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Basic Raytracing

< Oa doupe Tov aAyopiBuo «Raytracing» (TrapakoAouBnon akTivwyv) oTnV TTIo
UTTOTUTTWON, TTPWTOAEIQ pHopPn ...

< ...WO0TO00 aUTA N Hop®n Ba gival AEITOUPYIKN

< YT1revOupion: Mia atro Ti¢ BaOIKES TEXVIKEG - AOYIKES rendering TTou 6a doUuE OTO
Madnua
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ZWwypa@idovTac eva OPJOoPEPO TOTTIO...
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ATTOOIO0OVTAC VA OOPEPO TOTTIO
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ZWYPOPILOVIOG
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ATTOOIO0OVTAC VA OOPEPO TOTTIO

< AAyopI6uo¢ {wypa@iKA¢ yia KATTOIOV TTOU €ival EVTEAWS aTAAAVTOC WS (wypagog,
TTANV OUWG ECAIPETIKA PEBODIKOC:

For each little square on the canvas
Paint it the right color

< TT0I0C TTANPOI QUTEC TIC TTPOUTTOBETEICS |
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ATTOOIO0OVTAC VA OOPEPO TOTTIO

< AAyopI6uo¢ {wypa@iKA¢ yia KATTOIOV TTOU €ival EVTEAWS aTAAAVTOC WS (wypagog,
TTANV OUWG ECAIPETIKA PEBODIKOC:

For each little square on the canvas
Paint it the right color

< TT0I0C TTANPOI QUTEC TIC TTPOUTTOBETEICS |
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ATTOOIO0OVTAC VA OOPEPO TOTTIO

< To Movo TTPORANPa cival Ot TTPETTEN VA YivOUUE O00 TTIO AETTTOMEPEIC YiveTal -- 0 HIY
0ev Ba pag KataAdBel aAAIwG.

For each little square on the canvas
Paint it the right color
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ATTOOIO0OVTAC VA OOPEPO TOTTIO

< To Movo TTPORANPa cival Ot TTPETTEN VA YivOUUE O00 TTIO AETTTOMEPEIC YiveTal -- 0 HIY
0ev Ba pag KataAdBel aAAIwG.

Place the eye and the frame as desired

For each square on the canvas
Determine which sguare on the grid corresponds to this square on the canvas
Determine the color seen through that grid square
Paint the sguare with that color
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[1pIvV TTPOXWPNOOUME, KATTOIEC
QTTAOUCTEUTIKEC UTTOBETEIC

< 2100epn BEon BEaong oTov XWwpoO. y
Eival n 8éon 1n¢ “kAuepag - A
o@BOaAuou” (camera position)

< Oa Bswpnooupe OTI TAUTICETAI PE
TNV apxn Twv acovwv

2T1a0epn ywvia BEaong "
il

(Zuyyevng évvola oTnv
QWTOYPOANUETPIA: ECWTEPIKOG
TTPOCAVATOANIOUOG)

VD
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[1pIvV TTPOXWPNOOUME, KATTOIEC
QTTAOUCTEUTIKEC UTTOBETEIC

< «Viewport» (11€dio TTapdoTaong)

< (ZUyyevng £vvola oTnv
QwroypaupeTpia: To eTiTredo
TTPOBOANG)

< To puéyebog Tou viewport kal n
ATTOO0TACT) TOU ATTO TV KAUEPD
opicouv 10 «field of view (FOV)»
(Tredio BEaoncg, YETPATAI OE UOIPEQ)
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[1pIvV TTPOXWPNOOUME, KATTOIEC
QTTAOUCTEUTIKEC UTTOBETEIC

@Place the camera and the viewport as desired

For each pixel on the canvas
@Determine which square on the viewport corresponds to this pixel
@Determine the color seen through that square
@Paint the pixel with that color

X
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[1pIvV TTPOXWPNOOUME, KATTOIEC
QTTAOUCTEUTIKEC UTTOBETEIC

@Place the camera and the viewport as desired

For each pixel on the canvas
@Determine which square on the viewport corresponds to this pixel
@Determine the color seen through that square
@Paint the pixel with that color

X

2x0A Mnxavikwy - Turua Mnxavikwv Totroypagiag kai ewTTANPoQopIKAG




[1pIvV TTPOXWPNOOUME, KATTOIEC
QTTAOUCTEUTIKEC UTTOBETEIC

@Place the camera and the viewport as desired

For each pixel on the canvas
@Determine which square on the viewport corresponds to this pixel
@Determine the color seen through that square
@Paint the pixel with that color

< (1) 10 €idaue
TTPONYOUMEVWG

< (4) putPixel
< Mével 10 (2) kai 10 (3)!
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AvTioToixia pixels (Cx,Cy) ye B€o€ic oTo
viewport (Vx, Vy, Vz)

@Place the camera and the viewport as desired
Fur meh o mieal o Apn dha Fepee

£
@Determine which square on the viewport corresponds
oL Square

to this pixel

@Paint the pixel with that color
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[100GOI0PIOPOC XPWUATOC UE
TTapPAKoAOUONON aKTIVAC

For each pixel on the canvas

< Mia ToTH TTpocouoiwon TNG UOIKAG dladikaciag Ba TTpoUTTEBETE va
TTOPOKOAOUBACOUE TIC PWTEIVEC AKTIVEC ATTO TNV TTNYNA TOUG, MEXPI
TOV 0POaAO - KAuepPQ...
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[100GOI0PIOPOC XPWUATOC UE
TTapPAKoAOUONON aKTIVAC

@Place the camera and the viewport as desired
For each pixel on the canvas
Bt prmine hich e an e (L] ] i
@letermine the color seen through that square
= = " L LU-‘LUI

< Mia ToTH TTpocouoiwon TNG UOIKAG dladikaciag Ba TTpoUTTEBETE va
TTOPOKOAOUBACOUE TIC PWTEIVEC AKTIVEC ATTO TNV TTNYNA TOUG, MEXPI
TOV 0POaAO - KAuepPQ...

< 270 raytracing “kKA€BouUpE”, KAVOVTAC AKPIBWGS TO avATTOdO:
TTapaKoAouBoUuE akTiveg apyidovTag arro Tov oPOaAud - KAuEPQ TTPOG
v TNyn
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[100GOI0PIOPOC XPWUATOC UE
TTAPOAKOAOUBNON QKTIVAC

®Place the camera and the viewport as desired
For each pixel on the canvas

Determine the color seen through that square
a1l Lhe plasl WLLIT Lilal COrLUT

Zxo)\r'] MI’]XGVIK(J'.)V o TUI"HJ(X Mr]XGVII\UJV 1UTTUYPUYIUG KUL T 2W HTAT[PUYUPIRT G



[100GOI0PIOPOC XPWUATOC UE
TTapPAKoAOUONON aKTIVAC

< [a TNV “TrTapakoAouBnon” xpelalOPaaoTE:

< ‘Evav 1pOTT0 VO TTEPIYPAWOUHE TNV AKTIVA
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[100GOI0PIOPOC XPWUATOC UE
TTapPAKoAOUONON aKTIVAC

< [a TNV “TrTapakoAouBnon” xpelalOPaaoTE: y
< ‘Evav 1pOTT0 VO TTEPIYPAWOUHE TNV AKTIVA A

<« ‘Evav 1poTTo va treplypayoupue KAbe
QAVTIKEIMEVO TNG OKNVAG

<« 'Evav TPOTTo va eAEYEOUNE TTOTE N OKTiVA
TEMVEI KATTOIO AVTIKEIMEVO
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[100GOI0PIOPOC XPWUATOC UE
TTapPAKoAOUONON aKTIVAC

< [a TNV “TrTapakoAouBnon” xpelalOPaaoTE: y

Egiowon < "Evav TPOTIO vVa TTEPIYPAWOUUE TNV aKTiVa A
eubeiag
~oTov %30 A < Evav TPOTTO VA TTEPIYPAYOUUE KABE

AVTIKEIJEVO TNC OKNVAC

<« 'Evav TPOTTo va eAEYEOUNE TTOTE N OKTiVA
TEMVEI KATTOIO AVTIKEIMEVO
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[100GOI0PIOPOC XPWUATOC UE
TTapPAKoAOUONON aKTIVAC

< [a TNV “TrTapakoAouBnon” xpelalOPaaoTE: y
A

Egiowon < "Evav TPOTIO vVa TTEPIYPAWOUUE TNV aKTiVa
eubeiag
~oTov %30 A < Evav TPOTTO VA TTEPIYPAYOUE KAO

AVTIKEIJEVO TNC OKNVAC

<« 'Evav TPOTTo va eAEYEOUNE TTOTE N OKTiVA
TEMVEI KATTOIO AVTIKEIMEVO
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[100GOI0PIOPOC XPWUATOC UE
TTapPAKoAOUONON aKTIVAC

< [a TNV “TrTapakoAouBnon” xpelalOPaaoTE: y
Egiowon < "Evav TPOTIO vVa TTEPIYPAWOUUE TNV aKTiVa A
eubeiag
JSTOVXWPOL, < 'Evav TPOTIO VO TTEPIYPAYOULE KGO
A QAVTIKEIMEVO TNG OKNVAG
<« 'Evav TPOTTo va eAEYEOUNE TTOTE N OKTiVA

TEMVE) KATTOIO AVTIKEIMEVO
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Ray equation (E¢icwon akTivag)

< Eival atrAd pia e€iocwan euBeiag oTov Xwpo
« [evika, yia eubeia 1Tou TTEPVA aTTo A,B:

OP =0A+tAB
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Ray equation (E¢icwon akTivag)

< Eival atrAd pia e€iocwan euBeiag oTov Xwpo
« [evika, yia eubeia 1Tou TTEPVA aTTo A,B:

OP =0A+tAB

< Av TO €va onuEio ival n apxrn Twv agovwy, JTTopw va ypayww:

 —

OP =ta
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Ray equation (E¢icwon akTivag)

< Eival atrAd pia e€iocwan euBeiag oTov Xwpo
« [evika, yia eubeia 1Tou TTEPVA aTTo A,B:

OP =0A+tAB

< Av TO €va onuEio ival n apxrn Twv agovwy, JTTopw va ypayww:

OP =ta

© ...0TTOU @ €Xel apxIKO onueio O kal wg TEAIKG KATTOI0 onuEio Tou
viewport.
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Sphere equation (Eciowon o@aipag)

< 2@aipa = YEWMETPIKOG TOTTOC ONUEIWY TTOU ATTEXOUV OTABEPN
armréoTaon r ammd onueio C

|IOP —OC|=r
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Ray meets Sphere

MNo
solutions  One
saolution

Two
solutions
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KataAfjyouue o€ pia deutepoaduia
gciowarn ...

Mia eCiowon yia kGBe akTiva Kal Kabe
aeaipa

Mia (Trpayuartiky) Auon t pag divel 10
onueio TopAc, ta

O@€EAOUPE NOVO TTPAYUATIKEC AUCEIC;



Ray meets Sphere

MNo
solutions  One
saolution

Two
solutions
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KataAfjyouue o€ pia deutepoaduia
gciowarn ...

Mia eCiowon yia kGBe akTiva Kal Kabe
aeaipa

Mia (Trpayuartiky) Auon t pag divel 10
onueio TopAc, ta

O@€EAOUE NOVO TTPAYUOTIKES AUCEIG; (val)



Ray meets Sphere

MNo
solutions  One
saolution

Two
solutions
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OUYKEKPIMEVO eUpog yia To £ ?



Ray meets Sphere

MNo
solutions  One
saolution

Two
solutions
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KataAfjyouue o€ pia deutepoaduia
gciowarn ...

Mia eCiowon yia kGBe akTiva Kal Kabe
aeaipa

Mia (Trpayuartiky) Auon t pag divel 10
onueio TopAc, ta

O@€EAOUE NOVO TTPAYUOTIKES AUCEIG; (val)

@€&éAoupue uovo AUOEIC o€ Eva
OUYKEKPIMEVO eUpog yia To t ? (vai)



H TEAIK) HOpP®n TOU aAYOPIBuoU

®Place the camera and the viewport as desired

For each pixel on the canvas
@Determine which square on the viewport corresponds to this pixel
@Determine the color seen through that square
@Paint the pixel with that color
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H TEAIK) HOpP®n TOU aAYOPIBuoU

®Place the camera and the viewport as desired

For each pixel on the canvas
@Determine which square on the viewport corresponds to this pixel
@Determine the color seen through that square
@Paint the pixel with that color

0= (B, 8, 8)
for x = -Cw/2 to Cw/2 {
for y = -Ch/2 to Ch/2 {
D = CanvasToViewportix, y)
color = TraceRay(0, D, 1, inf)
canvas.PutPixel(x, y, color)
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H TEAIK) HOpP®n TOU aAYOPIBuoU

®Place the camera and the viewport as desired

For each pixel on the canvas
@Determine which square on the viewport corresponds to this pixel
@Determine the color seen through that square
@Paint the pixel with that color

0= (B, 8, 8)
for x = -Cw/2 to Cw/2 {
for y = -Ch/2 to Ch/2 {
D = CanvasToViewportix, y)
color = TraceRay(0, D, 1, inf)
canvas.PutPixel(x, y, color)

]

< OTTOU...

CanvasToViewportix, y) {
return (x*Vw/Cw, y*Vh/Ch, d}
s

< Kal Jag Agitrel n ouvaptnon TraceRay.
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H TEAIK) HOpP®n TOU aAYOPIBuoU

0= (6, B, 8)
for x = -Cw/2 to Cw/2 {
for y = -Ch/2 to Ch/2 {
D = CanvasToViewportix, y)
color = TraceRay(0, D, 1, inf)
canvas.PutPixel(x, y, color)

TraceRay(0, D, t min, t max) {
closest t = inf
closest sphere = NULL
for sphere in scene.spheres {
tl, t2 = IntersectRaySphere(0, D, sphere)
if t1 in [t_min, t max] and t1 = closest t {
closest t = t1
closest sphere = sphere

¥

if t2 in [t min, t max] and t2 =< closest t {
closest t = {2
closest sphere = sphere

¥
I
if closest sphere == NULL {
@return BACKGROUND COLOR
¥

return closest sphere.color
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H TEAIK) HOpP®n TOU aAYOPIBuoU

0= (6, B, 8)
for x = -Cw/2 to Cw/2 {
for y = -Ch/2 to Ch/2 {
D = CanvasToViewportix, y)
color = TraceRay(0, D, 1, inf)
canvas.PutPixel(x, y, color)

TraceRay(0, D, t min, t max) {
closest t = inf
closest sphere = NULL

e e e

tl, t2 = IntersectRaySphere(0, D, sphere)
o ) B P PO U = P N =114 W o o 437 4. g
closest t = t1
closest sphere = sphere

¥

if t2 in [t min, t max] and t2 =< closest t {
closest t = {2
closest sphere = sphere

¥
I
if closest sphere == NULL {
@return BACKGROUND COLOR
¥

return closest sphere.color
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H TEAIK) HOpP®n TOU aAYOPIBuoU

< H IntersectRaySphere atrAd utroAoyilel TONES AUvovTag pia deuTepOoPABUIa eCicwaon.

IntersectRaySpherel0, D, sphere) {
r = sphere.radius
€0 = 0 - sphere.center

a
b
E

dot(D, D)
2*dot(CO, D)
dot(co, CO) - r*r

discriminant = b*b - 4#*a%*c
if discriminant = 0 {
return inf, inf

I§
tl = (-b + sqrt{discriminant}) / (2*a)
t2 = (-b - sgrt(discriminant)) / (2*a)

return t1, t2
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[leplypa®n TNG oKNVAG

< To JOVO TToUu PEVEL gival va BANOUNE MEPIKA QVTIKEIMEVA OTOV XwWPEO!
< [a Tapadeiyua opiloupue 3 oQAipEG:

viewport size = 1 x 1
projection plane d = 1

sphere {

center = (0, -1, 3)

radius = 1

color = (255, 0, 8) # Red
+
sphere {

center = (2, @, 4)

radius = 1

color = (@, @, 255) # Blue
i
sphere {

center = (-2, 0, 4)

radius = 1

color = (@, 255, B) # Green
i

« EKTEAOUME TOV KWOIKA PAG, KAI.. N GUVEXEIQ £TTi TNG 086vNC!
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AvakepaAaiwaon

< lNeprypayaue Evav alyopiBuo TapakoAoubnong akTivwy aTnV TTI0 UTTOTUTTWAN TOU
HopPPN

< OAa 1a Bacikd cuoTaTtika ival edw : MNpwTa Kal KUpIA, n AoyIKr) Tou raytracing.
[MapakoAouBouUue TIC aKTiveg “KAEBovTAC”, dNAadN apxiouue atrd TO PATI KAl TTAPE TTPOG
TNV QWTEIVA TTYN




2TO AUPIaVO EPYacTnpEIO..

< ©a UANOTTOINOOUNE O,TI TTEPIYPAWAE!




MeAETN oTO BIPAIO - TTNYEC

< G.Gambetta, Basic Raytracing (https://gabrielgambetta.com/computer-graphics-
from-scratch/02-basic-raytracing.html)




Epwtnosig ... ;;;




