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Zlozite steny

 definované steny pomocou zlozitych
polygonov

» steny s dierami, so samopretinajucimi sa
hranami

» stena definovana urcCitym poctom kontur
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Zlozite steny 2

* reprezentované mnozinou kontur —
lomenych Ciar
 orientacia kontur

* Spracovanie — prepojenie dier, rozdelenie
na jednoduché polygony, triangulacia

(GLU teselator)

struct Vertex

{
}

float x, y, z;

struct Edge
{

Vertex* v1;
Vertex* v2;

}

struct Contour

{

vector<Edge*> edges;

}

struct Face

{
}

vector<Contour*> contours;




RozSirenie zoznamov

» podla 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



Winged Edge

* rozsirenie informacie pre hranu o susedné prvky

* v hrane informacie o susednych vrcholoch,
hranach a stenach

* polozky dané orientaciou

a — aktualna hrana

X — zaCiato€ny bod hrany

Y — koncovy bod hrany

b — predchadzajuca hrana pri prechode lavou stenou
d — nasledujuca hrana pri prechode lavou stenou

¢ — nasledujuca hrana pri prechode pravou stenou

e — predchadzajuca hrana pri prechode pravou stenou
1 — lava stena

2 — prava stena




Winged Edge 2

v niektorych pripadoch sa ukladaju len dve

susedné hrany, pre kazdu stenu jedna -
nasledujuca hrana

pre kazdu stenu a vrchol sa ulozi jedna
iIncidentna hrana, v pripade zlozitych stien hrana
pre kazdu konturu

struct Vertex ?truct WingedEdge
{ .
float x, y, z; xer:ex: éf
WingedEdge* edge V\?iLS:dEc’jge* b: ?truct Mesh
} . _'
w!ngeggggez 3 vector<Vertex*> vertices;
Inged=age” d, vector<WingedEdge*> edges;
struct Face WingedEdge* e; vector<Facg*> facges; ’
{ . Face* 1; }
WingedEdge* outer_edge; Face* 2-
/Ivector< WingedEdge*> inner_edges; } ’
}




Priklad
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Topologicke prehladavanie

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;
}

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;




DCEL

Double Connected Edge List
winged edge

— problémy s orientaciou

— problém so stenami s dierami

riesenie — rozbitie hrany na dve polhrany,
polhrany su prepojene s danou stenou,
urcuju orientaciu danej steny

Half edge



Half edge

polhrana obsahuje identofikator na opacnu
polhranu, spolu generuju hranu

obsahuje identifikator steny, ku ktorej patri

obsahuje jeden identifikator vrcholu, kde
polhrana zacina alebo koncCi

ulozene su aj nasledujuca resp.
predchadzajuca polhrana v ramci steny



DCEL struktura

» ostatne prvky podobne ako vo Winged

edge

* moznost reprezentovat steny s dierami

struct Vertex
{
float x, y, z;
HalfEdge* edge;
}

struct Face

{
HalfEdge* outer_edge;
/Ivector< HalfEdge*> inner_edges;

struct HalfEdge

{

Vertex* origin;
HalfEdge* opp;
HalfEdge* next;
/[HalfEdge* prev;
Face* face;

struct DCEL

{
vector<Vertex*> vertices;
vector<HalfEdge*> edges;
vector<Face*> faces;

}




Priklad
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Halif- Incident
Edge Origin | Twin Face Next | Prev
el,1 vl el,2 f1 e2,1 el,2
el,2 v2 el,l f1 el,l el,2
e2,1 v2 e2,2 f1 e3,1 el,l
e2,2 v3 e2,1 f1 el,2 ef,1
e3,1 v3 e3,2 f1 ed,1 e2,1
e3,2 v e3,1 2 e6,2 e7.1
ed,1 vd ed,2 f1 eb,1 e3,1
ed,? v5 ed, 1 3 e7,2 ed,2
e5,1 vh eb,2 f1 e6,1 ed,1
e5,2 v6 e5,1 t3 ed,2 e7,2
e6,1 v6 e6,2 f1 e2,2 ed,1
eh,2 v3 e6,1 2 e?,1 e3,2
e7,1 v e7,2 2 e3,2 eh,2
e7,2 v e7,1 £3 eb,2 ed,?

Vertex | Coordinates | IncidentEdge

vl (6, 3) el,l

V2 4, 1) a1

v3 (2. 6) e3.1

vd (3,10) ed,1

v5 (6, 9) e5.1

vH (9, 5) e6,1

Face Outer Comp. | Inner Comp.

f1 mil £2, £3

(e3,1) (e4,1)
2 f1, 13 (e3,2) nil
£3 f1, £2 (e4,2) nil




Topologicke prehladavanie

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;
while (current_edge && current_edge != start_edge)
{
result.Add(current_edge->opp->face);
current_edge = current_edge->next;

}

return result;

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;




Generovanie DCEL

* najCastejsi pripad — generovanie zo
Zoznamu stien:

— napln zoznam vrcholov a stien v DCEL podla
daného zoznamu

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

— pre naplnenie opp (opacnej polhrany) v

kazdej
Jednot

—do vrc

half-edge treba zistit susednosti
lvych stien

nolov a stien sa prida jedna lubovolna

Incidentna polhrana



Quad-edge

struktura pouzivana hlavne pre
reprezentaciu dualnych grafov

vrcholy a steny maju podobné postavenie
v Strukture

hrany spajajuce vrcholy a ,hrany”
Spajajuce steny su zoskupené do jedne]
struktury

pouzivanie orientovanych polhran — 4
polhrany tvoria jeden celok



Quad-edge 2

struct Vertex struct Face
{ {
float x, y, z; Edge* edge;
Edge* edge; }
}
struct Edge struct QuadEdge
{ {

Edge* next; // Onext

void* data;

/I vertex, face info

QuadEdge* parent;

Edge* e[4];
}




Algebra na hranach

prehladavanie hran v ramci struktury pre
danu polhranu:

Rot — otoCenie polhrany o 90°
Sym — symetricka polhrana k danej polhrane

Next — nasledujuca polhrana; méze byt okolo zacCiatku, konca, lavého
alebo pravého objektu (Onext, Dnext, Lnext, Rnext)

Prev — predchadzajuca polhrana
Org — zacCiatoCny objekt
Dest — koncovy objekt

Left — objekt nalfavo e»Dpeev eaRpren
Right — objekt napravo . @mw 1, @w
Ky
,;-V;: e>Ruext esLprev e>Opvev




Algebra na hranach 2

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

 Org(e) = e->data;

« Dest(e) = Sym(e)->data;

* Rotl(e) = e->parent->e[(r+3) mod 4];
« Left(e) = Rot(e)->data;

* Right(e) = Rot'(e)->data;

* Onext(e) = e->next;

*na vSetko staci Rot a Onext

» Oprev(e) = Rot(Onext(Rot(e)));
 Dnext(e) = Sym(Onext(Sym(e)));
« Dprev(e) = Rot'(Onext(Rot1(e)));
» Lnext(e) = Rot(Onext(Rot(e)));

« Lprev(e) = Sym(Onext(e));

« Rnext(e) = Rot1(Onext(Rot(e)));
« Rprev(e) = Onext(Sym(e));



Topologicke prehladavanie

QuadEdgeFF(Face* face)
{
Edge* start_edge = face->edge;
result. Add(Right(start_edge));
Edge* current_edge = Lnext(start_edge);
while (current_edge && current_edge != start_edge)
{
result. Add(Right(current_edge));
current_edge = Lnext(current_edge);

}

return result;

QuadEdgeVE(Vertex* vertex)
{
Edge* start_edge = vertex->edge;
result. Add(start_edge);
Edge* current_edge = Onext(start_edge);
while (current_edge && current_edge != start_edge)
{
result.Add(current_edge);
current_edge = Onext(current_edge);

}

return result;




RozsSirenie pre nemanifoldy

* nemanifoldy — viac ako jeden prstenec v

okoli vrcholu, viac ako 2 steny incidentne s
jednou hranou

* riesenie — zoznam stien pre hranu,
zoznam hran z vrcholu, pre kazdy
prstenec jedna hrana

struct HalfEdge

struct Vertex { Vertex* Origin'

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

} Face* face;




Vyhody a nevyhody

« kompaktné topologické struktury

* urychluju topologicke prehladavanie az na
konstantnu Casovu zlozitost

» zvySena pamatova narocnost

* pre vizualizaciu sa musia naspat vytvarat
jednoducheé zoznamy

* pomerne narocna priprava a aktualizacia
struktur
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