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e /-varieta — mnozina bodov lokalne
homeomorfna s 7 rozmernym Euklidovskym
priestorom

e Pre kazdy bod variety existuje jeho okolie
homeomorfne s otvorenou /+-rozmernou
sferou

B" ={(zy,15,...,2,) € R" | If —|—:r§ —I—---—I—Ii < 1}

e Homeomorfizmus — spojita bijekcia

e Predstavuje topologicku ekvivalenciu

e n-manifold
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Vlastnosti variet

e Orientovatel'nost’
e Rod (genus) — pocet ,dier"
e Eulerova charakteristika
— konvexné polygony, mnohosteny
—V-E+F =2
e Orientovatel'né a uzavreté 2-variety
— V-E+F=2-2g
— g = genus
e Mapy, atlasy — zobrazenia Casti variety na rn-
rozmernu sferu
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Eulerova chrakteristika

Name Image Euler characteristic

Sphere [, g 2

Vertices Edges|Faces Euler characteristic:

Torus
N |
daine mafge v E F V-E+F

Double torus 2 Tetrahedron ' 4 G 4 2
s 3 Hexahedron or cube v g8 12 = 2
Real projectve plne 1 Octahedron 9 Z 12 | 8 2
Mok s tip i Dodecahedron . 20 30 12 2

_ lcosahedron . 12 a0 20 2
Klein bottle 0
Two spheres {not connected) !'. \; "/ \‘; 2+2=4
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Mapy a Atlas

e Mapa predstavuje jedno zobrazenie Casti 7+
variety do r-rozmerneho priestoru

e Mapy tvoria atlas variety, snazime sa o Co
najmensi pocet map v atlase

e Vacsina variet potrebuje viac ako jednu
mapu el

e Kruznica wn ) [
— 4 mapy pre celd kruZnicu N
— 1 mapa pre kruznicu bez jedného bodu -+ .
— neexistuje atlas pre kruznicu s jednou mapou
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Rovinny graf

e Orientovatel'ny polytop s rodom 0 sa da
pretransformovat’ na rovinny graf,
vrcholy—vrcholy, hrany—hrany,
steny—oblasti
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Y 4 Y 4

Kritéria pre reprezentacie

e Pamat'ova narocnost’

e Reprezentacia neuzavretych objektov
e Konverzia medzi reprezentaciami

e Generovanie na zaklade vstupnych dat
e Reprezentacia vnutra

o Geometricke algoritmy (prieniky,
transformacie, ...)

e Topologické algoritmy
e Vizualizacia
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Reprezentacie 2-variet

e Povrchova reprezentacia (boundary
representation, b-rep)
— Droteny model (wireframe)
— Mnozina polygonov (meshes)
— Implicitné povrchy (blobby)
— Parametrické povrchy (Bézier, NURBS)
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Reprezentacie 3-variet

e Diskrétna volumetricka reprezentacia (binarna,
vzdialenostne polia)

e Mracna bodov
e Funkcionalna reprezentacia, f-rep
e Parametrické telesa
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Mnozina polygonov

e Polytopy (mnohosteny), mese, planarne grafy
e Pamat'ova narocnost’

e Definovanie cCasti (vrcholy, hrany, steny)

e Indexy alebo smerniky

o Zlozitost’ vytvorenia Struktury

e Topologické algoritmy (susednost’
e Geometrické algoritmy (prieniky)

e Vizualizacné algoritmy
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Topologickeé algoritmy

e Pre dany prvok, najdi
vsetky susedné prvky

e Hl'adanie susednosti na
viacero krokov

e Hl'adanie spojitosti
dvoch prvkov na
povrchu
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Vrchol

Hrana

Stena

Vrchol \"AY} VE VF
Hrana EV EE EF
Stena FV FE FF




Pouzitie topologickych algoritmov

prerozdelovacie plochy
vypocty na povrchu
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Matica susednosti

e Mnozina vrcholov {v, ,v,..., .}
e Mnozina hran {e, ,e,..., €.}

e Matica susednosti vrcholov B = (b, )
rozmerov nxn

- b, =1, ak 3 hrana (¥, ¥)

—b,;=0, inak

e Matica susednosti hran D = (d;;) rozmerov
mxm
—d;;=1, ak hrany g, & maju spolocny vrchol
—d,;=0, inak
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Matica incidencie

* Mnozina vrcholov V = {v ,v,, ... ,v }

* Mnozina hran E = {e,,e,, ... , e_}

* Matica A = (&;;) rozmerov nxm

. ai’jzl, ak hrana e zacina vo vrchole v,
* g;=-1, ak hrana e, konci vo vrchole v,
* 8;,=0, Inak

* O(n.m) pamate, 2.m informacii
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e Viacero sposobov zadavania koncovych
vrcholov hran

e Potrebné vhodné oindexovanie vrcholov

e Chybaju niektoré udaje o susednostiach,
pomalé O(m) riesenie VV, VE, EE

struct Edgel

{
float x1, y1, z1;

fl 2,vy2,22;
struct Vertex oatx2,y2,z2; struct Mesh
{ ) {

vector<Vertex> vertices;

floatx, y, z;
} struct Edge2 struct Edge3 vector<Edge> edges;
{ { }
intil; Vertex* v1;
inti2; Vertex* v2;

} }
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e V Strukture su vrcholy a steny

e Moznost' pridania hran — viacero sposobov
reprezentacie

e Postupnost’ vrcholov hran v stene —
orientacia

struct Mesh1
struct Facel {
{ vector<Vertex> vertices;
truct Vert vector<int> vertices; vector<Facel> faces;
struct Vertex
‘ } }
floatx, y, z;
} struct Edge2 struct Face2 struct Mesh2
{ { {
Vertex* v1, v2; vector<Edge*> edges; vector<Vertex*> vertices;
} } vector<Edge2*> edges;
vector<Face2*> faces;
}

Diskrétne Geometrické Struktiry



e Minimalna struktura na reprezentaciu
vrcholov, hran aj stien

e Chyba zlozitejSia topologicka informacia
e Rychle niektore topologickée algoritmy: EV,
FV, FE

e Moznost' rozSirenia o dal'sie topologicke
informacie
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Nacitanie zo suborov

e V suborovych formatoch su objekty

Ivl

najcastejsie ulozené v zoznamoch vrcholov a
v zoznamoch stien s pomocou indexov

e VVRML, Collada

<mesh>
<source id="box-lib-positions" name="position">
<float_array id="box-lib-positions-array" count="24">-111111-1-111-11-11-111-1-1-1-11-1-1</float_array>
<technique_common>
<accessor count="8" source="#box-lib-positions-array" stride="3">
<param name="X" type="float"/>
<param name="Y" type="float"/>
<param name="Z" type="float"/>
</accessor>
</technique_common>
</source>
<vertices id="box-lib-vertices">
<input semantic="POSITION" source="#box-lib-positions"/>
</vertices>
<polylist count="6" material="BlueSG">
<input offset="0" semantic="VERTEX" source="#box-lib-vertices"/>
<vcount>4 4 4 4 4 4 </vcount>
<p>023101546732046237515764</p>
</polylist>
</mesh>
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e Z oindexovaného
Zoznamu vrcholov a
stien ku
smernikovéemu
zoznamu vrcholov,
hran a stien

e Predpoklada sa
nizka valencia
vrcholov = pocet
vychadzajucich
hran z vrchola

struct Vertex

{
floatx, y, z;

vector<Edge2*> edges;

}

ConvertMesh1ToMesh2(Mesh1* mesh)
{
Mesh2* result = new Mesh2;
for (int i = 0;i < mesh->vertices.size(); i++)
{
Vertex* vert = new Vertex;
vert->x = mesh->vertices[i].x; vert->y = mesh->vertices[i].y; vert->z = mesh->vertices[i].z;
result->vertices.add(vert);

}

for (int i = 0; i < mesh->faces.size(); i++)

Face2* face = new Face2;
for (int j = 0; j < mesh->faces[i]->vertices.size(); j++)
{
int index = mesh->facesl[i]->vertices|j];
int next_index = mesh->faces][i]->vertices[(j+1) % mesh->faces[i]->vertices.size()];
Vertex* new_vertex = result->vertices[index];
Vertex* new_next_vertex = result->vertices[next_index];
bool already_connected = false;
for (int k = 0; k < new_vertex->edges.size(); k++)
if (new_vertex->edges[k]->v1 == new_next_vertex | | new_vertex->edges[k]->v2 == new_next_vertex )
{
already_connected = true;
face->edges.add(new_vertex->edges[k]);
}
if (already_connected) continue;
Edge2* edge = new Edge2;
edge->vl = new_vertex; edge->v2 = new_next_vertex;
new_vertex->edges.add(edge); new_next_vertex->edges.add(edge);
result->edges.add(edge);
face->edges.add(edge);
}
result->faces.add(face);
}

return result;

}
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Topologickeé algoritmy

Vrchol Hrana Stena
Vrchol o(m) O(m) o(1+k)
Hrana 0o(1) O(m) O(l+k)
Stena 0(k) 0(k) O(m+k)

e N — pocet vrcholov

e m — pocet hran

e | — pocet stien

e k — maximalny pocet vrcholov (hran) v stene
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FF pre zoznam

MeshFF(Face2* face, Mesh2* mesh)
{
vector<Face2*> result;
for (int i = 0; i < mesh->faces.size(); i++)
mesh->edges[i]->f1 = mesh->edges[i]->f2 = NULL;
for (int i = 0; i < mesh->faces.size(); i++)
for (int j = 0; j < mesh->faces][i]->edges.size(); j++)

{

struct Edge2 if (mesh->faces[i]->edges[j]->f1 == NULL)

{ mesh->faces][i]->edges[j]->f1 = mesh->faces][i];
Vertex* v1, v2; else if (mesh->faces|i]->edges[j]->f2 == NULL)
Face2* f1; mesh->faces][i]->edges[j]->f2 = mesh->faces][i];
Face2* f2;

} }

for (inti=0; i < face->edges.size(); i++)

{
if (face == face->edges|i]->f1 && face->edges[i]->f2 |= NULL)
result.add(face->edges[i]->f2);
if (face == face->edges|i]->f2 && face->edges[i]->f1 |= NULL)
result.add(face->edges[i]->f1);
}

return result;
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Vizualizacia

e Moderné grafické karty — zoznam vrcholov
a indexov trojuholnikov (polygonov)

e Moznost' prenasat’ vel'a dat naraz
e \yuzitie vyrovnavacej pamate

struct Vertex

{

float x, y, z;
P struct Mesh
// uv coordinates, normals

) {

int num_vertices;
Vertex* vertices;
int num_triangles;
struct Triangle Triangle* triangles;
{ }

inti, j, k;
}
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Vytvorenie stripov

e Zadanie trojuholnikov, stvoruholnikov
mensim poctom vrcholov

e Prvy trojuholnik je dany troma vrcholmi
e Kazdy dalsi trojuholnik je dany jednym
vrcholom (+ dva predchadzajuce vrcholy)

vl

NTi%a]
)

v3

/-' Wy i) ; —
V5 ) 7
. ,
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Vytvorenie stripov

e NP-Uplny problém

e SGI algoritmus

— 1. vyber prvy trojuholnik stripu, ktory este nebol spracovany, ak
taky neexistuje, tak skonci
e Prvy trojuholnik s malym poctom spracovanych susedov
— 2. vyber smer v ktorom ma z aktualneho trojuholnika strip
pokracovat

— 3. rozsir strip o trojuholnik v danom smere, ak taky smer este
existuje, chod’ na 2. Ak sa smer nenajde, moze sa cely aktualny strip
otoCit"a pokusit’ sa o pokracovanie (naJdeme smeru) v prvom
trojuholniku

— 4. chod’ na 1.
e Rozsirenie v podobe vytvarania viac stripov a
vyberu toho najlepsieho

e Spajanie stripov pomocou degenerovanych
trojuholnikov (swaps)
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Zoznam okoli vrcholov

e Pre kazdy vrchol zoznam vrcholov, ktoré s
nim susedia

e Chyba informacia o stenach (oblastiach), ani
hrany nie su implicitne dané

e Vhodna pamat'ova narocnost’
e Vyhl'adavanie iba susedov
e Pouzitel'né pre alg. na grafoch (toky, ...)

struct Vertex3 struct Vertex3 struct Mesh3
{ { {
floatx, y, z; floatx, y, z;
vector<int> vertices; vector<Vertex*> vertices;

} }

vector<Vertex3*> vertices;

}
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Vytvorenie zoznamu

struct Vertex2

{
float x, v, z;
Vertex3* new_vertex;

CreateMesh3FromMesh2(Mesh2* mesh)

{
Mesh3* result = new Mesh3;
for (int i = 0;i < mesh->vertices.size(); i++)
{
Vertex3* vert = new Vertex3;
vert->x = mesh->vertices[i].x; vert->y = mesh->verticesli].y; vert->z = mesh->vertices[i].z;
mesh->vertices[i]->new_vertex = vert;
result->vertices.add(vert);
}
for (int | = 0; | < mesh->edges.size(); i++)
{
Vertex3* vl = mesh->edges[i]->v1->new_vertex;
Vertex3* v2 = mesh->edges[i]->v2->new_vertex;
vl->vertices.add(v2);
v2->vertices.add(v1);
}
return result;
}
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