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Ermwtayuvvon aAyopiOpwyv

= OLpeBodol BeAtioTtomoinoncg eival avaykoiol oxedov mavtou ota ypadLka:

MopakoAouBOnon aktivag - avw armo 1o 90% Tou KOOTOUC EYKELTAL 0TNV va BpoUpE
TNV TOUN TNC KAOE aKTVag PE TA AVTLKELMEVAL

Radiosity — urtoAoylopoc twv form factors®
[padLKA TIPOYLLATIKOU XpOVOU
MeyaAa reptBailovta (ekatoppipla moAlywva) @ 30Hz
KaAUtepo pwTtlopo
2KLEC
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MpocEeyyLOELC VIO EMLTAXUVON)

= NapaAAnAn eneéepyaocia
parallel computers
multi-core
grid

= YAormoinon KAmowwyv cuvaptnoswy otnv kapta ypadikwyv (GPU — shaders)
NVIDIA GeForce 1080 — pexpt 3500 Stream Processors

= AAYOpPLOMIKEC HEBODOL
NoyaplBuikn mpooBaon, IBR, Culling, LOD
Bdon ylo T IEPLOCOTEPA: YVEWMETPLKES SOUEC EMLTAYUVONG
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Emtayuvvon Be xpRon YEWHETPLKWY SopwV

= NepBaArrovteg aykot (bounding volumes)
= lepapyxikoi mepBaAriovtecg oykol (hierarchical bounding volumes)

= Katatpnon xwpeou (space subdivision)
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Bounding Volumes
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Bounding Volumes (BV)

= Extents and bounding volumes
Enclose complex objects in simpler ones
Simpler = spheres, cuboids
If bounding volume isn’t visible, neither is object inside it!
To increase efficiency, put multiple objects into one volume

=  How does this speed up ray tracing?
Quick reject: check ray against bounding volume first

Quicker reject: check group of rays (frustum) against bounding
volume of object, which is better because the clipping is done
for containers instead of individual triangles

= Simple to implement and can offer noticeable speedups
The tighter the bounding box the better, less false positives
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Bounding Volumes (BV) ﬁ Axis aligned

Bounding Box

Many different choices

Axis aligned bounding boxes Oriented
Oriented bounding boxes Bounding Box
Bounding spheres

Bounding ellipsoids Bounding
Discrete orientation polytopes (k-dop) Sphere

Other - convex hulls ...
Bounding
Ellipsoid

Discrete orientation
polytopes (K-dop)
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Conservative Bounding Regions

e tight - avoid false positives

e fast to intersect

arbitrary convex region (bounding non-aligned axis-aligned bounding
half-spaces) bounding box bounding box sphere
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Kavoviko nepifaAAov kouti (Axis aligned Bounding Boxes)

= ‘Eva o 1o o ouvnBlopEva Kat o eUKoAol otnv VAoToinon

= [prlyopo TEOT aKTivac-KoUTL
= To kouTti elval 3 oet ano napaAAnAa emnineda, To kKAOe Eva kKABeTo ota AAAa duo
Yrnohoyioupe To t, .., VIt KAOE Eva amo ta 3 {gvyn emuESwWV
Bplokoupe To peyloto ano ta pla t ..,
YnohoyiCoupe To tg, kKABe eva armo ta 3 {evyn emutEd WV
Bplokoupe to pikpotEpPO amo ta tpia 3 t;,,
= Av 1O pEYLOTO t o, ElVaL HEYOAUTEPO QATIO TO WLKPOTEPO tr,,, TOTE N OKTVAL HEV TEUVEL TO KOUTL

near
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Bounding Box of a Triangle

(X21 Y2,

(Xmin’ ymin’ Zmin) ®
= (min(Xy,X1,X5),

mMIN(Yo,Y1,Y2),
min(z,,2,,2,))

EMA426 | Tpadikd Ymoloylotwy

(Xmax’ ymax’ Zmax)
= (max(Xp,Xy,Xs),

max(Yo,Y1,Y2),
max(zy,2,,Z,))



3D Axis-Aligned Bounding-Box (AABB)

Demo: http://mozdevs.github.io/gamedev-js-3d-aabb/api box.html

12 ENA426 | Tpadika YmoAoylotwy More Details: https://developer.mozilla.org/en-US/docs/Games/Technigues/3D collision detection


http://mozdevs.github.io/gamedev-js-3d-aabb/api_box.html
https://developer.mozilla.org/en-US/docs/Games/Techniques/3D_collision_detection

AABB’s are calculated depending on object transformation

From: https://www.scratchapixel.com/lessons/advanced-rendering/introduction-acceleration-structure/bounding-volume-hierarchy-BVH-part1
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https://www.scratchapixel.com/lessons/advanced-rendering/introduction-acceleration-structure/bounding-volume-hierarchy-BVH-part1

Another Common Bounding Volume: Sphere

= Rotationally invariant
= Usually
= Usually fast to compute with
= Store: center point and radius
= Center point: object’s center of mass

= Radius: distance of farthest point on object
from center of mass.

= Often not very tight fit
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View volume culling

Compare the scene hierarchically against the view volume

When a region is found to be outside the view volume then all objects inside it
can be safely discarded

If a region is fully inside then render without clipping
What is the difference with clipping?
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Hierarchical Bounding Volumes
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Collision Detection

What happens when the bounding volumes do intersect?
We must test whether the actual objects underneath intersect.
For an object made from lots of polygons, this is complicated.
So, we will use a bounding volume hierarchy (BVH)
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18/45

Hierarchical Bounding Volumes_ .

B el
A technique for organizing the entire scene: @j C{j} B C
= First introduced in a 1986 paper by Kay and Kajiya Q Z/‘x {ﬁi/ \

Repeatedly group bounding volumes of nearby objects together until entire scene is bounded

= Group bounding volumes in an encompassing
bounding volume to create a tree hierarchy

=  Bottom-up construction

= To group two axis-aligned bounding boxes (AABBs) take the min and max of each AABBs
However, finding objects that are close to each other can be difficult

= Naive solution involves comparing each object against each other and grouping (slow O(n?) run time)
Could use original scene graph: bounding volumes at nodes = union of child bounding volumes

= Easy to construct, yet...

= Scene graph is usually logically organized but may not be spatially organized

Commonly used spatial-partitioning algorithms include organizing objects with an octree or using top-down
construction with a surface area heuristic (similar to kd-trees)

EMA426 | Tpadikd Ymoloylotwy


https://dl.acm.org/citation.cfm?id=15916

Large number of objects OR very complex ok

&

@
tyrannosaurus, 64 spheres

: g
r \n\ ¥
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Hierarchical bounding volumes
® @
Qe coo e

&
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Hierarchical bounding volumes




Hierarchical bounding volumes




Hierarchical bounding volumes




Bounding Volume Hierarchy (2/3)

Ray Tracing: if ray intersects parent, check children, if not, discard parent?®

24/45 EMA426 | Tpadka YHOAOVLﬁW‘lelg 1: Number of intersections needed will be O(log n) vs O(n) without BVH



View volume (or frustum) culling using a bounding volume hierarchy

Remember Clipping?
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Nwc ktilouvpe tic INO (lepapyiec NepBaAAoviwv Oykwv)
Hierarchical bounding volumes

= AvokoAo mpoBAnual
= H eukoAn AUon eivatl va akohouBnocoupe to ypadnuo ckNVNC
To amoteAeopa e€aptatal amo tnv SOUAELA TOU HOVTEALOTN
= Na opadornorycoupe touc MO pe Baon KAoLo KPLTnpLo (T.x. TLg
QTMTOOTAOELC)
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27

- L
- ] = i
Regular Grid i
[ 1 L
= Easy to implement - = H
= Fast ray traversal b 0o .
= Not a hierarch [] —
e — 0 gl
= Memory intensive, lots of empty cells [ ]
= Best suited for scenes that are evenly spread 1 O o
=
What resolution? - — [ DD ]
] 0 = — = =L T ]
DIZI ] D i DIZI [ 1T DIZI [ D= —
= BS
0 B 1 i —— — D D
[ O = i [ = ]
[ ] [l
J 5 DD O L DD O] L]
L] — 1 g L —
N HEASERESE
=[O =t |:|
[ - L DD [] L DD ] | ——




=10} %]

&
=4
i
i
2
=
g
=
i

L —-—:
UNNRNRERRRRRE

AR RRREFERPRE:

”m-_--_ _.-.' -n_

Ssarnn e ahi,

B
BT

| Al
glles I —.ﬂh

<1 .m i ..__r

Welcomea to the OpenGl CPU Ray Tracer.

EMA426 | Tpadikd Ymoloylotwy

28



Grids — Pros and Cons

Balance issues: some cells are clearly more important than others
How to determine the best cell size?
A lot of cells have nothing in them; it's a waste of resources to check them all
Use larger cell sizes?
But then some cells could also have too many objects
Use smaller cell sizes?

Why don't we just use a finer grid?
Because of the expense of stepping through grid cells during traversal

Analogous to super-samﬁalin? from image processing unit: increasing resolution on
monitors decreases visible effects of aliasing, but only at the expenseé of a
significant amount of overhead (memory/processmg}/

Not hierarchical: more traversal time, but less construction time
Useful for animated scenes: moving one object does not affect other objects in grid
In general however, we'd like a smarter, more adaptive solution
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Octrees — Adaptive Data Structures

= Octrees are based on Warnock’s algorithm for
hidden surface removal

= Project triangles on “screen” and recursively
subdivide until the numberin a given cell can
be clearly solved for occlusion (typically 2)

= All nodes in the tree are AABBs (Axis-Aligned
Bounding Boxes)

= Similar to grid except voxels (3D cells) do not
have to be the same size.

Areas with greater density have more voxels

30/45 EMA426 | Tpadika YmoAoylotwy

2-D example
called a quadtree
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Octrees — Adaptive Data Structures

Ta Octrees eival LepapyLlkec SoUEC HEVTPWYV TTOU
XPNOLUOTIOLOUVTOL VLA TNV OVTLITPOCWTIEUON
OTEPEWV AVILKELUEVWV.

Ta Octrees Baoilovtal og eva dtodlaotato oxnua
EKTIPOOWTINONC TTOU ovopaeTol KwoLKomoinon
quadtree

H kwdikomnoinon Quadtree diapet pa teTtpaywvn
TIEPLOXN OE TECOEPLC LOEC TTEPLOXEC EWC OTOU val
YLVOUV OLOLOYEVEILC

AUTEC OL TLEPLOYEC UTTOPOUV ETIELTA VO
TaktomolnBouv oav eva SEvVTpo
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Napadewypa Quadtree
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Napadewypa Quadtree
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Octrees (quadtrees)

= 'ExoupEe TOUEC //5S pe TouC AEOVEC

= KoBoupe otnv pnEon, pe Baon karmnoto afova,

o€ KaBe BAua

= EUkoAn vAomoinon, xwpic SUokoAec amoPpAoELg

= Alaoxiletal mMOAU «pTnva»

]
=
i

]

I

EMA426 | Tpadikd Ymoloylotwy

]

mij st

_D[j O




35

Octrees

N TOOO0000D OOOOVVVV

|

(a)
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Octree Traversal

the process of finding the subset of voxels in an octree pierced by a
directed line

Only ray trace the objects in the voxels

Two groups of algorithms

Bottom-up: traversing starts at first terminal node intersected by ray. Use neighbor-
finding to obtain the next node

KATIWE TIOAUTTAOKO OTnV UAoToinon

Top-down: start from the root node; recursive down to the terminal voxel
1o eUKOAo otnVv uAomoinon
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Octrees (quadtrees)

= 'ExoupEe TOUEC //5S pe TouC AEOVEC

= KoBoupe otnv pnEon, pe Baon karmnoto afova,

o€ KaBe BAua

= EUkoAn vAomoinon, xwpic SUokoAec amoPpAoELg

= Alaoxiletal mMOAU «pTnva»

]

mij st

_D[j O

= Mmopei Opw¢ va pog Swoetl UTEPPOALKN KATATUNON

=
I i

[
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Octrees

H kwdkomnoinon Quadtree mop&xouv ocnUAVTLKI €€0LKOVOUNON XWPOU Kall
LLVALNG OTAV UTTAPYXOUV EYAAEC TIEPLOXEC LLE TO LOLO XPWHOL OE HLa TIEPLOXN

Ta octrees €xouv tnv ibLa Aoylkn pe ta quadtrees, aAAd Stapoulv pLa tepLoxn
1.X. KUBo o€ octants
KaBe meploxn o€ eva octree avadepetal o volume element n voxel

H Slailpeon ouvexiletal HEXPL OO VOL EXOUV OLLOLOYEVELC TIEPLOXEC

3

0 ol1|2)3]4]5]6]7
/
3

[~
~ —

‘\ /
7 2 Data Elements
\ /

in the Representative
Octree Node

Region of a
Three-Dimensional

S aee
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Napadsiypa Octree

i,

S /Y
G AT A

LAY

Octree containing pieces of an implicitly defined sphere;
within each terminal node surface vertices are computed
and connected to form a polygon
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Napadewypa Octree

EMA426 | Tpadikd Ymoloylotwy
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KD-tree Vs Octree

4

kd-tree

EMA426 | Tpadikd Ymoloylotwy

i

q

4
A

octree

http://www.cs.tau.ac.il/~dcor/Graphics/adv-

slides/RT_accelerationa3.pdf -- Slide 46, Fredo Durand slides



http://www.cs.tau.ac.il/%7Edcor/Graphics/adv-slides/RT_acceleration13.pdf

kd-trees - Motivation

Let's be smarter about determining the sizes of nodes in the tree

Tradeoff between spending time intersecting with nodes (deep tree) vs intersecting with scene
primitives (shallow tree)

We want to isolate areas of high complexity and cut out large empty spaces, which we can step
through quickly during traversal

Solution: kd-tree

Definition: a kd-tree is a k-dimensional, axis-aligned binary tree
Axis-aligned like octree
Binary tree unlike octree - choose one axis to split along at each node

The main challenge with kd-trees used for spatial partitioning is determining where to
position the split plane at a given node (including which axis to split along)

Would like splitting plane to adapt to the locations of objects
Degenerate kd-tree is identical to its octree equivalent
Let’s look in-depth at how we would select one split for a single node
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Kd-8évtpo I

= Mua amo TIc o cuvnBelc pebodouc

EXOUE TOUEC //ES e Touc a€oveg

AvadLKOC SLaxwpLopoc, eVOANAE oTOUC AEOVEC

EUkoAn vlormoinon, aAAd av BEAoupe KaAo SEvtpo BEAEL KOTTO
Awdoxion: Alyo 1o akpLBo os kabe Pripa, aAAd KAVEL Alyotepa fripata

= O
) u O/ \O O/ \O
— VN
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Binary Space Partition Trees
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Binary Space Partition Trees (1979)

L0 YEVLKO, UTTOPEL VOL LETAXELPLOTEL AVTLKELPEVA TTOU Ogv Slaxwpilovtal

AoUA€gVEL pe Ta TTOAUYwWVO TTAPA UE T OLVTLKELMEVAL

Autopuato, xpnotuornolel entimeda xwplopou (partitions planes) mou opilovtot
aro ta ToAUywva TG OKNVAC

H ugbBodoc £xeL duo Pripata:
KTLOLWO OEVTpou aveEdptnTou armo To viewpoint
Slaoxlon tou €vtpou amo dedouevo viewpoint yLa va TTAPELS TNV OELPA OPATOTNTOC
(visibility ordering)

EMA426 | Tpadikd Ymoloylotwy



Binary Space Partition Trees (1979)

= BSP tree: Opyavwote 0Ao to Ywpo (partition) o Suadika

devipa
Preprocess: dbnuioupyia evoc Suadlkol OEVIPOU E AVTLKELLEVA OTN
oKNvn
Runtime: n owotn 6leAevon autou tou HEvipou amaplOuel ta
QVTLKELPEVA ATIO TILOW TIPOC TOL EUTIPOC
Idea: Alapgote To SLaoTnUa avadPOULKA OE «ULOOUC XWPOUC» HUE TN
xpnon splitting planes

Ta enineda umopouV XwPLOToUV e avBalpeTo MPOcaAVATOALOUO
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Ktiowo tou BSP 6€vtpou

Apxl{ov e e Eva GUVOAO TIOAUYWVWV Kol KEVO OEVTPO
EMIAEYOU LE EVal OTTO AUTA KOLL TO KAVOUUE pilla Tou OEVTIpOU

XpNOLUOTIOLOU UE TO ETIMESO yLa VO LOLPACOUE TA UTTOAOLITOL TTOAUYWVA O€ 3
ouvola: umpoota, riow, cuv-enineda.

MoAUywva IOV CTAUVPWVOUV To eminedo potpalovtal
ErtavoAappavoupe tn dStadikaoia avodpouLKa e T UTTPOOTH KOl TTiow
oUvoAa, Snuloupywvtoc Ta KOl urtodEvTpa avtiotoLxa

EMA426 | Tpadikd Ymoloylotwy
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Ktiowo tou BSP 6évtpou (Avadpopka)

2VVOA0 ToAVY®OVOV o€ 2D To 0évtpo

T

N A s

2b

i

2a

Normal of the pol\i(gon Q 6‘/

__________________________________________________

{1, 2, 3,4, 5, 6}
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Ktiowo tou BSP 6évtpou (Avadpopka)

——————————————————————————————————————————————————

67/ 4~ co—planar with root
I\K : 3,6

{1, 2h, 4}
back set

__________________________________________________

AloA&yovue £va TOAVY®OVO Ko YOPILOVUE TO YOPO KUl TO TOADY®VA
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Ktiowo tou BSP 6évtpou (Avadpopka)

--------------------------------------------------

. 1
! “ 1
1 ~ 1
1 = 1
1 6 1
! 1
1 b i 3 6
Iy 1 r
it . L b
[ % |

" ik r p
: . " ¢ ari

. - n 5 1

1 ~ - 5 i i
1 . % B - i
! - 4 F 1
1 S 4 St 1
! 1
! 1

{1, 4, 2b, 3, 6, 2a, 5}

Avadpoukd xwpilouvpe to KABe uTIOSEVTPO PEXPL VA XpNnoLporoltnBouv OAa ta ToAUywva
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C-style Kwdwkac

typedef struct _bspTree{

PolygonList *poly; /*1ist of faces on node*/
PlaneEq plane; /* separating plane*/

struct _bspTree *front; /*positive subspace*/
struct _bspTree *back; /*negative subspace*/

} BSPTree;

function makeTree(pongon list) {

51

if Empt olygon
gl

_list
n return EMPTY_TREE;

else {

root = selectPolygon(polygon 1list);

back list = NULL);/g (polygon_ )

front_list = NULL;

for(each po%ygon in polygon list) {
1

4~ co—planar with root

/ 3’6\
24, 3} {1, 2b, 4}
front set back set

Polygon(root->plane, polygon, front, back)

switch(c) { )
case ON : appendList(root, quygon)' break;
case IN_FRONT : appendList(front_list, poiygon); break;
case AT _BACK : appendList(back_Tist, polygon); break;
case SPLIT : appendList(front_list, po ygonj;

} appendList(back Tist, polygon);

gspt->root = root )
bspt->front = makeTree(front_list);
bspt->back = makeTree(back list);
return bspt;
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Ktiowo tou BSP 6évtpou (Auéntika)

To 6€vTpo Umopel emionc va KTLIOTEL AUENTIKAL:
apXLl(OULE HE Eva OUVOAO aTTO TIOAUYWVA KAl KEVO SEVTPO
£L0AYOULLE T TIOAUYWVO 0To SEVTPO, Eva KABe dopa
N ELoCAywyn €vVO¢ MOAUYWVOU YIVETOL CUYKPIVOVTOC TO O€ OXEON UE ToL AAAQL
noAUywva otov KABe KOUBO Kol OTIpWYVOVTOC TO 0TN CWOoTH TAELPA, HoLPAloVTaLC
To av eival amntapaitnto (splitting)
OTOV TO TMOAUYWVO GTACEL Eva KEVO KEAL, dnuiovpyol e Eva KOpBo pe to emnimedo
urtootnPLENC Tou (its supporting plane)
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Ktiowo tou BSP 6évtpou (Auéntika)

20VOA0 amd ToAVYwva, 6 2D To 0évtpo

g 4
~ 7

__________________________________________________

{1, 2, 3,4, 5, 6}
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Ktiowo tou BSP 6évtpou (Auéntika)

20VOA0 amd ToAVYwva, 6 2D To 0évtpo

5 | 4
T~ 7 N

5

__________________________________________________

{1, 2, 3,4, 5, 6}
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Ktiowo tou BSP 6évtpou (Auéntika)

20VOA0 amd ToAVYwva, 6 2D To 0évtpo

__________________________________________________

{1, 2, 3,4, 5, 6}
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Ktiowo tou BSP 6évtpou (Auéntika)

20VOA0 amd ToAVYwva, 6 2D To 0évtpo

__________________________________________________

' 4
o~ 7 "

AN
N
\
\
\
1 .
A N A
1 N N ’ . 1
1 \ N ’ . i
i N ’ .
~ / . 1
1 N 4 |
1 ~ e
. . 1
' 4 . !
i .
. 1
i 3 5 ! 3,6
1
1 : ]
1 \ \
\
! 1
! 1
L 1
! . 1
1 ’ 1
F .
. 1
1 ’ 1
.
L 1
1
1
1

__________________________________________________

{1, 2, 3,4, 5, 6}
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2 NMOVTLKA ONMELA YO TNV KOTALOKEUN

= To SUOKOAO HEPOC €lval TO polpaoua Twv toAuywvwv (splitting)
Flvetal pe cuykpLlon OAwv TwV KopuPpwv o€ oxEon UE To enimedo dlaxwpLopou
Ououa pe Sutherland-Hodgeman amokonn

57 EMNA426 | Tpadika YmoAoyLotwy



58

2 NMOVTLKA ONMELA YO TNV KOTALOKEUN

= To SUOKOAO HEPOC €lval TO polpaoua Twv toAuywvwv (splitting)
Flvetal pe cuykpLlon OAwv TwV KopuPpwv o€ oxEon UE To enimedo dlaxwpLopou
Ououa pe Sutherland-Hodgeman amokonn
Mo va BpoUpe ta vea onpeia otav potpaloupe
P=p0—(t1/(t2-t1))(p1-p0)

EMA426 | Tpadikd Ymoloylotwy
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Napadeypo SiaaoxLonc

--------------------------------------------------

__________________________________________________
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Napadeypo SiaaoxLonc

--------------------------------------------------

__________________________________________________
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AKopa Eva apadsypa dtaoxionc

--------------------------------------------------

__________________________________________________
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AKopa Eva apadsypa dtaoxionc

--------------------------------------------------

__________________________________________________
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BSP Trees: AVTIKELMEVA
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BSP Trees: AVTIKELMEVA

AN

cEe6E €666
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BSP Trees: AVTIKELMEVA
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BSP Trees: AVTIKELMEVA
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LHEVQL

AVTLKEL

BSP Trees
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Rendering BSP Trees

renderBSP(BSPtree *T)

BSPtree *near, *far;

IT (eye on left side of T->plane)
near = T->left; far = T->right;

else
near = T->right; far = T->left;

renderBSP(far);

IT (T 1s a leaf node)
renderObject(T)

renderBSP(near);
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Rendering BSP Trees
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BSP cav lepapyio Twv xywpwv

---------------------------------------------------

v J : a 23\ 4
d 2b
SN AN AN
e 2 .~ b a b d e £ g
"\J::’E_QL_J:::

___________________________________________________

= KaBe kOpPoc aviloTtolyel o€ pLa TtepLoXn TOU XWPOU

= H pila eivat oAokAnpo to R"
= To enimedo kaBe kOUPBOUL YWpilel TOo YwWPO Tou KOUBOoU og Vo umo-xwpouc R*, R~ mou avtlotoyouv
ota BeTika Ko apvntika ratdia (might be open sub-spaces)

= Ta VAN elvall OLOLOYEVELG TIEPLOXEC
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Avanopaotoon moAvywvwyv o€ 2D

1
-
ouT 2
/ \
3 4
| ; / \ / N\
| OUT 4 OuT IN
a /
ouT IN

___________________________________

Atvoupe €TIKETEC IN 1 OUT otig SL1adopeC TIEPLOXEC

Oyt amapatitnta povo eva moAUedpo 6w 0To OXNHQL,
OAOKANPN N oKNV UIOPEL va UMeL o€ Eva 6EVTpOo
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BSP tree: EpopHOVEC

MrtopoULE va xpNOLLOTIOL ooV E TO BSP tree yla va eKkteAECOUE EVal
OUVOAO QTtO AELTOUPYLEG OTN OKNVN

TomoBeoia onpetov (Point location)
Eg. For picking
Katnyoplomoinon aktwvwv (Ray classification)

M.X. yla emtayxuvvon tou ray tracing

Katnyoplomoinon moAuvywvwv (Polygon classification)
Eg. Collision detection
YKiec

Yuyxwvevon (Merging) — beyond the scope of this class
View volume or visibility culling, CSG ...
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Zknvn We 3 aviikeipeva
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Picking: Elval éva onpelo evtog
KArmolou aVvTIKELUEVOU;




A€EVTPO TPONYOUUEVOU GYXAOTOC
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© 9
S S @
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MAgovektpota twv BSP Trees

= Advantages:
ATIAO, Kopp o oxEdLo
[padel povo oto framebuffer (m.x., painters algorithm)
MoAU Swadsdopeva yia video games (mAéov o)L kat Toco ©)
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MNpoBAnpata pe BSP trees

H kataokeur tou 6EVTPOU XPELALETAL CNUOVTLKO XPOVO

Worst-case time to construct tree: O(n3)
KOTAAANAO KUPLWC YO OTOTIKEC OKNVECG, WOTOOO UMOPEL va xpnoLpomolnBet kat ya

TIEPLOPLOUEVEG OUVOLULKEG
O SLOMEALOUOC TWV TIOAUYWVWV QLUEAVEL TOV OPLOO TWV TIOAUYWVWV 0T OKNVH
XpelalOUaoTE TPOTOUC VL KTl{ou e «KaAd» dEvtpa
O(n3) in worst case
Otav €xoupue peyalo depth complexity otnv oknvi eivat damavnpo
Mrnpoc nipoc Niocw (Gordon)
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NMwc KTi{ovpe «KoAa» SEvTpa

Mola elval ta emMBuUNTA XOPAKTNPLOTIKA EVOC KAAOU OEVTPOU;
E€aptatal amno tnv edpapuoyn
Avalntnon
balanced & shallow

Anodoon
000 To SUVATOV AlYyOTEPOUC KOUPOUC Kol TTOAUywva

KataAAnAn ertthoyn Stoxwplotikou erimedou o KAOe avadpopkn KANoN
SlaAeyoupe to KaAUTEPO amo 5 tuyaia moAvywva
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BSP Trees yLa SUVALLKEC GKNVEC

ATIQLLTACELC YLloL TNV uTtooTNPLEN SUVAULKWY CKNVWV
Change the camera view — OK
Add an object — OK, incremental building
Delete an object ?

Avvato, aAAd SUokoAo

Karola cuotipata xpnotpornotouv BSP tree kat z-buffer (depth buffer)
ATtoBnKevon LOVO OTATLKNG YeEwMETPlac og BSP trees
z-buffer yia rendering Twv SUVOULKWY AVTIKELLEVWV (TT.X. TTOPTEC, KATTL.)
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Combining Acceleration Data Structures

= Often it can be helpful to mix different acceleration
data structures

= e.g.using a grid on the top level, then have BVHs
for fine-grained objects in each grid cell

= This is fairly simple to integrate multiple
acceleration data structures if you architect your
code well, as you can treat your acceleration
structure just like a scene object
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Fractal Geometry
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- 'OAEC OL TEYVIKEC LOVTEAOTIOLNGNC TIOU E6QNE UEXDL GTIYHAC XPNGLUOTIOLOUV

EukAeidela yewpetpla

= Tal avTIKELpLEVA TiEpLypAdNKAV LE TN XPNON €ELOWOEWV

I I

= AUTO £\
= AN\ TU
KOTOKEQ PAG
= Bouva

“Clouds are not spheres, mountains are
not cones, coastlines are not circles and
bark Is not smooth, nor does lightning
travel in a straight line.”

Benoit Mandelbrot
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Fractal Geometry Methods & Procedural Modelling

Ta pUOLKA AVILKELPLEVA UITOPOUV va TtEPLYPAPOUV PEAALOTIKA
xpnotpomnowwvtag fractal geometry methods

Ot Fractal peBodot ypnotpomnotoUyv SLadIKaoLeC Kol OXL EELOWOELC yLa TNV
novtehomoinon avtikelpevwy -procedural modelling

To KUPLO XOPOAKTNPLOTIKO KABE SLadOLKAOTIKOU OVTEAOU ELVOIL OTL TO LOVTEAO

dev Baoiletal oe bedopeva, aAld otnv epappoyn pLog Stadkaolag LETA armo
EVOL CUYKEKPLUEVO GUVOAO KAVOVWV
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Fractals

‘Eva fractal avtikeipevo €xet U0 BACLKA XOPOAKTNPLOTLKA:
Attelpn AemtopépeLla o€ KAOE onpeilo

OpolotTNTo METOEL TWV LEPWYV TOU OVTLKELUEVOU KOl TWV YEVLKWYV XOLPOKTNPLOTLKWV
YVWPLOUATWY TOU OVTIKELLEVOU

E]

Ry {?%Mmﬁm
£

The Koch Curve
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Napadewypa: The Koch Snowflake

1

/\ : Segment Length =1 Segment Length = 3
0 1

Length =1 Length = %
Segment Length = %
. . Length = 16
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Napadsypa: OteEpeC

= MMoAU TTAPOUOLEC TEXVLIKEC MTTOpOUV va xpnoLpomnolnBouv yila tn dnpovpyla
BAdotnong
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Napadeypa

= Mo amo TLG TILO EMLTUXNMEVEC XPNOELC TNG TEXVIKNC fractals og ypadika eival n
dnuoupyla Tomiwyv
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Fractals o€ tauviec pe Special Effects
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