3D rpaduka 1 TpacupaHe Ha JIp4H V.6.0
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Tema 3

OCHOBHM KOHIIEILUKY B peHIephUpPaHeTo U raytracing-a
bazoBa HHQpaACTpyKTypa Ha raytracer-a



ChbabpKaHHUE

e HoBUHU

* OCHOBHHU IOHATUA B PEHJIEPUPAHETO
* CueHa
* Kamepa
* [eomeTpu4
* MaTtepuanu
* CBETJIMHU

* OOKpBbXKEHHUE

* bazoBa UH}paACTPYKTypa Ha peuTpenchbpa



CeabpKaHue (2)

* [lokasBaHe Ha rpadukKa Ha eKkpaHa uype3 SDL

* [logpenba Ha ekpaHHUSA 6ydep B namerTa (RGB32)

* [Ilucane Ha MUHUMaJIHO SDL npuJioxxeHue



HNmMme Ha penTpenchbpa

* [JtacyBanTe 3a MMe Ha peuTpeucnpa

 AHKeTaTa e BbB CcaulTa, http://raytracing-bg.net/


http://raytracing-bg.net/

M3amucAau mu ume, omHacauwo ce 3a Yyucromo 6

Lecmuam enemeHm

Heuwlo CB'prElHD C mpacupaHe Ha Ab4lu

Ray Tracer 6




OCHOBHU IIOHATUA

CuieHaTa BKJIFOYBA BCHYKU OCTAHAJIM €JIEMEHTH
ClieHaTa e ,BUpTyaJiHaTa PeaJIHOCT , KOAATO peHAepupaMe

[oBOpHM 3a ,, apXUTEKTYpPHA ClieHa", ,MHTepHUOPHa CI|eHa",
,TEXKa CclieHa", ,CBeTJia ClleHa" u mp.

ClieHUuTe OOMKHOBEHO Ce 3allUCBAT B HAKAK'bB
KOHTeHHepeH GpopMaT, KOUTO AbPKHU LigJaTa CleHa (c
HAKOU U3KJIIOUEHHSI) HA €JHO MSICTO

 Hanpumep, *. MAX daunsioBe 3a 3ds Max, *.POV 3a POV-Ray



Kamepara

Kamepara npejcraBJ/igBa ,,0KOTO" HA HAOJIIOaTE s

 EXBHBaJIEHTHA e Ha ¢poToanapaTa BbB poTorpadusTa

— C Ta3u pasJivKa, ye e HeBUAUMaA

[Ipy aHuMa1 s, MOXKe JJa UMaMe HAKOJIKO KaMepH B
ClleHaTa, HO caMo eJlHa € aKTUBHa 3a JaJeH Kaabp

[Ipu raytracing-a, kamepara e MACTOTO, OT KOETO TP'bI'BaT
JIBYNTE

Mma pa3sinuyHu BU/JI0BE KaMepHU



Buose kamepu

HopwmasiHa (rectilinear)
OpTorpaduyecka
Pubeiiko oko (fisheye)

Jlpyru (M3KyCTBEHU) — ChepHUYHa,
[UJIUHAPUYHA, ...




XapaKTepUCTUKH Ha KaMmepaTa

[lo3unusa (3D BekTOp)

[Tocoka - Mo2xke J1a ce 3ajiaze 110 pa3iMdYHU HAYUHU:

* Ypes briu (yaw/pitch/roll cucrema)
* Ypes3 oc Ha BbpPTEHE U 'bI'bJ HA 3aBbPTAHETO OKOJIO OCTA

* Ypes no3unus Ha 1eJsita (look-at cucrema)

— Ilpu Hes ce HaJara Jia ce moCco4Hu U ,,up-vector”. Tor moka3Ba B KaKBa II0COKa €
,Harope, Tb1 KaToO HHA4Ye He MOXKe Ja cCUMYyJarupa epekTa Ha ,,roll” broJa

3putesieH broJ (FOV (Field-of-View))
Aspect ratio

JI'b1604yrHa Ha nosieTo (DOF (Depth-of-Field))



Yaw /pitch/roll cucrema

* [lo ananorug c KOHTPOJIMTE HAd CaMOJIET

* Yaw bI'bJI'BT YKa3Ba IIOCOKATA ,Halpea” Ha
camoJieTa cupsmo ,3emara’; [0°.. 360°)

* Pitch brebT yKkasBa ,M3KauBaHETO" Ha
caMoJieTa crupsamo 3emdra; [-180° .. 180°]

* Roll br'b/I'’bT YKa3Ba 3aBbpPTAaHETO HA CaMOJIETA

CIIpSIMO HaJI'b>XHaTa My oc; [0° .. 360°)

* [IpusiaraHeTo Ha poTtanuuTe e B peja roll, pitch,
yaw




- FOV

* JPpUTEJIHUAT 'bI'bJI ONIpeaesd KOJKO
L2HIIUPOK" e morJiefa Ha KaMepara

* OOMKHOBEHO Ce JilepUHHUPA KaTo:

e J/luaroHaJjieH 'bI'bJ, B IpagyCcH

 DOKYCHO pa3CTOsSIHUE HAa 00EKTHBA, B
MHJIMMETPHU (3a KJIacu4yecKH ¢poToamnapar C
35mm ¢puam)

* JIBeTe ca 0OpATHO-NPONOPIMOHAJHHU: I10-
roJisiMo GOKYCHO Pa3CTOSIHUE = MO-MaJI'bK
3pUTEJIEH 'bI'bJI



e 30mm, 50mm, 135mm
o A 2 T e



- FOV

e YcellaHeTO 3a NepCleKTHBA ChI0 3aBUCH OT 3PUTEJHUS
bI'bJI, TThil KATO MEHU OTHOILIIEHUETO MEXAY BUJHUMMUSI
pa3Mep Ha HeeJJHAKBO OTAaJ/iedeHUTEe 00EKTH

* B npumepa, cpeJHUAT YaHUK € eITHAKBO roJisIM (KaTo




FOV

e 3a,HopMaJsieH” FOV ce cunTa *53° (0koyi0 50mm)

* [Ipy IMPOKUTE 'bIJIU, U300PAXKEHHUETO CTaBa MHOT'O
HeecTecTBeHO ciaen 120°

* 180° e MaTeMaTHYECKHU HEB'B3IMOXKHO IIPU MTPABO'BI'bJIHA KAMEPA;
Ha IPaKTUKa BCUYKO HaJZ 160° e HeM3m0J13BaeMo

* B peasiHUd CBAT, HaU-IUPOKUTE 00€KTHUBHU ca 10 14mm (114°)

* AKO LieJIMM MHOTO IIMPOKH 'bIJIH, I0-A00pe Aa ce nmoJi3Ba fisheye
KaMepa



OTHomreHue (Aspect ratio)

* UMma ce npeasujs oTtHomeHueTo llluprHa:BucournHa Ha
Kaabpa

* ToBa He e ChIIOTO KAaTO OTHOIIIEHWETO HAa U3X0JHATA KapTUHKA B
nuKcesu!

* Tpsa6Ba z1a cbBIIaZa C OTHOILIEHHUETO Ha LieJieBaTa MeJus
(MOHUTOD, XapTHeHa CHUMKaA...)

— Hanpumep, 640x480 kaabp (4:3 oTHOILIEHHE) MOXKeE J1a Ce MOKa)Ke Ha
wide moHuTOp (16:10), 1 3a 7@ He U3IJIEXK /1A pa3TerJieHo, TPsi6Ba Ha
KaMeparTa Ja ce yKaxe aspect = 1.6

* Pa3bupa ce, HaM-400pe e BCUYKO Jia CbBIaja (KBaJpaTHHU
[TUKCEJIN )



JI'bJ1I60YHMHA Ha 1moJieTo (DOF)

 Cumysupa QOKyCUpPaHUTE U pa3POKyCUPaHUTE 00J1aCTH
pu ¢ororpadusTa
* IMmamMe PpOKyCHaA paBHMHA, B KOSAATO IPeIMETUTE Ca HAa POKYC;

KOJIKOTO IIOBeYe Ce OTAaJiedaBaMe OT Hesl, TOJIKOBA II0BeYe ce
pa3@oKycupar

* /I'b/160YMHATA Ha MOJIETO CE ONpeAesd OT 00J1acTTa, KOSTO YOBEK
B'b3IIpHMeMa 3a ,J00pe poKycupaHa”“

e JIbJIOOYMHATA 3aBUCH OT peaulia GaKToOpU

— Hai-Bede oT u3bpaHaTa 6JieHJa Ha POTO-00eKTHBA (aperture), HO UMa U
APYyTrU GaKTopHU



Jlb1604YNHA Ha rnmosieto (DOF)

 OoKycupaHe Ha OJIN3'bK U JlajieyeH 00€EKT:




Jb1609MHA Ha noJsietTo (DOF)

* PagznnuHuTe OsieHAM (aperture) JaBaT pas3JIUdYHU
I'bJIOOYMHU IIPU €JHAKBO Pa3CTOsSIHUE A0 OKYca.

* TyK ca mokasaHH, OT JIABO HaJsicHO: {/8, £/4, f/2



JI'bJ1I60YHMHA Ha 1moJieTo (DOF)

e J'bsiIOOYHMHATA Ha OJIETO 3aBHCH OT:

* PascTossHMeTO 10 POKyCcHAaTa paBHHUHA: KOraTo GOKYCHT €
najiede, I'bJIOOYMHATA € MO-ToJIsiMa

e bienaara - HUuckuTe f-yucaa cboTBeTCTBAT Ha NAUTHK DOF
* 3PUTEJIHUAT 'bI'bJI: IIPpH NOo-IMPOK FOV, n'bsi604nHaTa pacre

* [Ipu poToanapaTuTe: roieMUHaTa Ha puama/ceHsopa. [lo-rossam
$HJIM /CEH30P CbOTBETCTBA HA NO-IJIMTBK DOF

* [lo-HaTaTBK Ile MoOKaXXeM KaK ce CUMYJIUPAT OTAEeJIHUTE
CBOMCTBA Ha poTOKaMepaTa oT ryiegHa Touka Ha DOF



[eomeTpud

* [lox ,reoMeTpusTa” e pa3dbrMpamMe ONMCAHUETO Ha
GOpMHUTE HAa BCUYKH 0OEKTH B ClieHaTa

* KoraTo TpacupaMe equH JI'b4, HUE ThPCUM Kb/l€ TOU CE
[Ipecruya C reOMeTpULITa

* B raytracing-a, reoMmeTpusiTa MOXe []a € CbCTaBEHA OT
pPa3HOPOHU 110 BUJl TEOMETPHUYHU 00EKTH

* TpUBI'BJIHU MPEXHU
e MaTeMaTH4YeCKH 00eKTH (cdepa, paBHUHAQ, ...)
* PesilepHU KapTH

* U T.H.



[eomeTpud

* OOLIOTO MEXAY BCUYKHU TSX €, Y€ MPEeNOCTABAT aJITOPUTHM
3a IIpecruyaHe C JI'by:

class IntersectableInterface {
public:

virtual
intersect (Ray ray, IntersectionInfo &info) = 0;

W7
* Bphiia true, ako JIbY'bT IIpecuya reoMeTpUATa, U MOII'bJIBA
CTPYKTYypara info npu npecuyaHe

* B info ce 3ana3BaT AOII'bJHUTEJNHU JJAHHU 3a IIpeceyHarTa
TOYKa: pa3CTOsSIHUE A0 Hed, 3D nmo3uuus, HopMaJy, ...



[eomeTpud

* HauBHUAT raytracing aJropuTsbM Ipecuya fajeH J'by C
reOMeTpPUATAa, KaTO 00X04U BCUYKU OOEKTH U IIpeceye Jibya
C BCEKU eZIUH OT THAX

e T'bpcH ce Ta3u npeceyHa TOYKa, KOSITO € Hal-06J1M30 J10
KaMeparTa

* [lle uarocTpupame Cc IpuMep



[I[pecuyaHe c reoMmeTpUdATa

* [IpecnyaHe c paBHHMHATA

e
iy "
.' 4 i = 3
E |
i [

Intérsection dist: 85.6'



[I[pecuyaHe c reoMmeTpUdATa

* [Ipecryane cbc chpepara

Intersection dist: 61.2




Hpecw:r’ He C TeOMeTpHuaTa

* [IpecuyaHe c YanHUKa

Intrsectiofl dist: 30.3




[I[pecuyaHe c reoMmeTpUdATa

* Raytracing-a e MHOT'O I'bBKaB aJITOPUTHM, 3aI[0TO
[103BOJISIBA Jla J0O0ABUM NOAAPBKKA 32 HOB TUII 00EKTH,
KaTo IIPOCTO peasindupamMe intersect() pyHKusaTa

* [I[pecu4yaHeTO OTHEMA OCHOBHA YaCT OT BpeMeTO Ha eJUH
raytracer (06MkHoBeHO HajZ 50%)

* UHdopmManmsTa OT NIpecHu4aHEeTO Ce I10JI3Ba 3a
M34YMCJISIBAHE HA OCBETJIEHUETO; HO CaMO TS HE €
J0CTaTbYyHa

 Kak TOYHO ce [10J1y9aBad OCBETJIECHHUETO 3dBHUCH U OT MAaTECPHUAJINTEC



[eomeTpuda vs MaTepuaau

* CaM0 reoMmeTpus

* CaMmo0 MmaTepuaJu

e 3aeHO




MaTepuanu

g MaTepHaJII/ITe OIMINCBAT KdK ITIOBBPXHOCTHUTE OT
FreOMETPpHUATA OTPA3ABAT CBET/IMHATA, T.€., KAdK U3IVICXK AT
CdAMHUTE ITOBBPXHOCTH

* [lonaTuero ,uenabp” (shader) uMa nogo06€eH CMUCHJI:
eI bPBT € MAaTEMAaTHYECKA PYHKIUA, KOSTO, 10
3a/laJleHY M03U1Ysl, HOpMaJid U CBETJIMHU, 34U C/SBa
[IBeTa Ha 00eKTa

* Te. B3aBUCHUMOCT OT Ta3u GQYHKIHSA, OOEKTUTE U3IJIEKAAT 110
pas3JindyeH Ha4uH



MaTepuanu

* [IpuMepu 3a LEeUTBPU:

e [llenabp 3a CT'BKJIO / oryiefalieH el bp

e [llenabp, UMUTHPAILL LIJIUPOBAH MeTAJ

* [llenabp, UMUTHPALL JIJAKMUPAHO A bPBO

e [llenabp, UMUTHUPAILL aBTO-005

I MaTepI/IaJII/ITe HE BUHAI' C€ OITMCBAT CAMO C HJGIZ,Z['pr

* B noBeueto 3D nakeTu, MaTepruaJuTe BKJIOYBAT OIIMCAaHHUE U HA
BbTPEIIHOCTTA Ha 00€KTa, He CaMO Ha IIOBbPXHOCTTA MY



Tekctypu

 CBOMCTBATa Ha MaTepuaJia (IpO3pavyHOCT, AUPY3eH
IIBAT, ...) HE BUHAryd ca paBHOMEPHU 110 LieJIMSl TeOMeTpHUY€EH
00€eKT. YecTo ce moa3BaT TEKCTYPH, KOUTO ,00J1enAT"
reoMeTpUsTa

y
i




Bumose TeKCTypH

3aJlaJieHHu ype3 pauJi

[IpouiegypHU

* T.e.4ype3 3a4a/ieH aJITOPUTHM 3a [10JIy4aBaHe Ha LUBAT 110 (X, y)
KOOpJAWHATH

3D TekcTypu

Bump map TekcTtypu

.1 IpyTH



MaTtepuasiu vs ['eoMmeTpud

* MaTtepuasvTe U reOMeTPUATA Ca JiBa pa3/ieJIeHH CBATA

e MoxxeM [a MMaMe [Ba pa3/IMdYHU 00€eKTa C eJHaKBa reoMeTpHUs U
pa3JIMYHU MaTepuaau

* Node: ToBa € KOMOHHALUA OT TEOMETPHS U MaTepHaJl

e 3a jJa ce MeCTU MaMeT, OOMKHOBEHO UMaMe CIIMCBK ChC
MaTepuasiu U reoMmeTpud. B Node o6eKTa ce ma3saT yka3aTesu
K'bM €/IUH MaTepuaJl U eJHa TeOMETPUs



CBeTJIUHU

* BbB BCsIKa Cll€Had MMd IIOHE €1Hd CBE€TJIMHA

e CBEeTJIMHHUTE Ca KaTo JIaMIIUTE B peaJiHUA CBAT — OIIpEAC/IAT
KOJIKO APKH Cad OTAC/IHHUTE YdCTHU OT CLI€HATA

* OCBeTJIEHMETO B JlaJleHa TOYKa OOMKHOBEHO Ce IoJly4yaBa
KaTO CyMa OT CBETJIMHHUTE, BUAMMU OT JaJileHaTa TO4YKa

* Ho ToBa cv 3aBUCH OT LIeHabpa



OcBeT/iIeHUE

* [Ipumep




OcBeT/IEHUETO

* OT KaKBO 3aBUCH OCBETJIEHHUETO, UABalll0 OT eIUMHUYHA
JaMmIa?

e (CuJia Ha JiaMIlaTa
* Pa3cTodgHUe 10 Hed
* broja, nog KoUTO Najga srb4a OT JlaMIlaTa

* JIpyru (shader-specific) pakTopu



BuioBe 1aMIIA

ToukoBa (omni light)

Hacouena (spotlight)

CpepuryHa, IpaBObI'bJIHA U APYTYU OOEMHHU JIAMIIU
e Jlaxke ¥ c IpOU3BOJIHA popMa
C mocTossHHa nocoka (directional light)

* Hampumep, CI'bHLETO

* MmMa cnienyasinyg Sun-SKy cucTeMu 3a peaJIMCTUYHO OCBETJIEHHE B
OTKPHUTHU NMPOCTPAHCTBA



Bujgose samnu (2)

* CbC3a4a[eHo paslpegeeHue

* [lomo6Ha Ha spot light, HO MHTeH3WTeTa Ha CBET/IMHATA OKOJIO
[IEHTPAJIHOTO HallpaBJIEHHE Ce 3a/jlaBa C KOHKpeTHa QYHKI U

* Jlosie3Ho 3a HMMHUTHPaHE Hd HCTHUHCKH JIaMIIHN



Bugose jamnu (mnpuMepu )

ToukoBa [IpaBobI'bJsiHA (area) HacoueHna (spot)

* C npou3BOJIHA
dopma:

C npousBoJiHA PpopmMa



O6KpBkKEHHE (environment)

* OOKpPBKEHHUETO Ce TPUKU 3a YACTTA OT U300paKEHHUETO,
KOSITO He MPpUHA/JIeKU Ha HUKOW 00EKT

* [Ipu 3aTBOpPEHHU CLIeHH, HIMaMe HYKJa OT OOKP'bKEHHE

* OOKpBXXEHUETO OOMKHOBEHO He Ce BJIMSEe OT O3ULUATA Ha
KaMepaTa, a caMo OT II0COKaTa U

* [Ipumep [humus-metaballs]


http://www.humus.name/index.php?page=3D&ID=57

BugoBe 0OKpBbKEHUE

CoJiIngeH I BAT

* [Ipu YepeH LBAT, BCe €JHO HSIMaMe OOKPbKEHUE
['pagueHT

Environment map — U3M0Ji13BaT Ce TEKCTYPHU

* Spherical map - n3mnoJiaBa ce ejHa TeKCTypa, obJierieHa
CPEPUYHO

* Cube map - 00KpBKeHHETO € ¢ popMaTa Ha KyO, I10JI3BaT Ce 6
TEKCTYPH 3a BCSIKa CTE€Ha Ha Ky0a

Sun/SKy environment - cMuMyJiipa CBOMCTBaTa Ha HEOETO



BiiisiHUE Ha 0OOKP'BbXXEHUETO

* OOKpbKEHHETO OOMKHOBEHO BJIMsie HA NU3YHCJIEHUETO Ha
OCBETJIEHUETO

e Hampumep, clieHa CbC CUBO 0OKpbKEHHE 1€ e Mo-IpKa OT TakKaBa
C YEPHO

* [Ipu Image-based lighting, isss1aTa cBeT/IMHA WBaA OT
OOKPBKEHHUETO — HAIMaMe JIaMIIH



basoBa MHQpPACTPyKTypa Ha peuTperuchpa

 KamepaTa reHepupa rbpBOHAYaJHUTE JI'b4HU 34
oInpejiesisiHE Ha LIBETOBETE Ha ITMKCEJUTE B KapTHUHATA

* [llengbprTE MOraT Jila IOMCKAT Jla TpacupaT HOBH JI'bYH
(HanpuMep, 3a U34YUCISIBAHE HA CEHKU UJIU OTPAXKEeHUS )

i

[IpecuyaHe c |

Kamepa At
reoMeTpudTa

Hpecem&n TOYKHU

Jlamnu
OGKpBXKEHHE lﬁ [lenauHr




[loka3BaHe Ha rpadrKa Ha eKpaHa

3a L[eJIMTe Ha HalllUd Kypc, 1ile MMoJ3BaMe 6MbarMoTeKaTa
SDL (Simple Directmedia Layer)

KomnakTHa C 6MbOJIMOTEKA C LIMPOKA NOAAPbXKa
e Windows, Linux, Mac OS X, FreeBSD

He n3uckBa crieua/jiHa UHCTAJIALMA, JOCTATHBYHO € MPOCTO
J1a BiaduM eguH DLL c mporpamara HH

[loBeueToO Hella cTaBaT JIECHO, 0€3 JJa YeTeEM TOHOBE
JOKYMeHTal s

http://libsdl.org


http://libsdl.org/

SDL

* 3a UHCTPYKIIMHU 3a CET'bIIBAHE HA CPEeIU U TerJieHe Ha
OHMOJIMOTEKH, BUXKTE TYK (work in progress)

e [Ile nu3nosi3zBame Visual Studio Code 3a IDE, CMake kaTo
build cucrema, u MinGW (MSYS) kaTo toolchain

* CMake no3BoJisiBa J1la eKCIIOPpTHETE NMpoeKTa U KbM Apyru IDE-Ta

* JleMOoHCTpal U4 — IpoCTa Mporpama, lmokassaiia rpadrka
ype3 SDL

e Copc-KojJa Ha mporpaMaTa MOXKe Jila CBaJIMTe OT calTa Ha Kypca


http://raytracing-bg.net/?q=node/226

SDL ekpaHeH 0ydep

Uint32

/""—-A—
N T T e T

e ——
Uint8

screen-}pii{e_l_b Screen'>pitCh oanTa

per ogijjj:ﬂ:mf LL BOE EEE ES
pen 1: IR T IO I BEE EEE ES
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