1 Uvod
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2 Osnovni pojmovi i tehnik e

2.1 Hip erbolicka geometrija

1Euklid, grcki matemati car; oko 365 p.n.e. - 275 p.n.e.

2Nik olaj Ivanovic Lobacevski, ruski matemati car; 1792-1856.
3Janos Bolja j, madjarski matemati car; 1802-1860.

4Karl Fridrih Gaus, nemacki matemati car 1777-1855.
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2.2 Poenkareov sferni model

SAnri Poenkare, francuski matemati car; 1854-1912.
6Feliks Kla jn, nemacki matemati car; 1849-1925.
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(A;B) =" (C;D)

"Postoje i druge metrik e u Poenkareovom disk modelu.
8postoje i elipti cki i hiperbolicki pramenovi pravih.
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-

Figure 1: llustracija Poenkareovog disk modela: (a) h-tacke, h-prave i h-krug
u disk modelu; (b) h-re eksija trougla (A,B,C) oko h-prave p; (c) h-translacija
trougla (A1;B1;C1) zah-duz (A,B); (d) aksioma Boljaj-Gaus-Lobacevslog.
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(©

Slika 2: llustracija Poenkareovog sfernog modela: (a) h-prava kao presek dve
h-ravni; (b) preslikavanje h-sfereh-re eksijom; (c) pravilni ikosaedaru modelu.
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2.3 Rejtrejsing

2.3.1 Fizik a svetlosti i lokalni model osvetljenja
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=1, kaOg + Sifar | (kaOg cos + ksOs cod' ): (1)

ka ka Ks
Og Os

f att
Si

Ccos n

9Johan Hajnrih Lambert, nemacki zi car i matemati car; 1728-1777.
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r 4r2
1
far = T (2)
1
faw = (3)

Cof2+ cir + ¢’
C C C

2.3.2 Globalni model osvetljenja i rejtrejsing algoritam
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centar posmatranog
piksela

pikseliu
vidnoj ravni

primarni

zrak objekti u sceni

tacka pogleda

Slika 3: llustracija rejkasting algoritma: iz tacke pogledapostavlja se zrak kroz
centar svakog pikselai trazi najbli zi presek.

10

10pored njih, postoje i ,,0bject-precision” algoritmi kod kojih seobjekti medjusobno porede
i time elimini su delovi objekata ili celi objekti koji nisu vidljivi.
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izvor

svetlosti primarni

tacka
pogleda

Slika 4: Rekurzivni rejtrejsing algoritam.

X
I =k (la kaOg + Sifar | (KgOg €OS +ksOs cos' )+ 1,)+kle:
1 i m
k ki
Iy It
I 1t
k Kt
No Ro To
Lo
Ro To Ro
R1 Nl
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Ro

To

Lk
Si

ki
Si

3 Postavljeni ciljevi

12

ki
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4 Hip erbolicki rejtrejsing

4.1 Osnhovni elementi

11

11 Mre za se moze podeliti na podudarne pravougaonike cija su temena dati pikseli i unutar
kojih nema drugih piksela.
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P = 4 sinh?r: (4)
r
far = _1 .
7 4 sinh?r’
C C C
r sinhr
360

4.2 Tip ovi pro jekto vanja

Euklidsk a centralna pro jek cija
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Hip erb oli cka centralna pro jek cija

(a) (b)

Slika 5: Kreiranje hiperbolicke mreze piksela: (a) h-prave ortogonalnena x i y
ose;(b) rezultujuca mreza piksela koju preslikavamo u vidnu h-ravan;
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Hip erb oli cka pro jek cija h-re eksijom

Hip erb oli cka pro jek cija na orisferu

16
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5 Osnovne primitiv e

Metrik a u Poenkareovom sfernom mo delu

d(X;Y)=In

p(X;Y)

1+ p(X;Y),
1 p(X;Y)’

Q)

17
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r
x ¥
X;Y) = — — - —
PX:Y) 1 x2)Q )+ ix ¥
i
Simetralna ravan h-du zi
A B (ax;ay;az) (be;by;by)
A B
n (b« ax;b ay;b, a;)
AB A
B AB
X & _ Yy & _Z & _ ..
- - o E (6)
Nx Ny N, Rt
S (sx;Sy;sz)

p
1+r°= 52+ 52+ 5,2

~ 1 IOaX2+ay2+ a,? ,
N Nx(ax + b)) + ny(ay + by) + nz(b, + &)

(sx;Sy;sz) S

Presek h-polupra ve i h-ravni

f (nx;ny;nz)
r S
(Sx;Sy;Sz)
m (My;my;m;)

¢
nom
(mynz;  mMzny;mzny  MyxNz;Myny MyNy)

18
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— _Z - .
E—E——Z(—t)- (7)

D 0
D=0
D>0 t
p_
_ kysx + kysy + kzs; + D |
IRj
t
K
t
p_
_ kxsx + Kysy + kzS; D .
IRj
t
K
K
K
A B A B K
BK K
Re eksija zraka (h-polupra ve) od h-ravni
A
B
B A
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6 Opis bibliotek e HMathLib

12

6.1 lzbor programsk og jezika i koriscenih biblio-
teka

vector

6.2 Dizajn bibliotek e | hijerarhija klasa

HPoint HPoint

HLine HLine

HLine

12svi nazivi primitiv a u biblioteci, kao i dokumentacija, su na engleskom jeziku. Razlog za
to je zelja da bibliotek a bude dostupna siroj naucnoj populaciji.
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HPoint
HLine

HLine

HPlane HPlane
HPoint
HPlane HLine
HPoint
HPolygon HPolygon
HPolygon
HPolygon

HPlane
HSphere

HSphere

HPolygon
HSphere HLine

HSphere

HObject HObject
HPolygon HSphere
HPolygon
HObject
HSphere HPolygon
ECalc.cpp
COMERROR

COMERROR 5 10 0

21
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eLinSolve

eDistance2
HPoint
HPoint

HPoint

Color

[0; 255]

RCoeffs

HObject

HPolygon
HLight

HPoint

HScene

eDistance
eLine
[0;1]
[0; 255]
RCoeffs
RCoeffs
HLight
HLight
Color

HScene

22
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HLight

6.3 Klju cni meto di

HLight

HPoint

HPoint::hReflect
HPoint

hNormalBasePlane

hSymmetryPlane
hRotationPlanes

hTranslate
hRotate

HPlane

HPoint::operator-
HPlane::hLinelntersection

HPlane::hRayReflection
HSphere::hLinelntersection

HSphere::hRayReflection

23

HObject

hReflect

HLine

hReflect
HPoint objekta

HPlane

HSphere
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HPolygon::isinside

HObject::getCosineDiff

HObject::getCosineSpec

HScene::chooseNet

HScene::rayTracer

6.4 Dokumen tacija

6.5 Raspolozivost

7 Postign uti ciljevi i rezultati

24
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25
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8 Relevantni radovi

13

14

15

16

B8Hendrik Anton Lorenc, holandski zi car; 1853-1928.

14pogled u kojem levo i desno oko ne vide istu sliku, cime se postize utisak tro dimenzion-
alnosti.

15Alb ert Ajn stajn, svajcarski zi car; 1879-1955.

16Kristijan Johan Dopler, austrijski zi car i matemati car; 1809-1853.
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(@) (b)

(© (d)

Slika 6: Primeri vizualizacija hiperbolickog prostora: (a) Not Knot animacija i
(b) Curved Spaces prikaz u realnom vremeru - primeri teselacije pravilnim do-
dekaedrima; (c) ALICE prikaz u virtualno j realnosti; (d) Backlight relativisti cki
rejtrejsing Saturnovih prstenova pri brzini 0.99c.
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9 Dalji rad

28
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10 Zaklju cci

29
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A Primeri

A1l Primer 1

#define Globals

{

}

recursion_depth = 0;
resolution = (512,512);
window_size = (0.11,0.11);

antialiasing =0;
refraction = false;
net_type = 3;
to = (0.,0.,0.1);

att_coeffs = (0.1,0.1,0.1);

#define Materials

{

ambient = (0.9,0.2,0.2),

30
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}

diffuse = (0.9,0.2,0.2),
specular = (0.3,0.3,0.3),
alpha = 0.6,

trans = 0.3,

shininess = 50;

ambient = (0.4,0.9,0.4),
diffuse = (0.4,0.9,0.4),
specular = (0.5,0.5,0.5),
alpha = 0.5,

trans = 0.5,

shininess = 50;

#define Points

{

}

(0.02,0.02,0.02);
(-0.02,0.02,0.02);
(-0.02,-0.02,0.02);
(0.02,-0.02,0.02);
(0.02,0.02,-0.02);
(-0.02,0.02,-0.02);
(-0.02,-0.02,-0.02);
(0.02,-0.02,-0.02);
(0.,0.,0.);
(0.,0.,0.5);
(0.1,0.,0.);
(0.,0.1,0.);
(0.,0.,1.);
(0.,0.,0.6);

#define Polygons

{

}

%1, %2, %3, %4, #2,
%5, %6, %7, %8, #2;
%1, %5, %8, %4, #2;
%2, %3, %7, %6, #2,
%1, %2, %6, %5, #2;
%3, %4, %8, %7, #2,

#define Objects

{

}

%%1,%%2,%%3,%%4,%%5,%%6arue
%10, 0.03, #1,

#define Modify

{

0.002;

31
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hline  (%9,%10);
hline  (%9,%11);
hline  (%9,%12);

%21->Rotate(%3,0.6);
%1->Rotate(%2,0.35);
%1->Translate(%1);

}

#define Lights

{
%13, (0.25,0.2,0.2), (0.8,0.78,0.78), (0.69,0.66,0.66), 0;
%14, (0.25,0.2,0.2), (0.8,0.78,0.78), (0.69,0.66,0.66),
%14, (0.25,0.2,0.2), (0.8,0.78,0.78), (0.69,0.66,0.66), 0;

o

}
#define ime_sekcije
Globals
ime_parametra = vrednost
Materials
[0;1]
[0;1]
RCoeffs
Points
[0;1]
HPoint
Materials
Polygons

Points
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%pozicija_u_vektoru
#pozicija_u_vektoru

Objects

Polygons
%%)pozicija_u_vektoru

true

%pozicija_u_vektoru
#pozicija_u_vektoru

Modify

hline

Points

%pozicija_u_vektoru ->
Translate  Rotate

Lights

[0;1]
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Slika 7: Mrezni model kocke i matirana h-sferaunutar kocke.

(0;0;1)

34
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A.2 Primer 2

Slika 8: Providni oktaedar sa stranicama nacinjenim od razlicitog materijala.
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A.3 Primer 3

Slika 9: Zicani i poliedarski model dve h-podudarne kocke i njihove slike u
ogledalu.
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A4 Primer 4

Slika 10: Sesth-podudarnih h-sferaciji certri su elemeri pravilnog oktaedra u
modelu.
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A5 Primer 5

Slika 11: Pokusaj prostorne teselacije (popunjavanja prostora) Poenkareovog
sfernogmodela podudarnim kockama.



A PRIMERI 39

A.6 Primer 6

Slika 12: H -sfera unutar poliedarskog modela pravilnog oktaedra. Poluprecnik
h-sfere je manji od poluprecnika h-sfere opisane oko datog oktaedra i veci od
poluprecnika h-sfereupisaneu dati oktaedar.
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A7 Primer 7

Slika 13: Slika u ogledalu dva h-podudarna kvadrata koji seu sceninalazeiza
posmatraca.
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