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Mesh repairing

Joining identical vertices

Removing degenerated (empty) polygons and edges
Removing duplicated faces

Creating consistent orientation

Fixing manifoldnesgmeshing

Preparing mesh with only simple polygdnangulation

Creating closed solid objects, watertight mefsiing
holes

} Overview of repairing software

) M d md Nmd d
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http://meshrepair.org/
http://meshrepair.org/

Triangulation

+ Converting polygonal mesh to triangular mesh
1 2D manifold polygond decomposing polygon to triangles
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Ear clipping

}

Simple polygon with n ordered verticegV,, é .,V
V—l :Vn-11vn :VO
Assuming counterclockwise orientati@interior is to
the left when traversing
Ear of polygor®d triangle \,V.\V,,,
Vi is convex vertexd angle atVis less than radianso ear tip
Line segmentMV,,, lies inside polygondiagonal
No other verticesV, lies inside ear

Polygonof four or more sides always has at least two
non-overlappingears

Ear removab reducing number of polygon vertices by 1
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http://www.cosy.sbg.ac.at/~held/projects/triang/triang.html
http://www.cosy.sbg.ac.at/~held/projects/triang/triang.html
http://www.cosy.sbg.ac.at/~held/projects/triang/triang.html

Detecting ears

} Iterate over verticesV
 Test all other verticesy é ;,,V,, €& ,,Wanyare
Inside triangle V.V, ,
1 Test only reflex vertice® interior angle at vertex is
larger than™ radians
Reflex verten/; 0 (V-Vi.1)x(V,,;1-V)) has in 3D negative third
coordinate
ConvexvertexV; 0 (Vi-V.)x(Vi,;-V)) has in 3Dpositivethird
coordinate
} Maintaining lists of verticeg list of reflex verticedkand
(ordered) list of ear tipE=during triangulation
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Ear clipping algorithm

} 1. Given initial list of vertice¥
1 2. Construct initial lisR of reflex vertices and construct
list E of ear tips using lisR
} 3. Pick (random or with minimal inner angle) and remove
one ear tip\Yfrom E
Add triangle Y,V\V,,, to final triangulation
Remove Vfrom listV

UpdateRandE with adjacent vertices)\{,V.,,
If the adjacent vertex is reflex, it is possible that it becomes convex
and, possibly, agar
If an adjacent vertex is an ear, it does not necessarily remagaan

1 4. Repeat 3. until lis¥ contains only 3 vertice8 last
triangle of triangulation
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Ear clipping algorithm

} Time complexity O(R)
} http:/Mvww.geometrictools.com/Documentation/Triangulat
lonByEarClipping.pdf
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http://www.geometrictools.com/Documentation/TriangulationByEarClipping.pdf
http://www.geometrictools.com/Documentation/TriangulationByEarClipping.pdf
http://www.geometrictools.com/Documentation/TriangulationByEarClipping.pdf

Polygons with holes

} One outer polygon

1 Several noantersecting inner polygons with opposite
ordering as outer polygon

} Finding two mutually visible vertices, one from outer loop,
one from inner loop

} Connect two mutually visible vertices and combine inner
and outer loop into one outer loop

Geometric Modeling in Graphics



Finding visible vertices

} 1. Find vertex M of inner loop such that itscoordinate is maximal
for all vertices of all inner loops.

} 2. Intersectthe ray M + t(1, 0) with all directed edg¥s,V,,, of the
outer polygon for which M is to the left of the line contalnlng the
edge. Lel be the closest visible point to M on this ray.

+ 3.1f lis a vertex of the outer polygon, then M and | are mutually
visible.

} 4. Otherwise, | is an interior point of the edyé,V,,,. Select P to be
the endpomt of maximum-xalue for this edge.

} 5. Search the reflex vertices of the outer polygercept P. Ifll of
these vertices are strictly outside triangli, I,P),then M and P are
mutuallyvisible.

} 6. Otherwise, at least one reflex vertex lies (N, I,Pi1).Search for the
reflex vertex Rthat minimizes the angle between (1, 0) and the line
segmeniM, R).Then M and R are mutualiysible. There can be
multiplereflex vertices that minimize the angle tims casechoose
the reflex vertex on this ray that is closest td.
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Finding visible vertices
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Delaunay triangulation

+ Triangulatiorfor set of points inplane, dual graph to
Voronoi diagram
} Pointsp, p, p, combine into triangle iDT U

circumscribed circle for pointg, p, p, does not contain any
other point d Delaunay property

} DT maximizes minimal inner angl
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Delaunay triangulation

} Construction algorithm using point insertion
} Given set S of points in plane

} 2 cases when inserting new point to already created
triangulation

Point is inserted inside convex hull of points frond #iserted
point is inside one triangle of current DT

Point Is insertedutsideconvex hull of points frons

 After insertion, Delaunay property can be brokérfixed
by multiple edge flips

1 Time complexity O(R) in worst caseQ(n.log(n) in
average case, can be extendedan.log(n) in worst case
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DT construction 0 1. case

} New pointp, lies in trianglel = q(p,, P, P)

Edgegp, pp,. PP belong to newDT

Conflict with Delaunay property can be in neighborg of

Maintaining lisP(*(p)) 0 all edges that are candidates for

flipping

} If some edge froniP(*(p)) Is flipped, then it is removed
from P(*(p)) and two adjacent edges are added

+ If no edge fromP(*(p)) Is flipped, algorithm terminates

—_r A
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DT construction 0 2. case

} New point p, does not lie in convex hull of originBIT

+ For each point frong from Sthat are visible fronp, edges
pq are part of newDT

+ Again flipping edges that breaks Delaunay property of DT
and updating list of active edgeé(p))
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DT construction algorithm

Delaunay(S) (& set of sites)
{
T = newarray;

while (Ssize()> 0)

{
p =S.First
S.DeleteFirst
T.InsertSitép);

InsertSitgT,p) (T represents the current Delaunay triangulatignis a new site)

t = T.FindTriang|ép);
if (t'=NULL)

Starn(p) = tCreateStafp);
else

Star(p) :=T.HullEdge®);
T.Inser(Star(p), t);
StarPoly=t.Edges);
}{Nhile (StarPoly.siz@ > 0)

e =StarPolyFirst);
StarPolyDeleteFirs();
q = pOppositee);

it (j ULLp

(r, s) =e.EndPoint§);
if (InCircleTedp, r, s, Q)

T.Removée);
T.AdA(p, 9));
StarPoly.Add(r,q));
StarPolyAdd((s9));
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Additional DT

1 Constrained DTO additional set of edges that must be In
triangulation, endpoints of edges are in S, introducing
special constrained Delaunay property

1 Conforming DTa still constrained by set of edges,
algorithm adds new (Steiner) points to maintain Delaunay

property
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Quality triangulation
}

}

}+ Introducing two criteria for triangle grading

Triangleis wellshaped if all itangles argreater than or equal
to 30 degrees

Triangle isnvell-sizedif it fits within a circle ofgiven radius and
satisfy the gradinfyinction

} Build over constrained DT by inserting new special points
for each baegraded triangle

1 Extended for curved surfaces in 3D
}
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https://kogs-www.informatik.uni-hamburg.de/~tchernia/SR_papers/chew93.pdf
https://kogs-www.informatik.uni-hamburg.de/~tchernia/SR_papers/chew93.pdf
https://kogs-www.informatik.uni-hamburg.de/~tchernia/SR_papers/chew93.pdf
https://kogs-www.informatik.uni-hamburg.de/~tchernia/SR_papers/chew93.pdf
https://kogs-www.informatik.uni-hamburg.de/~tchernia/SR_papers/chew93.pdf
https://kogs-www.informatik.uni-hamburg.de/~tchernia/SR_papers/chew93.pdf
https://kogs-www.informatik.uni-hamburg.de/~tchernia/SR_papers/chew93.pdf
https://www.ics.uci.edu/~eppstein/pubs/BerEpp-CEG-95.pdf
https://www.ics.uci.edu/~eppstein/pubs/BerEpp-CEG-95.pdf
https://www.ics.uci.edu/~eppstein/pubs/BerEpp-CEG-95.pdf
https://www.ics.uci.edu/~eppstein/pubs/BerEpp-CEG-95.pdf
https://www.ics.uci.edu/~eppstein/pubs/BerEpp-CEG-95.pdf
https://www.ics.uci.edu/~eppstein/pubs/BerEpp-CEG-95.pdf
https://www.cs.cmu.edu/~quake/triangle.html
https://www.cs.cmu.edu/~quake/triangle.html

Quality triangulation
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Triangulation in 3D

+ Triangulating noiplanar polygon
+ Ear clipping in 3D

} Projecting 3D points on principal plane

} Delaunay based curved surface triangulations
} Tetrahedralizatiorof 3D points

} Filling holes algorithms for meshes
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Filling holes In meshes

1 Creating closed, watertight meshes

} Several connectivity components

} Surfaceoriented vs volumetric algorithms
+ Handling islands, nemanifoldness

.....
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Filling holes

} PeterLiepaFillingHoles inMeshes

} Surfaceoriented algorithm, not handling islands

+ 1. ldentify norempty contours that represents holes
Userdefined , topologydefined holes

1 2. Compute coarse triangulation T to fill hole

Weighting each triangle by its area and maximal angle of trianc
and its adjacent triangles

Iterative computation of triangulation that minimizes weight of
its triangles, favoringiangulations of low area and low normal
variation

Weight of larger polygon is computed from weight of triangle
and weight of smaller polygon

Time complexity O(R)
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http://www.brainjam.ca/papers/papers.htm
http://www.brainjam.ca/papers/papers.htm
http://www.brainjam.ca/papers/papers.htm

Filling holes

} 3. Refine triangulation T to match vertex densutythe
surroundingarea
Compute edge lengtdata for the vertices on the holboundary
Subdividing triangles of T with barycenterreduce edgdengths
Swapping edges when necessary to maintain Deldikeay
property
+ 4. Smooththe triangulatio to match the geometry of the
surrounding area
Laplaciatbased mesh smoothing
Minimizing umbrell@ased operator(Vector Laplacian)
Solving linear system, variables are positions of vertices inT
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Filling holes

Figure 5: (a) Stanford bunny. (b) Mutilated Stanford bunny. (c) After hole
(d) are reproduced in the color section in Figure 8.
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