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Oknova a bodova poziadavka

e Pre dané body, najdi z nich také, ktoré patria
danému d-rozmernému intervalu

e RiesSenie cez viacrozmerné range stromy
— VlysSSia pamat'ova narocnost’
— VVSeobecné pre rozne dimenzie
— Adaptivne delenie na zaklade danych bodov

» Nove riesenie — delenie nadrovinami v danej
dimenzii — pomalSie, nizSia pamat'ova
narocnost’
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e Kazdy vnutorny vrchol ma prave styroch
potomkov

» Vrchol predstavuje najCastejsie stvorec alebo
obdlznik, mozu byt aj iné tvary

e Styria potomkovia vrcholu predstavuju
rozdelenie vrcholu na 4 rovnaké casti

e 2D y
%\m
AN
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Vytvorenie quadtree

e S— mnozina bodov v 2D
e Na zacCiatku vytvorime ohranicujuci stvorec S

e Rekurzivne delenie

struct QuadTreeNode

{
Point* point;
float left, right, bottom, top;
QuadTreeNode * parent; {
QuadTreeNode * NE;
QuadTreeNode * NW; }
QuadTreeNode * SW;
QuadTreeNode * SE;

struct QuadTree

QuadTreeNode* root;

QuadTreeConstruct(S)
{
(left, right, bottom, top) = BoundSquare(S);
QuadTree* tree = new QuadTree;
tree->root = QuadTreeNodeConstruct(S, left, right, bottom, top);
return tree;

QuadTreeNodeConstruct(P, left, right, bottom, top)
{
v = new QuadTreeNode;
v->left = left; v->right = right; v->bottom = bottom; v->top = top;
V->NE = v->NW = v->SW = v->SE = v->parent = v->point = NULL;
if (|P| ==0) returnyv;
if (|P| ==1)
{
v->point = Pfirst;
returnv;
}
xmid = (left + right)/2; ymid = (bottom + top)/2;
(NE, NW, SW, SE) = P.Divide(midx, midy);
v->NE = QuadTreeNodeConstruct(NE, xmid, right, ymid, top);
v->NW = QuadTreeNodeConstruct(NW, left, xmid, ymid, top);
v->SW = QuadTreeNodeConstruct(SW, left, xmid, bottom, ymid);
v->SE = QuadTreeNodeConstruct(SE, xmid, right, bottom, ymid);
v->NE->parent = v; v->NW->parent = v;
v->SW->parent = v; v->SE->parent = v;
returnv;
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Prehl'adanie quadtree

e Najdenie bodov leZiacich v obdiZniku

B=[left, right, bottom, top]

QuadTreeQuery(tree, B)
{

return QuadTreeNodeQuery(tree->root, B)

}

QuadTreeNodeQuery(node, B)

{

List result;

if (node == NULL)
return result;

if (B->left > node->right | | B->right < node->left | |
B->bottom > node->top | | B->top < node->bottom)

{

return result;

}

if (node->point)
result.Add(point);

result.Add(QuadTreeNodeQuery(v->NE, B));
result.Add(QuadTreeNodeQuery(v->NW, B);
result.Add(QuadTreeNodeQuery(v->SW, B);
result.Add(QuadTreeNodeQuery(v->SE, B);

return result;
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Vilastnosti quadtree

e Hibka quadtree je najviac log(s/c) + 3/2,
kde cje najmensia vzdialenost’ bodov z Sa s
je dlzka strany pociatocneho stvorca

e Quadtree hibky d's /S/=nmé& O(n.(d+1))
vrcholov a da sa vytvorit’ v case O(n.(d+1))

e Konstrukcia: O(n?)
e Pamat’: O(n?)
e Vlyhladanie: O(n)
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Vyhl'adanie suseda

e Pre dany vrchol a korespondujuci stvorec,
najdi stvorec susediaci v danom smere na
rovnakej a nizsej urovni

e Casova zlozitost’ O(d), d — vyska stromu

NorthNeighbor(v, T)

{ SouthChilds(v)
if (v ==T->root) return NULL; { ) NorthNeighbors(v, T)
if (v == v->parent->SW) return v->parent->NW; !"St result; {
if (v == v->parent->SE) return v->parent->NE; if (v==NULL) List result;
u = NorthNeighbor(v->parent, T); ) return result; North = NorthNeighbor(v, T);
if (u==NULL || u->IsLeaf()) return u; if (v->IsLeaf()) if (North == NULL)
if (v == v->parent->NW) result.Add(v_); return result;
return u->SW, result.Add(SouthChilds(v->SE)); return SouthChilds(North);
else result.Add(SouthChilds(v->SW)); }
return u->SE; return result;
} }
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Vyvazovanie quadtree

e Vyvazeny quadtree — kazdé dva susedné
stvorce sa lisia v rozmeroch max. o faktor 1

e Jednoduché pridavanie prazdnych
podstromov

e Ak T ma m vrcholov, tak jeho vyvazena
verzia ma O(m) vrcholov a da Ssa vytvorlt Y

case O(m(d+1)) H . Ll
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Vyvazovanie quadtree

e CheckDivide — zistenie, Ci treba vrchol v rozdelit, hl'adaju sa
susedia a Ci prislusny potomkovia susedov su listy

e Divide — rozdelenie vrcholu na styroch potomkov a
presunutie bodu do jedného z nich

e CheckNeighbours — ak v susedoch vzniklo nevyvazenie, tak
sa susedia pridaju do zoznamu L

BalanceQuadTree(T)
{
if (v == T->root) return NULL;
L = T.ListLeafs();
while (IL.IsEmpty())
{
v = L.PopFirst();
if (CheckDivide(v))
{
Divide(v);
L.add(v->NE); L.add(v->NW);
L.add(v->SE); L.add(v->SW);
CheckNeighbors(v, L);
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Vizualizacia terénu

e Pri pohl'ade nad povrchom — niektoré Casti
su blizko, niektoré d'alej - pouzitie LOD
(Level Of Detail), kazda cast tereénu sa
vykresli v nejakom detaile

e Potrebna struktura na uskladnenie vsetkych
urovni detailu pre kazdu Cast’ terénu

e Terén rg . L
— vyskové pole ‘
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Vizualizacia terénu

e Vytvorenie Uplneho quadtree nad vyskovym
pol'om
e Pri vizualizacii sa prechédza stromom a

podla vzdialenosti sa urcuje, kedy sa ma
prechadzanie zastavit’ i niome
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Vizualizacia terénu

e Problémy pri prechodoch medzi urovhami

e Riesenie pomocou triangulacie = spojenie
dvoch navazujucich quadtrees

. ®
T-vertices!

Diskrétne Geometrické Struktiry



Vizualizacia terénu
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Generovanie isopovrchov

e Na uniformnej mriezke zadané intenzity, ciel
vytvorit’ povrch aproximujuci urcitu hladinu
intenzity

e VVytvorenie kompletneho quadtree, kazdy
vrchol nesie interval intenzit v nom
obsiahnutych, pre homogenne oblasti netreba
prerozdelovat

e Prehl'adavanie celej struktury alebo posun po
susedoch jednotlivych buniek — ,Marching
Cubes™ algoritmus
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Generovanie isopovrchov
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Bilinearna interpolacia

e Vypocet vrcholov useciek pre stvorec

‘5_4‘ A+ -1 C :1A+§C
5-1 4 4

4 -1
A+ B=—A+—-B
7-1 2 2

5 9

e Interpolacia intenzity vnutri stvorca
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Quadtree pre Marching Cubes

e Dané dvojrozmerné pole intenzit  [zemcosar
— P[-//J:]/' / — 0/,,,/2/7 /'j = 0/."/2/77 } MCQuadTreeNode* root;

struct MCQuadTreeNode

{
float MinIntensity;
float MaxIntensity;
float Cornerl, Corner2;
float Corner3, Corner4;
QuadTreeNode * parent;
QuadTreeNode * NE;
QuadTreeNode * NW;
QuadTreeNode * SW;
QuadTreeNode * SE;

MCQuadTreeConstruct(P, n, m)

{

}

MCQuadTree* tree = new MCQuadTree;

tree->root = MCQuadTreeNodeConstruct(
P,0,27n, 0, 2" m);

return tree;

MCQuadTreeNodeConstruct(P, MinXIndex, MaxXIndex, MinYIndex, MaxYIndex)
{
v = new MCQuadTreeNode;
v->Cornerl = P[MinXIndex, MinYIndex]; v->Corner2 = P[MaxXIndex, MinYIndex];
v->Corner3 = P[MaxXIndex, MaxYIndex]; v->Corner4 = P[MinXIndex, MaxYIndex];
v->NE = v->NW = v->SW = v->SE = v->parent = NULL;
(Min, Max) = GetMinMaxIntensities(P, MinXIndex, MaxXIndex,
MinYIndex, MaxYIndex);
v->MinlIntensity = Min;
v->MaxIntensity = Max;
if (Min == Max)
returnv;
MidXIndex = (MinXIndex + MaxXIndex) / 2;
MidYIndex = (MinYIndex + MaxYIndex) / 2;
v->NE = MCQuadTreeNodeConstruct(P, MidXIndex, MaxXIndex, MidYIndex, MaxYIndex);
v->NW = MCQuadTreeNodeConstruct(P, MinXIndex, MidXIndex, MidYIndex, MaxYIndex);
v->SW = MCQuadTreeNodeConstruct(P, MinXIndex, MidXIndex, MinYIndex, MidYIndex);
v->SE = MCQuadTreeNodeConstruct(P, MidXIndex, MaxXIndex, MinYIndex, MidYIndex);
v->NE->parent = v; v->NW->parent = v;
v->SW->parent = v; v->SE->parent = v;
returnv;
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Marching Cubes

MarchCubes(T, intensity, left, right, bottom, top) .

{ - Ll
MarchCubesNode(T->root, intensity, left, right, bottom, top);

}

MarchCubesNode(v, intensity, left, right, bottom, top) — |

{ ‘ | BN
if (intensity < MinIntensity | | intensity > MaxIntensity) S ——
return; B -
if (MinIntensity == MaxIntensity) —
return;
if (v->IsLeaf())

{
CreatelLinesinRextangle(left, right, bottom, top,

v->Cornerl, v->Corner2, v->Corner3, v->Corner4);

return;
}
float midx = (left+right) / 2;
float midy = (bottom+top) / 2;
MarchCubesNode(v->SW, intensity, left, midx, bottom, midy);
MarchCubesNode(v->SE, intensity, midx, right, bottom, midy);
MarchCubesNode(v->NE, intensity, midx, right, midy, top);
MarchCubesNode(v->NE, intensity, left, midx, midy, top);
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Skryté povrchy (Warnock)

e VV obrazovom priestore

e Rozdeluj pixle v okne do quadtree pokym
nenastane jeden z trivialnych pripadov

e \V kazdom liste quadtree jednoducho urci

2 3 2 2
3 3 2
3
3
— 3
— 3
3
2 3 3 3
" " 2
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Reprezentacie
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e RozSirenie quadtree do 3D, riesenie
rovnakych ci podobnych problémov
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e Vstup: mnozina bodov Sv R?
e Poziadavka: dtrozmerny interval B

e \ystup: mnozina bodov z S, ktoré patria do
mnoziny B
Do, = {(x1,..., Xiyoon, X,) € D|x; < s},

e Rekurzivna konstrukcia: o.. =icu....x....x) € Dlx, > s);
— Dana mnozina bodov Dz R a deliaca suradnica 7/
— Ak Dje prazdne, vrat’ nulovy vrchol
— Ak D obsahuje 1 bod, aktualny vrchol bude list

— Inak vypocitaj deliacu hodnotu sv Ftej] suradnici a podla
tejto hodnoty rozdel’ D na dve mnoziny D, D, a pre
tieto mnoziny rekurzivne vytvor dvoch potomkov a napln

potomkov podl'a mnozin a so zvySenou suradnicou /70 1
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Generovanie k-d stromu

ok

Ta

Om
)

struct KdTreeNode

{
float split;
int dim;
Point* point;
KdTreeNode * left;
KdTreeNode * right;
KdTreeNode * parent;

KdTreeConstruct(S, d)
{

T = new KdTree;
T->root = KdTreeNodeConstruct(S, 0, d);
returnT;

}

struct KdTree

{

KdTreeNode * root;

}

KdTreeNodeConstruct(D, dim, d)
{
if (]|D| =0) return NULL;
v = new KdTreeNode;
v->dim = dim;
if (|]D] =1)
{
v->point = D.Element;
v->left = NULL;
v->right = NULL;
returnv;
}
v->point = NULL;
v->split = D.ComputeSplitValue(dim);
D_, = D.Left(dim, v->split);
D, = D.Right(dim, v->split);
j=(dim+ 1) mod d;
v->left = KdTreeNodeConstruct(D_,, j);
v->right = KdTreeNodeConstruct(D_, j);
returnv;
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Prehl’'adavanie

e Pri h'adani bodov v danom
d-rozmernom intervale si
pamatame d-rozmerné
intervaly prislUuchajuce
kazdému vrcholu stromu (Q)

Report(v)
{

List L;

if (v->IsLeaf() && (v->point))
KdTreeQuery(T, B) {
{ L.add(v->point);

Q = WholeSpace(); return L;

return KdTreeNodeQuery(T->root, Q, B); }
} L.add(Report(v->left));
L.add(Report(v->right));
return L;

KdTreeNodeQuery(v, Q, B)

{

List L;
if (v->IsLeaf() && (v->pointin B))
{
L.add(v->point);
return L;
}
v, = v->left;
v, := v->right;
Q, := Q.LeftPart(v->dim, v->split);
Q, := Q.RightPart(v->dim, v->split);
if (Q, in B)
L.add(Report(v->left));
elseif (; N B !=0)
L.add(KdTreeQuery(v->left,Q, ,B));
if (Q, in B)
L.add(Report(v->right));
elseif (Q, N B!=0)
L.add(KdTreeQuery(v->right, Q, B));
return L;
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Viastnosti k-d stromov

o Ak pri deleni su D_q, D priblizne rovnake (pouzije
sa median), potom Je strom vyvazeny

e Vyvazeny k-d strom v R moze byt vytvoreny v
case O(n.log(n)) a spotrebuje O(n) pamate

e Poziadavka na prehl'adanie k-d stromu v R4 ma
casovu narocnost’ O(n1-1/d) + k), kde k je pocet
najdenych bodov

e V najhorsom pripade vysoka casova narocnost’ (pri
zlom rozdel'ovani), oCakavana narocnost’ je
O(log(n) + k)

e Vlozenie bodu: O(log(n))

e QOdstranenie bodu: O(log(n))
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K-d stromy

e Variacie stromov: body nielen v listoch,
neperiodicka zmena deliacej nadroviny,
rozne sposoby delenia a ukoncenia, dve
deliace nadroviny

[2.5]

[6.3]

/

[3.8]

[8.9]

splitting /
an
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K-d stromy
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mENV Vnu

Hladanie najblizsieho suseda

e Pre mnozinu bodov Sz R?a jeden bod Pz
R treba najst’ taky bod Qz S aby
vzdialenost’ | PQ| bola minimalna

e RozSirenie v podobe najdenia 4 najblizsich
susedov, popripade pribliznych susedov
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NV \Vnu

Hl'adanie najblizsieho suseda

FindNearestPoint(T, near_node, P)

{
nearest_node = current_node = near_node;
while (current_node != NULL)

{

hyperplane_distance = Distance(P, current_node->parent->dim, current_node->parent->split);
if (hyperplane_distance < Distance(P, nearest_node))

SearchSubtree(v, nearest_node, P) i
{ . if (current_node == current_node->parent->left)
List nodes; .
nearest_node = SearchSubtree(current_node->parent->right, nearest_node, P);
nodes.Add(v); else
cur.rent_neare'st = nearest_node; nearest_node = SearchSubtree(current_node->parent->left, nearest_node, P);
while (nodes.size() > 0) }
{ - .
current_node = nodes.PopFirst(); }: rZ:::inr:ggfe;jsi —ngl.(;l:ent_node >parent;
if (current_node->IsLeaf() && (current_node->point)) } ! - !
{
if (Distance(current_node->point, P) < Distance(current_nearest->point, P))
current_nearest = current_node; FindNearPoint(v, P)
continue; {
} if (v->IsLeaf() && (v->point))
hyperplane_distance = Distance(P, current_node->dim, current_node->split); return v;
if (hyperplane_distance > Distance(current_nearest->point, P)) if (InLeftPart(P, v->dim, v->split))
{ return FindNearPoint(v->left, P);
if (InLeftPart(P, current_node->dim, current_node->split)) nodes.Add(current_node->left); else
else nodes.Add(current_node->right); return FindNearPoint(v->right, P);
} }
else
{
nodes.Add(current_node->left); KdTreeNearestNeighbor(T, P)
nodes.Add(current_node->right); {
} near = FindNearPoint(T->root, P);
} return FindNearestPoint(T, near, P);
return current_nearest; }
}
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Hl'adanie najblizsieho suseda

. prv nag)deme bod (list k-d stromu) ktory by mal
byt dost’ blizko P

 Od tohoto listu prechadzame az ku korenu stromu
a hl'adame este blizSie body v opacnych
podstromoch

e Casova naronost’: O(d. n(-/d)

 Pre nahodne rozmiestnene body je oCakavana
casova zlozitost’ O(log(n))

e http://dl.acm.org/citation.cfm?id=355745

e http://dimacs.rutgers.edu/Workshops/MiningTutori
al/pindyk-slides.ppt

e http://www.ri.cmu.edu/pub files/publ/moore andr
ew 1991 1/moore andrew 1991 1.pdf
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HlI'adanie najblizsieho suseda

o] O_ LO—
/(32", - N - i
%ﬁ X
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BN
o [ )
o
.
Mnoho navstivenych vrcholov Malo navstivenych vrcholov
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m\

k najblizsich susedov

e Rozsirenie predchadzajuceho algoritmu

'AAE 4

A E 4

e Pokial' sfera odsahuje menej ako & bodov, jej
polomer je nekonecny

e Pri prvom prechode stromom nenajdeme 1
potencionalne najblizsi bod, ale &
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Hl'adanie k najbl

mEN

1zsich susedov

Struct SearchRecord

{

vector<KdTreeNode> points;
float radius;

}

KdTreeNearestNeighbors(T, P, k)

{
SearchRecord result;
FindNearPoints(T->root, P, k, &result);
FindNearestPoints(T, P, k, &result);
return result;

Diskrétne Geometrické Struktiry

FindNearPoints(v, P, k, result)
{
if (v->IsLeaf() && (v->point))
{
result->points.Add(v);
result->UpdateRadius(P);
return;
}
if (InLeftPart(P, v->dim, v->split))
{
FindNearPoints(v->left, P, k, result);
if (result->points.size < k)
FindNearPoints(v->right, P, k, result);
}
else
{
FindNearPoints(v->right, P, k, result);
if (result->points.size < k)
FindNearPoints(v->left, P, k, result);




mEN

Hl'adanie k najblizsich susedov

SearchSubtree(v, P, k, result)

{

List nodes;
nodes.Add(v);

while (nodes.size() > 0)

{

current_node = nodes.PopFirst();
if (current_node->IsLeaf() && (current_node->point))

FindNearestPoints(T, P, k, result)

{
- - . {
cur.rent_node = result->points[0]; if (Distance(current_node->point, P) < result->radius)
while (current_node != NULL) {
{ . . . result->points.AddNewAndRemove(current_node, P, k);
hyperplane_distance = Distance(P, current_node->parent->dim, result->UpdateRadius(P);
current_node->parent->split); } ’
if (hyperplane_distance < result->radius) continue:
{ 7
}

if (current_node == current_node—>parent—_>|eft) hyperplane_distance = Distance(P, current_node->dim, current_node->split);
SearchSubtree(current_node->parent->right, P, k, result); . . .
if (hyperplane_distance > result->radius)

else
{

SearchSubtree(current_node->parent->left, P, k, result); if (InLeftPart(P, current_node->dim, current_node->split))

} nodes.Add(current_node->left);
current_node = current_node->parent;

) else
b nodes.Add(current_node->right);
return; }
! else
{
nodes.Add(current_node->left);
nodes.Add(current_node->right);
}
}
return;
}
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Photon mapping

e 1 prechod:
— striel'anie fotonov zo zdrojov svetla
— zist'ovanie narazov a odrazov fotdénov so scénou
— ukladanie bodov narazu do mapy
e 2 prechod:
— rendering z pohladu kamery
— pouzitie dat z mapy (najdenie k najblizsich fotdnov pre povrchovy bod) pre
vypocet globalnej iluminacie
e Struktira pre mapu fotonov =

k-d strom
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e Mnoho sposobov generovania: laserove
skenovanie, Kinect, strukturované svetlo

e RekonsStrukcia povrchov — potreba hl'adania

A E 4

najblizsich bodov
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Rekonstrukcia povrchov

e HI'adanie bodov ktoré lezia v danej guli
e Mala modifikacia predchadzajuceho alg.
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Databazy

e Zaznam v databaze = d-rozmerny vektor

e Pre dany zaznam, najdi najpodobnejsi
zaznam v databaze = najdenie nanI|ZS|eho
suseda Vv databaze
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vp (Vantage-point) strom

e Binarny strom, v kazdom vrchole je urceny
bod P a polomer r, v lavom podstrome su

podstrome zvysné body | L“@ ’
e Vyber P — ndhodny bod w7
e VVyber r— median
vzdialenosti P od
ostatnych bodov

Diskrétne Geometrické Struktiry



Sledovanie lica

e K-d strom je najlepsie delenie priestoru pre
raytracing (minimalizuje pocet ratani
priesecnika lUc-objekt)

o http://dcgi.felk.cvut.cz/home/havran/phdthe
sis.html

e Moznost’ adaptivnheho delenia podla povrchu
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http://dcgi.felk.cvut.cz/home/havran/phdthesis.html
http://dcgi.felk.cvut.cz/home/havran/phdthesis.html

Sledovanie luca

e Rozdel'ovanie vo vrcholoch
— Spatial median
— Object median
— Smer — najvacsia variacia
— V strede v smere “najdlhsej” dimenzie

— Ohodnocovacie techniky

e Ohodnotenie rozdelenia na zaklade pravdepodobnosti
zasahu lucom (ordinary surface area heuristic)

. 1 f . G , , D dot G , ,
Coo= <5 5 (vc))[SA(ﬂB(l’dujd(v ). (N; + Nsp) + SA(AB(rehild(vE))).(Np+ Nsp)
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