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B pabote cdopmynupoBanbl TpeOOBaHUS K CHUCTEMaM aHalIM3a
M300paKeHMil, IONyYaeMbIX B  CHCTEMaX  pEATHMCTUYHOU
BU3yalIu3alMd B pe3yiabrate  (U3MYECKH  KOPPEKTHOro

MOJCIIMPOBAaHUs paclpoOCTpaHCHUS CBETaA. PaCCMOTpCHLI JcTajin
peaiusanun nmporpamMmbl HOCT06pa6OTKI/I " aHaJIn3a IMOJYYCHHBIX
CHUHTCE3UPOBAHHBIX 1/1306pa>1<eHm71.

Knrwouesvie cnosa: cucmemvl peaﬂucmutmoﬁ susyaiuzayuu,
ananus pesyibmamoe MO@@ﬂupO@dHuﬂ, M305p£29f€€Hu}l C 6bICOKUM
OUHAMUYECKUM 614&’1(1301—[0]14, peepeccuonnoe mecmuposanue,
onepamopbul corcamusi OUHAMUYECKO20 OUANA30HA ApKocmu

1. BBEOEHUE

TunmuHeIM  pe3ynbTaToM — pabOTBI  CHCTEM  ONTHYECKOrO
MOZCJIUPOBAHUS M PEATMCTHYHON KOMIIBIOTEPHOW TIpaduKu
SBJIAIOTCS M300paKCHUs. DTH CHHTE3HMPOBAHHBIC H300paXKCHHS
CJIe/lyeT Pa3/iesIuTh Ha JiBa Kjlacca:

o 1/1306pa>1<eH1/1;1, Npe€aHa3HA4YCHHBIC TSI BOCIIPUATUSA YEJIOBEKOM;

® pe3yJbTaThl ONTHYECKOrO MOJCIUPOBAHUS, IIONYYCHHBIE C
MOMOIIBIO  BUPTYalNbHBIX  CCHCOPOB W IIPEACTABIISIOIIIE
pacripenenenne  (GU3MYECKUX 3HAYCHUH Ha IUIOCKOCTH (B
3aJ]aHHOM TPSIMOYTOJIbHUKE) WJIM B MPOCTPAHCTBE HAIPaBICHUN
(oTOOpakeHne TOHUOAUATPAMMBI ).

B paspabarpiBaeMbIX HaMH CHCTEMax 00a TUMa H300pa)KeHUi
MOJYYalOTCsl B PE3yJbTaTe MOJCIHPOBAHHUS B (PH3HUCCKUX
eAMHMIAX B JAMHAMUYECKOM JMana3oHe 4YHCeNl C IUIaBaolieh

TOYKOH, T.e. ABIAIOTCA  HM300PQKCHUSIMH C  BBICOKUM
JUHAMUYECKUM  JUAla30HOM, B  OTIMYHE OT  OOBIYHBIX
n300paKeHUH Ha OKpaHe MOHMTOpA, JAUANa30H 3HAYCHUH

KOTOPBIX MaJl.

Jlist  oroOpakeHHs pe3yJibTaToB Ha IpaMueckoM MOHHUTOPE
n300pakeHHs TOJDKHBI TpeoOpa3oBbiBaThesi B RGB npocTpancTBO
MOHHTOpA C YYETOM OCOOEHHOCTEH 4YeIOBEYeCKOro 3PEeHHUS.
@OyHKINOHABHO 3TO MpeoOdpa3oBaHUe OIU3KO K BO3MOXKHOCTSIM,
MPEeJIOCTAaBIIEMBIM B CHCTeMax 00paboTku (oTom300paxkeHuit
Ut Ipo(hecCHOHANBHBIX (oTorpados, Takux, kak Lightroom [1],
Apple Aperture [2], Phase One Capture One [3]. Onnaxo
TpeOOBaHMs K NPeoOpa3oBaHUsIM H300pKCHUH, MOTYUYCHHBIX B
CHCTEMax pEaNNCTHYHON BU3yalH3alHWH, M H300paKCHUH,
HOJIyYEHHBIX ¢ IIOMOMIBIO (poToammapara, UMEIOT CyICCTBEHHbIC
pasmuuns.  OCHOBHOM  3amaueil  mporpamMm  00paboTKH
(horouzobpaxeHui aBisieTcs:  oOecreyeHne  I0JIb30BaTelIs
HIUPOKUM  CHEKTPOM  BO3MOXHOCTEH  IIeJ€HANpaBICHHOIO
penakTupoBanusi (oTou300pakeHHH, mosyyeHHbIX B RAW [4]
dopmate, JUII MaKCHUMaJbHOIO IIPOSBICHHS U yCHJICHHS
XY/IO)KECTBEHHBIX ~ JTOCTOMHCTB (pororpaguu WM  CO3MaHHS
Pa3ITNYHBIX crrerPdPEKToB. JlnHamMudeckuit JIMarna3oH
(dorouzodpaxenunit B RAW ¢opmare pacmmpen go 12 — 14 6ur
Ha IMKCET, HO HCTUHHBIC 3HAYEHUs SPKOCTEH, KaK IIPaBMIIO,
HEH3BECTHEL. B TO ke BpeMs It oOOMX THIOB H300paKCHUI,
MOJTy4aeMbIX B CHCTEMaxX PEATNCTHYHON KOMITBIOTCPHOH IpadiKu
U ONTHYECKOTO MOJCIMPOBAHMS, H3BECTHBI U COXPAHAIOTCA B
COOTBETCTBYIOINX (haiiaXx 3HAUCHUS «UCTHHHBIX» SPKOCTEH M
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OCBEILICHHOCTEH, MOJIyyeHHble B pe3yJbTaTe MOAEIUPOBAHUSL.
COOTBETCTBEHHO, BaXKHOU 3ajaueil mpu o0OpabOTKe U aHaIM3e
CHHTE3UPOBAHHBIX M300paKCHUM SIBISCTCA MOIY4YEHUE UTOTOBBIX
(OTOpeanuCTHYHBIX ~ HM300paKeHH ¢ y4eToM  crenuduk
YEJIOBEYECKOTO 3pEHHS] W aHalHW3 Pa3IMIHBIX  (U3MIECKHX
XapaKTePHCTUK, COXPAHEHHBIX B IOIYyYCHHBIX H300pPaKEHUSX.
Ilonp3oBaTeneil MOryT HMHTEPECOBATh 3HAYCHUS SIPKOCTU WIIH
OCBEUICHHOCTH  IJIsI  PA3IMYHBIX  CEYEHHH  HM300paKeHUs,
pa3IUYHBIC CTATUCTUYECKUE XaPaKTEPUCTHKH YIS BBIJCICHHBIX
obnmacteit. Ilpu cHexTpanbHOM MOAEIUPOBAHUM IOJIB30BATEINS
MOXKET TaKXKe HHTEePEeCOBaTh CHEKTPAIbHBIA COCTAaB SPKOCTU WU
OCBELICHHOCTH B Pa3IMYHBIX TOUKAX U 00IACTAX U300paKEeHUs.

Amnanus u300paxeHHH, MIPEACTaBIIIOIINX pe3yabTaThl
MOZEIUPOBAHUS Ha BUPTYalbHBIX CEHCOPAaX, MOMHMO YZOOHOrO
BU3yaJbHOIO IIPEJCTAaBICHUs, TpeOyeT TakkKe CIEIHAIbHBIX
CPEICTB, YUYMTHIBAIOIIUX crenuduky pnaHHOro cencopa. Ocu
KOOPJMHAT y TaKUX M300paKeHHI MOTYT OBITh KaK B JINHEHHBIX,
TaK ¥ B yIIOBHIX eauHMIAX. M300pakeHne MOXET Ipe/CTaBiIATh
pasuyHble (PU3MYECKUE EIWHUIBI — SIPKOCTh, OCBEIICHHOCTD,
HWHTEHCHUBHOCTb H T.JI.

2. TPEBOBAHMA K MOCTOBEPABOTKE
WU AHATNU3Y NOCTPOEHHbIX U30BPAXEHUN

Hcxoms w3 ombITa MPaKTUYECKOTO HCIONb30BAHHUS CHCTEM
pPCATUCTHYHONW ~ KOMIBIOTEPHOW TpadUKH H  ONTHYECKOTO
MOJICTIUPOBAHMS,  MOKHO  C(OPMYJHpPOBATH  CIEAYIOIINC
TpeOOBaHMS K IOJACHCTEME IOCTOOpaOOTKH W  aHAIN3a
pe3yIbTaTOB PabOTHI TAKHX CHCTEM:

1. INoxcucrema fomKHA 00ECIIEUNBATE 3arpy3Ky H300paKeHHH B
paznmmuHblX  Qopmarax. B mepByro ouepenb JIOIKHEI OBITH
nmojjepkaHsl  (opMaThl  BCEX  THIIOB — HM300paKeHUH |
PE3yIbTUPYIOINX TAaHHBIX, CO3JaBaeéMBIX 0a30BOH CHCTEMOT,
BKJIIOYAsl  CHEKTPAIbHbIE HM300paKCHUS U HM300paKeHUs,
(hopMupyeMble Ha BUPTYaIbHBIX H3MEPUTEIBHBIX IPUOOPAX.

2. [lopcucrema  gomkHa — obecmeduBaTh — IpeoOpa3oBaHUE
UCXOJHOTO M300pa)KeHUsI, 3a]aHHOTO B (PU3NYECKUX €IMHHLAX B
IMHAMHYECKOM JHMaIra30He Yucell ¢ IulaBaromieii Toukoit, B RGB
MPOCTPAHCTBO MOHHTOpA C OrPAaHMYEHHBIM JUHAMHYECKUM
nuanazoHoM. JlomkeH ObITh obecriedeH BBHIOOpP XOTS OBl W3
HECKOJIBKO ~ THUIIOBBIX ~ OIEPAaTOpOB  CKaTHs JAUHAMHUYECKOIO

IUamasoHa, yanoOHoe W O(QQeKTHBHOE BapbHPOBaHHE HX
napaMeTpoB JUIA IOJYYEHHS HM300paKeHUH HEOOXOAMMOro
KayecTna.

3. Iloxcucrema JODKHA TakKe OOECHEYMBATH BH3YATH3AIUIO
n300pakeHHi B HMCKYCCTBEHHBIX IBeTax (color contours
visualization) Ui TPEICTABICHUS PACIpPEACICHUS 3HAYCHHM
(U3MYIECKUX BEMMYWH HAa W300paKEHWH B BUJE, YIAOOHOM JUIs
BOCIIPUSITHS YEJIOBEKOM. 3/IeCh TaKke HEOOXOIUMO 00eCHeUHTh
THOKHMIT KOHTPOJIb MapaMeTpoB BH3yanu3anuu. JODKHA OBITH
obecriedeHa  BO3MOXKHOCTh ~ YCTAHOBJICHHS ~ COOTBETCTBHS
(hU3MYECKUX BEMMYMH W IBETOB JUISI WX MPCICTaBICHHS, Kak
ABTOMATUYECKH, TaK M MO SBHOMY 33/IaHUIO TOJb30BATEIS.
HeoOxonumo  oOecrieunBaTh W JUCKPETHBIH, W  IUIABHBIN
MEePEXO.Ibl MEXKIY [IBETAMH.



4. N3o0paxeHns, IONy4aeMble B CHCTEME MOJICIHPOBAHNS,
MOTYT TaKXe SBIAThCA CHEPUYECKUMH NaHOpaMaMH HWIH OBITh
pe3yabTaTaMU MOJEIMPOBAHMS, MOJYYEHHBIMU HAa BUPTYaJIbHBIX
U3MEpUTENbHBIX MpuOOpax B IOJSAPHBIX KOOpAMHATaX. B cuiy
9THUX MPHYHMH MOJCUCTEMA JOJIKHA MOEPKUBATh BU3yalIU3aLuI0
n300paxKeHUH, Kak B JEKapTOBOH, Tak M IO/IPHOM cucCTeMe
KOOpDAMHAT, a  TaKkKe  BU3yalM3UpOBaTb  IAHOpPAMHbIE
u300paXKeHus B BUJIE, YAOOHOM Il BOCIIPUSTHUS YEIOBEKOM.

5. Heobxoammo o0ecHnednTs HSKCHOPT IMOCTIPOLECCHPOBAHHBIX
(MTOroBBIX) uU300paxkeHUH B Qopmarbl, HEOOXOAUMBIE ISt
CO3/IaHMsl PA3INYHOIO POJA IPE3CHTaLNH.

6. IloacucTema TakXKe JMODKHA MPEAOCTABIATh BO3MOXKHOCTH
9KCIopTa (GPU3NYECKUX JAHHBIX, TaKHX, KaK, HaIIPHUMeEp, SPKOCTh,
OCBEIICHHOCTh, HHTCHCUBHOCTB, IIBETHOCTH (X, y chromaticity), B
TEKCTOBBIC (HOpMATBI, MPHUTOAHBIC JUIS 3arpy3kd B TEKCTOBBIC
MIPOLIECCOPBI JUISl HETIOCPEACTBEHHOTO AHAIN3a YCJIOBEKOM MIIH
KaK BXOJIHBIC IAHHBIC JIJIs IPYTHX MTPOTPAMM.

7. Tloncucrema JIOJKHA MO IePKUBATh paboty c
HN300paKeHMAMH ~ OONBIION Pa3sMEPHOCTH TPAKTHYECKH 0Oe3
OrpaHMYEHUIl 110 UCTIOIb3YEMOH MaMsITH.

8. Jlns  oOecrneyeHus PErpecCHOHHBIX TECTOB  IOJCHCTEMa
MIPEIOCTABIIACT BO3MOXKHOCTH [UIS aHAIN3a CPAaBHEHHS IBYX H,
BO3MOXKHO, 00Jiee N300paKeHHH.

9. lng KaxAoro muKcens H300pakeHUs, IOIY4YEHHOIO U3
CHCTEMbI MOJICIIUPOBAHUS OCBELICHHOCTH, HEOOXOIMMO HMETh
BO3MOXKHOCTb IIPEICTaBUTh COOTBETICTBYIOLIEE eMy (u3uuecKoe
3HAYCHHUE, KaK B (DOTOMETPHYECKHUX, TAK U B PaJHOMETPUYCCKUX
CIMHHUIIAX W B pPa3JIMYHBIX LBETOBBIX mpoctpancTBax (RGB,
criektpainbHom, HSV u T.1.). 151 n300pa)keHuii, COXpaHCHHBIX B
CHEKTPAJIbHOM  NIPOCTPAHCTBE, JOJDKHA  BH3YalIW3HUPOBATHCS
CHEKTpaJbHAs IUIOTHOCTH AHAJIM3UPYEMOH BENMYMHBL A Ui
BCJIMYMH,  IIOJYYCHHBIX C  IIOMOIIBIO  MOJEIHPOBAHHS
CTOXaCTHYECKHIMH METOJAaMH, JKEeJIAaTeIbHO IIOKa3bIBaTh OLCHKY
TOYHOCTHU BBIYHCIICHUS IAHHOTO MTHKCEJIS.

10. TToncucrema  jmomkHa  OOecreYMBAaTH  BH3yaIH3aIMIO
(GU3MYeCKUX BEIMYMH B PAa3IMYHBIX CEYCHMAX H300pakKeHUs B
rpaduueckoM U TaOIUYHOM BUJE.

3. PEANIU3ALMA  NOACUCTEMbI
N3OBPAXXEHUA

Paspaborannast Hamu ozicucTeMa ocToOpabOTKU U aHAIM3a
M300paKEHNUH HCTIONB3YeTCs B PA3TMUHBIX CHCTEMaX PEaIMCTHYHON
KOMITbIOTEpHO# rpaukn. OHa MOXKET HCIIONE30BATHCST aBTOHOMHO JUTSt
HOJICP)KUBACMBIX  ()OPMATOB BXOIHBIX JIAHHBIX (M300paKCHHUIA).
PaccMoTpHM feTany peanmsaimn TpeOoBaHHUH, chOPMYIMPOBAHHBIX B
TpeIBIIyIIEM pasJielie.

AHAINN3A

3.1. MoppepxxmBaemMmblie BXxogHble hopmaTbl

B Hacrosimiee Bpemsl IOJCHCTEMa IOJEPKUBACT CIICAyIOLIHEe
(hopmaTel H300paKeHHUI:

1. Radiance RGBE ¢opmart, npemnoxennsiii G. Ward B [6]. DToT
¢dopMar HCmoNB3yeT IS TNpEACTaBICHUS JaHHBIX B RGB
mpoctpaHcTBe 4  OaldiTa Ha NHKCeNb W oDecrednBaeT
JIMHAMWYECKUI Juamna3oH ~76 TOPSIKOB M OTHOCHUTEIHHYIO
TouHOCTb ~1% [7].

2. Integra LUX/NIT — dopmar [5] a1 coxpaHeHHs
N300paKEHHI, OINMUCHIBAIOLIMX OCBEIICHHOCTh HIHM SIPKOCTh B
RGB mpocrpancTBe, B JUHAMHYECKOM IHAIA30HE IJIaBAOIINX
gucen (12 6alT Ha muKcen).

3. Integra Radiance/Iradiance — dopmar [5] amag coxpaHeHHs
U300paXKEHUH, ONHUCHIBAIONIMX OCBEIIEHHOCTh WU SIPKOCTH B
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CIIEKTPAJIbHOM IIPOCTPAHCTBE, B JHHAMHYECKOM JHAaIla30HE
IUTaBalOMUX uncen (4 OaiTa 1y KaKAOW JUTMHBI BOJHBI Ha
TIHKCEI).

4. Adobe Digital Negative (DNG) — oTKpBITEIN popMaT yIIaKOBKH
¢aiinoB  HeoOpaOOTAHHBIX  AAHHBIX, C(HOPMHPOBAHHBIX C
MOMOIIBIO U(POBEIX Kamep [8].

Ionnepxxka Adobe DNG ¢opmara Obuta peanu3oBaHa ¢
TOMOIIBIO OTKPBITHIX KOJOB 13 [9].

3.2. CxxaTne guHammyeckoro guanasoHa

Iloncucrema  obOecrmeunBaeT  mpeoOpa3oBaHUE  UCXOJHOTO
H300paKEHUs, MPEACTaBICHHOTO B (U3MYECKUX EAMHULIAX B
IMHAMHYECKOM JHMAala30He YHCEIl ¢ IUTaBaroiieii Toukoit, B RGB
MPOCTPAHCTBO MOHHMTOpA C OrPAaHMYEHHBIM JUHAMHYECKUM
JIMaIra30HOM.

B cucreme peannzoBanbl Clieyole TP BapuaHTa ONepaTopoB
CKaTHs JMHAMHYECKOTr0 JMara3oHa:

1. HenuueiHblid onepaTop ckaTusi MHAMUYECKOro Jara3oHa u3
pabotsl [10].

2. [Ipocroii yuHENHHBIH omepaTop CKaTHs, KOHTPOJIUPYEMBbIi
€JIMHCTBEHHbIM MapaMeTpOM — MAaKCHUMAJIbHBIM 3HAaue€HHEM
BEJIMYMHBl SIPKOCTH WM OCBEIICHHOCTH, KOTOpBIE HE OyIayT
o0Ope3aHbl.

3. TaOynupoBaHHBIN Omeparop CKaThsi, 3aJaBacMblii TaOJUIICH
3HAYCHUI, PEIaKTHPYEMOH MMOJIb30BATEIICM.

B ciyuae wucnonb3oBaHMs HEIMHEHHOro omeparopa CHkaTus
YIpaBJICHUE OCYUIECTBIISETCS JIMOO C MOMOIIBI0 MAaKCUMAIbHOTO
3HAYCHUSI BEJIMYMHBI SIPKOCTH HJIM OCBEUICHHOCTH, KOTOpbIE HE
OyayT oOpesaHbl, JH00 C IMOMOLIBIO AJANTAIMOHHON SPKOCTH
CIICHBL.

JluHelHbpI  omepaTrop CKaTUs yNPABISETCS €AMHCTBEHHBIM
rnapaMeTpoM — MaKCHMaJbHBIM 3HAYEHUEM BEIUYUHBI SPKOCTH
WIM OCBEHICHHOCTH. DTOT MapaMeTp MOXET 3aJaBaThCs, Kak
HEMOCPEACTBEHHO, Tak © 4epe3 Habop QoTorpaduueckux
napaMeTpoB: BpEeMsl OKCIO3UIMU, OTHOCUTEIbHOE OTBEPCTHE
(mnapparmMeHHOE YHCIO0) OOBEKTHBA M YyBCTBHUTEIBHOCTH
KaMephl.

3.3. Busyanusauus B MCKyCCTBEHHbIX LiBeTax

Busyanu3zanust n300pakeHU B HUCKYCCTBEHHBIX IIBETaX,
npuMep KOTOpPOH ToOKa3aH Ha puc. 1, npeaHazHauyeHa JuIs
MIPEACTABICHUS 3HAYCHUH (PU3NUYECKUX BEJIIMYUH B BUJE, YAOOHOM
UL BOCIIPHSTHSA
yenoBekoM. UuTepdeiic

YIPABJISIOIIIX
napameTpoB B
cirydae
KOHTPOJINPOBATh,
nBeTa
TaK u

3TOM
TTO3BOJISIET
Kak
BU3YyaIHM3ALIH,
3HAYCHHS
SIPKOCTEH,
OCBEIIEHHOCTEH Ui
TOYHOCTH BBIYHCICHUH,
COOTBETCTBYIOLIUX
9THUM LIBETAM.

Puc. 1. U300paxeHne B HCKYCCTBEHHBIX LBETaX



3.4. Cnocobbl Bu3yanusawum

MN300paxenus, nomyyaempie B 0a30BOH CUCTEME MOJICIIUPOBAHUS,
MOTLYT OBITb HE TOJIBKO OOBIYHBIMH H300pa)KEHUAMH, HO H
SBIATbCA pE3yJbTaTaMH MOJENUPOBAHUS HA  BUPTYaIbHBIX
U3MEpHUTENBHEIX ~ Hpubopax  (ceHcopax) B  MONSPHBIX U
JIeKapTOBBIX KoopauHartax. Tawke H300pakeHUs MOTYT OBITH
cepuyecknmn  manopamamu. s paGoTel ¢ TakMMH
M300paKeHUSIMI ~ TOJICUCTEMA  CIIOCOOHA — BU3yalM3HPOBAaTh
TTaHOpaMHbIe M300paXKeHNUs U TMOAIEPKUBACT, KaK JIeKapTOBY, Tak
1 TIOJISIPHYIO CHCTEMY KOOp/IMHAT.

Jns  Busyanmmsamum  cEepHYeCKOil MMaHOpaMbl B HaICH
TMojicucTeMe  OBIT  peaau30BaH  CHEHHANbHBIA  PEXHM,
TIOKa3bIBAIOMINN COOTBETCTBYIOMNE H300PAKEHHS C ITOMOIIBIO
NIePCIIEKTUBHOM Npoeknun. Kamepa Haxoxutes B eHTpe cdhepsl
MOXET MOBOPAYMBATBHCA U BU3YaIH3aUU TpeOyeMoll dacTH
naHopambl. Taxke MOXKHO BapbHpOBATh YroJd 3PEHUS KaMepbl.
OpI/IeHTaHI/IH KaM€pbl H3MECHACTCA NBUXKCHUEM MBIIIA [OPU
HakaTol JeBod KiaBumie. Jas M3MEHEHUS yIria IOBOPOTa
KaMepbl BOKPYI €€ HampaBICHUS 3pEHUs  HEOOXOIUMO
OJIHOBPEMEHHO C JICBOW KJIABHINIECH MBIIIH YACPKUBATh HAXKATYIO
kiaasuiry Ctrl. Yrom 3peHuss Kamepbl BapbUpyeTCs IIyTeM
BpAIIEHNs KOJIeca MBIIIN.

Busyanmsamust  yrioBoro pactpeseNneHUs HWHTCHCHBHOCTH Ha
BUPTYaJIbHOM H3MEPHUTEIBHOM IPHOOpPE «TOHMOMETPE» MOXKET
OBITH TaK)Ke MPEICTABICHa B MCKYCCTBEHHBIX I[BETAX, KaK 3TO
TTOKa3aHo Ha puc. 2.

Puc. 2. [IpeacraBiienne pacnpeaeeHus HHTEHCHBHOCTH
cBeTa Ha BUPTYAJIbHOM FOHHOMETpe

3.5. AKcnopT n3obpaxeHun

Tloxcucrema nojiep>KMBaeT COXpaHEHHE UTOTOBBIX H300paKeHUI
B TaKMX cTaHIapTHBIX popmarax, kak PNG, JPEG, TIFF u BMP.

Taroke MOKHO 9SKCIOPTHPOBATH 3arpyKCHHbIC H300pa)KCHHs B
m3BectHblid  popmar  HDR  [6] wu  Integra  Nit/Lux,
Radiance/Irradiance ¢popmaTts.

3.6. PerpeccuoHHbI aHanu3

Jlnst Toro 9ToOBI ObLIa BO3MOXKHOCTH IPOBECTH PETPECCHOHHBIH
aHamM3, TOACHCTEMa TIO3BONAET 3arpy3uTh JBa H300paskeHHsS
OJMHAKOBOTO THHa U paspemeHus. CucTemMa BBIYUCISIET UX
Pa3HOCTh, U IJI Hee MOJJCPIKUBAIOTCS BCE (DYHKIHOHAIBHOCTH
MOJCUCTEMBl, 4YTO U 1  OJUHOYHOTO  H300pakeHus.
PerpeccuBHblif  aHanmM3 MO3BOJSAET  OTCICIUTh  U3MCHEHUA
(YHKIMOHAJIBEHOCTH CHCTEMBI MOJICIIMPOBAHMSI OT BEPCHH K
BEPCUH, a TAKKE BIMSHUE HAa PE3yJbTaT MOJCIMPOBAHMS TaKUX
MapaMeTpoB, Kak, HampHMep, KOJUYECTBO HCIONIb30BAHHBIX
Jaydeld B TpaccupoBke MeTogoM Monre-Kapio, wu3MeHeHHs
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aNTOPUTMOB TEHEpaluH Jydell W WX B3aUMOJACHCTBHSA C
MOBEPXHOCTBIO U CPEROH pacIPOCTPAHECHUSL.

Pazmep wu300pakeHHil, aHAMM3UPYEMBIX IOACHUCTEMOH, B 64-
OWTHOM BepCHH TPOTPAMMBI OTPAHUYHBAETCS TOIBKO OOBEMOM
JIOCTYTTHOM MaMsTH.

3.7. NMukcenbHbLIN aHaNU3 U306 paxeHUn

CrenuanbHoe 11anoroBoe OKHO MO3BOJSET IOMy4aTh JETalbHYIO
uHpOpMAMI0 O KaXIOM MHKcelne u3o0paxeHus. LlBeTHOCTH
nuKcens Moxet ObITh npezactaBiena B CIE xy koopaunarax, RGB,
HCL u cniexrpansnom npoctpanctse. HCL sBisiercst paxrideckn
yJIy4dIlleHHMeM H3BECTHBIX LBETOBBIX mpocTtpanctB HSV u HSL.
CIE Xy KOOpAMHATEI OTOOPAXKAIOTCS Ha IIBETOBOM TPEYTOJILHHKE
rpaMIecKoro MOHHTOpA, YTO TO3BOJAET Cpa3y paclo3HaTh
Clydad, KOTJa IBET HCCIETyeMOTO TIMKCENs HaXOMUTCs 3a
TpezieslaMy Oy CTIMOM HaJHUTPBI, KaK 3TO BHAHO HA IpUMeEpe,
MOKa3aHHOM Ha puc. 3.

Kpome 1Beta mukcens MmokasbIBaeTCs TAaK)KE BEIMYMHA OLIEHKU
TOYHOCTH BBIYMCICHUH M 3HaYeHUE (U3NYECKOH BEITMYHHBI
MIpeJICTaBICHHON

APKOCTH WK
U300paXKEeHUEM.

OCBCIICHHOCTH, JAaHHBIM

3330

B

Puc. 3. AHa/IM3 1BeTa TOYKHU H300paKeHUs
AHanu3upyeMslil MIKCEeNb BEIOUPACTCSl HEOCPEICTBCHHO B OKHE
n300paXEHHs. ¢ MOMOIIBI0 MBI, B 3TOM ciyuae KOOpAMHATHI
nukcens: oroOpaxatorcst B suerikax Cronden (Column) u Crpoka
(Row). Opnnako KOOpPOUHATBL MOTYT OBITh TaKXKe 3aJaHbl
HEMOCPE/ICTBEHHO C KJIABUATYPBI.

Wudpopmanust 0 mukcene NpeACTaBIIeTCS B (HOTOMETPHUECKUX
WM B PAJOMETPHYECKNX €ANHUIAX.

3.8. AHanus ce4yeHumn n obnacren

Toncucrema obecrieunBaeT BU3yalH3alio rpadUKOB W3MECHEHHS
(U3HYIECKOil BETMYNHBI BIOJIb TOPU30HTAIBHBIX M BEPTUKAIBHBIX
ceyeHnid w300pakeHns. CedeHUs NOOABISIOTCS C IIOMOLIBIO
CHCUUATBHON KHONKKM Ha TMaHEIM HHCTPYMEHTOB. IMocne
J00aBIICHHUS TTOJIOKEHUE CEYCHHE MOYKET M3MEHATHCS C MOMOIIBIO
MBIIIM B MpeAeiax OKHa BH3yaiu3aluu. Heckonbko ceueHui
MOTYT CYIIECTBOBATh OJTHOBPEMEHHO, ux rpauku
BHU3YaJIM3UPOBATHCS B JIOTIOJHUTEILHOM OKHE (pHC. 4).

Puc. 4. I'paduku 3Ha4eHnii puznvyecKux BeJHINH (IPKOCTH)

UYucneHHble 3HAUCHUS BEIMYMH B CEUCHUSX MOXKHO TaKKe
BBIBECTH B BHJE TaONHUIbl, KOTOpas MOXKET ObITh COXpaHEHa B
TekcToBoM (aiine. IToxgcucrema Taroke oOecledMBAaeT aHAIM3
HPSIMOYTOJBHBIX M JJUIMITUYECKHX 00JacTell HM300paeHus.
TIpuMeps! 3TOro MpUBEICHBI HA PHC. 5.



Puc. 5. Ananu3 3HaYeHnii pU3N4YeCKUX BeJUYHH

®opma u mHONOKEHHE OOJACTH HA H300pAKEHUH MOXKET
3a1aBaThCsl POM3BOJIBHO, KAaK IPSIMBIM H3MEHEHHEM YHCIIOBBIX
HapaMeTpoB B JMAJOrOBOM  OKHE, TaK M  MBIIIBIO
HETOCPE/ICTBCHHO B OKHE M300PaKCHHUs C MOMOLIBIO “TOpsYHX’
Touek. B J1mamoroBoM oOkHE mpH 3TOM OyIyT OTOOpaXkaThCs
pa3IUYHBIE ~ CTATHCTHKM  JUIi  BHIOpaHHOH  obmactm  —
MHHHMMalbHBIE U MaKCHMaJbHbIC 3HaYCHHMS, CpefHee 3HaYeHHEe U
CPEIHEKBAIPATHIHOE  OTKIOHEHHE OT CPEeJHeTr0 3HAuCHHS.
CpenHee 3HaueHHE OTOOpaXkaeTcs NMPH 3TOM OJHOBPEMEHHO B
npoctpanctBax RGB, xy (CIE) u HCL.

3.9. AKCNOpT TeKCTOBbIX AAaHHbIX

Bes  undopmanus, paccuuTaHHas ~CHUCTEMOH  ONTHYECKOro
MOJICTIMPOBAaHHS U COAEpKaIascsi B N300paKeHUH, MOXKET OBITh
9KCIIOPTHPOBaHA B TEKCTOBOW ¢(ail B txt mim csv (opmar.
Tocnennuit Gopmar y106eH st MOCIeyIOmero BBOAa JaHHEIX B
TabaM4HbIe Mporeccopbl (Hampumep, Microsoft Excel). Kpome
HETMOCPE/ICTBEHHO 3HAYCHHH (DH3MYCCKUX BEIMYMH, 3TH (Hailiibl
coziepKaT TaKxKe JIOTIOTTHUTETBHYTO CTAaTUCTHYECKYIO
nH(OpPMaNUIo, 3aBHUCALLYI0 OT Tuma (Qaitma. OOmmMu 1S Beex
(haiyioB  SIBISIFOTCSL  CpEIHEE, MHUHAMAIBHOE M MaKCHMAJbHOE
3HAQUCHUSI JAHHOM (H3Mueckoid BemuuuHbl. I8 M300paxkeHui,
SIBIIIOLIMXCSL  PE3yJbTaTOM —PErMCTPAallid HA  BHPTYalbHBIX
H3MEPHUTEIBHBIX MPHOOPaX, BEIBOAUTCS TAKXKE MOJIHAS BEJIMYMHA
3aperUCTPUPOBAHHOIO  HOTOKA B PAJUOMETPHYECKUX U
(OTOMETPUYECKNX EANHHULAX.

Jl1st uccienyeMoro n300paXxeHnsi MOJKET BBIBOJHUTHCS HE TOJBKO
HETIOCPEACTBEHHO (hH3MUECcKast BEJIMYMHA B KaXJOM IHKCele, HO
n ee mnpomsBoxuble. Tak, HampuMep, UL CIEKTPAIbHOTO
n300pakeHHsi,  3aperMCTPUPOBAHHOIO  HA  BHPTYaJIbHOM
H3MEpPHUTEIEHOM TIpubope B TOAPHBIX KOOPJMHATAX, MOTYT
BBIBOAUTRCS  (AiIbI, COZAepKAIlMe Il KaKJIOTro  ITHKCEs
HWHTCHCUBHOCTB, [BETHOCTb, CIIEKTPOIPaMMY, OLECHKY OIIHOKH
BBIYHCIICHUH U KOJINYECTBO JIyUeH.

4. PE3YNIbTATHI

IlpennoxkeHHas — MOACHCTEMa  MOCTOOpAabOTKM W aHANM3a
n300paKeHHH, CreHEpHUPOBAHHBIX CHCTEMAaMH PEalTUCTHYHOU
KOMIBIOTEPHON IpadpuKH, TIOCTOSHHO HCIIONB3YETCS I aHAIN3a
HOJTyYEHHBIX PE3yIbTAaTOB, OTIAAKH AJITOPUTMOB MOJICITHPOBAHMS
pacnpoCTpaHEeHHs CBETA, NMOIYYCHUS HTOTOBBIX M300pakeHHI B
IOPOCTPAHCTBE  IpaMUECKOro  MOHMUTOpa. JTa  CHCTEMa
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YIOBJIETBOPSET OONBIIMHCTBY TpeOOBaHM, cHOPMYITHPOBAHHBIX
B pazzene 2.

Cucrema  TOCTaBisleTcss € HECKOJIBKMMH — CHCTEMaMH
PCANTNCTHYHON BU3yalM3allid M ONTHYECKOTO MOIETHUPOBAHUS.
OpmHAakO  MOXET  HCIOIb30BaThCI U aBTOHOMHO.  Jlns
UCIIONB30BAaHUSA €€ BMECTE C HOBBIMH CHCTEMAMH MOXKET
HOTPe0OBaThCS PACHINPEHUE CIUCKA MOANEPAKUBACMBIX BXOAHBIX
(dopmaroB u300pakeHusi. Bo3moxkHO Takke u Jo0aBieHHE
crerpUIECKUX METOIOB aHAIH3a.

Pabora nonnepxkana rpantamu PODU Ne 13-01-00454, 12-01-
00560, a Taxxe hupmoii Integra Inc. (SInonus).
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Abstract

Requirements to the programs for postprocessing and analysis of
images generated in the realistic rendering systems are formulated
in the paper. It is implied that realistic rendering is based on
physically accurate simulation of light propagation. So the results
of simulation can be interrogated by proposed program and
converted into usual images. Details of the program
implementation are also present.

Keywords: realistic rendering software, analysis of simulation
results, HDRI, regression testing, tone mapping operators
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