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Ohranicujuce objemy

e Pomocna mnozina ohranicujuca jeden alebo
viac objektov

e Jednoduchy tvar objemu, nevhodné na
reprezentaciu

e Prenos vypoctu z objektu na objem
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AABB sphere BB %phencal
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convex hull prism cylinder intersection of
other BVs

Diskrétne Geometrické Struktiry



Ohranicujuce objemy

o http://www.geometrictools.com/index.html

e Vhodnost' podl'a algoritmov
— Vytvorenie objemu z mnoziny bodov, ...
— Presnost’ aproximacie
— Prienik s inym ohraniCujucim objemom
— Prienik s priamkou
— Prislusnost’ bodu k objemu

— Transformacie objektu (rotacia, skalovanie
posunutie)

— Vytvorenie objemu z dvoch mensich objemov
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Presnost’ aproximacie

e Ohodnotenie blizkosti ohranicujuceho
objemu k objektu

e Pouzitie Haussdorfovej vzdialenosti
e Zalezi aj na vel'kosti objemu

h(B,G) =maxmind(b, g)
beB geG

diam(G) = gr,r)l%)é d(g. f)

 h(B,G)
T GamG)
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AABB

e Axis-aligned bounding box

e d-rozmerny interval

e Jednoduché vybudovanie objemu
e Jednoduché prieniky

e Zlozita transformacia

e HorSia aproximacia, az 0.5
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AABB

e Vytvorenie — najdenie min-max hodnot
e VVzajomny prienik — porovnanie hodnot
e Transformacia - nutnost’ prepocitania

struct AABB
{ . CreateAABB(vector<Point3D> points)
float fMinX, fMaxX; {
float fM?nY, fMaxy; AABB result:
float fMinz, fMaxZ; result.fMinX = result.fMinY = result,fMinZ = MAX_FLOAT;
) result.fMaxX = result.fMaxY = result.fMaxZ = MIN_FLOAT;
for (int i = 0;i < points.size();i++)

AABBIntersection(AABB v1, AABB v2) {

{ if (points[i].x < result.fMinX) result.fMinX = points[i].x;
if (v1.fMaxX < v2.fMinX) return false; if (points[i].x > result.fMaxX) result.fMaxX = points]i].x;
if (v1.fMinX > v2.fMaxX) return false; if (points[i].y < result.fMinY) result.fMinY = points[i].y;
if (v1.fMaxY < v2.fMinY) return false; if (points[i].y > result.fMaxY) result.fMaxY = points][i].y;
if (v1.fMinY > v2.fMaxY) return false; if (pointsli].z < result.fMinZ) result.fMinZ = points[i].z;
if (v1.fMaxZ < v2.fMinZ) return false; if (points[i].z > result.fMaxZ) result.fMaxZ = points][i].z;
if (v1.fMinZ > v2.fMaxZ) return false; }
return true; return result;

} }
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e Discrete Oriented Polytope, Polytop — polygon,

polyhedron...

e Prienik k polpriestorov, konvexny obal je najmensi

K-DOP

e NajcCastejsie sa definuje k / 2 smerov a k nim sa
najdu min a max hodnoty v kazdom smere

e AABB je k-DOP so smermi danymi suradnicovymi
osami
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e LepsSia aproximacia, zalezi na objekte
e 2D: k=4,8; 3D: k=6, 18, 26
e Podobné zlozitosti algoritmov ako pre AABB

struct kDOP

{
static vector<Vector3> directions;
Point3 center;
vector<float> min_values;
vector<float> max_values;

}

good choice quite good choice
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CreatekDOP(vector<Point3D> points)

{
kDOP result;

result.center.x = result.center.y = result.center.z = 0;
for (int i = 0;i < points.size();i++)

kDOPIntersection(kDOP v1, kDOP v2)

{
Point3 O1 = vl.center; Point3 O2 = v2.center;

for (int j = 0;j < vl.directions.size();j++)

{

{ Vector3 v = vl.directions[j];
result.center.x += points[i].x / points.size(); float t = (02.x*v.x+02.y*v.y+02.2*v.z-01.x*v.x-O1.y*v.y-01.z*v.z);
result.centery += points[i].y / points.size(); t=1 / (v..x*v.x+v.y*‘v.y+v.z*v.z); _
result.center.z += points[i].z / points.size(); if (v1.min_values[j] > (v2.max_values[j] + t)) return false;
} if (vl.max_values[j] < (v2.min_values[j] + t)) return false;
for (int j = 0;j < result.directions.size();j++) }
{ return true;
result.min_values[j].push_back(MAX_FLOAT); }
result.max_values|[j].push_back(MIN_FLOAT);
) - (il-push._ ( - ) PointInsidekDOP(kDQOP v,Point3 P)
for (int i = 0;i < points.size();i++) { )
{ Point3 O = v.center;

Point3 X = points[i];

for (int j = 0;j < result.directions.size();j++)

{
Vector3 v = result.directions[j]; Point3 O = result.center;
float t = (X.x*v.x+X.y*vy+X.z*v.z-0.x*v.x-0.y*v.y-0.z*v.z);
t=1t/ (v.x*v.x+vy*vy+v.z*v.z);
if (t < result.min_values[j]) result.min_values[j] = t;
if (t > result.max_values[j]) result.max_values[j] = t;

}

} return result;

for (int j = 0;j < v.directions.size();j++)
{
Vector3 v = v.directions]j];
float t = (P.x*v.x+Py*v.y+P.z*v.z-0.x*v.x-0.y*v.y-0.z*v.z);
t=1t/ (v.x*vx+vy*vy+v.z*v.z);
if (v.min_values[j] > t) return false;
if (v.max_valuesl[j] < t) return false;

}

return true;

}

}
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OBB

e Oriented Bounding Box

e Rotovany d-rozmerny interval
e PresnejSia aproximacia

e Casovo naroénejsie testy

e ['ahsia transformacia

d o~
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OBB

e Prienik dvoch OBB — najdenie ,separating axis"
— priamka na ktorej sa projekcie polytopov nepretinaju

e Dva objekty 4 a Bsa nepretinaju ak existuje
priamka p taka, ze priemety A a Bna priamku p sa
nepretinaju

e Smer p je definovany orientaciou stien Aa Ba
vektorovym sucinom hranz Aa B (v 3D)

Py =|ad L] +|ay 41

Ig= |5‘1314':| +|~* B_?Ll

AL:AT-Ll>py+py o AL e{d. 4. BB }:|T-L|> ps+ pg
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OBB

struct OBB
{
Point3 center;
Vector3 vl, v2, v3;
float fMin1, fMin2, fMin3;
float fMax1, fMax2, fMax3;

}

ComputeDirections(vector<Point3> points)
{
Point3 center;
center.x = center.y = center.z = 0;
for (int i = 0;i < points.size();i++)
{
center.x += points[i].x / points.size();
centery += points[i].y / points.size();
center.z += points]i].z / points.size();

}

Matrix3 C; C[0][0] = C[1][0] = C[2][0] = C[O][1] =C[1][1] =...=0O;
for (int i = 0;i < points.size();i++)

{

C[0][0] += (points[i].x — center.x)*(points[i].x — center.x) / points.size();
C[1][0] += (points[i].y — center.y)*(points[i].x — center.x) / points.size();
C[2][0] += (points[i].z — center.z)*(points[i].x — center.x) / points.size();
C[0][1] += (points[i].x — center.x)*(points[i].y — center.y) / points.size();

return C.Eigenvectors();

CreateOBB(vector<Point3> points)
{
OBB result;
result.center.x = result.center.y = result.center.z = 0;
for (int i = 0;i < points.size();i++)
{
result.center.x += points[i].x / points.size();
result.center.y += points[i].y / points.size();
result.center.z += points[i].z / points.size();
}
(result.vl, result.v2, result.v3) = ComputeDirections(points);
result.fMinl = result.fMin2 = result.fMin3 = MAX_FLOAT;
result.fMax1 = result.fMax2 = result.fMax3 = MIN_FLOAT;
for (int i = 0;i < points.size();i++)
{
Point3 X = points[i];
float t1 = (X.x*v1.x+X.y*v1l.y+X.z*v1.2);
t1 =11/ (vl.x*vl.x+vl.y*vly+vl.z*vl.z);
if (t1 < result.fMin1) result.fMin1 = t1;
if (t1 > result.fMax1) result.fMax1 = t1;
// .... Same for other two directions

}

return result;

Diskrétne Geometrické Struktiry




OBB

PointinsideOBB(Point3 P, OBB v)

{

}

Point3 O = v.origin;

float t = (P.x*v.vl.x+Py*v.vl.y+P.z*v.v1.z-O.x*v.v1.x-O.y*v.v1l.y-O.z*v.v1.z);
t=t/ (v.wl.x*vvl.x+vvly*vvl.y+vvl.z¥vvl.z);

if (t < v.fMin1) return false;

if (t > v.fMax1) return false;

t = (P.x*vv2.x+Py*vv2.y+P.z*vv2.2-0.x*v.v2.x-0.y*v.v2.y-0.z2*v.v2.2);
t=t/ (v.v2.x*¥*vv2.x+v.v2.y*v.v2.y+v.v2.2*v.v2.2);

if (t < v.fMin2) return false;

if (t > v.fMax2) return false;

t = (P.x*vv3.x+Py*v.v3.y+P.z*v.v3.z-0.x*v.v3.x-0.y*v.v3.y-0.z2*v.v3.z);
t =1t/ (v.v3.x*vv3.x+v.v3.y*v.v3.y+v.v3.z*v.v3.z);

if (t < v.fMin3) return false;

if (t > v.fMax3) return false;

return true;

struct Ray

{
Point3 start;

Vector3 dir;
}

RayPlanelntersection(Ray r, Vector3 normal, float plane4)

{

Point3 result;

float t = -plane4 — normal.x*r.start.x — normal.y*r.start.y — normal.z*r.start.z;
t =t/ (normal.x*v.x+normal.y*v.y+normal.z*v.z);

result.x = r.start.x + t * v.dir.x;

result.y = r.start.y + t * v.diry;

result.z = r.start.z + t * v.dir.z;

return result;

RayOBBIntersection(Ray r, OBB v)

{

Point3 plane;
plane.x = v.origin.x + v.fMin1*v.v1.x;
plane.y = v.origin.y + v.fMin1*v.vl.y;
plane.z = v.origin.z + v.fMin1*v.vl.z;
float d = -v.vl.x*plane.x-v.vl.y*plane.y-v.vl.z*plane.z;
Point3 | = RayPlanelntersection(r, v.vl, d);
if (PointInsideOBB(l, v))
return true;

plane.x = v.origin.x + v.fMax1*v.v1.x;
plane.y = v.origin.y + v.fMax1*v.vl.y;
plane.z = v.origin.z + v.fMax1*v.v1.z;
float d = -v.vl.x*plane.x-v.vl.y*plane.y-v.vl.z*plane.z;
| = RayPlanelntersection(r, v.vl, d);
if (PointInsideOBB(l, v))
return true;
// same for remaining two directions v2, v3

return false;
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Sféra, elipsa

e Vhodna pre transformacie
e 'lahké vypocty, prieniky, transformacie

e \/ytvorenie: najmensia ohranicujuca
kruznica, kruznica ohranicujuca AABB, OBB

good choice bad choice

(e, —¢; ey —¢;) = (5 +;*'3}]
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struct BoundingSphere

{

Point3 center;
float radius;

}

CreateBoundingSphere(vector<Point3> points)

{

BoundingSphere result;
result.center.x = result.center.y = result.center.z = 0;

BoundingSpherelntersection(BoundingSphere v1, BoundingSphere v2)
{
float d = (vl.center.x — v2.center.x)"2 +
(vl.centery —v2.centery)*2 +
(vl.center.z — v2.center.z)"2;
if ((v1.radius + v2.radius) > sqgrt(d))
return true;
else
return false;

for (int i = 0;i < points.size();i++)

{

result.center.x += points[i].x / points.size();
result.center.y += points[i].y / points.size();
result.center.z += points[i].z / points.size();
}
result.radius = 0;
for (int i = 0;i < points.size();i++)
{
float t = (points[i].x - result.center.x)*2 +
(pointsl[i].y - result.center.y)*2 +
(points[i].z - result.center.z)"2;
if (t > result.radius) result.radius = t;
}
result.radius = sqrt(result.radius);
return result;

RayBoundingSpherelntersection(BoundingSphere s, Ray r)
{
Point3 S = s.center;
Vector3 v = r.dir;
Point3 O =r.start;
float dis = v.x*(0.x-S.x)+v.y*(0.y-S.y)+v.z*(0.z-S.z);
dis = dis*dis;
dis = dis — (v.x*v.x+v.y*vy+v.z*v.z)*
((0.x-S.x)A2+(0.y-S.y)A2+(0.z-S.z)*2-s.radius"2);
if (dis < 0)
return false;
else
return true;
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Dal'Sie objemy

e Elipsoidy

e Cylindre, hranoly
o Konvexné obaly
e RozSirené sférické objemy

e Kombinacie @E @ @ @

sphere ABB OBB 6-DOP COnvex
hull

tighter approximation

decreasing complexity and
computational expenses for overlap test

Diskrétne Geometrické Struktiry



Bounding Volumes Hierarchy

e Strom ohranicujucich objektov
e Nech O= {0, ..., 0} je mnozina objektov

e Potom je BVH pre mnozinu O definovany:
— ak | 0| £ e tak BVH(O) je list ktory obsahuje O a

ohranicCujuci objem O

— ak | O] > ¢ tak BVH(O) je vrchol s m potomkami v;,
i=1,...,m, kde v;su BVH(O) nad mnozinami O, O = u 0,
BVH(O) obsahuje aj ohranicujuci objem O

entire object

[
|

Rrimitive:

,
Zo
U;'\. BY
2

» /
rimitived rimitived
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Priklady BVH

2R
B "'

0OBB

A R
%\ m = Sean Quinlan, Stanford Univ Objectu ‘

..'{ %’ = Philip Hubbard, Brown Univ OBBs
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Tesnost’ aproximacie BVH

e VVolumetricka tesnost’
e C(v)potomkovia v, L(V)listy v

Vol(v) ) Vol(v)
Ti= i
par ec(y) Yol(V! ) D eL(v) Yol(V/ )

e Pri AABB sa tesnost’ vel'mi nemeni, zavisi na
orientacii geometrie

e Pri OBB rastie, zavisi na krivosti

D

\
1 \
\
h \

\

Z “’?@&
d NS
-4y
! /
’
Ve
’
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Konstrukcné kritéria

e \/yvazeny strom
e Delenie objektov alebo objemov
e Ako delit’ objekty, objemy

e Minimalizacia redundancie (Ci sa objekt
nachadza vo viacerych vrcholoch)

e Pocet primitiv v listoch
e Podl'a pouzitia stromu
e Ohodnotenie vrcholov stromu
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Konstrukcia BVH

e Bottom-up:
— na zacCiatku mame jednotlivé objekty
— vytvor ohranicujuci objem pre kazdy objekt
— rekurzivne zoskupuj ohranicujuce objemy do

lllll

— ukoncenie ked’ zostane jeden velky objem
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Sposoby zoskupovania

o Greedy:
— usporiadaj objemy podl'a vzdialenosti od seba

— v usporiadani vyber prvych & objemov a vytvor pre ne
noveho predka v hierarchii

e Tiling: e
— pre kazdy objem vypoditaj stred | _‘
— rozdel priestor na‘/n/k rezov tak, aby v kazdom bol
rovnaky pocet primitiv (podl'a x a potom podla y)
— vznikne rozdelenie priestoru na diely s & prvkami, objemy
v jednej bunke spojime do jedného objemu

— pokracujeme o uroven vyssie
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Konstrukcia BVH
e Vkladanie

void BVH_Insert (B)
{
while (|B| > 0)
{
b = B.pop; v =root; //vybratie dobreho b je dolezite
while (!v.IsLeaf())
{
choose child V', so that insertion of b into v’ causes minimal increase in the
costs of the total tree;
V=V’
}
}
}
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Konstrukcia BVH

e Top-down
— zacneme s celou scénou, objektom
— vytvorime ohranicujuci objem pre scénu
— objem (objekt) rozdelime na & Casti
— prerozdelujeme

— skoncime ked’ objem obsahuje podprahovy
pocet primitiv
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Konstrukcia Sferickych BVH

e \/ytvor top-down BVH pomocou octree
struktury

e Hubbard, O'Sullivan:

— approximuj objekty pomocou sfér a vytvor strom
bottom-up zoskupovanim sfér

— pri tvorbe vytvaraj homogénnu strukturu
vrcholov pre odstranenie redundancie

v
\@’ 2 / . ‘;

octree based
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e Raytracing: ohodnocovacia funkcia na
zaklade plochy, a = x, vy, z, ...

Y = g Area(by, ..., b;) 2 Area(bjy, ..., b,) _
= Arca(B)  ° Area@)

e Frustum culling: objem namiesto povrchu

e Collision detection: porovnavanie viacerych
stromov a Casti stromov, minimalizovat’ C(A,
B) C(A.B)=4+ ) P(A.B))-C(A; B)),

ij=1,2
C(A,B) ~4(1+ P(A|.B) + ...+ P(Ay. By)).

Vol(A;) + Vol(By)
Vol(A) + Vol(B)

P(A,, B)) ~
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Detekcia kolizii

e Kontrola Ci sa nejaké objekty pretinaju —
kontrola prieniku ich primitiv

e Prechod dvoma stromami
o \/ytvaranie bounding volume test tree (BVTT)
e Moznost' vyuzitia koherencie

traverse(A,B)
{ ERID A
A Sap
if AN B==0) D T N .
return NULL; S : C : ) 3
if (A.IsLeaf() && B.IsLeaf()) N A >IN (
o o / \ - 258 L% % AT A /
return A.primitives M B.primitives; @ 69B3ERED. X/ | ({b }5/ & D
for (all children Ali] and B[j])
traverse(Ali],B[j]);
}
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Stochasticka detekcia kolizii

e Ohodnotime casti stromu, ktoré sa budu
spracuvavat’' s vyssou prioritou

e Pravdepodobnost’ prieniku — externy opis
spravania sa primitiv v objeme

traverse(A, B) 05 : : : : : : [
{ Pae =099 —
g.insert(A, B, 1); Pron =090 ===
i 041 = 08O -]
while (!g.IsEmpty())
{ L=
(A, B) = g.pop(); 2 03
for (all children A, and B)) S
{ E
p=PI[A,B]; 202
if (p > thresh) =
return “collision”; 01 .~
else if (p > 0)
q.insert(A;, By, p);
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Pravdepodobnost’ prieniku

e Rozdelime A n B na regularnu mriezku

e V kazdej bunke urcime obsadenost’ bunky
mnozinou A a B

e Spocitaj pocet koliznych buniek

Cra
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Stochasticke riesenie

e V Case tvorby ohranicujuceho objemu
e Rozdelime objem regularnou mriezkou

e Zratame pocet dostatocne obsadenych
buniek a ulozime tento pocet s objemom - s,

Vol(A
’/'..-—-"‘—\h g s‘:q = 54 v (0] ( ) ,
N ol(A N B)
L7 7 N
(1Y TN (7))
- \ ! sg—1
N ) Il PleccAnB)y2x1=1-) SB |
R t=0
PR \ ()
( A%
/ / . — :
N\ L/ \ // Pravdepodobnost, ze v prieniku objemov
] = je aspon x dostatoCne plnych buniek
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e Nevykreslovanie neviditel'nych objektov,
ktoré su mimo pohladoveého objemu

e Testuj postupne prienik ohranicujucich
objemov v hierarchii a pohl'adového objemu

Zdroj: www.sgi.com
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Occlusion culling

e Nevykreslovanie neviditel'nych objektov

e Pouzitie rozsirenia, ktoré urci pocet
vykreslenych pixelov daného objektu

e Postup:
— Vykreslenie velkych blizkych objektov

— Vykreslenie ohr. objemov ostatnych objektov, ak
sa objem vykresli do nenuloveho poctu pixelov,
vykresly sa aj cely objekt

— Najlepsie postupujeme od predu dozadu (BSP)
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Occlusion culling

|
|
1
1

ary

4

4

) 4

) 4
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e Zalozeny na hierarchiach v scéne

e Rychlejsi pristup k datam

e MOze byt kombinovany s ohranicujucimi
objemami

e Dynamicke scény: bottom-up update

e Kazdy vrchol ma mnoho atributov:
— lokalna, globalna transformacia

— renderovacie atributy
— ohranicujuci objem
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Graf scéeny

World
Y ' '
- Group
Light Camera Ty
' 1
Group Group
User ID: 2 User ID: 3
' ' Y ,
Mesh Mesh Mesh Mesh
Color: blue Color; blue Color: red Color: red
L Y Y Y
Mesh Mesh Mesh Mesh
Color; blue Color: blue Color: red Color: rad

Diskrétne Geometrické Struktiry




Diskrétne Geometrické Struktiry



