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AnHoTanus. [lanHas paboTa MpeaCTaBIsIeT CPABHUTEIBHOE UCCIIEIOBAHUE MTPOU3BOJUTEIFHOCTH PA3ITHYHBIX
MOAXO/0B K IPHMCHEHHIO HEHpPOHHBIX MOJeNed B 3aJadax KOMIBIOTEpHOH rpaduku. PaccMoTpeHbI 1Ba
HaIlpaBJICHUS: TPEJICTABICHUE MOBEPXHOCTEH C MOMOINBI0 HEWPOHHBIX Mojelell (QyHKIMH pacCTOSHUS CO
3HakoM (Ha mpumepe SIREN) u HeipoHHBIC MOJAENM MaTEepHaOB, MPEIACTABICHHBIX JBYHANPaBICHHON
¢ynkuumedr otpaxenus, (Ha mpumepe NBRDF). IlpoanammsupoBanbsl peammsamuu MLP kak ¢ momorsio
KpoccIiaTOpMEHHBIX MTOJXOIOB, TAK M C UCIOJIb30BAHUEM CIICIHATA3MPOBAHHOTO AMMapaTHOTO YCKOPEHUSL.
Pe3ynpTaTel  9KCHEPHMEHTOB BBIABISIOT CYHICCTBEHHBIC pPAa3lUUUs B MPOM3BOAUTEIFHOCTH MEXKIY
paccMarpuBaeMBIMH TogxonamMu. Ha WX OcCHOBe c(OpPMYTHUpPOBAaHBI NpPAKTHYECKHE PEKOMEHAAINH IS
pa3paboTYNKOB, ITAHUPYIOIINX HHTETPAIIIIO HEHPOHHBIX METOJIOB B IIPHJIOKEHHUS KOMITBIOTEPHON rpad UK.
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Abstract. This work provides a comparative performance study for different approaches of neural-based
methods in computer graphics. Two directions are considered: representation of surfaces via neural models of
the signed distance function (using SIREN as an example) and neural models of materials represented by a
bidirectional reflectance function (using NBRDF as an example). This work includes analysis of both cross-
platform and hardware accelerated MLP implementations. Experimental results reveal significant performance
differences between investigated approaches. Based on that, the paper formulates practical recommendations
for developers who plan to integrate neural methods in computer graphics applications.
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1. BeedeHue

Texnonormu MckycctBenHoro MuTemtekra (M) Bce yaime HaXoaaT IpUMEHEHHE B COBPEMEHHOM
KOMITbIOTepHOH Tpaduke. HelpoHHbIE MOAXOIBI K TPEICTABICHUIO T'€OMETPHUH M MaTepHaloB
OTKPBHIBAIOT HOBBIE BO3MOXHOCTH JUISl CO3/IaHHS BBICOKOKAUECTBEHHBIX BH3YaJbHBIX d()(EKTOB,
Takhe Kak MOJIETMPOBAaHHWE MHOTOCIOWHBIX MarepuanoB [1] u reomerpum [2]. Kpome Toro,
HEeWpOHHbIE MOJIENH MoKa3anu cebs 3 dexTHBHBIME B 00paTHOM peHaepunre [3-4].

OpHako HHTErpaIys HBHPOHHBIX METOJIOB B rpaduecKue MPUIIOKEHHS PeaIbHOTO BPEMEHN MOYKET
BBI3BaTh CYIIECTBEHHOE CHIKEHHE MTPOU3BOAUTENHHOCTH [1]. BhImonHeHne HEWPOHHBIX ceTel Ha
GPU Ttpebyer 3¢ ¢deKTHBHOTO HCMONB30BAHHUS APXUTEKTYPHBIX OCOOEHHOCTEH COBpPEMEHHBIX
rpaduIecKuX MPOIECCOPOB U TIATEIEHON ONTUMH3AINH aJITOPUTMOB.

IlepBble pe3ynbTaTHl MCCIENOBAHUS JOKJIAIBIBAINCh HA MEXKIYHApOAHOW KOH(EpeHIHH [0
KOMITbIOTepHOH Tpaduke u 3penuto ['paduxon-2025 [5]. B naHHO# crarthe MPUBOIATCS HOBBIE
pe3ynbpTaThl, a TaKXke JenaroTcss OO0O0OIIEeHHS, BBIBOJAB M IMPAKTHYECKHE PEKOMEHAAINH IS
Ppa3paboTYNKOB, MIAHUPYIOIIMX UHTETPALNIO0 HEHPOHHBIX METOIOB B IIPHIIOKEHHSI KOMIIBIOTEPHOI

rpaduKy.

2. 0630p cywecmeayrowjux peweHul

B coBpeMeHHBIX 3a/a4ax KOMIBIOTEPHOW rpaduKy MPUMEHSIOTCS pa3HOOOpa3HBIE apXUTEKTYPHI
HEWpOHHBIX CeTeH, KakJgas M3 KOTOPhIX aJalTHpOBaHa NOA cHenuduyeckue TpeOOBaHUS
rpaduyeckux BblUMCIeHHH. MHorocioiiHble nepuentponsl (MLP) mmpoko ucnonesyrorcst B
3aja4ax TPACCHUPOBKM JIyuyell M pacdeTa OCBEIIEHHs OJylarojapsi CBOEH CHOCOOHOCTH
aNMpoOKCUMUPOBATh CIOKHBIE (DYHKIMH H3JIydeHUs] U oTpakeHus [6]. CBepTouHbIE HEHpPOHHBIC
CeTH W PEKYPPEHTHBIE apXUTEKTYpbl HAaXOAAT LIMPOKOE NPHMEHEHHE INPH PEIICHHH 3aadd
LIYMOIIO/IaBJICHHS] N300pa’keHNH, MOJTYUYEHHBIX METOZOM TPACCHUPOBKH ITyTeH [7-8]. ApXUTEKTYpEI
Ha OCHOBE TPaHC()OPMEPOB aJaNTUPYIOTCS Ul 3aJad CHUHTE3a M300paKEHUH, IAe BaKHA
CMOCOOHOCTH K 00paboTKe MOCIe0BaTeIbHOCTEH pa3anyHOi 1uHbI [9-10].
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3HaunTENbHAS YaCTh UCCIIEIOBATENLCKUX padOT B 0071aCTH KOMIIBIOTEPHON Tpad UK OTIPAETCS HA
O6ubmuoTekn TITyOOKOoro oOydeHHsi oOmiero Ha3HaueHus, Takue kak PyTorch, TensorFlow. Orto
00yCIIOBJICHO MPOCTOTON MX HCIIONB30BaHMA W OOIIMPHBIM HAOOPOM HHCTPYMEHTOB Pa3pabOTKH.
PabGoter [2, 8, 10-11] ucnons3ytor PyTorch, ogHako ero mpumeHeHHe B KOHTEKCTe Tpaduku
peaJIbHOTO BPEMEHH COIPSKEHO C CYLUIECTBEHHBIMH HAKJIAJHBIMU PAaCXOJaMH, CBS3aHHBIMHU C
uHTepnperanyeld Python-koma ¥ HEBO3MOXXHOCTBIO HU3KOYPOBHEBOH PYYHOH ONTHMH3ALIUH.
Pemenusi, ocHoBanueie Ha TexHosornn CUDA wucnonezyemsie B paborax [6, 12], ominyatoTcs
BBICOKOM CTENEHBIO0 ONTUMM3AIMU 3a CUET aJalTallid K allapaTHbIM BO3MOXHOCTSM yCTPOMNCTB
NVIDIA, ogHaKo CyIecTBEHHBIM HEAOCTATKOM SIBJIETCS IPUBA3KA K KOHKPETHON HIKOCUCTEME, UTO
OTPaHWYMBACT IOPTUPYEMOCTh PEIICHUS Ha JPyTHe IUIATQOPMBI W CO3JAaET 3aBHCUMOCTH OT
MPONpPHUETAPHBIX TEXHOIOTHI.

OTaenbHO OTMETHM, YTO TPAJULUOHHBIE OMOIMOTEKH TIIyOOKOT0 00yUeHHsI ONTHUMH3UPOBAHbI JUIs
COTJIACOBAHHOTO BBINTOJHEHHUsI HEHPOHHOW CETH, TI€ BXOJAHBIC NaHHBIC COOpaHBI B OJUH HAabOp
(6aT4), U BBICOKAs MPOITYCKHAS CIOCOOHOCTHh IOCTHTAeTCS 3a CUET MapajuleNIbHON 00paboTKh
Oonpmoro kommdecTBa o6Opas3noB. OmHako B rpadUdeckoM KOHBeiiepe MOXKET HOTpeOOBaThCA
BBINIOJTHUTh HEHPOHHYIO MOZAENb TOJBKO ISl YacTH IHKCEJOB WM BBIIOJHUTH HECKOJIBKO
Pa3IMYHBIX MOJIENIEH ¢ pa3HBIMH JAaHHBIMU Ha Bxojae. Kak otMmedeHo B pabote [1], HHCTpyMEHTHI
JUIT MHTETPAlMd HEHPOHHBIX CETeH C IMOTEHIMAIbHO PACXOASIIMMCS HCIOJHEHHEM B S3BIKH
IporpaMMUpoBaHus mmeiaepos, Takue kak GLSL nnn HLSL, nmpaktudecku otcyTcTBYIOT. [ToMumo
3TOrO, JUI TIOBBIIICHHUA NPOU3BOIAMTENHHOCTU MPENNOYTUTENBHO HCIONb30BaTh AaIlapaTHOE
YCKOpEHHe MaTpUYHOr0 YMHOXKeHUs, noctynHoe B ycrpoiictBax NVIDIA, AMD u Intel. Jlanee
o0CynuM, Kak pemaTbh 3TH MNpoOJeMBl, U CPaBHUM HECKOJIBKO MEPCHEKTHBHBIX METOJIOB
BBITIOJTHEHHSI HEHPOHHBIX CEeTEH B 33/1a4aX KOMITBIOTEPHON TpaduK.

3. OnucaHue uccnedyemMbix Memodoe

3.1 Komnunupyemsblie Beca

OnvH U3 MPSIMBIX MTOJXOA0B K MCITOJNF30BAHHUI0 HEHPOHHBIX CETEeH B PEHICPHHTE — COXPAHHUTH BCE
Beca HEHpOHHOW cetn B medaepe. B 3ToM ciaydae oHM OyIOyT MOCTYITHBI KOMITWISTOPY, YTO
MO3BOJIMT TOMECTHTh HMX B KOII W TIPOBECTH [OMOJNHUTEIBHBIC ONTHMH3AINH, TaKhe Kak
pa3BopadrBaHNE IUKIOB W yOaJeHUEe W30BITOYHBIX MHCTpyKIuil. HemoctaTtkom 3Toro merona
SBIISICTCS HEOOXOIUMOCTh CO3aHUs OTACITBHOTO MIeHepa Al KaKI0H HCITOb3yeMOoi HEHpOHHOM
CeTH. DTO YCIOXKHAET UX HUCIIOJIb30BAHNE TIPY BBHITOJHEHWH OOJBIIIOTO YHCIa MOJIETIe B TeUeHUE
PEHIEPUHTA OJHOM CIICHBI.

3.2 Beca B 6ydepe

Hpyroii monmxon — 3arpykaTh NapaMeTpbl HEHpoHHOW ceTu B TioOanbpHyto mamate GPU
JIMHAMHUYECKH, a JOCTYN K HUM OCYIIECTBJIATH Yepe3 HMHIESKCHPOBAaHHWE BHYTPH Ielaepa. ITo
MO3BOJISIET MCIOJb30BaTh KOJ OAHOIO ILEHJepa A MOJENIEH pa3IM4HbIX pa3MepoB, NepenaBas
JIaHHBIE 00 apXHTEKType CETH KaK KOHCTaHThL. CyIEeCTBEHHBIM HEJIOCTATKOM SIBISIETCS TO, YTO
KXl OTAENbHBIM MOTOK MHOTOKPATHO 3arpyXaeT IMapaMeTpbl MOJEIM U3 BUICONAMSTH.
Vay4nmieHneM MOIJIO OBl CIY)KWTh HCIIOJIb30BaHHWE OBICTPON pa3fenseMoll MaMsITH IyTeM
TpeBApUTEIHLHON 3arpy3Ku HEOOJNBIIOTO YHCIa MapaMETPOB B HEE W BBIOJIHEHHE OJOYHOTO
MaTpPUYHOTO YMHOJKEHHUS, HO JaHHasg BO3MOXHOCTb JOCTYNHA TOJBKO B BBIUHUCIUTEIbHBIX
(compute) meiinepax.

3.3 AnnapaTHoe yckopeHue ¢ ucnonb3soBaHuem Cooperative Vectors
Pacmmmpenne Cooperative Vectors s coBpeMeHHbIX rpadudyeckux API [13] mpemocraBnsier
BBICOKOYPOBHEBBIII MHCTPYMEHT AJIsl ONUCAHUS MATPUYHOTO YMHOXEHHUS B KOAe Ilieijepa, B
KOTOPOM KOMITWJIITOP OTBEYAET 32 00bEIMHEHNE BXOJHBIX BEKTOPOB € Pa3HBIX IOTOKOB B MaTPHUILy
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Juts1 3()(hEeKTUBHOTO MIEPEMHOXKEHHS C NCIIONIB30BAHUEM TEH30PHBIX siaep. C ero MosBIEHHEM cTalla
BO3MOXXHOW pean3ainus MpsIMOTO MPOXojJa HEUWPOHHOM CETH, COBMECTHMMAs C CYIIECTBYIOIICH
MOJETBIO TIPOrPaMMHUPOBaHUs rpadHIecKux meraepos. Pacmmpenne He TpeOyeT, 9TOObI JaHHbBIC
B pasHbIX MOTOKAaX OBUTM OJMHAKOBBIE, YTO MO3BOJISIET 00pabaThiBaTh HECKOJIBKO HEHPOHHBIX
Mozeneit B ogHoM Iiedaepe. CKOpOCTh BBINOJTHEHUS MOBBIMIACTCA 3@ CUET HESBHOM 3arpy3ku
rapamMeTpoB MOJEIHN 110 HEOOXOAMMOCTH ¥ BBIIIOJIHEHHSI YMHO)KEHHSI MaTPUI] U aKTUBALIUI CIIOEB C
anmapaTHbIM ycKopeHHeM. [laHHbI MeTon TpeOyeT MOAIEp)KKU paclIMpeHHs B rpadHyeckoM
ZipaiiBepe.

BrimenepeuncineHHble METOBI BBIOPAHBI ISl UCCIIEAO0BAHUS 110 CJIETYIONIMM NpUYUHaM. MeTo bl
3.1 u 3.2 MoryT OBITH peaJM30BaHbI MPH IOMOINU CTaHIAAPTHBIX omeparuii rpapuyeckux API,
MO3TOMY NPUMEHUMBI Ha OOJNBIIMHCTBE IUIaTGOpM, BKItoYas MoOwmiabHbIE. [Ipyn 3TOM mepBblit
TEOPETHYECKH CIIOCOOEH I0Ka3aTh JIYYILIYIO NMPOU3BOAMTEIBHOCTD, €CIIM KOMIMJIATOPY YyIacTcs
PAacIIOI0XUTh TapaMeTpsl MOJIETH B Ooiiee OBICTPOIl mamsTu. Bropoii MeTo He 3aBHCUT OT CaMHX
mapaMeTpoB ¥ TPEIOCTABIIET BO3MOXKHOCTh WX IWHAMHYECKOW 3arpy3ku. Metox 3.3 merko
BCTPauBaeTCsl B CYLIECTBYIOIUMN KOHBEHEp pEHIEpUHIa INPOCTOM 3aMEHOM aHaTUTHUYECKHUX
BBIYMCIICHNH Ha OLEHKY HeHpoHHOWH Mozaenu. OH NPenoCTaBiIsIeT BO3MOXHOCTbH BBITTOJHEHUH
HEHPOHHBIX ceTell BO BCEX TUNAaX LIEHAEpPOB, B TOM 4YMCIE B KOHBEWepEe TpacCUpOBKHU nyuyeil. B
Merone 3.3 Takxke MOJAEPKUBACTCA OOBEIUHEHHE HECKOIBKHX ITOCIEIOBATEIbHBIX OICpalui,
TaKUX KaK YMHOXXCHHE MaTpHIbl BXOIHBIX JaHHBIX Ha MaTpUIly BECOB, NPUOABICHHE MaTpPHIIbI
cABUTa, TNpUMEHeHHe (QYHKIUM aKTHBallMM, YTO TIO3BOJSIET M30€XaTh IPOMEKYTOUHBIX
peoOpa30BaHMil TaHHBIX IS HX HETIPEPHIBHOM 00pab0TKM HAa TEH30PHBIX SIpax.

4. Pesynbmambl

4.1 O6Lwee onucaHne 3KCNepUMMeHTOB

B xoze skcnepuMeHTOB ObLia mpoBepeHa padoTa KaXJOro M3 METOAOB Ul Pa3HBIX Pa3MEpoB
HelpoHHBIX Mozeneir. Metoas! 3.1, 3.2 u 3.3 Oputn peanu3oBaHbI ¢ Ucmonb3oBaHueM Vulkan AP,
B MeTojie 3.3 MOMONHUTEThHO BKIOUeHO pacmmpenue VK NV _cooperative vector. B xauectse
SI3bIKA JUUTs HAMMCAHUS rpaMIeCcKUX MEeHIepOB NCTIOIB30BANICS S3bIK Slang ¢ OTKPBITHIM HCXOIHBIM
kozxoM [14]. s u3mepeHus IpOU3BOJUTEIHHOCTH MTPUMEHSUIHCH BpeMeHHbIe MeTkH Vulkan API.
Bce skcnepumenTsl npoBoauirch Ha Bugeokapte NVIDIA RTX 3080 10GB c Bepcueit npaiisepa
572.42 B pazpemrennu 1920x1080, mapameTpbl Mopened OBUIM IPEICTABICHBI B YHCIAX C
IUlaBamome Toykod mnosoBuHHOM TouHOocTH (floatl6). JIist OLEHKHM W CpaBHEHHS METOJIOB
BBITIOJTHEHHS HEHPOHHBIX MOJieJiel ObIIIM BBIOPAHBI CIIETYIONINE 3a/1auH:

4.2 NpeacraBneHne NOBePXHOCTEN C NOMOLLbIO HeMPOHHbIX SDF

DyHKIUSA PACCTOSHMS CO 3HAKOM B TPEXMEPHOM IPOCTPAHCTBE — 3TO oToOpaxkenne R3 — R,
MIOKa3bIBAIOIIEE PACCTOSIHAE OT JaHHOH TOYKM [0 TPaHHIBl HEKOTOPOro ITOJMHOKECTBa
NpoCTpaHCcTBa. 3HAK (DYHKIMU ONpPEeNsieT, HAXOAUTCS JIM TOUYKa BHYTPH HIIM CHAPYKH MHOYKECTBA.
Takne QyHKIMM SBIAIOTCA YHUBEPCAIBHBIM CIIOCOOOM IIPEICTABIICHHUS T€OMETPHH, CIIOCOOHBIM
aNMpOKCHUMHPOBAaTh IOBEPXHOCTH, 3aJaHHBIE B HMHOM BHJAE, HANpHUMeEp, BOKCENH, CETKU
TPEeYTOoJLHUKOB ¥ Apyrux. Tpaguumonno SDF 3amaroTcst aHanuTHUECKH TIPU TIOMOIIH TEXHOJIOTHI
KOHCTPYKTUBHOM OJIOUHON F€OMETPHH, /1€ TIOBEPXHOCTH CTPOUTCS U3 TPUMHUTHBOB M OTIEpAIUi HaJT
HUMH. XOTS 3THM CIOCOOOM MOXKHO 33/aTh JOBOJBHO CJOXHBIE IOBEPXHOCTH, €r0 TPYAHO
UCTIONB30BATh ISl MOAEINPOBAHUS NMPOU3BOJIBHBIX 00BEKTOB. B TO ke BpeMs HeHpOHHbIE MOJIETH
CIOCOOHBI ANNpPOKCHMHUPOBATH CIJIOXHBIH CHI'HAN, TaKOH Kak (YHKIHS DPAacCTOSHUS, W MOTYT
SBISITECSL  HENPEPBIBHBIM M 1U(depeHupyeMbIM IpeAcTaBieHneM [2], YTO MO3BOJIIET,
HCIIOJIB30BATh X JIJIS 3aj1a4 00paTHOTo peHaepunra [3-4].

Pa3Burue HeHpoOHHBIX apXuTekTyp Ansd mnpeicrasieHus SDF mpomo myTs oT mpocTedmmx
MoJeNiell ¢ JIaTeHTHBIMH BeKkTopamu [15-16] no Oosiee CHOXHBIX CTPYKTYp, HCIOJB3YIOIINX
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okTonepeBbs [17] u xam-Tabmuipl [6]. B manHON paboTte AJisi CpaBHEHHS BEIOpaH 0a30BbIi MMOAXO:
MHOTOCJIOMHBIN MEPUENTPOH € nepuoandeckon Gpyukimeit akruaiuu — SIREN [2].

B namewm cpaBHeHnu s pernepunra SDF ucmonb3oBacs cTaHIapTHRIH HTEPAIIHOHHEIN alTOPUTM
Sphere Tracing [18] ¢ makcumanpHBIM wrciaoM maroB paBHbM 100. Heifipornsie SDF Opuan
oOyuensl Ha Mogenu Armadillo [19]. Ins Hamrero uccienoBanust o0y4ensl BapuanTsl SIREN Ha
CeTKe THIIepapaMeTPOB: YUCIO CKPBITHIX CIOEB ceTh Lgppy € {2,3,4,5}, mmpuna cnost Heppy €
{16,32,64,128}. Ha puc. 1 mn3oOpakeH PEHAEPUHT MOJEIH C KaKIAOH W3 PacCMOTPEHHBIX
KOH(HUTypannii (IlepBoe YUCIO — YUCIO CKPBITHIX CIOEB, BTOPOE — IIMPHHA CIIOS).

(2x16]
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Puc. 1. Penoepune netiponnoti SDF ¢ sapbupyemvim KOIUYECMEOM CKPLIMBIX CI0EG U WUPUHOLU Cemu.
Fig. 1. Neural SDF rendering with varying numbers of hidden layers and network widths.

Ha puc. 2 u B Tabn. | mpuBeJeHB pe3yabTaThl 3aMEPOB BPEMEHH BHINOHEHUS HEHPOHHBIX SDF
Meronamu 3.1-3.3 mpu pasHOM 4YHCIE NapaMETPOB MOJENH. DKCIEPUMEHTHI MOKa3alH, 4TO
pa3nauuus BO BpEMEHU BBIIIOTHEHUS JUIS OJHON U TOM K€ MOJENIH MOTYT JOCTUraTh TPEX MOPSAKOB.
Tak, MeTox ¢ KOMIMIMPYEMBIMH BecaMH (Ha3BaHHBIH TaKKe «Beca B 3aroJIoBKe» Ha pHC. 2)
JIEMOHCTPHPYET OTHOCHUTEIIFHO BBICOKYIO MIPOM3BOIUTEIBHOCTD MPH MAJIOM pa3Mepe BHYTPEHHETO
ciosi. OTHAKO MPH MOBBILICHUH €T0 ¢ 32 10 64 HaOmogaeTcs pe3kuii pOCT BpEMEHH BBITIOTHEHHS,
00 BO3HMKAIOT OMMOKK CO3/1aHUs KOHBelepa B ApaiiBepe (00o3HaueHs! kak E B Tabmumax). Kak
BUJIHO U3 TaOl. 1 MpUMEHEeHue NaHHOTO METoJa Ul OOJIBIIOTO YHCIIA CIOEB MIIM pa3Mepa Clios
MPaKTUYEeCKH HEBO3MOXKHO. MeTox 3.2 moka3bpIBaeT JMHEHHBINH POCT BPEMEHH BBIIIOJIHEHUS MPH
YBEJIMUEHUH YHCNIA NapaMeTpoB. [ ManblX MOAENEeH OH yCTymaeT B MPOU3BOJUTEIBHOCTH, HO
COXpaHsAeT NPUMEHUMOCTS IIPH JII000M pa3Mepe MOJIEIH, XOTS U C CYLIECTBEHHBIMH PAacX0laMH Ha
noctyn k namsatu. Meron 3.3 (Cooperative Vectors) OKa3bIBaeT JIydIIyiO TPOU3BOAUTEIBHOCTD U
CTabUIIBHO PabOTaET MPU BCEX PACCMOTPEHHBIX pa3Mepax MOJIECICH.

43



Milin N.A., Rodionov R.O., Frolov V.A. Comparison of approaches to the use of neural model in computer graphics. Trudy ISP RAN/Proc.
ISP RAS, vol. 38, issue 3, part 3, 2026. pp. 39-48.

—— Cooperative Vectors

R Beca B 6ydepe

103 &
Beca B 3arofioBke

& o @ 2cnoAn

H 3cnoAn

1024 @ 4 cnos

A 5 cnoés

CpefHee Bpems, MC

1014

103 104
Yucno napaMeTpoB

Puc. 2. Bpems evinonnenus netiponnoti SDF npu paznom uucie napamempos mooenu.
Fig. 2. Neural SDF execution time for different numbers of model parameters.

Tabn. 1. Bpems vinoanenus Hetiportot SDF.
Table 1. Neural SDF execution time.

I[MapameTpsl MoaeH (YUCJIO CJI0EB X INMPHUHA CJIOS)
Meron 2x16 2x32 2x64 2x128 3x16 3x32 3x64 3x128
pean3auuu 4x16 4x32 4x64 4x128 5x16 5%32 5%64 5x128

Cpennee BpeMsi, MC

Cooperative 1.372 2.463 5.375 22.823 | 10.867 | 19.704 | 46.396 | 38.455
Vectors 14102 | 15.695 | 14.606 | 73.173 2.636 6.087 19.630 | 95.288

7.014 97.412 | 366.468 |1600.818 | 14.836 | 186.662 | 728.016 |2998.196

Beca B 6ydepe
21.616 | 271.430 |1072.837 E 30.232 | 360.798 |1421.615 E
Kommumupyemsre | 1425 | 101.678 E E 2.492 | 215.939 E E
Beca

E E E E 8.448 E E E

4.3 MogenupoBaHue MaTep1anoB C NOMOLLbLI HeMpOoHHbIX BRDF

JIByHampaBieHHast GyHKIHS oTpaxaresbHO#l criocooHoctH (Bidirectional Reflectance Distribution
Function, BRDF) siBisieTcsi KIr04eBOH XapaKTePUCTHKON MaTephaia, ONpeAeNsionel T0KAIbHOe
MmoBeieHne OTpak€HHOTo cBeTa. OHAa 3aBHCHUT OT HANpaBlIEHUN MNAJAIOIIET0 M OTPAXEHHOTO
U3IYYCHUs, U, TAKAM 00pa3oM, MPEACTABISCT COO0H YSThIPEXMEPHYIO (DYHKIIHIO B IPOCTPAHCTBE
yriioB. B ornuume oT aHaNMTHYECKHX MOJENel, CIIOCOOHBIX NPEACTABIATH JIMIIL HPOCTEHINNE
Mmarepuansl, HeiiponHsle BRDF (NBRDF) [20] mo3BONSIOT anmpOKCHMHPOBATh CIIOXHBIE H
aHM30TpONHbIe Marepuanbl. OHM oOecneynBaloT Oojee TOYHOE BOCIIPOM3BEJCHUE pPEalbHBIX
MaTepHalioB Ha OCHOBE M3MEPEHHH, SBIISISICH IIPH ATOM JI0CTaTOYHO KOMIIAKTHBIM IPEACTaBICHUEM
10 CPAaBHEHUIO C TaOJIMYHBIM XpaHEHWEM HM3MEPEHHBIX 3Ha4eHWH. 11 XOTs pa3BuTHE HEHPOHHBIX
BRDF Taxke nponuio GONbIIOHN IMyTh, B OCHOBE OOJBIIMHCTBA METOJIOB JISKUT HCIOJIb30BaHUE
HEHPOHHOTO JEKOJIepa, HEMOCPEACTBEHHO 3aIIOMUHAIONIETO MaTepual [20] i BOCIPOU3BOSIIETO
€ro U3 JaTeHTHOro npeactapiaeHus [1].

Jist sxcniepumenToB Ol 00y4uensl Mogenn NBRDF Ha ceTke runeprnapaMeTpoB: YHCIO CKPBITHIX
cnoéB cetu Lygrpr € {1,2,3,4}, mmpuna cnost Hygppr € {16,32,64,128}. [ns tectupoBaHus
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BbIOpaHo 10 M30TPOIHBIX MaTepraioB u3 Habopa nanabix EPFL RGL [21], n300pakéHHBIX Ha pHC.
3 (cneBa). [l 3aMepoB KadecTBa IIPOM3BOJHUIICS PEHIEPHHT C HCIIOIb30BaHHEM KapThl OKPY)KCHHUSL.
3rageHnss MeTpuku SSIM nmns m300pakeHUi, MONYYCHHBIX C Pa3IMIHBIME KOHQUTYpAIHSIMA
MOJIeIH, TTOKa3aHbl Ha puc. 3 (crpasa).
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Puc. 3. Hcnonvzyemvle 6 cpasnenuu mamepuanvt u3 nabopa dannvix EPFL RGL [21] (cresa),
cpedHnue 3Havenus u cmanoapmuoe omkionenue SSIM 0ns pasnuunvix kongueypayuii NBRDF (cnpasa).
Fig. 3. Materials from the EPFL RGL [21] dataset used in the comparison (left),
standard deviation of SSIM for different NBRDF configuration (right).

Ha puc. 4 u B Tabn. 2 npuBeeHBI PE3yNbTAaThl 3aMEPOB BPEMEHHU BHITIOTHEHUs HEHpoHHBIX BRDF
MetoaaMu 3.1-3.3 mpu pa3sHOM UHCIIE MapaMeTpoB MOJENH. OKCHEPHUMEHTHI IMOKa3ald, 4TO
pas3jinurg BO BPEMCHU BBINIOJIHCHUA JISA OI[HOﬁ U TOU XKe MoOA€JIM MOI'YT AJOCTHUIaTh YCTBIPEX
TMOPAAKOB. Tak K€, KaK U B OKCIICPUMEHTaX C MOACTIAMU HOBerHOCTeﬁ, METO C KOMITUJIMPYEMBIMU
BECaMH ICMOHCTPHPYET OTHOCHTEIHHO BBICOKYIO IPOHM3BOIWTENBHOCTH TPU MajlOM pa3Mmepe
BHYTPEHHETO cJ0s. Ho mpH ero MoBHIIEHUH HAOIIOaeTCs pe3Kasi moTeps MPON3BOIUTEIFHOCTH,
00 ero MpUMEHEHNE CTAHOBHUTCS HEBO3MOXKHBIM. MeTo 1 3.2 MOKa3bIBACT IMOYTH JTUHEHHBIA POCT
BPEMEHU BEITIOTHEHUS TIPH YBEJIMUYCHUN YUCIIA ITapaMeTpoB. I MajbIX MOJeNeil OH yCcTymnaeT B
MPOM3BOIUTEIBHOCTH, HO COXPAaHSAET MPUMEHUMOCTh MpPH JIIOOOM pa3Mepe MOJCIH, XOTSI U C
CYIIECTBEHHBIMH PacX0aMH Ha JIOCTYI K MaMSITH. AHAIOTUYHO SKCIIEPUMEHTY ¢ HelfiporHOME SDF
meton 3.3 (Cooperative Vectors) TOKa3pIBaeT JIYHYIIYH MNPOU3BOJUTENLHOCTh W CTaOMIBHO
paboTaeT Impu BceX PacCMOTPEHHBIX pa3Mepax MOJeINei.

5. Bbi80ObI U 3aK/04YeHuUe

B pamkax uccnenoBaHus ObLT TPOBEICH CPABHUTEIEHBINA aHAIN3 PA3IITYHBIX METOIOB BEITIOTHEHUS
HEHUPOHHBIX MOJENeld B 3ajayax PEHIEpPHUHra peajbHOro BpPEMEHH. DKCHEPHUMEHTHI BKIIOYAIH
peanu3anmio ¥ U3MEpEeHNe NPOU3BOAUTEILHOCTH PA3IMUHBIX ITOAX0/I0B K BHIIIOJIHEHUIO HEUPOHHBIX
SDF u BRDF. [lomyueHHBIE DaHHBIC TO3BOJIIIOT CHENATh OOOCHOBAHHBIA BBIBOA O TOM, YTO
3¢ (eKTUBHOE BBINIOJIHEHUEC HEHPOHHBIX MOJICNEH B 3ajadaXx TpauKH pPealbHOTO BPEMEHHU
BO3MOXHO. OHAKO B KaXJOM KOHKPETHOM CiIydae HEOOXOJHMM TIHIATENBHBIA BBIOOP CTpATETHH
peaNn3anyy ¢ y4eTOM CIEUPUKH 3a]a4H U IIeJIeBOH TIATHOPMBI.

HefipocereBoe mpencTaBiicHHE NOBEPXHOCTEH, KaK IPABWIO, TPEOYyeT NPHUMEHEHHS CIIOKHBIX
apxutekTyp. PaccMoTtpennas apxutektypa SIREN cmocoOHa KadecTBEHHO PEKOHCTPYHPOBATH
MEJIKUE JeTalld TOJIbKO TIPY HCIIOJIb30BAHMHM OTHOCHTEIHHO OONBIION ceTn. B cBoto ouepens,
anroput™M Sphere Tracing mpeamnonaraeT MHOTOKpPAaTHBIE BBIYUCICHNUS (QYHKIUH PACCTOSHHSA, 9TO
BIIEYET 32 COOOH BBICOKHME BBIYHMCIUTENIbHBIE 3aTpaThl. B CBSI3M ¢ 3THUM B paccMaTpUBaeMOM
CIleHapuH HanOoJiee 000CHOBaHHBIM SIBJISIETCS BBIOOP MeTona 3.3.
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Puc. 4. Bpems évinonnenus netiponnoti BRDF npu paznom uucie napamempos mooenu.
Fig. 4. Neural BRDF execution time for different numbers of model parameters.

Tabn. 2. Bpems vinoanenus Hetportot BRDF.
Table 2. Neural BRDF execution time.

I[MapameTpsl Moae M (YUCJIO CJI0EB X INMPHUHA CJIOS)

Meroxn 1x16 1x32 1x64 1x128 2x16 2x32 2x64 2x128

peajn3anum 3x16 3x32 3x64 3x128 4x16 4x32 4x64 4x128

Cpennee Bpemsi, MC

Cooperative | 0019 | 0020 | 0024 | 0034 | 0021 | 0028 | 0062 | 0.184

Vectors 0.022 0.037 0.099 0.336 0.024 0.047 0.136 0.485

0.059 0.106 0.205 0.438 0.138 1.910 7.121 36.166

Beca B Oydepe
0.221 3.758 13.972 71.517 0.308 5.472 20.719 | 106.933
KOMIHIMpyeMbIe 0.064 0.038 35.360 138.829 0.051 1.850 E
Beca 0.090 3.627 E E 0.516 5.429 E
Cook-Torrance 0.027

B NpOTHBOMONIOKHOCTS MPEACTaBICHUSM IOBEPXHOCTH, JUI IPEACTaBICHUS MaTEpPHAIIOB
JIOCTaTOYHO KOMIIAKTHBIX Mozeneil. [IpuemiieMoro amst peHiepruHra B pealbHOM BPEMEHH KadecTBa
MOXHO JIOCTHYB yX€ C JIByXCIOHHOW CeThi0 HEOOJNBIION IMPHHEI (B OPUTHHAIBHOW padoTe 110
NBRDF npennaraetcs HCIOIh30BaTh JBa BHYTPEHHHUX CJIOS IMUPUHEL 21). B TakoM ciaydae MeTon
3.1 npencraBmser co0Oif ONTHMaNBHBI OamaHC  MEXIy IPOM3BOAMTEIBHOCTBIO U
KpoccutaTopMeHHOCThI0. B TO ke Bpemst meron 3.3 oOecrieuynBaeT CKOPOCTh PEHIECPHHTA,
COTIOCTaBUMYIO C aHATUTHYECKHIMH MOJAESIMH (HampuMmep, ¢ KiIacCHueckod Moxenpio Kyka-
ToppeHca), 4TO O3BOJISIET 3aMEHATH X HEHpOCETeBEIMU 0€3 IToTepH MPOU3BOAUTEILHOCTH.
Takum 00pa3oM, MOXHO chenarh ciemylomue ob6oOmenus. Merogom 3.1 MOXHO BBIIOJHATH
TOJIbKO HebobIre Moieny, (10 mpuMepHo 2000 mapameTpoB Ha BugeokapTe NVIDIA RTX 3080),
HO OH II03BOJISIET MOJYYHUTH BRICOKYIO CKOPOCTb, M HE OTpaHIMYeH KOHKPETHOH I1atdopmoi. Metox
3.2 MOeT OBITh HCITOJIB30BAaH, €CIIM HY)KHO TIEPEHOCHMOE PellieHre, padoTaroIIee C TFOOBIM YUCIOM
napamMeTpoB, W 3ajada He TpeOyeT OOJNBIIOrO YMCiIa OIMEHOK Mojenu. Merom 3.3 sBusieTcs
MIPEANOYTUTEIFHBIM, €CJIH IEJIEeBBIM OO0OpPYIOBAaHHUEM SBIAIOTCS COBPEMEHHBIE TpaduyuecKue
YCKOPUTEIH, MMEIOIe NOoAep KKy pactmupenus Cooperative Vectors.
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