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O6’exT pocnmimkeHHss —  HaOlp 3o0paxens ¢opmaty HD 1080 3
posmpeHHsaM open EXR 3 enemeHtamu rpadiku Ta HasiBHI 1HCTPYMEHTH
CHEIaT130BaHOT0 IPOrPAMHOI0 MPOAYKTY 3 KIHOBUPOOHHUIITBA.

MeTtoto poGOTH € aHaIi3 MPOrpaMHUX IHCTPYMEHTIB MPOrpamMu 3 HMUPPOBOro
KOMIO3UTUHTY st poboTu 3 deep-iHdopmariiero. KpiM 1mporo, HeoOXimHO
BU3HAYUTH OCHOBHI TPHHIMIM Ta MiAXOIH, SIKi JO3BOJSIOTH MPOBOIUTH YCi
OCHOBHI1 oOmepallii 3 eIeMeHTaMHU 300paKEeHHsI, K€ MICTHTh JOJATKOBUH KaHal
TJIMOUHMU.

VY pe3ynbTaTi BUKOHAHHS JUIUIOMHOI poO0TH Oyiia CTBOpEHa HOJIOBA CXEMa,
gKa Ha OCHOBI MIAKJIIOYEHHS ABOX 300pakeHb 3 €JeMEHTaMU KOMII IOTePHOi
rpadiku 103BOJISIE BUBHAYUTH YC1 TEXHIUHI HI0aHCH poboTtu 3 deep iH(opmMmariiero.
KpiM 1poro, HaBeA€HO alNropuT™M, 3a SIKHM MOXHa IPOBECTH TNOJBIITHE
KOHBepTyBaHHsI 2D-300pakeHHst Ta peanizyBatu 0a30Bi omepaiuii IudpoBOro
KOMIIO3UTHHTY.

["any3b 3acTOCYBaHHS: KIHO BUPOOHUIITBO, IIU(GPOBUI KOMIIO3UTUHT, TOOTO
CTBOPEHI CXEMHU MOJIENIOBaHHS J03BOJIATh Y MaHOyTHHOMY pO3pOOUTH €PEeKTHUBHI

METO/IM 3 TTOKpAILEHHS 300pakKeHHsI Ha eTarll MOCTBUPOOHUIIBA KIHO(DLIbMIB.



THE ABSTRACT

Thesis of bachelor’s: 50 p., 31 fig., 1 appendix, 8 refer.

IMAGE, FORMAT, TRANSFORMATION, DEPTH, COMPOSITING,
NODE, SCHEME, SAMPLE, CHANNEL, CAMERA, OBJECT, SCENE.

The object of research is a set of HD 1080 images with open EXR extension
with graphic elements and available tools of a specialized software product for film
production.

The aim of the work is to analyze the software tools of the digital
compositing program for working with deep information. In addition, it is
necessary to define the basic principles and approaches that allow you to perform
all the basic operations with the elements of the image, which contains an
additional depth channel.

As a result of the thesis, a node scheme was created, which, based on the
connection of two images with elements of computer graphics, allows you to
determine all the technical nuances of working with deep information. In addition,
an algorithm is provided that can be used to double-convert a 2D image and
perform basic digital compositing operations.

Field of application: film production, digital compositing, i.e. created
modeling schemes will allow in the future to develop effective methods to improve

the image at the stage of post-production of films.
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HEPEJIK YMOBHHUX CKOPOYEHb

2D - 2-dimensional;
3D - 3-dimensional;
RGB - Red, Green, Blue;

RGBA - Red, Green, Blue, Alpha.



BCTYII

[Tix yac poboTu 3 KiHO- Ta poromaTepiasamMu B NpOodeCciiHUX CTYAIAX TyKe
4acTO BUHMKA€ HarajbHa notpeda o0’€AHAHHS BIA3ZHATOIO MaTepialy Ta JaHHX,
AK1 3p00JIEHO B CHEIlaIbHUX IporpaMax 3 KOMIl IoTepHoi rpadiku. Jodpe, xonu
3iloMKa Bii0yBajlach Ha OCHOBI KiHOKaMepu 3 miaTpuMkoto 3D. Arne tak OyBae He
3aBXKIM 1 MaTepiall 3 KaMmepu, Hampukiajg Betacam, Bakko SIKICHO 00’eaHAaTH 3
KapTUHKOIO, sIka OTpUMaHa, Harpukiaj, 3 nporpamu 3DMax. J{ns BupilieHHS 1€
3a/1ayl 1 MpUcBsiYeHa ocobJiMBa rpymna Hoj B nporpami Nuke min Ha3Boto Deep.

KpiM mporo, iHOM1 npu 00’€IHAHHI pi3HUX 00’ €KTIB Ha eTari (popMyBaHHs
CLIEHU KaJIpy 300pakeHHs MaeMo yuine 2D-300pakeHHs 1 B IbOMY BUIIAJAKY MOXeE
OyTu HeoOXxiaHa 1H(pOpMaIlis MPO MIKCel 300pakeHHs. [HIIUMY clI0BaMU, Ha e€Tari
00poOKHM Ta KOMIIOHYBaHHSI 300pakeHb MOXKE 3HagoOUTHUCH 1HGOpMAILsS MPo
B3a€EMHE PO3TAIlyBaHHS HAWMEHILIHUX €JIEMEHTIB 300pakKeHHs 1 MpO BiIJAICHICTh
[UX €JIEMEHTIB Bl TOYKU PO3TAllyBaHHsS 00’ €KTHUBY KaMepu Iij 4ac MPOBEACHHS
3ifoMku. | 1 oTpumanHs 1iel iHpopmalii TakoXX Moxke OyTH y Haroii
cnemianbHui iHCTpyMeHTapiil mporpamu Nuke Bin komnanii The Foundry. Takum
YUHOM, BHXOJSIYM 3 TOrO, IIO CY4YacHI KIHOQUIBMH BXE MOXYTh OyTH HaBITh
NepeHacu4eHl pPi3HOMAaHITHUMHU €JIEMEHTaMHU KOMII IOTEpHOI rpadikv, TO MOXHa

BBAXKAaTU 00paHy TEMY JUIIJIOMHOI pOOOTH aKTyaJIbHOIO.
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1 MA®POBUM KOMITIO3UTHUHI. OCOBJIMBOCTI POEOTH
3 DEEP-IH®OPMALICIO

CydacHi nepefioBi TEXHOJIOTT B HU(PPOBOMY KIHO NependavyaroTh Ha eTari
MOCT BUPOOHUIITBA pOOOTY 3 BIA3HATUM KiHO MaTepianoMm. | iHTerpaiis 300pakeHb
3 PI3HUX JIKEpesl MOXe 3aliMaTd JIEBOBY YacTKy Yy Yacl mpu oOpoOIll BIAZHATHUX
cueH. Oco0nuBO 1€ Biirpae poib, KOJIM HEOOXITHO 00’€HATH B €JIUHY CLEHY
Marepian, siki OyJu OTpMMaHi Ha OCHOBI PI3HUX KiHOKaMep, ado B3araji siki Oynu
CTBOpEHI B PI3HUX MporpaMax 3 KOMI IOTepHOI rpadiku. B pamkax mociimkeHHs
OyJZie BUBUEHO HE JIMIIIE, SIK MOXHA MPOBECTH IU(GPOBUI KOMIIO3UTHUHT, aje U K
BpaxyBaTH B3a€EMHE pO3TAlllyBaHHA MDK CO0OI 00’€KTiB Ha CcCIleHl. [Hmmmu
cioBamu, Oyae HOochipkeHo K 1HbopMallis npo riauouny 3o00paxenHs (deep data)
JI03BOJIIE TIepeaTh 00’ €MHICTh Y BHUIAJKY, KOJU caMme 300pakeHHs, a0o Horo

CKJIan0Bl1 € 2D-ejieMeHTaMu.

1.1 3aranbna indopmania npo uuPpoBuii KoMmo3uTHHI. IcTopis

CTBOPEHHS TEXHIYHOI0 MPUIiOMY

[udpoBuit KOMIIO3UTHHT, K MU OyJeMO HOTO 0OrOBOPIOBATH, MA€ CIIPaBy 3
MPOLIECOM IHTErpallii 300paxeHp 3 JeKUIbKOX JHKepes B €1MHE 11iie. Xoua 0araTo 3
IIUX METOJIB TOYaTKOBO Oyju MpU3HAYCHI JO HEPYXOMHUX 300pakeHb, Oy1e
PO3MISTHYTO 1IHCTPYMEHTH 1 METOAH, SIK1 TAKOXK KOPUCHI ISl BEIUKUX JUHAMIUHHUX
nocJiIoBHOCTEH 300paxkeHb. L{ludpoBuii KOMIO3UTHHT - HHU(PPOBA MAHIMYJIHOBaHA
KOMOIHAIllg IIOHAaWMEHIe 3 JBOX BHUXIIHUX 300pa)xeHb [JIs OTpUMaHHS
IHTETPOBAHOTO pe3ynbTary. be3ymMoBHO, HAWCKIAAHINIOW YaCTUHOKO IHOTO
npouecy HU(PPOBOro KOMIIO3UTHHIAa € OTPUMAHHS IHTETPOBAHOIO pPE3yJbTaTy-
300paKeHH, SIKE HE BMJIa€, 110 MOro CTBOPEHHS OyJo MOB'SI3aHO 3 JEKLIbKOMA
BUXITHUMHU €JIeMEHTaMH. 30KpemMa, MM 3a3BUuYaili HaMaraemMocss CTBOPUTHU
MOCTIAOBHOCTI, sIKi Moriu O Oyrtu mpapaononioHo cdotorpadoBani 6e3

BUKOPUCTaHHS OyIb-KOi MOCTOOPOOKH. Y pPO3MOBHIA MOBI BOHM THOBHHHI
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Burisigatd "peanbHuMu. HaBiTh SKIIO €IEMEHTH B CIIEHI SBHO HepeadbHI
(HampuKIa, BeIMYE3Hl KOMaxXH, sIKl CTOSITh Ha TraHTChbKOMY MEPCUKY), TOTPIOHO
OyTH 31aTHUM TOBIPUTH, 110 BCE B CIiieH1 Oyi0 cotorpadoBaHO B OAMH 1 TOU Ke
yac, OJIHI€T 1 Ti€T % Kameporo. TeneBi3iliHi pekiIaMHl POJUKH MIBUAILIE 32 Bce OYyIu
CKOMITOHOBaH1 pa3oM 3 YUCIEHHUX JKepen. [IpoTe, yu BUKOPUCTOBYETHCS MPOIIEC
1M(ppoBOro KOMMO3UTHUHTA IS O13HEC Mpe3eHTalliil a00 ISl CreIiaIbHUX ePEeKTiB
XYZ0KHbOTO (DIIbMY, BUKOPUCTOBYBaH1 METO/IM Ta IHCTPYMEHTH CIIAYIOTh OJHUM
1 TUM ke OCHOBHMUM mnpuHiunam. CrpaBxHs MaHCTEpHICT, ITUHPOBOTO
KOMITO3UTHHTA BKIIIOYA€E B ceOe K TEXHIYHE, TaK 1 XyJ0KHI HAaBUUKHU. fIK 1 B Oy/Ib-
SAKOMY BHUJ[I MUCTEUTBA, XYIOKHUK, O€3YMOBHO, IOBUHEH MAaTU TapHE YsIBICHHS
Ipo  TEXHIKY, YMIHHS TIOBOJUTUCA 3  IHCTpyMEHTaMH, $Ki  OyIyTh
BUKOpUCTOBYBaTUCA. LI 1HCTpyMEHTH MOTEHIINHO MOXYTh BKJIIOUaTH B cebe
OyIb-sIKy KUIBKICTh PI3HUX amlapaTHUX 1 MPOrpaMHUX KOMIIO3HUI[IHHUX CHUCTEM.
Ane TakoXX NOTpiOHE PO3YMIHHS BCHOTO MPOIECY KOMIIOBUTHHTY, a HE TUIbKU
KOHKpETHUX 1HCTpYMeHTIB. Lle Bkitouae B cebe Bce, MOUMHAIOUU 3 PO3YMIHHS
TOTO, SIK 1I€ Bi3yaJbHE JaHi MpeACTaBlieH] B HUPPOBOMY GopMarti AJisi OTPUMAHHS
3HaHb PO T€, SIK Kamepa pearye Ha Koiaip 1 cBiTio. [loefHaHHS JEKUTBKOX JKEepen
JUIsl OTPUMAaHHS HOBOTO 300pa)kKeHHs - 1€, 3BUYaliHO, HE HOBE, 1 poOMIIOCs 1Ie
3aJI0Br0 JI0 TOro, SIK KOMIT'IOTepU YBIALIUIM B KiHemaTtorpad. Tox po3risiHeMo
OCHOBHI MOMEHTH 3 iCTOpli KOMIMO3UTUHTY. Lle HeoOximHO 100 3pO3yMITH K1
nifcTaBu Oynu B HU(pPOBOMY KiHO 10 epexoy Ha deep-KOMIO3UTHHT .
HIBencekuit pororpad Ockap Pelinanaep mnpairoround y cBOiM CTyZdli B
Awnrnii BuOipkoBO 00'eqHAB 300paxkeHHs 3 32 pIi3HUX CKISHUX HEraTUBIB, MI00
OTpUMATH €IMHUM MacuBHY mnamiTpy. lle oauH 3 HaMOUIBII paHHIX NPUKIAIIB
TOrO, W0 CcTajo BigoMo sK '"komOiHoBaHuii 3HIMOK". Kinemarorpadiuna
dotorpadis 3'sBunaca B KiHIl 19 cTopiyus 1 3 yacom Oyau moOyJoBaH1 ONTUYHI
MPUHTEPHU, SIKI MOTIM BHOIPKOBO KOMOIHYBaTHM KUTbKAa YaCTHH IUTIBKH, 1 TaKUM
YUHOM HapOJMBCS ONTHUYHMA KOMIIO3UTHUHI. Psif paHHIX NPHUKIAAIB ONTUYHOTO
KOMIIO3UTUHra MoxHa 3HaiTH y ¢uibMi "Kinr-Konr" 1933 poky. 3o0paxeHHs,

IIOKa3aHC Ha pPHUC. 11, HacnpaB):[i € CKJIaJOBHUM 306pa>KeHH$IM, SIKE 6y.TIO CTBOPCHO
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B Takui crnoci0: cnoyatky Oyina cororpadoBana riranrcbka mMania, 16-mwoiimoBa

MIHIaTIOpa, KA aHIMOBaHa 3 BUKOPUCTAHHSIM TE€XHIKH CTOIM-PYXY.

Pucynok 1.1 — ®@inpm «Kinr-Konr»

Lle#i mporiec BkItovae B cedbe ¢doTorpadyBaHHs MOJEINI MOKAJAPOBO 3a pas,
3MiHA MO3U a00 MOJOKEHHS MEepCOHaka MK KOXKHMM KajapoM. B pesynbrati npu
BIITBOPEHHI 3 HOPMAJbHOI NIBUIKICTIO BHUXOJIUTH OE3MEpEepBHO aHIMOBAHUM
o0'ext. Ilicas Toro, sk 1i kKaapu Oynau po3poOseHi 1 ompanboBaHi, BOHU Oyiu
3MPOEKTOBaHI Ha BEIMKUN 3aJlHIA MPOEKUINHUI ekpaH, ssKuil OyB po3TalioBaHUM
Ha TMOBHOpO3MipHii creni [1]. Ilorim, nmis Ha mepeaHBLOMY IUIaHI (aKTpuca Ha
nepesi) gororpadyBanock, a (OHOBI KaJIpu MPOEKTYBAIKCS 3a HUM, CTBOPIOIOYHU
KOMITIO3UlLliiiHe 300pakeHHs. Lleil KOHKpeTHUH TUI KOMIIO3UTHUHTY BIIOMHM SK
eekT B KaMmepi, Tak SK He OyJo HISKOi JOJATKOBOi MOCTIPOJAKIIH-POOOTH,
HEOOX1AHOT 11l 3aBepuieHHs 3WOMKH. [Hmn crueHu y ¢inbMi Oyad BHUKOHaHI 3
BUKOPUCTAaHHSM PaHHBOI (OpMH CUHBOIO (oTorpadii expaHy, e LUIbHE MiClE 1
¢dbon 6ynu cororpadoBani okpemo, a MOTiM 00'€THAaH] Ha €Tarll ONTUYHOT APYKY.

B  ngaHmii  yac  ONTHYHUN  KOMIIO3UTHUHI  (DaKTUYHO  3aMiHEHUH
KOMIT'FOTEPHUMH CHUCTEMaMH 3arajlbHOTO MPHU3HAYEHHS 1 JEIKUMU MPOrpaMHUMU
3acobamu, ajie caMi KOHUENIIi MpakTUYHO He 3MiHwauca. [ ue daktuuyno Oyna
nepiia crnpoba 70 Mmepexoji 3 CTBOPEHHsS TIUOWHM 300pakeHb MPHU TMOEIHAHHI 3

PI3HUX JKepe.
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1.2 OCHOBHI NPUHIMITA KOMIIO3UTHHTY

B3aeMHe po3tainyBaHHsS 00’€KTIB B CIIEHI MOXKHA 3aKOJYBaTH 4yepe3 KOJip
1ux 00’exTiB. TOOTO, HANTPUKIIAJL JOMOBUMOCH, 110 JIBa 00’ €KTHU sKi ModhapOOBaHO
y pi3HI BIATIHKK OJTHOTO 1 TOTO CaMOTO KOJIbOPY NeéOMETPUYHO pPO3TaIlOBaHI Ha
pI3HIH BiJICTaH1 BiJ 3HIMAJIBHOI KaMepH.

Binomo, mo oaHa 3 HaWOUIBIN BaXKJIMBHUX peueH, siky poOuTth (axiBelp 3
KOMIIO3UTHHTY, IHTETPYIOUM €JIEMEHTH B CIICHY - Il 30alaHCyBaTH BCE 3 TOYKHU
30py KOJIbOPY, SICKPABOCT1 1 KOHTPACTHOCTI. 310HOCTI Pi3HUX JIFOAEH CYAUTH PO
KOJIIp MOXYThb JOCUTh CHJIBHO BIAPI3HITUCA, SK MPaBUIO, 3A10HICTH JIFOAUHU
MPaBUJIBHO PO3IMi3HABATH KOJHOPH MOXKe OyTu 3100yTa uepe3 BEIUKUU
MpakTUYHHUM 10cBiA. HaliBaxxiuBimuM GakToM € Te, 1110 Ha COPUIHATTS IUX peuei
MOXYTh ICTOTHO BIUIMBAaTH 30BHIIIHI (akTopu. KrnacuyHuil mnpukiag Isoro

MPUHIIMITY TTOKa3aHui Ha puc. 1.2 [2,3].

Pucynok 1.2 — ITpukiiag 0IHOYaCHOTO KOHTPACTy

Xouya BHYTPIIIHE KOJIO MA€ OJIMH 1 TOM K€ KOJIp y BCIX TPhOX BHUIIAJIKaX, BIH
3Ma€ThCsl OUTBIN SICKPaBUM, KOJW OTOYEHUM OUIbINI TeMHUM ¢GoHOM. BueHi, siki
BUBYAIOTh CIPUUHATTS, 3HAIOTh Il (eHoMeH sSK "NPUHIMI OJHOYACHOTO
koHTpacty". Te X came BIZHOCUTHCA 1 J0 KOJIbOpoBux 00pa3ziB. Komip Oyne
3MaBaTUCA OUIbII SICKPaBUM 1 HACHYEHUM, KOJIM BiH OTOYEHHMM J10JaTKOBUMU

KOJIbOpaMU - HANpHKIAJ, YEPBOHUM, OTOYCHUM OJIAKUTHUM a00 3€JICHUM, - 1
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B3araji OyJib-sKe KOJIpHE CIPUUHATTS OyJe 3ajieaTH BiJ OTOUYIOUMX KOJIbOPIB,
{1 MOMEHTH MOKHA BUKOPUCTATH 1 IPU CTBOPEHHI MNMOUHU 300paskeHHS.
OckilbkM  30poBa  cHCTeMa JIIOJWHW  COPUMHSTIMBA 1O  BIUIMBIB
HaBKOJIMIIHBOTO CEPENOBUINA, KOXKHA JIIOAMHA POOUTH BCE MOXIIMBE, 100
CIpoOyBaTH KOHTPOJIIOBATU CEPEAOBUIIE 1I0pa3y, KOJIM CyAUTh Ipo Koiip. Tpeda
HaMaraTHCsl pO3IJIIaTh Pi3HI 300paKe€HHS B MaKCUMaJIbHO CX0’KOMY KOHTEKCTI.
[Ipu mopiBHSAHHI ABOX 300pa)k€Hb HA MOHITOP1 KOMII't0Tepa, Tpeba nepeKoHaTUcH,
10 OTOYEHHSI, SIK Ha €KpaHi, TaK 1 32 HOro MexaMu, He CIIOTBOPIOE CYJIKEHHS MPO
KOJIbOpU. TakoXk, ICHYE psa HUPPOBUX IHCTPYMEHTIB i BUOIPKU KOJBOPY
KOHKPETHOTO IiKcedss abo Tpynu TiKcemiB. BaxkiauBo po3ymiTH, IO YacTo
HEMOXJIMBO TIOBHICTIO YSIBUTH, SIK 300pa)keHHs OyAe BUIJISAAaTH Ha TEBHOMY

HpPICTpOI, SKIIO BOHO IPOTIAAAECTHCA HA lHI_I_IOMy HpHCTpOI,

1.2.1 ba3oBi onepauii KOMIIO3UTHHTY

PosrnsiHemo cutyariito, koim HEoOXigHO 00'eqHaTH ABa abo OuIbIIe
MOCIIIOBHOCTEH  300pakeHb. lle BuMarae BHUKOPUCTAHHS  CIELIAJbHUX
MaTeMaTUYHUX ONEPaTopiB, SKI MOXKYTh IpAIfOBaTU 3 OUTbII HIXK OJHIET BXIAHUN
MOCTIIOBHICTIO, 1 TOMY IIi ONEPaTOPU HA3WMBAIOTHCS OMEpaTopaMu 3 JEKUIbKOMa
JoKepenamMu. byzie po3ristHyTo JuIe JIesiki 3 HaWOUIbIl BaXKJIMBUX IHCTPYMEHTIB
KOMOIHYBaHHS 300pakeHb. 3pO3yM1iJIo, IO TaKi cami MiAXO0IU XapaKTepH1 1 A0 TaK
3BaHUX deep-300paKeHb.

JMonaBanns. OnHi€l0 3 HAWOUIBII TOIIMPEHUX oOmepanid podotu 3
300paKEHHAMM € Tpoleaypa nonaBaHHs. JlogaBaHHS JBOX 300pa)K€Hb pa3oM
BKJIIOYa€ B ce0e [0JaBaHHS KOXHOTO MIKCEIs B MEpIIOMY 300pakeHH1 [0
BIJIOBITHOTO HOMY IIKCelsd B Ipyromy 300paxenHi. Ha pucynky 1.3 nmokasani asa
300pakeHHs, $KI MM OyJIeMO BUKOPUCTOBYBATH [UIsl UIIOCTpalii oneparii

JO0JaBaHHA.
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Pucynok 1.3 — Ilpuxnazn 300pakeHs AJist 00’ € THAHHS

PesynbTat onepaiiii 1o1aBaHHs 300pakeHb MOKa3aHO Ha pUCYHKY 1.4.

PucyHnok 1.4 — Pe3ynbTaT onepariii Jo1aBaHHS

Sx MoxxHa TmoGauMTH 3 PUCYHKY 1.4, pe3ynbraT HMpuUOIHM3HO CXOXHH Ha
dbotorpadiuHy MOABINHY €KCMO3UIlII0. BUKOPUCTOBYIOUM CTaHAAPTHY HOTAIIIIo,

oneparop “Add multi-source” 6yae mpocTo MpeICTaBICHUN y BUTIISII:

O=A+ B,

ne A 1 B — ue nBa BUXiTHUX 300pakeHHs, a O-pe3ynbTyodue 300pakKeHHS.
AHai3yloud OTpPHMMaHWUN pe3yslbTaT THM HE MEHII HE MOXKHA CKas3aTH
IIaX1BHUIISI 3HAXOIUTHCS MOIEPEly UM M03ay BIIHOCHO manmyru. BinmoBias Ha 11e

MATAHHS MOXXHA OTPUMAaTH, BHUKOPHCTOBYIOUM JOAATKOBY 1H(OpPMAIID TIPO
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rIIMOMHY pe3ysibTytouoro 3o0paxeHHs. BiacHe Ha e 1 mokiaukana podota 3 deep-
300paxeHHamu [2,3].

Binnimanns. Onepatop BIZHIMAHHS MPU3BOJUTH JO TOrO, LIO KOXKEH
niKcellb Ha 300paxeHH1 4 BIIHIMAETHCS 3 BIAMOBIIHOTO MIKCENS HA 300pakeHH1 B.
Crnig BiAMITHTH, 110 BIJHIMAHHS HE € CUMETpUYHUM omepatopoM. I[lopsgok, B
SAKOMY BKa3aHl JiBa 300pa’K€HHS, BOXXJIMBHUH JJI1 OTPUMAHOTO pe3yibrary. Takum
yuHOM, (B + A) nopiBHioe (A + B), ane (4 - B) ne nopiBHtoe (B - A). e moka3ano
Ha pUCyHKY 1.5.

Pucynox 1.5 Bu3Hauae, mo A-1e maxoBa JOINKa, sKa BIIHIMAETbCA 3
300paxkenHsa mnamnyru B. Toxi sk, Ha pucynky 1.6 — 300paxxeHHS NTHIIL,
BIIHIMAEThCA Bil 300pa)kKeHHs IIaXOBOi JOIIKK. 3a 3aMOBYYBAHHSM OIEpaTOp
BiHIMaHHS a00 BUpI3a€ BCl 3HAYEHHS, SIKI UAYTh HMXKY€ HYJs, a0o (SKIIO BH
MpAIlOETE B CEPEIOBUIII 3 IJIaBAIOUOI0 KOMOIO) CTBOPIOE HEraTHBHI 3HAYEHHS.
Takox KOPUCHO MaTH MOXKJIMBICTh BKa3aTH, IO ONEPATOP MOBEpPTaE aOCONIOTHE
3HAUEHHS Pe3yJbTaTy, B IKOMY HETAaTUBHI yucia 4 TOBTOPHO MEPETBOPIOIOTHCS B
MO3UTHBHI. BigHIMaHHS, sKe ToBepTae aOCONIOTHE 3HAYCHHS pe3yJbTaTy, CTa€e
CUMETPUYHOIO OIlepalli€lo, TOMy BaMm OuIbllle HE TOTPiOHO TypOyBaTHCA PO

MMOPAI0K IBOX HOCJIiI[OBHOCTCﬁ 306pa}KeHB, K1 BH BKa3ye€Te.

Pucynok 1.5 — Pe3ynbrar onepaiii BigHiMaHHs 300paxeHs A-B
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Pucynok 1.6 — Pe3ynbrar onepaiiii BigHiMaHHS 300paxkeHsb B-A

1.2.2 Po6GoTa 3 MacKo10 300pa’keHb

OO0'enHaHHs PI3HUX TMOCIIIOBHOCTEH 300pakeHbh Mae OyTH MPOLIECOM 3
MaKCHUMAaJIbHO MOXJIUBUM KOHTpoJieM. [1oTpiOHO BMITH KOHTPOIIOBATH ITPO30PICTh
pI3HUX IapiB Tak, II00 BOHW HE TMOBHICTIO MPUXOBYBadud BCE, IO BOHU
MOKpHBaoTh. HeoOXimHO po3poOMTH METOJ| BU3HAUCHHS Ta YNPABIIHHS ITUMU
atpulOyTamu, SKUil OyJe IHTYITUBHO 3pO3YMUIMH 1 Y3TOJKEHHUH 3 PEIITOI0
00poOKoI0 300pakeHh. Macka BHUKOPUCTOBYETHCS Mijl 4ac KOMIIO3UTHUHTY, KOJHU
noTpiOHO, 100 JHIlIe YacTHHA MEBHOTO 300pa)keHHs Oysa BKIIOYEHA B pe3yJbTar
[4]. Mackoro 3a3BMuail BBa)KalOThCSl OJHOKAHAJIbHI 300pa)K€HHA Yy BIATIHKAX
ciporo. Tyr HeMae HEOOXIIHOCTI B TPbOX OKPEMHUX KaHalax, K Iie OyBae mpu
BU3HAYEHHI KOJILOPY, TaK SIK MPO30PICTh JJIs1 OYb-IKOTO 3aIaHOTO MIKCENIs MOXKe
OyTH orrcaHa OJTHUM YHMCIIOBUM 3HAYEHHSM B Jiana3oHi 0+1.

B imeanmi kommo3swuiliiiHa cucteMa Oyne 30epirati OJHOKAHAIBHY MAacCKy

MaKCUMaJIbHO €(pEeKTUBHO, ajie MPHU LIbOMY JI03BOJUTH (PaxiBIl0 MPU HEOOXITHOCTI
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nepeTBoproBaTH 1i sk 3BU4ailHe RGB-300paxxenHs. 3anexHO B MPOrpaMHOro
nakery i obpaHoro ¢opmary ¢daitny Macka Takoxk Moke OyTu o0'enHaHa 3
TPHOXKAHAJIIBHUM KOJILOPOBUM 300paKEHHSIM B SIKOCT1 JAUCKPETHOTO YETBEPTOIO
kaHany. Konu MatoBe 300pakeHHsI € YaCTUHOIO YOTHPUKAHAIBHOTO 300pakKeHHS,
BOHO Ha3UBA€ETHCA allb(ha-KaHAIIOM.

PosrnsitHemo nyke mpoCTUH TpPUKIA] BUKOPUCTAHHA MAaCKH, BPaXOBYHOUH
BUXIJIHI IBa 300paxeHHs (puc. 1.3) 1 Macky, sika roka3aHna Ha puc.l.7. Mu 6ynemo
BUKOPUCTOBYBATH 1[I0 MacKy, 00 i30/110BaTu ab0 BUTAITU YAaCTUHY MEPEAHBOTO
IaHy, a TMOTIM TMOMICTUTH Horo Ha 3anHid minaH. Came 11 aNrOpUTMHU
BUKOPUCTOBYIOThCA 1 mipu poOoTi 3 deep-iHpopmariiero. OTpumane 300pakxeHHs

Moka3aHo Ha puc. 1.8.

Pucynok 1.7 — Macka 300pakeHHs

Ak moxxHa mobaunTH, 00JacTi, IKi € OUmMMHu (MarOTh 3HaYeHHS mikcens 1.0)
B anb(ha KaHail, BUKOPUCTOBYIOThCS JJI BKa31BKM TOTO, IO BIANOBIAHA 00JacTh
300paKeHHs TMEpeHbOr0 IUIaHy TIOBUHHa OyTu 30epekeHa B  MOBHIU

HernpozopocTi. lle, ax kaxyts, "TBepaa" oOnacte Mmartepii. | HaBmaku, 4OpHI
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00J1acTi MaCK BUKOPUCTOBYIOTHCS JIJII BKa31BKH TOTO, IO BIAMOBIIHI MIKCEl Ha
300pakeHH1 MePeTHhOr0 TIaHy OYAyTh MPO30pPUMHU a00 €(EeKTUBHO BIIAAISATHUCS,

KOJIM BOHO PO3MIITYETHCA MOBepX (HoHy. MaTteMaTH4HO 1Sl OTepallisi BUTTISIAE:

O=(4xM)+[(1-M)xB]

Pucynok 1.8 — Pesynbrat onepairii MacKyBaHHS 300paK€HHS

AHasi3yloun OTpUMaHHuil pe3yibTaT podboTu 3 Mackoro (puc.l.8) y rismaua
MOJKE€ CKJIACTUCH BITUYTTS, 0 300paKCHHsI MaMyTy 3HAXOAUTHCS HA TIEPEIHBOMY
doH1, ToAl K 300paKCHHS IIAaXiBHUIII PO3TAIIOBAHO Ha 3aJHLOMY ¢GoHI. ToOTO B
JAHOMY TIpUKJIaJll MOXXHA BBa)KaTH, 110 € TIEBHI BKa3IBKU MO0 ‘‘B3aEMHOTO”
TICEBJ/IO po3TallyBaHHs 00’ €KTiB. J1jist poOOTH 3 peasibHOIO MTMOMHOIO 300paKeHb B
CIIEHI B paMKax JOCHIIKCHHS BHUKOPUCTAEMO CIICIIaII30BAaHUN MPOTpaMHHUI
npoaykt kommaHii NukeX, skuii TOCTynmHHMM B HEKOMEpIITHOMY BHKOHAHHI Ha
calT koMmaHii — po3poOHuKa (Bepcis non-commercial).

Nuke — mpoaykT kommanii The Foundry, sikuii BITHOCHTBCSI 10 TakK 3BaHUX

«koMmno3epcbkux» mnporpam [2,3]. IIporpama 3acTOCOBYETHCS sl peaaryBaHHS
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BiJIe0 a00 MOCIHIIOBHOCTI 300paxeHb (CEKBEHLU) 1 3aCTOCOBYEThCS MpU 00poOIIl,
HakJaJeHH1 edeKTiB, (iHaibHIM 30ipLi 3HATOro Bileo- 1 KIHOMAarepialy, 1 Mpu
CTBOPEHHI PEKJIAMHUX POJHUKIB, MYJIbT(HUIbMIB, KIHOQLIBMIB, a TAKOXK JJI 1HIIUX
3aBiaHb. [IpoyKT € SIBHUM MpPEACTAaBHUKOM HOJIOBOI apXITEKTYPH, IO MOSICHIOE
HOT0 3pO3yMUTICTB 1 JIOTTYHICTb.

Nuke BHUKOPUCTOBYETHCS B psiii HAHOUIBIIMX CTYAlM Bi3yaJlbHMX €(EeKTiB
cBiTy, Takux gk: Digital Domain, Walt Disney Animation Studios, DreamWorks
Animation, Sony Pictures Imageworks, Sony Pictures Animation, Framestore,
Weta Digital and Industrial Light & Magic Ta in.

InTrepdeiic mporpamu 151 KOpUCTyBava MOAUIAETHCS Ha JIEKUIbKa 00acTei,
BIKHA SIKMX MOJKHA IMepeMillyBaTH. 3ajjisd 3a0e3MeueHHs] 3pYYHOCTI POOOTH 3
MPOTrpaMoI0 Y CTPYKTYPl BUBEACHO OKpEMY MaHeIb IHCTPYMEHTIB, 1€ PO3MIIICHI
yc1 OCHOBHI ejemMeHTH nporpamu Nuke 1 B K1 B Iporpami nojaisieHo Ha rpynu. L
BEpTUKaJIbHA TMaHEIb MPOrpaMu 3HAXOAMTHCS 3 JIIBOrO OOKY poOOYOro mosst

nporpamu 1 HazuBaeTbesa Toolbar (puc.1.9).

el
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Pucynok 1.9 — Intepdeiic nporpamu
[Tanens Node Graph — maHenb e po3MIITyIOThCS YC1 €JIEMEHTH CTBOPEHOTO

npoekty. [lpu npomy, 111 eneMeHTH € TpadiuyHUMU 1 TIOB’s3aH1 3 KOMIIOHEHTaMU



21

MYJBTUMEIIMHOTO KOHTEHTYy. IIpwkiaagoM Takoro 300paxkeHHS MoOxe OyTu
300paxeHHs, Bifieo ¢aitn abo Bigeo edekT. 3B'A30K MK €IeMEHTaMH MOKa3ylOTh Yy

porpami uepes JiHii 31 CTpUIKaMH.

1.3 3araabHa iHpopManiss npo HEOOXiAHICTL CTBOPEHHHA KAaHAJLY

TJIHOUHM

Sk Oyno BXe BIAMIYEHO BHILE, KOMIO3ITIHI — 1€ 00'€HaHHS JBOX abo
Outbiie 300pakeHb st cTBOpeHHs HoBOi kaptuHu (Porter & Duff, 1984). Ile
MOke OyTH Tak caMO IpPOCTO, SIK 3aMIHUTU HE0O, 1100 3pOOUTH HOro CXO0XKHUM Ha
XMapu, 110 30MparoThCs Ul WITOPMY, 1 TaK caMoO CKJIAJHO, K >KHMBI1 1 IUGPOBI
MEepPCOHaX1 ODKaTh MO Jici, OyAy4yd YAaCTKOBO MPUXOBAHMUMH TUIKAMHU 1 JUCTSM.
CrhorojHi iCHy€e KiibKa croco0iB 00'e1HaHHS ABOX a00 OuIbIle 300pakeHb Pa3oM,
100 BOHU 3'IBIISUIMCS HA OJHOMY 1 TOMY X Kajpi. PoTtockomitoBanHs [4], 3ereHi
€KpaHu 1 aBTOMaTUYHO 3reHepoBaHi MaTOB1 MOBepXH1 A nupoBux 3D-00'ekTiB
— JUIIE JIedKl 3 Cy4acHMX METOJAIB B KOMMO3ITIHTY [5,6]. B Mipy yckiagHeHHs
nU(POBUX CLEH XYyJO0KHUKA 4YacTO BHMKOPUCTOBYIOTH KUIbKa NpoOrpaMm st
CTBOpPEHHsI ocTaroyHoro 3o0paxkenHs. Jleski 3D-mporpamu, taki sk Autodesk
Maya® 1 3DS Max®, 3a3Bu4ail IHTErpylOThCS 3 KOMIIO3UTOPCHKUMU MIPOTrpamMamu,
takumu sk Adobe After Effects® a6o The Foundry Nuke®. YactkoBo 11
MOB'I3aHO 3 TUM, 1[0 HEBEJIUKI MOMMIIKH MOJEIIOBAaHHS HE MOBUHHI MPU3BOJUTH
710 HEOOXITHOCTI TOBTOPHOTO peHAepUHTa BCi€i cieHu. KOMIO3ITIHT TaKoXK
MparHe YHUKHYTH 3[JIaJKyBaHHS 1 30epexeHHss M'skux kpaiB. KokeH mikcennb
cknagaerbes 3 RGB, mo6 Bu3Hauutu Horo kodip. Takox moTpiOHO "koedimieHT
3MilllyBaHHA", SAKUH yNpaBis€ IHTEPHONSIEID JBOX 300pa)xeHb 4epe3
HEMnmpo30picTh a00 anb(a-kaHal, M0 BU3HAYae Npo3opicTs. bazoBuit popmar mis
JAHOTO 300pakKeHHs MOJIsITa€ B TOMY, HI00 KOKEH IMIKCENb MO3HAa4yaBCs HOro
YepBOHUMH, 3€JICHUMH 1 CHHIMH 3HaueHHsMHU. lle 3a3Buuail mpeacTaBisSeThCS Y
BUrisial (v, g, b) 3 4UCIOBUMH 3HAYCHHSIMU, Kl 3aMIHSIOTh KOXKE€H apryMeHT, 1

KOXEH aprymMeHT mae iHmwmi "kanan". TakuM yuHOM, OCHOBHE 300paskeHHs Oyze
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MaTh YEPBOHUM, 3€JICHUM 1 CHHIM KaHanu. Buxoasym 3 1p0ro, MOXHa J0JaTH
YeTBepTUil KaHal, 00 natu iHdopmalito npo aibda-kaHaia abo mpo Te, HACKUIbKU
npo3opuil 1eil koHkpeTHU# mikcenb. lle HasuBaeTbcs hopmatom RGBA, a nHe
6azoBuMm ¢dopmatom RGB [7]. TlepeBara ¢popmary RGBA monsirae B Tomy, 110
OOYHUCIIEHHS KOJIPHOTO KaHainy 1 Aubda-kaHaly MOXYTb BHUKOHYBATUCS
OJIHOYACHO, Ha BiaMmiHy Big (popmaty RGB, ne anbda-xkanan He BOymoBaHUU 1
JIETKO JOCTYITHUM.

Hanpuknaz, 3 ornsiny Ha Te, 10 Mpu 00'€IHaHHI IBOX 300pakeHb y Bac €
YepBOHUMN KOJIIp, KU TIIbKY HANOJOBUHY MOKPUBAE Mikcenb (oHy. MoxHa 0yiio
0 3MyCHUTH Mporpamy OOYHMCIMTH HOBUM KOJIIP, B3SBIIM YEPBOHHH TIKCEIh
MEepPeHbOro IUIaHy ,[IOMHOXKYIOUM Allb(a-KaHal Ha KOJBOPH, 1 CTBOPUTH HOBUU
MiKCcelb, SKUA Oyne AomaHo A0 sikocTi. OIHAK 1€ 3MYIIYE KOMIT'IOTEp pOOUTH
HEnoTpiOH1 0OYMCIICHHsI, 30KpeMa MHOXKEHHS, 1100 OTpUMATH CIPABXKHINA KOJIIp.
3amicTh IIOTO MOKHA MOMNEPEHbO TOMHOXKUTU Asb(a-KaHall Ha KOJbOPH, HepI
HI)K BBOJUTH HOro B MporpamHe 3a0e3MedeHHs], 1 TAKUM YMHOM, MAalO4yu BIACHUU
iMnopt. [IpoTUBHUKH MPOTHU LBOTO FOBOPSATH, 1O 116 HENOTP1OHA KUIbKICHA OIlIHKA
KOJIipHOT 1H(OpMaIlii, OCKUIBKH HENPO30pICTh HAOIMKAEThCs A0 Hys. OaHaKk B
KOMITO3UTUHTY MHOKEHHSI Ma€ OyTH 3po0JIeHO B SAKUHCh MOMEHT mpoiiecy. Kpim
uporo, [Toprep 1 Jadd takox 3akpinuiu kiibka QyHKIIN 00'eHAHHS 300paKeHb,
TaKuX sIK: ““Haj, Mija, BCepeauHi, 30BHI, MOBEPX .

BasBimm 1mer0 gonaBaHHs OUIBIIOT KIIBKOCTI KaHAIB 3 OUIBII TIIMOOKOIT
iHpopMmartiero, Iloprep 1 Hadd Takox Oynu '"3amikaBlieHI B 3aCTOCYBaHHI
KOHIIEMIIi KOMIIO3ITiHra 10 anroputMmiB Z-0ydepa, ne iHpopmallis npo rivduny
30epiraerbest B KokHOMY mikceni". Pik mo tomy J{agd npomaoBkuB 110 KOHKPETHY
JOCHIAHUIIBKY TeMy 1 30CEpeluBCs Ha CTBOPEHHI JIBOX 300paXkeHb 3
BUKOpUCTaHHSIM Z-Oydepa 1 HeBenukux nporpam. Kaxyuum npo Z-rnuOuny,
MPOCTILIE 332 BCE JAyMaTd MPO pO3TallyBaHHS y370BX oci OZ, sika icHye B 3D-
nporpamax. Ock OX crpsiMOBaHa 3 OJIHOTO OOKY B IHIIWI 200 3J1iBa HAIPaBo, BICh

OY-Bropy-BHH3, a Bick OZ-criepeny-Hasa.



23

Tomy, Kou 00roBOprOETHCS Z-TMOUHA, TO 1€ 3a3BUYall CTABUTHCS /10 TOTO,
HAaCKUIBKM JaJIeKO BiJ Kamepu Ha oci OZ 3HaxoauThbes o0'ekT abo Touka. Crin
TaKOXX 3a3HAYUTH, 10 HEMae kKOAHOI abcomoTHOI oci OZ. 3aMiCTh I[bOTO ICHYE
HECKIHYEHHE 4YHhCIo Z-0Ced, 1, Kaxydd Npo Z-TMuOWHY, HaWmpocTiie
Bi3yasizyBatu (akT, 1110 BC1 BOHM MTOUMHAIOTHCS 3 KAMEPH 1 BUXOJSATh Ha CIICHY.

3raa/pkyBaHHS MoOke OyTH JOCSITHYTO LIISXOM O0'€IHaHHS anreOpaidyHuX
PIBHSIHB JJIs1 KOMIIO3UTHHTA 1 Z-0ydepa [8].

Kinemarorpagiuni cuctemu, po3pobisieni LucasFilm 1 mrarom Oraiio amns
KOMIIO3ITIHra, BUMAaralroTh JIIHIMHO TOJAUIIOBAaHMX MOBEPXOHb. B deprosuii pas
30UTBIIMBIIM  KUIBKICTh KaHaldiB B 300pa)keHHI, KOMIIO3€pU TEemep Malu
MOXJIMBICTh TPAILIOBATA 3 300PAKEHHSIMH, SKI Mald YEpPBOHY, 3€JEHY, CHHIO,
anbda-i Z-rmubuny iHdopMalii, BOYAOBaHOW JJisg KOXHOTO mikcens. Jlis
3'€HAHHS JIBOX 300pa’K€Hb BHUKOPHUCTOBYIOThCS ABIMKOBI omepaTopu. Xoda Iei
MeTo Kiacu@ikyeTbes SK "MpocTip 300paxkeHb rpy0o0i cuiau" 1 BIAKUIAETHCS
yepe3 HENpaKTUYHICTh, BIH € OJHUM 3 HAWMOMYJSPHINIMX aJrOPUTMIB JJIs
MPUXOBaHUX NOBEPXOHb. Jadpd obuncauB Z-0ydepu B KOKHOMY KYTKY MIKCENS 1
MOPIBHSB iX, 100 BU3HAYUTH, sika 1H(OpMaLlis MOBUHHA OyTH MOKa3aHa CIEpenry.
Ile cramo OCHOBOIO TIMOMHHOTO KOMIIO3UTHUHTY, SIKMM TIpEICTaBliie COOOI0
KOMITO3UTUHT 3 BHKOPUCTAHHAM JaHUX TJIMOWHHU, BOYAOBaHUX B 300pa)KeHHS.
Opnak TIMOMHHUN KOMIIOBUTHHI BCE W€ CTHKAETHCA 3 MpoOjIeMaMu MI0J0
PO3MUTTS PYXY 1 3Ta>KyBaHHS.

BucnoBkn a0 posainy 1. B mepmomy po3aurni AWIUIOMHOT poOOTH
pO3IJIIHYTO 0a30BI NPUHIMIM Ta MIAXOIU, SKI JIATIM B OCHOBY CY4YacCHOTO
nuppoBOro KOMNO3UTUHTY. Ha moyaTky po3ziiny mpoCTeKEHO ICTOPi0 CTBOPEHHS
ONTUYHOTO KOMIO3UTUHTY, SIK TMepHIoi CHpoOU A0 CTBOPEHHS TIMOMHHOTO
KOMITIO3UTUHTY. J[0ogaTKOBO mpoaHai30BaHO OCHOBHI omepallii Ta BiAMOBIAHI
OIepaTopy sIKi BUKOPUCTOBYETHCS MpHU 00’ €IHAHHI 300paxkeHHsA. BinMitumo, 110
no/i0HI aJIroOpuTMH MPOCTEXKYIOTbCA 1 mpu poboti 3 deep-iHpopmaliero B

crienianizoBanoMy mnaketi NukeX.
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2 DEEP-KOMITIO3UTHUHI'. BA3OBI HIIXO/AU TP POBOTI
3 30bPA’KEHHAM

2.1 Hiaxoau 10 deep-KOMNO3UTHHTY

300pakeHHsI, K1 MICTATh 1H(QOpMaLi0 Mpo TIUOMHY 00’ €KTIB uepes
CTBOPEHI B iX CTPYKTypl okpeMuii kaHan riubunu (deep-channels, depth) B kiHO
Ta KOMIT I0TepHIN rpadilli 3a3BU4ail BUKOPUCTOBYIOTHCS ISl CTBOPEHHS €(PEKTIB, 1
reHepyBaHHs CKJIAagHUX cleH. s mpukiany mnpoaHamizyeMo Kaap 3 (GuUibMY
«IInanera MaBmy, y sikiii 0araTo 00’€KTIB MEPEKPUBAIOTH OAMH OgHOTO (puc.2.1).
3aBASKA TEXHOJOTIi TTTMOOKOr0 KOMMO3UTUHTY MOKHA 3MIHIOBATH PO3MIIICHHS

00’€KTIB Ta MEPCOHAXIB, HE BUKOHYIOYM IPHU LIOMY KOKHOT'O pa3y MOBTOPHOIO

PEHEPIHTY.

Pucynok 2.1 — Ilpukinan BukopuctanHs deep-KOMIIO3UTHHTY

Ane TakoXX € 1 albTepHATHBHI METOJU BUKOPUCTAHHS II€i TEXHOJOTII.
[IpucTpoi 1 TeXHOJNOr1i, sIKI BIITBOPIOIOTH 1 3alUCYIOTh TIUOMHY B pEaJbHOMY

CBITI, CTanu OUIBII MOMYJSpHUMHU ocTaHHIM 4dacoM. llesap Ilamomo 1 Mapceno
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I'arrac y 2010 pomi 3amporoHyBaJM CHUTyallllo, B AKIA MOAI0 OyJ0 3HATO 3
JEKUIbKOX paKypciB KamMepH, ajie KyT, SIKHil MOBUHEH OyTH MOKa3aHUM, ICHYE MIXK
JIBOMa PaKypcaMu. [X JIOCHiIKEHHs 3ampoIOHyBaIo aarOpUTM, SKUil 00poOIsBCs
Ha rpadigHOMY MPOILIECOPl IJiE CTBOPEHHS HOBOTO 300paKE€HHS, /1€ OMOPHI BUIU
Oynu 3miBa 1 TpaBOpyd Big OaxaHOro BHUIY, BpaxoOBYIOUM, IO BCI
BUKOPUCTOBYBaHI OMOPHI BUAM TaKOX MalM “KapTH TIUOMHHU, XapaKTepHI IS
Hux. [lamomo 1 Tarrac Bu3HaumiAM "300pakeHHS TJIMOWMHU" SAK KOJHOPOBE
300pa)keHHS 3 OJJHUM 3HA4YE€HHSIM TNIMOMHU Ha mikcenb. Kaptu rinubun, oTpumani
3a IONOMOI'0I0 HOBUX TE€XHOJIOT1M IITMOMHHOr0 30HAyBaHHsI, OyJH JIIHEapU30BaHi B
MIBTOHYBaHHsA. MeToJ, po3po0ieHuit aBTopaMu, OyB 3aCHOBaHUI HA TPUBUMIPHIN
nedopmatilii, B IKOMY, MEPEMILIAIOYUCh 3 CUCTEMH KOOPAMHAT KaMEpPU B CUCTEMY
KOOpJUHAT CBITY, 3D-ciTKa MPOEKTYEThCS 3 KaMEpH, a MOTIM JAePOPMYETHCS B
HOBUH pakypc. Llg TexHika cama mo coOi 3a3BHuail 3a3HAa€ HEBAAul yepe3 Te, 1110
o0nacTi, siki Oy/lM 3aKpuUTI, CTAlOTh BIAKPUTUMHU 1 HE MalOTh HISAKOI iH(popmarii
RGBA nns vux [8]. o6 “3mimartu’ nBa 300paxkeHHsT MK CO0010, KOXKEH IMIKCEIb
3 000X €TAJIOHHUX 300pa)KE€Hb MOPIBHIOETHCS MK CO0010. 3 OIJIsAly Ha TpaHUYHE
3HAYEHHS, SIKIIO OJIMH MIKCENb 3HAXOUThCS OJIMKYe 1O HOBOI KaMmepi, HDK 1HIITUH
(BiamoBiAHO 10 1iX iHGOpMAal€ld Mpo KapTy IMNMHOMHM), TO MEeH MiIKCelb
CKJIQZA€ThCS MOBEPX (POHOBOTO MIKCEJIS.

[Hmmit meTox 3acTocyBaHHs “TIMOOKHX” 300pa)keHb OyB PO3pOOICHUN IS
iMiTaIlil IMOMHU PI3KOCTI, 3araJiIbHOr0 e(PeKTy, BIACTUBOIO KamepaM peaibHOTO
cBiry. ['mubuHa pi3KOCTI Mae B OCHOBI i/€l0, IO € OJIHA IUIOIIMHA abo 3pi3
MOBHICTIO B (DOKYCI, 1 YUM Jali BiJ I[bOTO 3pi3y BH MOTpAIUISETE B Z-INTHUOUHY, TUM
Outb po3MutUM € mikcenb. Y 2004 poui byaun omyOnikyBaB CTaTTIoO,
MPUCBSYEHY QJITOPUTMY BHUKOPUCTAHHS Z-TIMOMHU [JIi CTBOPEHHS IITYYHOI
IJIMOMHU PI3KOCTI B HUGPPOBUX 300pakeHHsX. [lepmuii Kpok Mmosisiras y ToMmy, 1o
KOXEH IIKCeNIb OI[IHIOBAaBCA 1, B 3aJIEXKHOCTI BIJ TOr0, HACKUIbKH JAJIEKO BiA
3a/1aHo0i Z-TIMOMHU BiH 3HAXOJUTHCS, 3aCTOCOBYBajocs ['aycCiBCbKE PO3MUTTS
PI3HOI CHJIM 3 LIEHTPOM Ha mikceni. Jpyruil Kpok moJsiraB y TOMy, IO 3HAYEHHS

RGBA XOXHOro MIKCEJIsI HOPMAaTi3yBaJloCd B 3aJI€KHOCTI Bl TOTO, HACKUIBKH
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JajgeKko BiA craHmapTHoro 3HaueHHs "1" BoHu nepeOyBanu. Ile Oymno 3pobieHo
HIiCJsl TOTO, SIK BCl raycoBl po3MHTTS Oynu 3actrocoBadi. Jlyis peainizailii cBOro
MeTony ByamH po3po6HB TIariH s KOMIO3HUiiHOI mporpamu Shake. Horo
IUIariH  TakoX MaB (YHKIII0 mMomepeaHbol Bi3yalizallii, fKa 3aTeMHIOBaja
300paK€HHS B 3aJIEKHOCTI BiJI TOTO, YM NIepeOyBajiyu BOHU BCEPEAMHI TUIOUIUH IS
dbokycyBanasa. OnHa 3 poOJjieM Horo MeToay IoJjsirajia B TOMY, IO BiJICYTHICTh
pennepunra ¢oHy ado BiACYTHICTh 3D-(poHY BUKIUKAIU MTPOOJIEMH 3 KOPCTKUMU
KpassMu. [7uOuHa PI3KOCTI-II€ BJIACTUBICTH, BJIACTMBE OarathboM KamepaMm 1
BiJleOKamep, aje Ie He O3Hayae, 10 HE ICHYE€ METOJIB CTBOPEHHS TIMOWMHU
pI3KOCTI Ha HEUU(PPOBUX 300paKEHHSAX MICHs TOro, SIK BOHU Oyl 3pOOJIEHI.
Jxeiiko0c, bex 1 JliBoi (2012) po3poOuim METONMKY, sKa TpH HasBHOCTI
HOekuIbkox (ororpadiii Ha pi3HUX MHOMHAX MOAsS a00o (HOKYCHUX Jlanma3oHax
JI03BOJISIE KOPHUCTYBa4YeBl CTBOPIOBATH BiacHUM (okycHuM aianazod. HeoOximHi
KapTH, NOBIIOMIIAIOTh TpOrpaMHOMY 3abe3redyeHHIo, K "y (okyci" 3HaXOAUThCS
111 YacTUHA 300pakeHHs. BapTo Bii3HAunTH, 110 11€ HE 30BCIM KapTH TJIMOWHHM, TaK
K HAaUCWIJIbHIIIE 3HAUEHHS B Hi MOKe 3HAXOAUTHUCS B LIEHTp1 300paxkeHHs. [Ipore
BPENITI-pEIIT BOHU 3MOIJIM CTBOPUTU 300pa)K€HHS, B SIKUX BCl MpeaMeTu Oynu B

(dhoKyci, He BTpavyar4u IpH [[bOMY SKOCTI.

2.2 OcHoBHI nporpaMHi npoueaypu deep-KOMIO3UTHHTY

Mertonuka deep-KOMMO3UTUHTY HEPO3PUBHO TIOB'I3aHA 3  omeparisiMu
OKpEeMHX TIK celliB 300pakeHb. B maHoMy BHMaAKy 3aKkiafaerbes iHPopMalis, K
OJIMH TIKCENlb Y BHU3HAYEHOMY MICIll OJHOTO 300pa)K€HHS pO3TALIOBAaHUN IO
BIJTHOIIICHHIO MIKCEJS 1HIIOrO 300pa)KeHHS, SIKUM pO3TAlIOBAaHUM B IIMX CaMHX
koopauHatax. llpuHuunu  deep-KOMMO3UTHHTY MOJATalOTh Yy  HACTYIHHUX
npoLeaypax:

- iMOopT 300pakeHb 3 JaHUMU TJIHOMHM ab0 CTBOPEHHSA KaHaly
IIMOWHU Y TJIOCKOMY 300paKeHHI;

- 00’ eHaHHS UX 300pakeHb 3 TIMOMHOIO B OTHOMY KaJpi;
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- KOPEKIIisl KOJIbOPY;

- MepeTBOPEHHS, nepedopMaTyBaHHs, 00pi3aHHs 300paKECHb;

- MaCKyBaHHS 300paKE€HHS;

- cTBOpeHHs deep-300pakeHHS.
PosristHemMo nesiki HalmpocCTiin npoueAypH, siki moB’s3aHi 3 deep-iHbopmariiero
300paxeHHs abo MOCIIIOBHOCTI 300pakeHb. 3a OCHOBY PO3IJISAY BI3bMEMO HOIU

K1 BXOAATH 70 rpynu Deep mporpamu Nuke.

2.2.1 CTrBopeHHs1 a00 3YMTYBAHHS 300pPaskeHb 3 JAHUMH TJIHOMHU

[Iporpama Nuke n03BosiE 3UMTYBaTH 300pa)K€HHS 3 JaHUMH TJIMOUHU Y
nBox (popmarax DTEX Ta OpenEXR. DTEX — e ¢opmar 300pakeHp ki Oynu
cTBOpeHl y mporpami komnanii Pixar, PhotoRealistic RenderMan. ®dopmar
OpenEXR — dhopmar nanux, siki NiATPUMYE 1 3HaUYCHHS JaHUX MTUOMHU. OCKUTBKU
OpenEXR € 3nauno Ouibin momupeHuit Gopmar, Oyae onucaHo K IMIIOPTYBATH
came Horo. AJIrOpUTM IPOLETYPU HACTYITHUM:

l. Tpeba crBoputu HOxy DeepRead, 1 ayig nporo HatucHytu Deep (Bxin
B IpYyIly) a MOTIM 3 mepeliky oopatu Hoay DeepRead.

2. 3HaiiTi noTpiOHM (aitn y popmari .exr Ta HaTucHyTH Open.

2.2.2 IlepeTBOpPEeHHS MJI0CKOro 300paxkenns y Deep

Jlst IbOTO MOTpiOHO BUKOPHUCTATH HOLY DeepFromFrames.
DeepFromFrames cTBoproe cemIuid 3 JaHUMU MPO TIUOMHY 3 BXIAHOT CEKBEHIII.
AJNTrOpUTM HACTYITHUMA:

1. [Ipuennatu DeepFromFrames m0 BximHOi cekBeHIlT 300pa)eHb.
3o0paxkeHHs 3 1H(OpPMAIIIEI0 TPO TIUOWHY CTBOPIOETHCS IHUIIXOM PO3MIIICHHS
KOXHOTO KaJpy Ha 30UTbIIYBaJIbHY TJTUOUHY.

2. [Ilo6 HanmamTyBaTH pe3yiabTaT MOTPIOHO CKOPUCTYBATHCS MaHEIUTIO

HajnamTyBaHb. Ha pucyHKy 2.2 HaBeIeHO MPUKJIIA] MPOLEAYPH.
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DeepFromFrames1

00N
JOCP

DeepTransform1

Pucynok 2.2 — IlepeTBopeHHs CEKBEHIIIT 300pakeHb, Y 300paKeHHs

3 TaHUMHU [JIHOMHA

2.2.3 Onepauist 00’eqnanHs ABox deep

Omneparis 06’enHands 1BoxX deep-300pakeHb MPOXOJUTh HA OCHOBI HOAHU
DeepMerge. TakuM 4YMHOM, KOXXEH BHUXIJHHUM TMIKCEIh MICTHUTh BCl BUOIPKH 3
OJTHOTO 1 TOT'O K IMIKCEeJIs KOKHOT'O BX1THOTO 300paK€HHS.

Jl1st Toro o0 06’ e1HaTH MOTPIOHO MPOBECTH HACTYIIHI i

1. [Tin’eqnaTt BXimHI 300paxeHHs 10 HOoau DeepMerge sik TokazaHo Ha
PUCYHKY 7.2

2. VY nanamryBaHHsAX HOau DeepMerge moctaBUTH onepaiito combine
(puc.2.3).

Takox € MOXJIUBICTb BCTAHOBUTH “‘Nipamopelp’, BIAKUHYTH MPUXOBaHI
3pa3Ku, Ha MaHesl BIaCTHUBOCTEH, 100 HE BMUKATH 3pa3KH, sIKI MOBHICTIO 3aKPUTI

OIVDKYMMU A0 KaMCpH 3pa3KaMH, aHB(I)a-SHa‘ICHHSI KOTpHUX IIOpiBHIO(—I OI_[I/IHI/II_Ii.
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color color
depth depth

DeepRecolor1 DeepRecolor2

A B
DeepMerge1 (combine)

Pucynok 2.3 — Bukopuctanus nHogu DeepMerge miist 00’ € 1HaHHS

nBox deep-300pakeHb

2.2.4 Kopekuis koabopy y DeepImage

Hona DeepColorCorrect (puc.2.4) mo3BoJisie KOpPEryBaTH KOJIIp KOXXHOTO
MiKcels y KO)KHOMY ceMIUTl. [CHYIOTh Kepytoul HaOOpu /i HalallTyBaHHS TIHEH,
MIBTOHY 1 BIIOJMCKIB, a TAKOXK € (PYHKI[ISl HaJAIITYBaHHS BChOTO LIOTO BiApasy. €
MO>KJIMBICTh BUKOPUCTOBYBATH KpHBI BKJIall Ranges /iis ynpaBiiHHS Jilania30HOM

300pakeHHs, SKUW Ma€e OyTH y TiHI, MIBTOHAX 1 BIAOJIHCKAX.

DeepColorCorrectil

Pucynok 2.4 — Hona DeepColorCorrect

2.2.5 Tpancdopmanuisi, nepepopmatyBaHHsi, 00pi3aHHA 300paKeHb

Tpanchopmariss deep-300pakeHb BUKOHYETHCS 32 JIOMOMOTOK HOJHU

DeepTransform. 3a momnoMoror Ii€i HOAM MOKHA HAJIAIITOBYBATH IOJOKEHHS
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300pakeHHS B KaJipl Ta 3MIHIOBaTH iloro Macmrad raubuHu. B nanomy BUMagky

npoueaypa Ma€ HAaCTYITHUIM TTOPSI0K:

1. ITin’eqnat BXigHEe 300pakeHHs 10 Hoau DeepTransform.

2. BuxopucroByroun translate x,y,z MOXHa 3MIHIOBaTH MICIEIIOJIOKCHHS
00’ €exTy

3. MacmrTad rauOMHM 3MIHIOETBCSA 3a JIONOMOToi0 zscale. 3HaueHHS

oubiie 3a 1 30UIbIIYIOTh TTMOUHY, MeHIIe | HaBMaKy 3MEHIITYIOTb.

4. [IpuennaBmu mMacky y BXia mask, € MOXIUBICTh perysitoBaTH ehexT
TpaHcdopMallii Bii HOJU y PI3HUX YaCTHUHAX KaJpy.

Honotro DeepReformat 3miHtoeTbest po3mip, macmtad 00’ €kTy B 300pakeHHI
7€ € KaHaJ IIIMOUHU. AJTOPUTM BUKOPUCTAHHS HOJIU HACTYITHUIA:

1. ITin’eqnaTt BXigHe 300pakeHHs 10 Hoau DeepReformat.

2. VY cnucky Tun BuOEpiTh MyHKT:

- fo format - BCTAaHOBUTU IWIUPUHY 1 BUCOTY BHUXIJHOIO OOpaHOro
dbopmary. Bubepite notpioHuii popmar y cnucky Qopmar BUBEIAEHHS. KO
dbopmar 1ie He ICHy€e, BU MOKET€ BUOpATH HOBUH, 1100 CTBOPUTH HOBUM opmar 3
HYJIS.

- to box-BCTAaHOBJIIOE BUXIJIHY UIMPUHY 1 BUCOTY JUIsl PO3MIPIB, Kl BU
BU3HAYa€Te B MIKCENSIX. BBeITh 3HAaUEHHS B MOJISAX MIMPHUHA, BUCOTA 1 MIKCETbHUN
acreKT, 00 BKa3aTu PO3MIpH.

- Scale — BCTaHOBITh IIMPUHY Ta BUCOTY BXIJHOTO 300pa)k€HHS, 11100
3MIHUTH Horo MacmTtab. BuKoOpucTOByHOUM chiailniep MoOXHa 00paTh 3 SKOIO
KPaTHICTIO MOTPIOHO BiIMacIITabyBaTH 300pa’KeHHS.

Jliist oOpi3zanHs 300paxkeHHs] BUKOpUCTOBY€EThCs Hosla DeepCrop. Topsinox i
BUKOPHUCTAHHS HACTYITHUI:

1. o DeepCrop min’enqHatu BXiIHE 300pa>keHHS.

2. HanamryBatu crop box y Viewer Ha ocsix X Ta y JJIi BU3HAUCHHS
obnacTi sika Oyzie oopizaHa.

3. Buxopucratu znear ta zfar nyis tToro mo0 oOpi3zaTu CEMIUIA Ha OCI

OZ.
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2.2.6 MacKkyBaHHS

BukopucroBytoun Homy DeepSample mMokHa MacKyBaTh KOXEH IMIKCENb

BX1HOTO 300paxeHHs y deep-300paxenns. [Ipouenypa HactymnHa:

1. ITin’eqnatu Hoxy DeepSample no iHmoi Deep-Hoau.

2. Po3mictuT Mapkep pos Ha MiKcell KU MOTpIOHO 3aMacKyBaTH, Y
Viewer.

3. VY BKJaAIl BJIACTUBOCTE HOJM MOKHA MOAMBHUTHUCS 1H(POpPMAIIiIO MPO

MiKCeJb Ha IKOMY 3HaXOJUThCS MackKa.

Deep-noau — 300pakeHHs, ¢ B OJHOMY IlIapi, B OJJHOMY KaHajl OJHOTO
nikcens € iHdopmallis Mpo AEKUIbKa IMIKCENB, Kl PO3TATHYTO 3a TIUOMHOIO.
ToOto, mikceni OyayTh po3TalioBaHi B INIMOWHY Ha pi3Hi BiactaHi. L1 mikceni, sKi
pO3TalloBaHl 3a TAMOMHOIO B paMKaX OCHOBHOIO IIIKCEIS OTPUMAd Ha3By
CEeMIUTIB. [HIIMMU clIOBaMH, BCEPEIMHI OJHOTO IMKCeJa MOXYTh OyTH JEKUIbKa
ceM IUIB (SIK KOoHTelHep iHpopmallii). 3po3yMiio, MO Bi3yalbHO CIIPUHAMAIOTHCS
BOHHU SIK OJIMH MIKCEIb B 300pakeHH1 (iX MPOEKIlis Ha MiKCeNIb 300pa)KeHHS Ja€
OJIMH MiKceb). Pi3H1 300pakeHHs 3 pI3HUMHU CEMIUIAMH Yepe3 HOJIU TPy MOXKHA
o0’eaHyBaTH NUIAXOM 00’eAHaHHS ceMIuiiB. I  Teperisigy  CEeMIUIIB
BUKOPUCTOBYIOTh HOay Deepsample, ne BOynoOBaHO MaHINyJIATOp position
(puc.2.5).

B 3aBanTaxxenomy 300paxkeHH1 3 deep-data uepes Homy DeepSample moxxHa

MOOAYUTH CEMILT 3 BIATIOBIAHUM BKa31BHUKOM (puc.2.5).



32

Pucynok 2.5 — Bka3iBHUK position

Ha pucynky 2.6 HaBeeHO BIAacTUBOCTI MiJKiI0ueHoi Honqu DeepSample ne

MokKaszaHa iH(popMmaIlis Mpo CEMILI.

accumulate

deep.front deep.back

inf inf

minz inf maxz inf

Pucynok 2.6 — Indopmarrist mpo cemrin

Koxen PAOOK — OKpCMI/Iﬁ CCMILJI, SIKUH OTOTOXKHIOE HiKCCH, 1o BI/ITSII‘HyTI/Iﬁ

3a TimbuHow. CTOBMYUKH deep.front, deep.back BU3HA4alOTh TIMOWHY CEMILIA.
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O6’ennannsa 300paxkeHb 3 deep-data, e pakTUYHO YHNOPSAJIKYBAHHS CEMILUIIB OAMH
BiTHOCHO iHIIOTO. Pe3ynprar — 00’ €THaHHS SICKPABOCTEH CEMILTIB 3 ypaxXyBaHHIM

HaIBIPO30pOCTi (cTOBMUMK rgba.alpha).

2.2.7 3anuc deep-300pakeHHs

3anucatu deep-300paxkeHHss moxHa y ¢dopmari OpenEXR 2.3 abGo Buie
BUKOpUCTOBYIOUM HOy DeepWrite. J[J1s bOro i/l MPOBECTH HACTYIIHI OMNEpariii:

1. VY Brmaani Deep o6patu DeepWrite.

2. Ha naneni HamamtyBaHHsA 00patu file abo proxy i JUPEKTOPitO Kyau
noTpibHo 36epertu daiin.

3. [Ticns Bu3HaueHHs Micus sl 30epiranHs (ainy, HamaHHs Qainy
IMEH1 sIKe TTOBUHHO BKJIFOYaTH B ceOe Gopmat daitny .exr, ciig Hatucaytu OK. ¥V
BUIAJIKy BUBEJICHHSA CEKBEHI[li 300pa)K€Hb TaKOXX MOTPIOHO 00paTH KUIbKICTh
KaJIpiB, sika Oyjie BUBEJEHA B iIMeH1 (ailiy.

4. BuxopuctoByroun datatype morpiOHO oOpatu OITHICTH TJIMOWHU ISt
peHepuHry cekBeHii, 16 61T abo 32 Oitu.

5. Y nyHKTI compression oOpaTH THN Kommpecii 3 sKuM Oyne
peHaepUTUCH (aii.

6. VY mento metadata moTpiobHO 00path uu OynyTh METaJlaHl BKIIOYEH] Y
iHpopMmarllito  BiapeHaepuHoro ¢ainy. MerTanaHi BUKOPHUCTOBYIOTHCS IS
noAanbInoi podbotu 3 uM daitiom. [lynktn MmeHto metadata:

- no metadata- meTagaHni He OyyTh BKJIIOUCHI y (paiin;

- default metadata- crangapTHi MeTagaHi, OMIIIOHATIBHO MOXKHA 00paTH
TaliM KOJI, 4acToTa KaJpiB:

- default metadata and exr/*

- all metadata except input/*

- all metadata

7. Hatucuytu knonky Render B HanamryBanHsx Hoau Deepwrite.
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BucnoBku 10 po3ainy 2. B npyriif yacTuHi AUMIIOMHOT POOOTH PO3TIASHYTO
nepeiyMoOBU  sSKI HEOOXIIHO BpaxoBYyBaTH IMpU pPoOOTI 3 Z-KOOPAUHATOIO
300paxkeHb. JlogaTkoBO  BUAUIEHO  0a30BI  mporpamMHi  OpoUEAypd IO
BUKOPUCTAaHHIO OCHOBHUX Hona 3 rpynu Deep mnporpamu Nuke. Hapeneni
MOJIOKEHHS JTO3BOJISIIOTh MEPEUTH O MOJEIIIOBAaHHS CXEMH, sIKa OMHCYE OCHOBHI

MO>KJIMBOCTI deep-KOMITO3UTHHTY.
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3 AHAJII3 MOKJIMBOCTEM IHCTPYMEHTIB IIPU POBOTI
3 DEEP-DATA

KoMno3utunr 300paxkeHb 3 3alydyeHHAM JOAATKOBOI iH(opmalii mpo
MIMOWHY TMIKCEIB MOJKHA BBa)XKATH OJIHUM 3 IMEPCIEKTUBHUX CIOCO0IB 00pOOKHU
300paxeHb. 3arajJbHOBIIOMO, 110 TIPU POOOTI 3 300pKEHHSIM KOXKEH HalMEHIITUN
€JIEeMEHT LbOro 300paKeHHSI OIMUCYETHCS, K MpaBUJIO uepe3 iHdopmalliio, ska
po3MilieHa B KOJbOPOBHUX KaHAJIIB Ta KaHall MPO30pPOCTi. AJle BUSBISETHCS, IO
KOJIM HEOOXIJTHO MpaloBaTH 3 KOMII IOTEPHOIO rpadikoro wiei iHpopmali npo
€JIEeMEHTH 300paXeHHs MOXYTh OyTH HEIOCTaTHhO. | B LbOMY BHUNAAKY
CTBOPIOIOTh Il 2D-300paxeHHst nonaTtkoBuil kaHan depth, sxuil BU3Hayae
HACKUIbKM JaHUN HaWMEHIIMW eleMeHT 300pa)KeHHS BiAJlajJeHud BiJl YMOBHOI
TOYKHU pO3TallyBaHHS KamMepu 3HMOMKH. B 1boMy po3aiii B Mekax MpPaKTHYHOI
YaCTHUHHM JOCHIIDKEHHS PO3TJSHEMO $KI MOXIMBOCTI HaJae creliaiizoBaHa
nporpama NukeX mpu poOOTi 3 TIMOMHOKW 300paxkeHHA. B SKOCTI MpakTUYHOT
JOLIBHOCTI PO3TISTHEMO OCOOJMBOCTI CHELIaIbHUX HOJ Iporpamu 3 rpynu Deep
Ha MPHUKJIaA1 CTBOPEHOI 3aBYacCHO MPOCTOI KOMIO3UIIL 3 ABOX OKpEMHUX 00’ €KTIB,
AK pe3ynbTar iIMIopty 3 nporpamu 3DMax — crumtocHyToi chepu (mapy) (puc.3.1)
Ta BEPTUKAIbHUX CTOBMYUKIB (KojoHHu) (puc.3.2) y d¢opmari 300paxeHHs
HD 1080 (1920x1080 pix). I cnipobyemMo Ha OCHOB1 HAasIBHOTO IHCTPYMEHTAPIilO

JOCJIIUTH SIK MOYKHA TpaltoBatu 3 Deep-indopmairiero.

3.1 CneunianbHi HOnu podoTu 3 Deep-data

Sk BxKe 3rajyBajioch y MOMEPEIHbOMY po3aili pobdotu, Deep compose —
rpyna HOJA, SIKI NpalioloTh 3 OCOOJMBUM THUIOM iH(MOpMalii 300paxeHHs —
ribunoto. Tobto, Deep-iHpopMmalliss 1€ MOEIHAHHS JAHUX 3 IJIOCKOTO
300paxkeHHa Ta iH(opmauii 3 3D-mpoctopy. Haromicts, depth-xkanan — miocka
KapTUHKA B OpPUTIHAIBHOMY 300pa)K€HHI, sKa BiIOOpa)kae OJUH KaHal, e

SICKPaBICTh IMIKCENsl BU3HAYA€E BIJCTaHb 3a SKOKO II€H MIKCeIb PO3TAIllOBAHUN BiJ
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kamepu 3iomku. ToOTo, depth — 1Hbopmartis po BiACTaHb 10 MiKcena B TNIUOUHY

B1Jl KaMepH.

iH[:l_lI:Iifil:l

Pucynok 3.1 — OG0 ekt 11 aHaI3y

HD_1080

Pucynok 3.2 — OG0 ekt 11 aHaI3y
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Ha ocHOBI nmaHux 3 Jpyroro po3auly AWIUIOMHOI poOotu (1m.2.2), sKi
JI03BOJISIIOTH TPOAHAII3yBaTU MPOTpaMHi Ipoueaypu 3 deep-KOMIO3UTHHTY Oyiia
chopmoBaHa HojoBa cxema B mporpaMi Nuke 00’€HaHHS JBOX 300pakeHb, SK1
MicTATh deep-kaHamu B oAHE 300paxkeHHs. B (QiHanpHOMY pe3ynbTari Imiap
MOBUHEH 3HAXOAUTHUCS MK KoJIoHaMH. [Hdopmariito npo rimOuHy Ui mapy Ta
KOJIOH Oyne B3siTa 3 MOMNEPEAHBO BIIPEHACPUHHX 300pakeHb y (opMmari .exr.
I'padiune 300pakeHHs 1iei cxemu B 610111 backdrop “Deep operations” HaBeIeHO
Ha pucyHky 3.3. Homa DeepReformat BUKOpPHCTOBY€EThCS ISl 3MiHU MaciiTady,
po3Mipy.

Hona DeepCopyBBox — 1e cepBicHa HoOja, sika Mpu3HAyYeHA s
KOIIIOBaHHS KOOPJAMHATU MPSIMOKYTHOTIO KOpAoHy 300paxeHHs. [Jo Bxoay Deep
i’ eqnyeThes Homa DeepRecolor, 3 sikoi 6epeThes iHbOpMallis npo rIHouHy, a 10

BXOJIy image MiJl’€JHYeThCS BX1IHE 300pa’keHHS

Deep operations

]

PeepReformat2

Cameral

DeepSamplel

Pucynok 3.3 — ba3zoBa HOJ10Ba cxeMa

B pe3ynbTaTi y BikHI Viewer MOXKHa OTpUMaTH 300pa)KeHHsI sIKE MOKa3aHO

Ha puc.3.4. AHani3yroun oTpumaHe 300pakeHHs 3 BMicToM deep-data mocrae
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MUTaHHS PO YOPABIIHHSI OKPEMHUX IMIKCENIB, 30KpeMa MOKe ILIKaBUTH B pamMKax
JOCIIPKEHHS SIK MOKHA 3MIHIOBATH PO3TAlllyBaHHS LIUX €JIEMEHTIB MK co00I0 Ta
M0 BIAHOLIEHHIO /10 BIPTYaJIbHOI KaMepu 3HOMKH. [HIlle MUTaHHS MOKe BUHUKHYTH
po Te, K 3 OTPUMAHOTO 300pa)KCHHS BUIYUYUTH OKPEMI KpamnKu JJid aHajizy B
PEXHUMI IPOCTOPOBOTO pO3MillIeHHs. Po3riissHEMO 111 0COOIMBOCTI 1Al

Hona PositionToPoints BUKOPUCTOBYEThCA ISl TOTO, 100 MEPETBOPUTH
300paK€HHA 3 JaHMMH MPO TIMOMHY y xMmapy Touok y 3D Burmsai. Lleit By3on
BUKOPUCTOBYEThCS Il OpieHTalii 3a mno3uuiero. [ligkmouumMo oTpumaHe
300paxeHHs 3 PUCYHKY 3.3 10 1i€i HOIM, 100 BH3HAYUTU i1 MPU3HAYCHHS B

nporpami (puc.3.5).

H[-_lljl;f;ljl

Pucynok 3.4 — PesynbTaT 00’ €1HaHHS
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Position Data

Read1l
PRMan.exr

BositionToPoin

Pucynok 3.5 — TecTtyBanHsi HOJIU

B pesynbrarti oTpuMyemMo BuxigHe 300paxeHHs (puc. 3.6) y BUTISAI1I XMapu

TO4OK (pucyHok 3.6) B pexumi 3D nporpamu Nuke.

PucyHnok 3.6 — PesynbTaT poOoTH cxemu

AHasi3yloun OTpUMaHy XMapy KpamoK MOKHa Bi3yaJlbHO BU3HAYUTHU SIK MIXK

co00I0 po3TalioBaHI OKpPEeMY Kpamnku 300paxeHHs 3 pucyHky 3.4. ToOro,
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(hakTUYHO MU MOXKEMO TeIMep OMUCATU TIUOWMHY 300pakKeHHS B pe3yJbTaTl
00’ e1HaHHA IBOX 00’ €KTIB.

Hona DepthToPoints B mporpami Nuke € cBO€piTHUM IeHEpaTOPOM TOUOK,
TOOTO MOKHA OTpUMATH HaOip TOUOK 3 00’eMHOI moBepxHi-pirypu. [ligkmounmo
300paxeHHs 3 puCyHKY 3.4 no miei Hoau (puc.3.7). Ane s Toro, mo0 oTpuMaru,
pe3ynabTaT TMOMEPEAHBbO CIiJ HamamTyBaTh kKamepy. OCKUIBKM [aHa HOAA Mae
BiamoBinHuK BXxia. Kpim nporo, B HamamrtyBaHHsX Hoau DepthToPoints €

BianmoBiaH1 mosst “display” Ta “render” siki moB’si3aHi 3 MIAKJIIOYEHOIO KaMepolo

(puc.3.8).

camera

Pucynok 3.7 — TectoBa cxema
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DepthToPoints1

depth.Z

surface norm surfaceNormal

point detail 0.5

point size

Pucynok 3.8 — HanamryBanus Hoqu

[Tone display — ne te mo Oyne BimOOpakeHHO y BIKHI Viewer mporpamu
Nuke, a none render — 1ie pe3ynbTaT sIKUid Oy/1e OTPUMAHO MICIS PEeHIECPUHTY.
Tunu BimoOpaskeHHs Ji1 XMapH TOUOK:

e off — mpuxoBYBaHHS Kpamok;

e wireframe — BigoOpaxeHHs TUIbKA KOHTYPIB KpaIok;

e solid — BinoOpaskeHHs YCIX KpanokK CyIUIbHUMU;

e solid + wireframe — BigoOpakeHHsI TOUOK y CYLUUIbHOMY BUTJISAIL 3 1X

KOHTYpaMH;

e textured — BiIOOpaKEeHHS JIUIIE TEKCTYPY NOBEPXHI;

e textured+wireframe — BinoOpaxkae Kapkac 1 TEKCTYpY IMOBEPXHI.
[amn mapamerpu 3 HanamtyBaHHsS Hoau DepthToPoints Bu3HawaroTh HacTymHi
GyHKIII:

Point detail — vacroTa kpamok, TOOTO iX KUIBKICTb, 1 1€ HaJAIITyBaHHS
BIJIMOB1/IA€ 3a JeTaIizalliio 300paKeHHS.

Point size — po3Mip Kpamnox.

TakuM ymHOM, HaNAIITYBaBIIM KaMmepy, il GOKycC, aneprypy, PO3MIIICHHS
oTpumyeMo B pexuMi 3D 300pakeHHs, sike MoKa3aHo Ha pucyHky 3.9. Pesynbrar

oesnocepenubo 3 kamepu Caml mokazaHo Ha TOMY XK PHCYHKY 3.9 3HU3Y.
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Ananizyroun oTpumMaHe 300pakeHHS MOkHa B pexkuMi 3D OIIHUTH B3aeMHE

po3TalryBaHHA 00’ €KTIB IO BiIIHOH_ICHHIO a0 MiC]_ISI po3TallyBaHHA KaMCpHU.

HD_1080

Pucynok 3.9 — Pe3ynbTaT poO0OTH HOAM

Jlnst ctBopenHst dainy 3 iHdopMaliieto npo rimbuny (ctBopeHHs deep-data)
MOJKHA 3MOJICTIOBATH HOJOBY CXEMy KOHBEPTYBaHHS (KOHBEPTYBAHHS IUIOCKHUX
nikceniB B deep-300pa’keHHs), ska MokazaHa Ha pucyHKy 3.10. ToOTo, mMoxHa

B35TH 2D-300paskeHHsl 1 1711 HbOTO CTBOPUTHU BIIACHUIN KaHAJ TJIMOWHHU.
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DeepFromImage3

DeepWritel
1 test.exr

Pucynok 3.10 — Cxema 31 ctBopeHHs deep-data

B nanamryBanasx Homu DeepFromlmage icHye mapametp, specify z — 1ie
napaMeTp BH3HAYCHHS JaHUX KOOPJMHATH CyTO Ha OCHOBI depth-kaHamy, SIKIIO BiH
€ B 300pakeHH1. ToO6To, HOMU Ta (aitnu 3 deep-data He MO3BOJIAIOTH MIAKIIOYATH
3BUYAiiHI HOAM, 1 Tpeba 1HdopMallilo KOHBEpTyBaTu. Jluie B 1bOMY BUNAAKY

MO>KHA Oy/ie BAKOPHCTOBYBATH PO3IJIIHYTI BULE HONHU 3 rpynu Deep.

3.2 Tpancopmauis Ta 00’caHaHHA 300paxkeHb 3 deep-data

B mexax HpaKTI/I‘IHO.l. HYaCTUHHU IIOCJIiII)KCHHH PO3riIHEMO IHIIIl YaCTUHH

CTBOPEHOI CXEMHU MOJIENIIOBaHHs 3 pUCYHKY 3.3. JIi 3MIHEHHS MMOJIOKEHHS 1Iapy B

MPOCTOPI BUKOPUCTOBYEThC Homa DeepTransform. 3a pomomororo 11i€i HOAM
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MOKHA TIEPEMICTUTH IIap Y MOTpiOHE Micle. 3a3HAUYMMO, LI0 B JAHOMY BUIAAKY
mporpaMa aHayizye came iH(opmairito, ska po3MillieHa B KaHali riuouHu. Sk
MOXHAa MOOAYUTH 3 HAJAIlITYBaHb I[i€l HOAM, MOXKHA 3MIHIOBATH IOJOKEHHS 3a
KoopauHaTtamu x, y, z (puc.3.11). Takox icHye HanamTyBaHHA zscale, siKe
J03BOJIIE 3MIHIOBAaTH MaclTad dYepe3 TJIMOMHY z BCIX CTBOPEHUX CEMIUIIB Y
KOXXHOMY MiKcesl. 3HaUeHHs BHILE | 3MeHIye TIUOUHY, TO/1 SIK 3HAYEHHS HIXKYe

1 361nbye 1i. Takox mo Hogu DeepTransform MokHa MIAKITIOUYUTH MACKY.

DeepTransform1
DeepTransform Node

translate x 0 y 0

1

k ¥ rgba.alpha

Pucynok 3.11 — HanamryBanHsi HOU

B pamkax ekcrnepuMeHTy NIAKIIOYUMO 10 BXxony mask Hony Roto i
CTBOpUMO Macky (puc.3.12). B pe3ynbrari orpumMyeMo epexT, KOJau 4YacTHHA IIapy

Oyne 1mo3aay KOJIOH, a 1HIIIa momepeay K MoKa3aHo Ha PUCYHKY 3.12.

HD_108t

Pucynok 3.12 — Pe3ynbpTaT NiAKIIOYEHHS MaCKU
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Jiist 06’ eiHaHHS IBOX 300pakeHb AK1 MICTITh deep-data BUKOPUCTATH HOLY
DeepMerge. O0’eanHaBmn 111 300pa)K€HHS MaeMO 300pa)KCHHs, K€ MMOKa3aHO Ha

pucyHky 3.13.

Pucynok 3.13 — Pe3ynbTraT 00’ €AHaHHS 300pa’keHb

[MinknrouuBmin g0 Buxoay Hoau DeepMerge Hoay DeepSample €
MOXJIMBICTb OTpPUMAaTH I1HPOpPMALI0 MPO KOXKEH IMIKCeNb. 3a JIONOMOIrOI0
BKa3iBHUKA posS € MOXIMBICTb O0OpaTH 3 SKOro came Tikcens Oyne oTpumaHa
iHpopmarisi. HaBegemo puCYyHOK, /€ BKa3aHO MICHE pPO3TAlllyBaHHA LIbOTO
BKa3iBHUKA (puc.3.14). A Ha pucyHky 3.15 mokaxemo siKi B 111l Toulll 300paxeHHs

CTBOpPUTH CCMILIN.

Pucynok 3.14 — Po3ramryBaHHsl BKa3iBHUKA POS
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Pucynok 3.15 — [adopmariist mpo cemIuiu B 3a/1aHiil Toulii

AHanizyloud JaHl OTpUMaHoi Tabmauui 3 puc.3.15 MokHa NIMTH BUCHOBKY,
oo B  KOOpJAWMHATI  pO3TalllyBaHHsS  BKa3iBHMKa pos  (puc.3.14) -
(deep_front;deep back) 3Haxomutbcs iHbOpMaIlis TPO KOILOPOBI KOMIIOHEHTH 10
Kkpanok. To0To, pakTUyHO 3a paxyHOK iHGOpMAILI0 NMPO MNHOUHY 300pakeHHS

OyJ10 CTBOPEHO CBOEPIIHMM KOHTEHHEp 3 HabopoM deep-data.

3.3 AHaJIi3 OTPUMAHHUX Pe3yJabTATIiB MOJACJTIOBAHHS

Ha ocHOB1 HasgBHUX IHCTpYMEHTIB nporpamu Nuke cTBOpeHa HOJ0Ba cXeMa
(puc.3.3) 3 eneMmeHTiB, 5Kl JAO3BOJIMIN BHUSBUTU T'OJOBHI OCOOIMBOCTI poOOTH 3
deep-indopmariiero. Tak, Ha OCHOBI MIIKITIOYEHHS ABOX TECTOBHX 00’ €KTIB MOXKHA
BIIMITUTH, IO HOJAW JO3BOJSIOTH HE juIile chopMyBaTH KOHTEHHEp 3 Habopy
3HaYeHb KOJHOPOBUX KaHANB KOXKHOTO TIKCENs 300paKeHHS, TOOTO CTBOPUTH
Halip ceMruliB, aje W Bi3yaabHOo I1e mnpoctexkutn B pexumi 3D. Cepen
PO3TISTHYTUX 1HCTPYMEHTIB HAWOINBII KOpPUCHUMH 3 Tpynu Deep-HOA MOXKHA
BBakaTu Honu PositionToPoints (puc.3.5) ta DepthToPoints (puc.3.7). Skuio mms
nepuioi HOMU, 3'SABISETHCS MOXIIUBICTh BIICTSKUTH DPO3TAllyBaHHS KpANoK B
300paxkeHH1, 1€ € iHdopmaIllis Npo TIUOUHY MiKceniB. To NMpuU BUKOPUCTAHHI
Apyroi HOAM, MOKHA TMpOaHaI3yBaTH, SIK 11 MIKCeNl BiIJaleHHI B MPOCTOPI BiJ
YMOBHOI KamepH 3HoMKkH. KpiM 1poro, 3a OTpUMaHHMH pE3yJbTaTaMHd MOXKHA
BIIMITUTH, IO CTBOPEHHS CEMIUTIB € KIIOYOM JIO0 PO3IIMPEHHS MOXKIHBOCTEH

300pakeHHs, SK eJIeMeHTy oO0poOku. OCKUIbKM, B JIaHOMY BHUHAJKY,
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BUKOPUCTOBYIOUM NPUHLMI 00’€IHaHHA MOXKHA TO€JHATH (HAaKTUYHO PACTPOBY
rpadiky (micias mpolueaypu CTBopeHHs kaHany depth) Ta BexkTtopHy rpadiky.
3po3ymino, mo 6e3 Takoro iHCTpyMeHTy pobotu 3 Deep B nmporpami Nuke, goci 11e
3pOOUTH SKICHO 1 JOCTOBIPHO OyJI0 HEMOKJIMBO BUKOPUCTOBYIOUHM 1HII MPOrpaMu
HEJIIHIHHOTO MOHTAXXY Ta KOMIIO3UTHUHTY.

BucnoBku 1m0 posginy 3. B npakTuuHiii yacTUHI AOCHIKEHHS Oyna
CTBOpPEHA CXeMa, sika JO3BOJIMIIM Ha MPAKTHUIll NEPEBIPUTH MOKIMBOCTI OCHOBHUX
Hox 3 rpynu Deep nporpamuoro naketry Nuke. BusiBiaeHo, 1110 nepeBaxkHo HOJIU B
i Tpymi KOpENIOIThCS 3a MPUHLUINAMH POOOTH 3BUYANMHUX HOJA MpOrpamu.
[Ipote, B 1IbOMY BHUMAJAKYy CIIiJi BpaXOBYBaTH, 110 OCHOBHOIO KOOPJIWHATOIO JUIS

€JIEMEHTIB 306pa)KCHHSI € CaMC KOOpJAWHaATa z.
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BUCHOBKH

B ngumiomHiii  poOOTI TpOBENEHO aHali3 OCHOBHMX IPOrPaMHHX
IHCTpYMEHTIB mporpamHoro mnakety Nuke ans pobotu 3 deep-iHpopmaiii€ro.
30KkpeMa, BU3HAY€HO 0a30Bl1 MPUHLMUIK KIACUYHOTO KOMIO3UTUHTY Ta deep-
KOMIIO3UTUHTY Ha OCHOBI TpaBui OO0 ’€AHAHHS JBOX OOpaHHX TecToBUX 2D-
300paxeHb BIAMOBIIHO.

B pamkax aumioMHOi poOOTH MPOBEACHO MPAKTUYHE JIOCHIJKEHHS
OCHOBHHUX HOJ, SIK1 JIO3BOJISIIOTH HE Julle npounTatu deep-iHdopmartito, ane i ii
MpoaHami3yBaTv, 3MIHUTH (0OpoOWTH) Ta 3amkcaTd Ha 30BHINIHIA HOCIH
iHpopmariii. Ha ocHOBI poBeAeHUX JOCIIIKEHb OTPUMAHO TaKi pe3yibTaTH:

l. BusznaueHo 6a30Bi NPUHIMON Ta MIAXOAU, SIKI JISITIA B OCHOBY
nporpaMm 3 1U(GPOBOro KOMIO3UTHHTY. Tak 3HaWgeHo, W0 HaOUIbII
PO3IOBCIO/KEHOIO  OTepalfielo Mmpu  poOOTI 3 300pakeHHSMH € orepartis
MacKyBaHHs. BinmideHo, mo anroputMu pobotu 3 deep-iHpopmaili€ro, AKI
BIIOOpa)X€HO Yepe3 BIAMOBIAHI HOAU, € JyK€ CXOXKUMHU 3 KIACHYHUMU
QIrOpUTMaMH KOMIIO3UTUHTY Ta aJIrOpUTMaMH, SKI BUKOPUCOOBYIOTHCS MpPHU
po0OTI 31 cTepeo-300pakeHHsIMU B crieliainizoBaHomy naketi NukeX.

2. CdopmynboBaHO  TpOrpaMHi  MEPEeIyMOBH,  sSKI  HEOOXITHO
BpaxoBYBaTH NpHU POOOTI 3 Z-KOOpAMHATOIO 300pakeHb. Jl0JJaTKOBO BHUAUIEHO
0a30Bl NporpaMHi MpoOIEAYypHU 3 BUKOPUCTAHHS OCHOBHMX HOA rpynu Deep
nporpamu Nuke.

3. Ha ocHoBi iHCTpyMeHTIB mporpamu Nuke CTBOpeHa HOJOBa cXema 3
15 enemeHTIB Ta [BOMa MIAKIIOYEHUMHU 300paXeHHSIMHU y ¢opMarti exr, sKi
JIO3BOJIMJIM TIiJ1 9ac JOCHIIKEHHs BUSBUTU TOJIOBHI 0cOONMBOCTI podotu 3 deep-
iHpopMmaitiero. Tak, HA OCHOBI MIAKIIOUECHHS JBOX TECTOBUX O0’€KTIB MOXKHA
BIIMITUTH, 110 HOAW JO3BOJSIOTH HE juIile chopMyBaTH KOHTEHHEp 3 Habopy
3HaY€Hb KOJBOPOBHMX KaHANIB KOXXHOTO IIKCENsl 300pa’keHHs, TOOTO CTBOPUTH
HaOlp cemIuliB, ajge ¥ Bi3yalbHO 1€ MPOCTEKUTH B pexkumi 3D camoi mporpamu.

Cepen po3riasiHyTHX I1HCTPYMEHTIB HaWOUIbIl KOpUCHUMHU 3 Tpynu Deep-HoA
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MoxHa BBaxkaTu Homu PositionToPoints (puc.3.5) ta DepthToPoints (puc.3.7).
Skuo nns mepiioi HOAM, 3'ABISETHCS MOMKIIMBICTD BIACTEKHUTH PO3TallyBaHHS
KparokK B 300pakeHH1 y MPOCTopi, J€ € iH(popMalig npo riaubuny mikceniB. To npu
BUKOPHUCTAHHI JAPYTroi HOJIM, MOKHA MpPOaHaji3yBaTH, 1 K I MIKCENl BiAJIaJeHH] B

MIPOCTOPI BiJI YMOBHO1T KaMepH 3MOMKH.
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Digital compositing, as we will discuss it, deals with the process of
integrating images from several sources into a single whole. Although many of
these methods were originally designed for still images, tools and techniques that
are also useful for large dynamic image sequences will be considered. Digital
compositing is a digitally manipulated combination of at least two original images
to obtain an integrated result. Undoubtedly, the most difficult part of this process
of digital compositing is to obtain an integrated result-image, which does not show
that its creation was associated with several source elements. In particular, we
usually try to create sequences that could be plausibly photographed without the
use of any post-processing. In colloquial language, they must look "real". Even if
the elements in the scene are clearly unreal (for example, huge insects standing on
a giant peach), you need to be able to believe that everything in the scene was
photographed at the same time, by the same camera. Television commercials were
most likely composed from numerous sources. However, whether the digital
compositing process is used for business presentations or for special effects of a
feature film, the methods and tools used follow the same basic principles. The true
skill of digital compositing includes both technical and artistic skills. As with any
art form, the artist definitely needs to have a good idea of the technique, the ability
to handle the tools to be used. These tools can potentially include any number of
different hardware and software composite systems. But it also requires an
understanding of the whole compositing process, not just specific tools. This
includes everything from understanding how this visual data is presented in digital
format to gaining knowledge of how the camera responds to color and light.
Combining several sources to get a new image is certainly not new, and it was
done long before computers entered cinema. So let's look at the main points in the
history of compositing. This is necessary to understand what the reasons were in
digital cinema before the transition to deep-compositing.

Swedish photographer Oscar Raylander working in his studio in England
selectively combined images from 32 different glass negatives to obtain a single

massive palette. This is one of the earliest examples of what became known as the
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"combo shot". Cinematic photography appeared in the late 19th century and over
time, optical printers were built that could selectively combine several parts of the
film, and thus optical compositing was born. A number of early examples of
optical compositing can be found in the 1933 film King Kong. The image shown
in, is actually a composite image, which was created as follows: first, a giant
monkey was photographed, a 16-inch miniature, which is animated using the
technique of stop motion.

This process involves photographing the model frame by frame at a time,
changing the pose or position of the character between each frame. As a result,
when playing at normal speed, a continuously animated object is obtained. Once
these frames were designed and processed, they were projected onto a large rear
projection screen that was located on a full-size stage. Then, the action in the
foreground (actress on a tree) was photographed, and the background shots were
projected behind 1it, creating a composite image. This particular type of
compositing is known as the effect in the camera, as there was no additional post-
production work required to complete the shooting. Other scenes in the film were
made using an early form of blue screen photography, where the whole place and
background were photographed separately and then combined at the optical
printing stage.

Currently, optical compositing has actually been replaced by general-
purpose computer systems and some software, but the concepts themselves have
not changed. And this was actually the first attempt to move from creating depth to
images when combined from different sources.

The relative positions of objects in a scene can be encoded by the color of
those objects. That is, for example, we agree that two objects that are painted in
different shades of the same color are geometrically located at different distances
from the camera.

It is known that one of the most important things a composer does when
integrating elements into a scene is to balance everything in terms of color,

brightness and contrast. The ability of different people to judge color can vary
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greatly, as a rule, a person's ability to correctly recognize colors can be gained
through extensive practical experience. The most important fact is that the
perception of these things can be significantly influenced by external factors.

Although the inner circle has the same color in all three cases, it seems
brighter when surrounded by a darker background. Scientists who study perception
know this phenomenon as the "principle of simultaneous contrast." The same
applies to color images. The color will appear brighter and more saturated when it
is surrounded by additional colors - such as red, surrounded by blue or green - and
in general any color perception will depend on the surrounding colors. These
points can be used to create the depth of the image.

Because the human visual system is susceptible to environmental influences,
everyone does their best to try to control the environment every time they judge
color. You should try to look at different images in the most similar context. When
comparing two images on a computer monitor, you need to make sure that the
environment, both on the screen and outside, does not distort the judgment of
color. Also, there are a number of digital tools for selecting the color of a particular
pixel or group of pixels. It is important to understand that it is often impossible to
fully imagine what an image will look like on a particular device if it is viewed on
another device.

Images that contain information about the depth of objects through deep-
channels, depth created in their structure in film and computer graphics are usually
used to create effects and generate complex scenes. For example, let's analyze a
frame from the movie "Planet of the Apes", in which many objects overlap. With
deep compositing technology, you can change the placement of objects and
characters without having to render each time.

But there are also alternative methods of using this technology. Devices and
technologies that reproduce and record depth in the real world have become more
popular recently. Caesar Palomo and Marcelo Gattas in 2010 proposed a situation
in which the event was filmed from several angles of the camera, but the angle that

must be shown exists between the two angles. Their research proposed an
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algorithm that was processed on a graphics processor to create a new image, where
the reference views were to the left and right of the desired view, given that all
reference views used also had "depth maps" characteristic of them. Palomo and
Gattas defined a "depth image" as a color image with one depth value per pixel.
Depth maps obtained using new deep sounding technologies were linearized into
halftones. The method developed by the authors was based on three-dimensional
deformation, in which, moving from the coordinate system of the camera to the
coordinate system of the world, the 3D grid is projected from the camera, and then
deformed into a new angle. This technique in itself usually fails because the areas
that have been closed become open and have no RGBA information for them. To
"mix" two images with each other, each pixel of both reference images is
compared with each other. Given the limit value, if one pixel is closer to the new
camera than the other (according to their depth map information), this pixel is
stacked on top of the background pixel.

Another method of using "deep" images was designed to simulate the depth
of field, the overall effect inherent in real-world cameras. Depth of field is based
on the idea that there is one plane or slice completely in focus, and the farther from
this slice you get to the Z-depth, the more blurred the pixel. In 2004, Budin
published an article on the algorithm for using Z-depth to create artificial depth of
field in digital images. The first step was that each pixel was evaluated and,
depending on how far from a given Z-depth it is, Gaussian blurring of different
strengths centered on the pixel was applied. The second step was that the RGBA
value of each pixel was normalized depending on how far from the standard value
of "1" they were. This was done after all Gaussian blurs had been applied. To
implement his method, Budin developed a plugin for the composition program
Shake. Its plug-in also had a pre-visualization feature that darkened the images
depending on whether they were inside the focusing planes. One of the problems
with his method was that the lack of background rendering or the lack of a 3D
background caused problems with hard edges. Depth of field is a feature common

to many cameras and camcorders, but that doesn't mean that there are no methods
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for creating depth of field on non-digital images after they've been taken. Jacobs,
Beck, and Left (2012) have developed a technique that allows a user to create their
own focus range when there are multiple photos at different depths of field or focal
ranges. Necessary maps tell the software how this part of the image is "in focus". It
is worth noting that this is not exactly a depth map, as the strongest value in it may
be in the center of the image. However, in the end they were able to create images
in which all the subjects were in focus without losing quality.

The technique of deep-compositing is inextricably linked with the operations
of individual pixels of images. In this case, the information is laid down as one
pixel in a certain place of one image is located relative to the pixel of another
image, which is located in the same coordinates. The principles of deep-
compositing are the following procedures:

- import images with depth data or create a depth channel in a flat
image;

- Combine these images with depth in one frame.

- color correction;

- conversion, reformatting, cropping images;

- image masking;

- deep image creation.

Let's look at some of the simplest procedures that involve deep image
information or image sequences. As a basis of consideration we will take nodes
which are a part of group Deep of the Nuke program.

Nuke allows you to read images with depth data in two formats, DTEX and
OpenEXR. DTEX is an image format created in Pixar's PhotoRealistic RenderMan
program. OpenEXR format is a data format that also supports depth data values.
Since OpenEXR is a much more common format, it will be described how to
import it. The algorithm of the procedure is as follows:

1.  Youneed to create a DeepRead node, and to do this, click Deep

(join the group) and then select the DeepRead node from the list.

2. Find the desired file in .exr format and click Open.
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To do this, use the DeepFromFrames node. DeepFromFrames creates
samples with depth data from the input sequence. The algorithm is as follows:

1.  Attach DeepFromFrames to the input image sequence. An

image with depth information is created by placing each frame at a

magnifying depth.

2. Use the settings panel to adjust the result. Figure 2.2 shows an
example of the procedure.

The operation of merging two deep-images is based on the DeepMerge
node. Thus, each output pixel contains all samples from the same pixel of each
input image. To merge, follow these steps: 1. Connect the input images to the
DeepMerge node as shown in Figure 7.2 2. In the DeepMerge node settings, set the
combine operation (Fig. 2.3). It is also possible to check the box, discard hidden
samples, on the properties panel, so as not to include samples that are completely
closed by samples closer to the camera, the alpha values of which are equal to one.

DeepColorCorrect node allows you to adjust the color of each pixel in each
sample. There are control kits for adjusting shadows, halftones and highlights, and
there is a function to adjust all this at once. It is possible to use the curves of the
Ranges tab to control the range of the image, which should be in shadows,

halftones and glare.



