|IA841 - Modelagem de Solidos

Operacoes Booleanas em B-rep

Hoffmann: Capitulo 3



Operacoes Booleanas

Como implementa-las em BRep?

http://www.cs.technion.ac.il/~irit/user_man.html



Complemento, Uniao e
Diferenca — Intersecao

(9)




Informacoes Topologicas

Sibling Edge pointers
Next Edge pointer

Source Vertex

Face pointer

Every Face points
to just one edge

Every Vertex points
to just one edge

Vertices: arestas e faces adjacentes
Arestas: vertices e faces adjacentes
Faces: sequéncias fechadas de vertices e arestas (CW)



Informacoes Geometricas
Irredundantes

® Vertices (x,y,z,w)
* Plano que contém faces

n.x+n,y+n,z+d=0

|

* \VVetor normal da face
(nx’ ny’nz’o)

* Vetor de direcao da face
fs=t,Xn
* e outros dados




Faces Validas

* Sequéncias fechadas de vertices/arestas
delimitam regiGes de areas nao nulas.

A 12 B
: _ " {A,B,C,D,E,F}
1w | TG 3 Hl |14
o 13
J 8 | ), kC
.-":K L':_.. ._O /
7 {G,H,1,3}
15
2 6| |5 17 A D {K,L,M,N}
Par de
aestas L4 ML (0.P.Q}

delimitador N Q
de um /y\;' 3 g

setor



Faces com ciclos degenerados

11

3
1 3
6
5 {6,7,8) =
{1,2,3,4,3,5) i {12,10,13,14,10,11}



Arestas e Vértices

Par de faces
delimitador de
uma cunha do
/ volume

Faces
delimitadoras
de um cone
do volume

Arestas



Cascas (Shells)

Face 3
(Top)
Yolume 1

Face &
(Back)
Face 4
(Left)
Face 2
(Righit)
Face 1
(Front)
Vaolume 2

Face &
(Bottam)



Intersecao Cascal/Casca

1. Determine which pairs of faces f € A and g € B intersect. If there are
none, test shell containment only and skip steps 2 through 4.

2. For each face f of A that intersects a face of B, construct the cross-
section of B with the plane containing f. Then determine the surface
area of A MN* B that is contained in f.

3. By transferring the relevant line segments discovered in step 2, deter-

mine the faces of B that contain some of the surface area of AN* B
and must be subdivided. Subdivide these faces, and by exploring the

face adjacencies of B, find and add all those faces of B contained in
the interior of A. Likewise, find and addall faces of A contained in the
interior of B.

4. Assemble all faces so found into the solid A N* B.



Propagacao das Decisoes

N Hﬁ
X
<l B
N
Union of i ‘ ':.] Mﬂ?;p:ﬁ:;u?g?: r:'lr"E.E

two regions Intersection of
two regions



Um Algoritmo Robusto

1. Determine which pairs of faces f € A and ¢ € B intersect. If there are
none, then do a shell-containment test only and skip steps 2 through

4.

2. For each intersecting pair of faces, f of A and ¢ of B, construct the
points and curves in which they intersect. For each intersection, analyze
the three-dimensional neighborhood and transfer its elements to all

adjacent faces of A and of B.

3. By exploring the face adjacencies of A and of B, find and add all those
faces of either solid that are in the interior of the other.

4. Assemble all faces into the solid A N* B.



Posicao Relativa entre 2
Cascas/Faces Coplanares

Pertinéncia Segmento/Face

A(q) Pertinéncia Segmento/Sélido
Test Example Action
in f, in g f and ¢ intersect both components are kept
in f, out ¢ | g is contained in f the g component is kept
out f,in g | f is contained in g the f component is kept
out f, out g | f and g do not intersect | neither component is kept




Quatro Casos

Out/Out




Intersecao de Par de Faces

* Intersecao face g&B com o plano Pof
* Intersecao face f&€A com o plano Q>g
* Agrupamento das intersecoes:

* f, g € mesmo plano — poligonos

* P, Q sao planos concorrentes — pontos e
segmentos



Faces Coplanares

\ |

Com orientac0Oes coerentes Com orientagOes opostas

AN*B - AnB A N* B - discarda



Intersecao ArestalAresta

Arestas concorrentes Arestas colineares

u'w,ww'eglcA?u'w . . o
( ’ g) Determinar intervalos coincidentes

(uw,wveEf)=B?wy



Faces Concorrentes

Intersecao Face/Plano

X,1<X,<Xj

'Y r r
(= X,,X,,Xy , X3 X3
Pareamentos:

v acima e u abaixo de P: x,
X1 X

—t < setor:x,

X1 Xy

t,—t&setor:x,
X5 Isolado



Intersecao Vertice/Veértice

Propagacao de Adjacéncias:
e cCone(v)>e, EB
e.cCone(u)>e, €A



Intersecao Vertice/Veértice

U,V

e .. UueA

ui?

e..veEB

Vi)

€, : arestas adjacentes a u

€, : arestas adjacentes a v

Propagacao de Adjacéncias:
e cCone(v)>e, EB
e.cCone(u)>e, €A



Pertinéncia a um Cone

Setor

pgc Cone = pq < Setor



Pertinéncia a um Setor

u V2

sinal (uv,Xuw)=sinal (iw Xuv,)



Intersecao Vértice/Aresta

Propagacao de Adjacéncias:
e . cCunha(e)>e B
e ,cCunha(u)Ae,Cunha(u)>32arestas€g



Pertinéncia a uma Cunha

Vetores de direcao de g

t =Cunha(e)->t < Setor



Intersecao Vértice/Face

Propagacao de Adjacéncias:
e, n<0>e,€EA
de,n>0Ae,-n.<0->32arestasef



Intersecao ArestalAresta

Arestas concorrentes Arestas colineares

(uU"w,wv'eg)cA?
(uw,wveEef)cB?

Determinar intervalos coincidentes




Propagacao de Adjacéncias




Intersecao Faces Concorrentes

~ &8
He=—=9 Heg——g
OrientacOes de uv
jkNng=v i
adNf=u Avaliac&o da vizinhaca
Pareie uv - v de u e v para

agrupamento



Propagacao para Adjacéncias

/%%

Ut

i iyl
IN & y eN9(f )= pontos- segmentos={ ,adj(e)

w-n,>0=uweEA Validar as intersecoes
B o (segmentos) das faces
uv-n<0=wveA adjacentes a e — passam por w



Aresta sobre Face

Lu v d 1, d = f W,
Cunha

eNS(f )= pontos- segmentos=f ,adj(e)

|

sinal (f ;,-d,)=sinal(d,f,,)?fcB=>ecf
sinal (f ;,-d,)=sinal(d, f,,)? fcB=>ecf



Aresta sobre Face

enS(f )= pontos- segmentos=>f ,adj(e)

|

fdl-nf>0-)91¢A
fdz'nf<0_)gch_)e€9(gz)



[ |

Subdivisao de Faces

. Initialize a list L of all points in f.

. If L is empty, stop. Otherwise, initialize the stack S to contain a point

uin L.

. If 5 is empty, return to step 2. Otherwise, pop u from S and delete it

from L. Mark u as explored.

. Let E| bethe set of all segments incident to v contained in f. If u is not

a point, then let £y be all edges of f not containing a point; ot herwise,
Es5 1s empty.

. Order the edges and segments in £, U E5 cyclically about « in the plane

of f, and construct area-enclosing pairs.

. For each (u,w) or (w,u) in Ey U Ey, stack w if it is unexplored. Then

return to step 3.



Grafo de Incidéncias

out
out

out . on out
on
on
f out | l out
D a C on
out out
(a) (h)
f. E1={b,b',c,c'}, _ , f. {a,b,h,c,d}
u, v:pontos de f E2={a,d} Adj(u)={b,b',h} {0, ¢, h}

B,uev:pontosdeg. — g: E1={b' .c’.e,h}, — Adj(v)={c',h,e} —

ntos L g: {e,c',b}
A, B, C e D: vértices de f E2={} Ad)(B)={b',c’} {b', c', h}



Agregacao de Adjacéncias

1. Let F} be the set of all faces of AN* B constructed by the subdivision

given previously, and mark them as unprocessed. Set F5 to the empty
set.

2. It all faces in F; U F; have been processed, then stop. We have found

all faces of AN* B.

3. For all unprocessed faces f in Iy U Fy, mark [ as processed. For each
edge (u,v) of f where u is not a point, add to F, all faces incident

tou in A or in B that have not been subdivided, and mark them as
unprocessed.

F1: faces na borda das intersecoes
F2: faces interiores



Agrupamento de pontos e
segmentos




Identificacao de Faces
Adjacentes




Pseudo-codigos de
Algoritmos de Intersecao

http://geomalgorithms.com/a09-_intersect-3.html#P
seudo-Code:%20S-H


http://geomalgorithms.com/a09-_intersect-3.html#Pseudo-Code:%20S-H
http://geomalgorithms.com/a09-_intersect-3.html#Pseudo-Code:%20S-H
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