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RTIntro

TpaccupoBKa nyJyen
BBeaoeHue

. https://compsciclub.ru/courses/graphics2018/2018-autumn/classes/
http://www.school30.spb.ru/cgsg/cgc2018/
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Ray Casting RT,ntzr’js
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(5 - Ray Tracing iy
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Forward vs. Backward RTIntL:/;S

D
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() An rOpUTM —
Jhu:P=0+D-t Ty

(x=Ox+Dx-t

y=0y+Dy-1

\.z=OZ+Dz-tl\7/// :/
Hann
RANN
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CaHkT-lNeTepbyprckuin rybepHaTopckun
CLUB ®MA Ne 30 ®U3NKO-MATEMATUYECKUW NULIEA Ne 30

FanuHcknn B.A.
TpaccupoBka ny4vyen. BeBegeHue.



(5 Kamepa & noctpoeHue ny4a

A

V! oo

o S o

COMPUTER

=

N- Dist,

—

il

A+
L+

(J+0.5-Wscr/2)
Wscr
(=(1+0.5)+ Hscr/2) Hp

Hscr
+C

Wp

P S

= Normalize(}? )

Computer Graphics Support Group

5 SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit

ManuHckun B.A.

CLUB

®MA Ne 30 ®U3UKO-MATEMATUYECKUA NIULLENA Ne 30

TpaccupoBka ny4vyen. BeBegeHue.



i :«-,.': A . 125
(5 ' Tlouck nepeceveHuu (intersections) RTintro

« OObBbeKTbl BUAA:

F(x,y,2)=0

* [logcTaBngem ypaBHeHMe nyva:

F(Ox+Dx-t,0y+Dy-t,0Oz+Dz-1)=0

* W pelwaem oTHoCcuTENBLHO t (1>0)

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit

CLUB oMnNe3o  OU3NKO-MATEMATUMECKMA NMULEVA Ne30 Tpaccupogka ny4en. Beeaenve.



(5 ' Intersect Threshold —

- Threshold = 0.000001;
(ABS (value) < Threshold)

(value > Threshold)

—

Ray =P

T 1 - Lt
fiepeceuenis offipaaCcentblil

et

—_—

Ray = (}3” +R -Threshold) + R -1

epeceyeniia OMPANHCEHHbBIT OMpAaX*CeHHbll

5 COMPUTER Computer Graphics Support Group ‘g ManuHckun B.A.
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(().f‘f‘;”j ' MNepeceyeHmne ¢ NNOCKOCTbIO 9

N =(4,B,C)

P=(x,y,2)

F(x,y,z2)=4A-x+B-y+C-z+ D=0
A-Ox+Dx-t)+B-(Oy+Dy-t)+C-(Oz+Dz-1)+D =0
_—(A-Ox+B-Oy+C:0z+D)  _ —(N;P:rD)

2

A-Dx+B-Dy+C-Dz N-D

[

Zl

5

5 COMPUTER Computer Graphics Support Group ,, ManuHckun B.A.
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(() ' [epece4veHune co cipepol RTIntro

F(x,9,2)=(x=Cx)* +(y=Cy)’ +(z—=Cz)’ =R* =0
(P-C)*=R*=0

O+D-t—C)’=R*=0

D* £ +2-(D-(0=C)-t+(0O-C)*=R*=0

ty, =—=D-(0—=C)+(D-(0-C))> —(0O-C)* + R

5 COMPUTER Computer Graphics Support Group ,, ManuHckun B.A.

SCIENCE CGSG  caukr-Nerep6yprekuii ry6epHaTopckui 2 F <
CLUB omnNe3o  OUIUKO-MATEMATUYECKWW NULIEW Ne 30 © o TpaccupoBka nyyeu. BeeaeHue.
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(5 = reOMeTpVI‘-IeCKoe peweHne RTIntro

-0

a-

@]

a=(
OC?

OK=a-D

OK*? =(d- D)?
h2=R*-(0C*-0K?)

<

// Jlyd crapTyeT BHYTPM COEPEL
if (0Cc? < R?)
{

t = OK + sqrt(h2);

return TRUE;
}
// Jlyd ocraBisgeT ueHTp cbepu "nosanm
if (OK < 0)

return FALSE;
// Jlyd ODpoxXommuT MHUMO Coephl
if (h2 < 0)

return FALSE;
// Jlyd crapTyeT M3BHe CchepH
t = OK - sqrt(h2);
return TRUE;

n

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : ~
CLUB omnNe30  GU3UKO-MATEMATUYECKUM NMULIEA Ne 30 TpaccupoBka ny4yen. BeefeHwue.
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(() [MoBepxHOCTK BTOporo nopsaka (quadrics) oy
A B C D)(x)
B E F G
(x y z 1). 1Y =0
C F H I z
D G 1 J)l

F(x,y,2)=A-x"+2-B-x-y+2-C-x-z+2-D-x+
E-y' 42 F-y-z+2-G-y+
H-z2+21-z+J =0

5 COMPUTER Computer Graphics Support Group ‘ = ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit ~
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(5 - ' TloBepxHOCTKN BTOpOro nopsaka (quadrics) RTintro

a=A-Dx*+2-B-Dx-Dy+2-C-Dx-Dz+
E-Dy*+2-F-Dy-Dz+
H-Dz’
b=2-(A-Ox-Dx+B-(Ox-Dy+Dx-O)+C-(Ox-Dz+x-02)+
D-Dx+E-Oy-Dy+F-(Oy-Dz+Dy-0z)+G-Dy+
H-Oz-Dz+1-Dz)
c=A4-0x"+2-B-0x-0Oy+2-C-Ox-0Oz+2-D-Ox +
E-Oy*+2-F-Oy-0Oz+2-G-Oy+
H-Oz*+2-1-Oz+J

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
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14
[Tapannenenunen (box) RTintro

e onpegensdeTcs:
B, =(X,.Y.Z)).B, =(X,.},,Z,)

* anropuTm

ecint Dx=0 wo
ecnmn O)C<Xv1 i O)C>)(2 TO NepecedYeHW HeT

MHa4Ye
BRIYMCIISIeM I[IepecCedYeHMd:

ty =(X, —Ox)/Dx,t, =(X, —Ox)/Dx
ecmm [, >1, To Swap(/,,},)

TO ycTaHoBUTE [ B [

ecnn IO > ‘tnear near 0

ecimm [ <Ifar TO YCTAaHOBUTH ffarB f

ecmm I, >tfar TO JIy4Y HOPOXOOUT MMMO
ecmn [ far <0 mo Napannenenunern '"csagu" nayda
nepexoln K CIenyKllel oOCH

oTBeT l‘nem

5 COMPUTER Computer Graphics Support Group o ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit ~
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(5 - ﬂapaﬂﬂenel'll/ll'lep, RTIntro

A

tfar
tfa r/ tfar A

tnear

/Enear {f;r

/ tnear

5 COMPUTER Computer Graphics Support Group ManuHckun B.A.
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(5 TpeyronbHuK RTintro
N=(R-R)x(P,-FR) (A,8,0)

—_—

D=N-P,

*  anropuTmM:
— uwem P — nepeceyeHmne ¢ NNOCKOCTbIO
— npoBepsieM NpuHaanexHocTb P TpeyronbHuKy

COMPUTER Computer Graphics Support Group g ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : = -
5 CLUB omnNeso  OUINKO-MATEMATUUECKMA MALIEA Ne30 Tpaccuposka ny4en. BeeneHve.
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(5 ' TpeyronbHuK

RTIntro
Ecmm 0<u<1l n O0<Zv<1wn u+v <1, ToT04KA P NneXxnt B TpEyrosibHUKe
Sz
u —
U = — P(]
|51]
, u u sq .
u = = = — P1
coS (51, 51) ((Tl’ . 51))
541 - |51|
346ecCb:
. TS
u = e
<]

Haxopum s, (@ X (bX &) =b-(a-é)—¢é-(a b))

P —
’

9]

=X G X =5 () -5 ()

5 COMPUTER Computer Graphics Support Group

CGSG FannHcknn B.A.
SCIENCE CaHkT-leTepOyprckuit rydepHaTopckuit - -
CLUB omMnNe30  OUIUKO-MATEMATUYECKWUMA IULIEA Ne30 TpaccupoBka nyyen. BeegeHue.




) 1825
(5 Tpeerﬂle/lK RTIntro

u
(@)
L e S
T R T = = = =
|54 |51l I5;] (5—1’51) (5—1’51)
u '|51| s, |51| s,

(G5 &G -G ) G ) _
S5 Gz ) - Gro5) (5

(-5 (55 59) = (F5) - (55 - 51))

—2 2 -
51 57— (5757)°

5 COMPUTER Computer Graphics Support Group ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit - -
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(5 ' TpeyronbHuK

RTIntro
}'_, - P — PO
_ (51 +Sy =Sy (815, ) — (51'52 — 53 - (54 '52))
u=r- —2 2 — =2 0T 2 =2 — 2
S1 +S2 —(51-52) S1 -5y —(51°57)
nMnn
u = (P-Ul)—uo
37eChb:
55 —5- (55,
= 7y 77 51752 T 5205105
up = (P Uy) Uy = —5—5—— —
S1 Sz —(51-52)
AHaNoOrnM4yHo:
_ (52 S TR O '52)) — (52 51 _52'(51'52))
v=>r —2 —2_ — —yz2 0T =2 =2 — —\
S1 -5z —(51-52) S1 -5z —(51-52)
v = (P . Vl) — v
s 2 s s — [lna novcKa nepeceyeHmna yya ¢ TPeyroNbHUKOM HeobX0AMMO XPaHWTb:
— F V V — S2°51 TS (Sl . 52) N, D — 4ns ypaBHeHUs NAOCKOCTH;
170—(0'1)!1—_,2 5 E— MnEmAT ;
S{ S, — (51 . 52) Uy ug, Ve, g — 409 NOWCKa U U V.
~ COMPUTER CGSG Computer Graphics Support Group FanuHckun B.A.
SCIENCE CaHkT-leTepOyprckuit rydepHaTopckuit - -
CLUB omnne3o  OU3NKO-MATEMATUYECKUM NIALEN Ne 30 Tpaccupogka ny4en. Beeaenve.
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(5 ~  TpeyronbHUK. bapuueHTpuyeckne KoopanHaThbl. RTintro

Bbilwe noayumnn: ¥ =s; -u+ S, - v
MoacTansem pagmyc-BeKTOpa TOYeK:
P—Py=(P,—Py)-u+(P,—Py) v

PackpbiBaem u pelnaem OTHOCUTE/IbHO P:
§=E+§-u—ﬁ;-u+g-v—ﬁd-v
P=P-(1—u—v)+P -u+Pb-v

N

5=§-W+§-u+g-v

(w, u, v) — bapuueHTpUYeCcKne KoopAnHaTbI

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKU NMULIEN Ne 30

~ COMPUTER Computer Graphics Support Group . ManuHckun B.A.
@ : TpaccupoBka ny4vyen. BeBegeHue.
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(() [lepeceyeHune ¢ TpaHCHOPMMPOBAHHBIMU OB BEKTAMMU RTIntra

e Jlyu:
P=0+D-t
« To4kn obbekTa nogsepraroTcs npeoboasosaHuio M

» Jlyy npeobpasyeTcs:
P'=0'+D't / /
S|

0'=0-M"
D = Normalize(ﬁ -M;i_,,)

*  Wuwem nepeceveHue (i)
HaimgeHHoe t cokpallaem Ha AnuHy BeKTopa
D-M;!
COMPUTER Computer Graphics Support Group ‘ - ManuHckun B.A.
TpaccupoBka ny4vyen. BeBegeHue.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
CLUB @M Ne 30 ®U3UKO-MATEMATUYECKUI NMULIEN Ne 30
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(() Constructive Solid Geometry RTino

Heobxoaum nonck BCEX nepeceveHnn obbekTa ¢ nyqyom
*pumep:
"fepeceyeHmne;
» OCTaloTCs BCe rnepeceveHusi, npuHagnexawme
BHYTPEHHOCTN BTOPOro obbekra, m3
nosiydmBLIErocs crnmcka bepem bnuxaniiee

5 COMPUTER Computer Graphics Support Group g ManuHckun B.A.
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(5 ' Ontmmnzauma RTIntro

* Bound (box, sphere, ...)
* PeryndapHble BOKCENbHbIE CETKU

* BokcenbHble gepeBbS

5 COMPUTER Computer Graphics Support Group @ ManuHckun B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit
DOMI N

o GUNKO-MATEMATMYECKWA NULEV Ne30  © R - Tpaccupogka nyuen. Beepenue.

CLUB



5 COMPUTER Computer Graphics Support Group s FanuHcknn B.A.

SCIENCE CGSG CaHkT-leTepOyprckuit rydepHaTopckuit : -~
CLUB omnne30  ®OUINKO-MATEMATUMECKAM MALIEM Ne30  © = TpaccupoBka ny4eun. BBeaeHue.



INnTepartypa

25125
RTIntro

Computer Graphics

i kaYu 0
TRACING

' COMPUTER
SCIENCE

James D.Foley, Andries van Dam, Steven K.
Feiner, John Hughes, «Computer Graphics:
Principles and Practice in C (2nd ed.)»,
Addison-Wesley, 1995

Andries van Dam, David F. Sklar, James D. Foley,
John F. Hughes, Kurt Akeley, Morgan McGuire,
Steven K. Feiner, «Computer Graphics:
Principles and Practice, 3rd Edition», Addison-
Wesley Professional, 2013

Andrew S. Glassner (ed.), Eric Haines, Pat
Hanrahan, Robert L. Cook, James Arvo, David
Kirk, Paul S. Heckbert, «An Introduction to
Ray Tracing (The Morgan Kaufmann Series

in Computer Graphics)», Academic Press,
1989.

Computer Graphics Support Group

CGSG CaHkT-lNeTepOyprckui rybepHaTopckum

E.B.lWukuH, A.B.bopeckoB. «kKomnbromepHasi
epaghuka. fJuHamuka, peanucmu4eckue
usobpaxeHusi». M.: Ananor-MA®U, 1995.

B.l./BaHoB, A.C.baTpakoB. « TpexmepHasi

KoMnbromepHas 2paguka». Mocksa: Pagno n
CBsA3b, 1995.

ManuHckun B.A.

CLUB

®MA Ne 30 ®U3UKO-MATEMATUYECKUIN NULIEN Ne 30

TpaccupoBka ny4vyen. BeBegeHue.



