a et of
manifold patches

« \ot connected withieachi other,
0)f

» Connected only at Vertices, or
non-manifeld edges

3. Consistently orient polygons
Inside: each’ patch
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Calculation of Boundary Coherence

- Findlclose houndary edges of difierent patches
» 3D grialis used for acceleration
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Calculation of Boundary Coherence

- For each pair of houndary edges calculate the
10GA/ DOUAELY CONIENGE;

cij = —sgn(siz) - /|sij| / (1+dij)
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Calculation of Boundary Coherence

» Sum up. alllecal cenerences: from two: patches
INte:the: vaLaaly conelence. coencient:

c!3 = c19 + c32 + ca5 + a6
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Calculation of Visibility
» Three methods

« 8y Shoonngmethod
« 5D oclreemethod

o GPU-haseqmethod
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Calculation of Visibility

- GPU-hasedmethod
» Distriute viewpoints: uniformly’around the' model
» FOr each Viewpoint render the: mesh
- Draw/each Side: of eachi patch inian unique colour

PL .

W -
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Calculation of Visibility

- GPU-hasedmethod
- Read and process the'frame huffer

» FOI eachinon-black pixeliincrease:the counter
(for appropriate: patch and side)

» O eaci patchicalculate: the. /7oni-and vack-ace
VISIONIL) COBITIGIENIS;

v — nf VUV, =
f nt.a’ b

Nb
ng-a
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Consistent Orientation of Patches
o Overall nont1ace visiony,

E.m, v}n .a™
Vf = 2771, am™m

o Overal colerence
C — Zm,n Cmn

- Goal; find orientationiof all patches that
maximizes botn V. andiC
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Consistent Orientation of Patches

- Greedy approach

» SO0/t pairs of paiches according teboundary
Coherence Coefficients

- Orientationiloop
- Popfrom the queue: a pair ofi patches
- Compare alll cogfficient of hoth paiches

» [ficoefficients; conform
» Connect patches into'a Super-varcy
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Consistent Orientation of Patches

- Orientation loop
| GOgfficients do: not conferm
= Boundary coherence - higher priority
» [iihoundaries are: “close”:
GONRIENCR IS Strong|=> CoNNect patches
» Otherwise: = compare visiility cogfficients:

« Ifffor one of two: patches v, and v, “differ not much”

—> CONNECt patches
» Otherwise = change nothing

- Result; global orientation of all patches
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Results

Model with 323/ patches After; applying|the algorithm

Model with 78 patches After applying the algorithm
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Results
- Boundary conherence IS not a sufficient criterion

Modeliwith 71 patches Only houndary coherence used Boundary: coherence and
visibility used
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Results
« Only:visinility/isinot a sufficient criterion

Only: visibility used Boundary coherence and visibility used
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Results
« Performance rates; 3 models at 3 levels of detail

Number of | Number of Patch | Coherence | Visihility
- ooljgons (jt%]eeCtlon c%lr%télatlon C%|I%lé|at|0n

160252 9.0
60080 1.5
16019

194666
64648
19142

300836
84673
14327
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Ambiguous Cases

« Hardlto define the vestorientation; even for,
humans
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Overlapping Patches

- Couldl cause erars
- Special hanaling needed (not done yet)
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Conclusion

- Consistent and sensivle erientation of all
normals of arbitrary: polygonal models

- Firstmethod for arnitrary mesnes

- Produces desirable; selutionifor almaest all
practicall cases

- Applicable o oljects consisting ofi other
primitives, such as NURBS
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Ihank you

The hot model IS courtesy of Michael Beals
Models of automotive parts are courtesy of DaimlerChrysler AG
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