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Zlozite steny

e Definované steny pomocou zlozitych
polygonov

e Steny s dierami, so samopretinajucimi sa
hranami

e Stena definovana urcitym poctom kontur
— A

I
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Zlozite steny

e Reprezentované mnozinou kontur —
lomenych Ciar

e Orientacia kontur

e Spracovanie — prepojenie dier, rozdelenie
na jednoduché polygony, triangulacia (GLU
teselator, CGAL, Visualization Library, ...)

struct Edge
struct Vertex { struct Contour struct Face
{ Vertex* vi1; { {

floatx, vy, z; Vertex* v2; vector<Edge*> edges; vector<Contour*> contours;

} } } }
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e Orientacia polygonu je dana postupnostou
vrcholov tvoriacou polygon, orientacia hrany
je dana poradim jej 2 vrcholov

e Orientacia mnohostena (polygonalnej siete) je
dana orientaciou stien tak, ze na spolocnej
hrane maju 2 steny opacnu orientaciu

¢ Obsa h, ObJem Konvexny mnohosten

X;je bod i-tej steny

Jednoduchy polygon A, je obsah i-tej steny

s vrcholmi [x; y] n;je normala i-tej steny
4—1§{$-- — Tip1Yi) ] _ 1 T; - ;A
A= 9 rar ilfi1 i+1Yi volume = E Ea;i £ - Nyl

Diskrétne Geometrické Struktiry



Rozsirenie zoznamov

e Podl'a aktualneho pouzitia objektov

 Pre topologicke poziadavky na povrchu

objektu

— Pridanie topologickej informacie pre Casti
struktury

— Pridanie informacii pre kazdu cast, najcastejsie a
najviac sa pridavaju informacie pre hrany

— Vrcholy a steny obsahuju odkaz na jednu
incidentnu hranu
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Winged Edge

e Rozsirenie informacie pre hranu o susedné
prvky

e V hrane informacie o susednych vrcholoch,
hranach a stenach

e Polozky dané orientaciou

a — aktualna hrana
X — zaCiato¢ny bod hrany
Y — koncovy bod hrany

1k b — predchadzajuca hrana pri prechode 'avou stenou
4 | % d - nasledujuca hrana pri prechode l'avou stenou

1t ¢ — nasledujuca hrana pri prechode pravou stenou
e — predchadzajuca hrana pri prechode pravou stenou
1 — l'ava stena
2 — prava stena
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Winged Edge

e V niektorych pripadoch sa ukladaju len dve
susedné hrany, pre kazdu stenu jedna -
nasledujuca hrana

e Pre kazdu stenu a vrchol sa ulozi jedna
incidentna hrana, v pripade zlozitych stien
hrana pre kazdu konturu

struct Vertex struct WingedEdge
{ {
float X, y, z; Vertex* X;
WingedEdge* edge Vertex* Y; struct Mesh
} WingedEdge* b; { _
WingedEdge* c; vector<Vertex*> vertices;
struct Face WingedEdge* d; vector<WingedEdge*> edges;
{ WingedEdge* e: vector<Face*> faces;
WingedEdge* outer_edge; Face* 1; ¥
/Ivector< WingedEdge*> inner_edges; Face* 2;
} }
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Topologickeé prehl'adavanie

WingedEdgeFF(Face* face)

{
WingedEdge* start_edge = face->outer_edge;
WingedEdge* current_edge;
if (start_edge->1 == face)
{
result.Add(start_edge->2);
current_edge = start_edge->d;
}
else if (start_edge->2 == face)
{
result.Add(start_edge->2);
current_edge = start_edge->c;
}
else return;
while (current_edge != start_edge)
{
if (current_edge->1 == face)
{
result.Add(current_edge->2);
current_edge = current_edge->d;
}
else if (current_edge->2 == face)
{
result.Add(current_edge->1);
current_edge = current_edge->c;
}
}
return result;
}
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WingedEdgeVE(Vertex* vertex)

{

WingedEdge* start_edge = vertex->edge;
WingedEdge* current_edge;
WingedEdge* prev_edge = start_edge;
if (vertex == start_edge->X)
current_edge = start_edge->d;
else
current_edge = start_edge->c;
result.Add(start_edge);
while (current_edge != start_edge)

{
result.Add(current_edge);
if (vertex == current_edge->X)
{
if (prev_edge == current_edge->e)
current_edge = current_edge->d;
else
current_edge = current_edge->e;
}
else
{
if (prev_edge == current_edge->c)
current_edge = current_edge->b;
else
current_edge = current_edge->c;
}
prev_edge = result.Last();
}

return result;




e Winged edge
— Problémy s orientaciou
— Problém so stenami s dierami

e Riesenie — rozbitie hrany na dve polhrany, polhrany
su prepojené s danou stenou, urcuju orientaciu
danej steny

e Double Connected Edge List
e Half edge
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Half-edge

e Polhrana obsahuje identifikator na opacnu
polhranu, spolu generuju hranu

e Obsahuje identifikator steny, ku ktorej patri

e Obsahuje jeden identifikator vrcholu, kde polhrana
zacina alebo konci

e Ulozené su aj nasledujuca resp. predchadzajuca
polhrana v ramci steny

» \ pripade opacnej polhrany sa moze odkazovat' na
NULL polhranu
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e Pouzitie polhrany

e Ostatné prvky podobné ako vo Winged edge
e Moznost' reprezentovat’ steny s dierami

struct Vertex struct Face \\\
{ { P
float X, y, z; HalfEdge* outer_edge; /
HalfEdge* edge; /Ivector< HalfEdge*> inner_edges; # \ /
} } P — @
struct HalfEdge prev(e)
{ struct DCEL
Vertex* origin; {
HalfEdge* opp; vector<Vertex*> vertices; |
HalfEdge* next; vector<HalfEdge*> edges; e g
//HalfEdge* prev; vector<Face*> faces; . .

Face* face; } \\
}
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el,1 vl el,2 f1 e2,1 el,2
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Face Outer Comp. | Inner Comp. vl (6, 3) el,l
f1 nil 2, £3 v2 (4,1) e2,1
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v6 (9, 5) 6.1
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Topologickeé prehl'adavanie

HalfEdgeFF(Face* face)
{
HalfEdge* start_edge = face->outer_edge;
if (start_edge->opp)
result.Add(start_edge->opp->face);
HalfEdge* current_edge = start_edge->next;

{

result.Add(current_edge->opp->face);
current_edge = current_edge->next;

}

return result;

while (current_edge && current_edge != start_edge)

{

Casova naroénost je
konstantna resp. zavisla
len od poctu vystupnych
elementov.

HalfEdgeVE(Vertex* vertex)

HalfEdge* start_edge = vertex->edge;
result.Add(start_edge);
HalfEdge* current_edge = start_edge->opp->next;
while (current_edge && current_edge != start_edge)
{

result.Add(current_edge);

current_edge = current_edge->opp->next;

}

return result;
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Generovanie DCEL

e NajCastejsi pripad — generovanie zo zoznamu
stien:

— napln zoznam vrcholov a stien v DCEL podla
daného zoznamu

— pre kazdu stenu prejdi hrany tej steny, vytvor
nalf-edge, napln origin, next, prev, face

— pre naplnenie opp (opacnej polhrany) v kazdej
nalf-edge treba zistit’ susednosti jednotlivych
stien

— do vrcholov a stien sa prida jedna 'ubovol'na
incidentna polhrana
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Prerozdel'ovacie plochy

e Algoritmus vytvori z mnoziny polygonov A
hustejSiu mnozinu polygonov B tak aby sa
splnili vlastnosti
— Hladkost/, spojitost, aproximacia, interpolacia

vrcholov A pomocou B

o Algoritmy pre trojuholnikove, polygonalne siete
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Loop algoritmus

e Charles Loop, 1987

e Trojuholnikové siete

e Vrcholy siete A sa posunu na nové pozicie
e Na hranach siete A sa vytvoria nove body

e Pre kazdu stenu siete A sa vytvoria 4 nové
trojuholniky siete B s vrcholmi v novych bodoch

B
B

Original Loop

B B=tG-Grheos))

Warren

3 3

3 B /8 __ | 8n n=>.

— Crease and boundary 4 f i 1= 3
2 2 7 3

16
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Loop pre half-edge

e Pre kazdy vrchol z A sa vytvori novy posunuty
“even” vrchol pre siet’ B, pricom v starom vrchole
sa zachova odkaz na novy vrchol

e Pre kazdy trojuholnik v A sa vztvoria 3 nové “odd”
vrcholy (ak uz neboli vytvorené v susednom
trojuholniku) a priradia sa prislusnej starej

polhrane

e Pre kazdy trojuholnik v A sa vytvori 12 novych

bolhran a naplni sa prislusnymi vrcholmi, kazda

stara polhrana si zapamata 2 prislusné nové
polhrany + sa prepoja protil'ahlé nove polhrany
tam kde to je zname
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Quad-edge

e Struktura pouzivana hlavne pre
reprezentaciu dualnych grafov

e Vrcholy a steny maju podobné postavenie v
Sstrukture

e Hrany spajajuce vrcholy a ,hrany" spajajuce
steny su zoskupené do jednej struktury

e Pouzivanie orientovanych polhran — 4
polhrany tvoria jeden celok
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Quad-edge

i ¥
~
L] _ E‘-t'. ¥

‘_: e(s] el

) ¢lo] +

' ]
F ,,‘: e i

struct Vertex struct Face

{ {
floatx, y, z; Edge* edge;
Edge* edge; }
}
struct Edge struct QuadEdge
{ {
Edge* next; // Onext Edge* e[4];
void* data; // vertex, face info }
QuadEdge* parent;
}
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Algebra na hranach

e Prehl'adavanie hran v ramci struktury pre
danu polhranu:

— Rot — otoCenie polhrany o 90° proti smeru hod. ruciciek
— Sym — symetricka polhrana k danej polhrane

— Next — nasledujuca polhrana; moze byt okolo zaciatku, konca, I'avého
alebo pravého objektu (Onext, Dnext, Lnext, Rnext)

— Prev — predchadzajuca polhrana
— Org — zaciatoCny objekt

— Dest — koncovy objekt

— Left — objekt nalavo o> Lt
— Right — obiekt napravo

e»Dvext M
e

Rt el e2Oprev

n

o Face

Diskrétne Geometrické Struktiry



Algebra na hranach

e Rot(e) = e->parent->e[(r+1) mod 4];

e Sym(e) = Rot(Rot(e));

e Org(e) = e->data;

e Dest(e) = Sym(e)->data;

e Rotl(e) = e->parent->¢e[(r+3) mod 4] = Rot(Rot(Rot(e)));
e Right(e) = Rot!(e)->data;

o Left(e) = Rot(e)->data;

e Onext(e) = e->next;

e Oprev(e) = Rot(Onext(Rot(e)));

e Dnext(e) = Sym(Onext(Sym(e)));

e Dprev(e) = Rot!(Onext(Roti(e)));

e Lnext(e) = Rot(Onext(Rotl(e)));

e Lprev(e) = Sym(Onext(e));

e Rnext(e) = Rot1(Onext(Rot(e)));

e Rprev(e) = Onext(Sym(e)); *na vsSetko staci Rot a Onext
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Topologickeé prehl'adavanie

QuadEdgeFF(Face* face)
{
Edge* start_edge = face->edge;
result.Add(Sym(start_edge)->data);
Edge* current_edge = Onext(start_edge);
while (current_edge && current_edge !=
start_edge)
{
result.Add(Sym(current_edge)->data);
current_edge = Onext(current_edge);
}
return result;
}
QuadEdgeVE(Vertex* vertex)
{
Edge* start_edge = vertex->edge;
v i .. . result.Add(start_edge);
Casova narocnost je Edge* current_edge = Onext(start_edge);
konétantna’ resp ZéViSlé while (current_edge && current_edge !=start_edge)
v r ) r {
len od poctu vystupnych result.Add(current_edge);
elementov current_edge = Onext(current_edge);
' }
return result;
}
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Delaunay-Voronoi

e Delaunayova triangulacia
e Voronoiov diagram
e Dualne grafy

*
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RozsSirenie pre nevariety

e Nevariety — viac ako jeden prstenec v okoli

vrcholu, viac ako 2 steny incidentné s jednou
hranou

e Riesenie — zoznam stien pre hranu, zoznam
hran z vrcholu, pre kazdy prstenec jedna

struct HalfEdge
{

struct Vertex Vertex* origin;

{ vector<HalfEdge*> opp_edges;
floatx, y, z; HalfEdge* next;
vector<HalfEdge*> ring_edge; HalfEdge* prev;

} Face* face;

}
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Vyhody a nevyhody

o Kompaktné topologicke struktury

o Urychl'uju topologicke prehl'adavanie az na
konstantnu Casovu zlozitost’

e ZvySena pamat'ova narocnost’

e Pre vizualizaciu sa musia naspat’ vytvarat
jednoduché zoznamy

e Pomerne narocna priprava a aktualizacia
Struktur
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