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OHEHKA TOYHOCTH BOCCTAHOBJIEHMS ITOJIMT'OHAJIBHBIX CETOK
INPOCTPAHCTBEHHBIX BUIEON30BPA’KEHUHN B TPEXMEPHOM ITPOCTPAHCTBE

Paccmampusaemes 0606wennan cxema MOYHOCMU BOCCMAHOGIEHUSL NOJAULOHANILHBIX CEMOK Npo-
CMPAHCMBEHHBIX 8UOEOU300PANCEHUTI 8 MPEXMEPHOM RPOCMPAHCNEe C MUHUMANLHOU NOZPeuHOCmbIo. AHa-
JUBUPYIOMCS pazHble nPeodpaz08anus Ojis NOGbIUUEHUA KaYecmea 80CCmanosieHus uzoopaxcenus. Iloxkazano
OCHOBHASL XapAKMePUCMUKA 00beKmMA - HOZPEULHOCHIL USMEPEHUSL KOOPOUHAM MPUAHZYIAYUY U300PAdNCEHUSL
nocie e2o 80CCMAHOBNEHUSL.

Knaroueesie cnoea: nonueonanvHas cemxa, mpexmepHoe u300padicenie, no2peuHoCcmy, MpUaH2yIayus.

Ilpobnema BoccTaHOBJICHHSI TIOBEPXHOCTEH, 3a-
JAHHBIX Pa3IMYHbIMK CIOCOOaMU, BOZHUKAET BO MHO-
rux oOnacTsx: TeJeBUICHMM, MaTeMaruke, (u3MKe,
MeMLIMHe, MaulMHHOW Trpadrke U reouHpopMalyoH-
HBIX CHCTEMax TpHU MOZEIMPOBAHWM MOBEPXHOCTEH 1
peLIeHNH POCTPAHCTBEHHBIX 3aad [1].

3anaya MOCTPOEHUS MOJUTOHAIBHBIX CETOK SB-
JIsleTcd OJHOM M3 0a30BUX B BBIYHUCIIMTEILHOMN reo-
METpPHH.

AKTyasbHOH 3afadeii TeneBuAeHUs B pa3HbIX 00-
JIACTSX YeIOBEYECKOW AeATeTbHOCTH Ha CerOAHSLIHUIMA
JIeHb SIBJISIETCSl TIOJyYeHHe KadeCTBEHHBIX Tpexmep-
HBIX Mozesield peasibHbIX 00bekToB. [Ipu 3TOM HEoO-
XOJIMMO OLIEHUTh BaKHbIE XapaKTEePUCTHUKH, TaKue
KaK OTHOIIEHHWE CHUTHAN/IIYM U TIOrPeIHOCTh U3Me-
PEHHS TPEXMEPHBIX KOOPIWHAT.

OmHUMM W3 METOJOB OINHWCAHUS TPEXMEPHBIX
n300pakeHri B COBPEMEHHOM TENIeBU/ICHUH, €CTh TO-
JIMTOHAJIbHO-CETOYHBIA METON . DTOT METO OMHCHIBA-
€T TpexXMEpHble TOBEPXHOCTH TpHaHrymsauued J[le-

JIOHE, COCTOSIIIEH U3 KOOPAUHAT BEPIIHMH 3TOr0 00b-
eKTa U mopsiaka ux coeguHeHus. Tpuanrynsuus [e-
JIOHe, 00JIaaeT PSIIOM MPAKTUYECKH BaXKHBIX CBOMCTB.
Eciau BHYTpb OKPY>KHOCTH, OMUCAHHON BOKPYT J1t000-
ro NOCTPOEHHOI'O TPEYroJibHUKA, HE TIONaaeT HU OJHa
Y3 33JJaHHbIX TOYEK TPUAHTYJISALIMU, TO 3Ta TPUAHTYJIsI-
uus yaoBieTBopsieT ycnosuto [enone (puc. 1).

[Ipu nmony4yeHrn TPUAHTYIISALMN BO3HUKAET 3aja-
4a, pelieHue KOTOPOH MOMKET MEHSTHCSl Ha Pa3IMUHbIX
e€ yuactkax. Hanbonee yacto Takas 3ajjaua BO3HUKaET
MpU TPEXMEPHOM BU3yallM3alMK CJIOXKHBIX MOAENeH,
KOra B HEKOTOPOM CEKTOpe BOJM3M TOYKU 3PEHHMS
HEOOXOIMMO UMETh TPUAHTYIISALHIO BBICOKOTO paspe-
LIeHUs, a 1 YAalIeHHbIX 00J1acTeii — HU3KOro.

Lenbio naHHOM pabOThI SBJSETCS  ONMCAHUE
CJIOJKHBIX pealTbHbIX TPEXMEPHBIX OOBEKTOB TOJIUTO-
HAJILHOM CETKOI C BBICOKOM TOUHOCTBIO. A TaKXKe BOC-
CTAaHOBJICHWE WX C MHUHMMAJIBHO JOMYCTHMOM TIO-
[PELIHOCTHIO KOOPAUHAT ONUCHIBAEMOI CETKU.
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Pucynok 1 — Tpuanrynsuus Jlenone

Jlyis Toro, 4ro Obl ONKUCATh CIIOXKHBIE TPEXMeEp-
Hble 00BEKThI, HEOOXOIMMO YBEIUYMUBAThL JeTaIn3a-
LU0 CETKU B CJIOXKHBIX OOJIACTSAX, YTO MPHBOAMT K
HepaBHOMEPHOI BBHIOOpKE B TPEXMEPHOM MPOCTPaH-
ctBe. TpuaHTryIALHUOHHBIE MOJEM TO3BOJISAIOT TOY-
HO onwcarh (opMy MOBEPXHOCTH, OJHAKO BO MHO-
rUX ajJropuTMax aHajam3a TpeOyercs, 4ToOBI Tpe-
YrOJILHUKH OBUTH JJOCTATOYHO MajieHbkuMu. Hanbo-
Jiee OCTpPO 3Ta mpobsieMa BCTaeT MPH MCIOJIb30Ba-
HUU Pa3IMuHBIX METOJIOB KOHEYHBIX 3JIEMEHTOB W
TIpY BU3yaJM3alluK peanbHOro oobvekra. Takas 3aga-
ya, oOpaTHas K YNPOIUEHHUIO TPHUAHTYJISALMH, Ha3bl-
BaeTCs 3aJauel eTau3aluy TPUAHTY IS IHH.

[Ipy nmeranuzaumu OTHENBHBIE TPEYTOIbHUKH
TPUAHTYJISIMK  Ppa3OMBalOTCd HAa MEHbBIINWE Tpe-
yroibHukM. Hanbosiee pacnpocTpaHeHHbIM —Ha
TIPaKTHKE SIBJIAETCS BapUaHT C BHIOOPOYHBIM pa3ou-
eHueM pédep Ha ABe yacTu. BHauasie cpenu Bcex
pEGep TpUAHTYJISLMKU BbIOUpatoTes Te pedpa, JIMHa
KOTOPBIX TPEBBIIIACT HEKOTOPBIN JOMYCTUMBIN T10-
por. B 3axitoueHue mocepeauHe HaiileHHbIX peoep
BBITNIOJIHSETCS BCTaBKa HOBOro y3na. Pa3OueHue pé-
Oep W BcTaBKa HOBBIX Y3JIOB — sIBIIsieTCsl Haubosee
MPOCTOM B pealiu3allid U, KaK MPaBWIIO, JaeT IMPH-
eMJIEeMOE€ KayeCTBO anmnpoOKCHMMAaLUd TPEXMEPHOIrO
o0ObeKTa.

Htak, ans mocTpoeHUs CIOXKHBIX OOBEMHBIX
00BEKTOB HCIOJB3YeTCsS CeTKa C He SKBUAMCTaHT-
HbIM IaroM [2], 4TO TO3BOJISIET ETATU3UPOBATH
00BeKTHI ¢ O0JIee BEICOKOI TOYHOCTHIO.

COOTBETCTBEHHO, [JIs1 BEICOKUX YacTOT, T.€. AJIs
CJI0XKHBIX YYaCTKOB OOBbEKTa HEOOXOJUMO OIMUCHI-
BaTh OOJIBLLIMM KOJIMYECTBOM TPEYrOJIbHUKOB, U MPH
STOM BbIOMpaeM MeHbllle [ar auckperuzauuu. s
HU3KMX YaCTOT, T.€. Il MEHEE CJIOKHBIX YUaCTKOB
00beKTa yBeJIMYMBACM LlAr JAMCKPETH3allMH, U KO-
JIUYECTBO TPEYTOJIbHUKOB MPU STOM YMEHbIIAaeTCs
5TO BUJHO MO puc. 2 — 6.

Bce o0bekThl TpuaHrynsiuuu (tabn. 1) 3aparor-
csl: y3/iaMu, p€opamMu U TpeyroJibHUKaMu.

HNmes mepeurcriieHHble BUABI HUCXOIHBIX JaH-
HbIX, Mbl MOXXEM IOCTPOUTb OOBEKTHI, MEpelaB B
aJrOPUTM TMOCTPOEHUS TpuaHryasuuud Jleaone ¢
OTrpaHUYEHUSIMH BCE UCXO/IHbIEC TaHHbIE.

00BEKTHI M UX MapaMeTphl [3

Tabmuna 1 — Hccnemyemble TpexmepHbIC

]

Ne | O6wekr | Koa-eo | Kosn-Bo | Bp. Bo-
BEPLIMH | Tpeyr. | CTaH.

1 | Galleon 2510 4698 1,5¢

2 | Big spider 4670 9286 2¢

3 | Bunny 35947 69451 5¢c

4 | Dragon 437645 | 817414 10,6¢

Pucynok 2 — Kposmk, MOCTpOEHHBIH ¢ TOMOIIBIO
TpuaHTysuuu JlejgoHe ¢ He 3KBUIMCTAHTHBIM
1arom

PucyHok 3 — Galleon onucanubiii 4698 Tpe-
YroJIbHUKaMU

Jlns XpaHeHus] KOOpAMHAT TPEeXMepHbIX H300-
pameHuf/i C HEPaBHOMEPHLIM LIaroM AJUCKpETU3alun
TpeOyeTcsi 3HAYMTENbHbIM 00bEeM MaMsITH AJs ero
OIMKCaHMs, a TaK e HeoOXOIUM WHIMBUIYabHBIA
aJICOPUTM CHKATUsA [T KaKI0ro uzodpaxenus. s
CKaTUsl JAHHBIX TPEXMEPHBIX M300paKeHWil ¢ Mu-
HUMAJIbHO JIOMYCTUMBbIMU TOTEPSMU MOXKET ObITh
MpUMEHEH TpexMepHbIii aHanor Wavelet — npeo6pa-
30BaHMSI.
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PucyHok 4 — Big_spider onucanubiii 9286 Tpe-
YTOJIbHUKaMH

Pucynok 5 — Bunny onmcanubiii 69451 Tpeyro-
JbHUKaMU

modelsidragoridragon ply

Pucynok 6 — Dragon onvcannsiii 817414 tpe-
YronbHUKaMH

PaccMoTpuM Mo3TanHO BOCCTaHOBJIGHUE CHT-
HaJjia ¢ BICOKOW TOUHOCTBIO.

Ortan 1. 3a UCXOAHBIN CUTHA MPUHUMAaEM BEK-
TOpHBIE 3HAYEHUs, KOTOPbIE 3aBUCAT OT BPEMEHH U
yactoThl. CUrHaJ mpejcTaBisieT coboi TeH30p, KO-
TOpBII XapaKTepusyeT CKaThe WM pacTsHKeHHe U
n3MeHeHue (GopMBbI B KaXIOl Touke Npu mnpeoOpa-
30BaHUM KOOPJIUHAT.

KoMmoHeHTsl TeH30pa B TPEXMEPHOU JeKapTo-
BOM cucTeMe KoopAauHat (puc. 7) oOpa3yroT marpu-

y:

G111 O Op3

6 =[TIT?T%]= Gy O O3 |

G631 O3 O33
rae T — HopMaiu K MOBEPXHOCTAM ey, €5, €3.
TpexmepHoe u300pakeHHE MOXKHO CUUTATh
TpeXMeprlM CHUTHAJIOM, 3HAYCHUCM KOTOpOFO ABJISA-
eTCsl SIPKOCTh M 1IBETHOCTh Ka)KIOM TOYKHU H300pa-
JKCHHA, a mapaMeTpaMH — KOOpPAHWHATBI TOYKHU I10
TOPU30HTAJIH, BEPTHUKAJIK U TTO ITyOrHe.

Pucynok 7 — TeH3op B TpéxMepHOMH cucteMe Ko-
opAMHAT

Oran 2. [IpeobpazoBaHre KOOPAMHAT MPOUCXO-
T ¢ moMmolnelo ad(UHHBIX TpeoOpa3oBaHUM, KO-
TOpbIE Ha MPaKTHKe YA0OHO 3a/1aBaTh OJAHOM MaTpu-
ueil. Ilpyu 3TOM HMCNONB3YIOTCS OJHOPOJIHBIE KOOpP-
nuHatel. B obueM ciyyae mpou3BOsibHAsE mMarpuula
T pasmepa 4x4 3amgaeT MpoeKTUBHOE TpeoOpa3oBa-
Hue. Takue mnpeoOpa3oBaHUs HCIONL3YIOTCS IS
MPOeLMPOBaHUS TPEXMEPHOMH CLIEHBI.

Ry Ry Rj ¢
T— Ry, Ry Ry 8y,
Ry Ry Ryt

0 0 0

rue ”le " npeacTaBnseT coboil Marpuuy M-

HEMHOro omneparopa Hal MpPOCTPAHCTBOM Tpexmep-
HBIX BEKTOPOB, t,, f,, t, — pa3oxeHne kodbduiyeH-
TOB [TIOBOPOTOB 0 OCSIM X, V), Z. .

Ortan 3. BuIMOMHAIOTCS cHieKTpaibHbIE Npeod-
pa3oBaHMs, TaKUe KakK: IMCKPETHOe Npeodpa3zoBaHue
®dypbe, ITUCKpPETHOE KOCHHYCHOE NpeoOpa3zoBaHue,
Wavelet-npeobpazoBanusi.

Jlns TOCTpOEHUS CIEKTPOB TPEXMEPHBIX ce-
TOUHBIX OOBEKTOB PACCMOTPUM CHUTHAN f, KOTOPbIH
SBJISIETCSl TPEXMEPHBIM NEPUOANYECKUM CUTHAJIOM C
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neprogom 2°, mo Tpem koopamHatam f(x,y,Zz).

OrcueTsl 3agat0Tes Kak X, ),z €0: 2% 1.
JluckpetHoe npeobpasosanne Dypbe s JaH-

HOTO CUrHaJjia 3agaercsi popMyJIoi:

25125125 2mi(ax+by+cz)

F(a,b,c)=222f(x,y,z)eﬁ 2 s

x=0 y=0 z=0
rae a, b, c — NpOCTPaHCTBEHHBIC YaCTOTHI.

TpexMepHbIii DUCKPETHBIA CHEKTp I MOXKHO
BBIUMCIAWTD TIpu niomoin JAII®D nnsa kaxaon komro-
HEHTHI X,V,Z:

i
251251 251 _

Fabeo)= Y [ X[ f(xyz)e 2 e

x=0 y=0 z=0
rJie CyMMbI B KBAJIpaTHBIX CKOOKax IMpeJCTaBiIsIOT
co0oit onHoMepHbIe BbiumciaeHus 1D mo Tpem ko-
OpIvHaTaM CUTHaJAa f.

3amauy cxKaTHAg CTPYKTYpPhl TPHAHTYJSLIUN
MOJKHO YCJIOBHO pa3OUTh Ha JBe cocTaBjstouue: 1)
CXKaTue KOOPJAMHAT Y3JIOB U 2) C)KaThe TOMOJOrHU
[4].

[Ipy  wcnonbp30BaHMM  pacrpoOCTpPaHEHHBIX
CTPYKTYp JaHHBIX 3aTpaunBaeTcs 12-24 OaliT Ha
XpaHeHue KoopAauHaT Yy3noB (mpu 4- wim 8-
0alTOBOM MpeACTaBICHUN KOOPAMHAT).

Ortan 4. ClieayronyM aroM ajiropurma HiaeT
BEKTOPHOE KBAaHTOBAaHUE, a TaKXKe MPOUCXOJIUT
OrpaHUY€HUE YacTOThbl CUTHAla, a UMEHHO, Mpouc-
XOJUT (UIBTpaLMs HEKOTOPBIX KOMIOHEHTOB. Kpo-
M€ TOro, MOJYYUBUIMICS MOC/e KBAHTOBAHUS CUI-
HaJl OTJIMYaeTCsl OT PEaIbHOrO CUTHAJIA HA BEJIMUHHY
MOpsZiKa I1ara KBaHTOBAaHWSA. DTO paszinuyne HOCHUT
Ha3BaHUeE IIyMa KBaHTOBaHMS, U OHO MPUHLIUITHAb-
HO HEYCTPaHUMO.

[TosTOMYy, ompenenuM MOrpeHOCTH, 00yCIoB-
JICHHBIE LIyMOM KBaHTOBaHud I, I, I..

B nanHoM ciyuae cMmellleHUs BIOJIb CTPOKU Ha
OJVH MUKCENb BbI3bIBAET NpUpalleHUue KOOPAUHATHI
ITyOUHBI:

_ . 2miby

y = 2micz
N N
2 ] e 2

s

N L K
M=ngwo,n)+12rguw(z,zv>+k2zgew(k,l<>.

o

3neck [/, n U k — Tekyue HOMepa CTPOK M
CTOJIOLIOB M300paskeHMsl, MOJyYeHHbIe MOCIe BOC-
CTaHOBJICHUS;

I, no M k, — HOMepa CTPOK U CTOJIOIOB cdepbl,
JUTSE KOTOPO# KOoop/ivHaTa ITyOHMHbI IPUHSATA paBHOMN
HYJIFO;

L, Nu K — HOMepa CTPOKH, CTOJIOLA U TTUKCEIS,
JUIsl KOTOPOT'O OTpeessieTcsl AUCKPETHAs KOOpHAa-
Ta ryouHsl [5];

¢y > Ly> 0, — HOPMAJIM K TOBEPXHOCTSIM.

Ecom M =tge, , T0 norpemHocts 1, nory-
LIEHHas! MPY U3MEPEHUH, TIPUBOIUT K MOTPELIHOCTH,
C KOTOpO# BhIUMCHIAETCA {gQ, W, KaK CIEJCTBUE, K

MOTPEUIHOCTH BBIUUCIICHHUS KOOPAWHATHI TITyOWHBI.
Jlnst oObeMHOW MoOpeNu, JTUCKPETHOM B MpPOCTpaH-
CTBe, 3alIIeM BBIPAKEHHS Ui BBIYUCICHHUS T10-
rpemiHoCTH B AuddepeHuransHoit Gopme dMy, ,

dM, , dM,

atge,)
dMX = de])(

¥ .
b

av, - 209) 1
ol

Y

am, =2UE) 4y
ar

z

rae norpewHoctd dl ., dl,, dI, HeBemuku.

Oran 5. Cnenyromiee mpeoOpa3zoBaHHe, HEoO-
XOOMMOE ISl BBIYMCIICHUs TOMyCyMMBI U MOJypas-
HOCTH 3HA4YeHUWI KOOpJAWHAT JUis ToyueHus Ooliee
pPaBHOMEPHBIX 3HAUEHHH.

Otan 6. MoaenupoBaHue cpedvl nepeoayil, siB-
JSOIIeHCs KaHAIOM ¢ aJJUTHBHBIM OejbIM rayc-
COBCKHM IIyMOM.

Ha nmpumepe tecroBoii moBepxHocTH (pHC. 4),
OMUCAHHOM CETKOM, MpPOBEAEH SKCHEPUMEHT C
Wavelet-npeoOpa3oBaHUsAMU C pa3HbIM 1IarOM JIUC-
KpeTH3aluy C HOPMHUPOBAHHbIMU 3HauYeHusmu: 0,1;
0,3; 0,5; 0,7; 0,9, koTopble YAOBIETBOPSIIOT TEOPEME
KotenbHukoBa U nokasaH rpaduk (puc. 7) 3aBucHu-
MOCTM TOrpeLIHOCTH KoopauHat Big spider onu-
caHHOro 9286 TpeyrojibHUKaMu OT HOPMHPOBAHHO-
ro 3Ha4YeHH 1Iara IMCKpPeTH3alnu.

B 3akiroueHre OTMETHM, YTO MPH BHIOPAHHOM
nopore morpeimHocTd 3-107 (puc. 8) BbIOMpaem
ONTUMaJbHOE HOPMHUPOBAHHOE 3HAYEHHE IIara Juc-
kperusanuu 0,3. U3 BeIOpaHHOTO MOpOra MOXHO
caenath BbIBOABI, UYTO morpemHoctd B Wavelet-
npeobpasosanus J{obeu 4-ro nopsaka u npeodpa-
30BaHusl Xaapa Oombiie, yem y JloOemm 6-ro mo-
psilka Ha HECKOJIbKO MOPSIKOB, YTO W TO3BOJISIET
MOBBICUTh OBICTPO/ICHCTBUE AITOPUTMOB BU3YyalU-
3allMM TPeXMEpHbIX OOBEKTOB C OOJBLION TOYHO-
CTbIO BOCCTAHOBJICHHUSI.

[Ipennoxkena peanusanus CIOKHbBIX 00BEMHBIX
MOBEPXHOCTE B BHUIE CETKH, COCTOALIEH M3 KOOp-
JUHAT BEPLUMH 3TOro 00beKTa U MOpSaKa UX coelu-
HEHMS C He SKBUIMCTAHTHBIM I1aroM ONUCAHUS.

VBenuyeHue Aetaivzalii TPEeXMEpPHbIX H300-
pakeHuii obOecrieunMBaeTCs YMEHBLICHUWEM Liara
JUCKpeTU3alMu CETKH B CIIOXKHBIX 001acTsX, YTO, B
obuieM ciyudae, CBUIECTEIbCTBYET 00 3 HEeKTUBHOM
XpaHeHUH M OBICTPOM CUHTE3€ TPEXMEPHBIX 00bEeK-
TOB.
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T HODMMDYIOLLIEND THBUEHNA WSEH ANCKPETHIZIMN

Pucynok 8 — 3aBHCHMOCTD MOTPELTHOCTH
KoopauHat oobekTa Big spider oT HOpMUPOBaHHOTO 3HAYEHUS LIara IMCKPETH3aLNH:
1 — Wavelet-npeobpazoBanue Xaapa; 2 — Wavelet-npeodpazosanue {oOewu 4-ro nopsaka;
3 — Wavelet-npeoOpa3zopanue — Jlobein 6-ro nopsaka
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OIIHKA TOYHOCTI BIJTHOBJIEHHS ITIOJIIT'OHAJIBHUX CITOK ITPOCTOPOBUX
BITEO30OBPAKEHHS B TPUBUMIPHOMY ITPOCTOPI

Pozenaoaemoca yzaeanvnena cxema mounocmi iOHOGNEHHS NOJTCOHANILHUX CIMOK NPOCMOPOBUX GIO€O0-
300padiceHb 8 MPUBUMIPHOMY NPOCHIOPI 3 MIHIMAILHOIO NOXUOKOI. AHANIZYIOMbCA Pi3Hi nepemeopeHHs O
niosuweHHA AKocmi 6iOHoGNeHHs 300padcenns. Tlokazano ocHoena Xxapakmepucmuxa o0 ’ekma - noxubra
GUMIPIOBARNSL KOOPOUHAM MPIAn2YIsAYii 300padicentst nicjist 020 GIOHOGNEHHAL.

Karouoei cnosa: noniconanvna cimka, mpusumipte 300pasxcents, nOXubKa, mpianeyisyis.

O. V. Osharovska, PhD, V. L. Solodka, M. O. Patlayenko, L. T. Zianhirova, PhD

ESTIMATES FOR THE ACCURACY RECOVERY POLYGONAL MESHES SPATIAL
VIDEOS IN THREE-DIMENSIONAL SPACE

A generalized scheme of reconstruction accuracy of polygonal meshes spatial video in three-
dimensional space with minimal error. The different transformations are analyzed to improve the quality of
image reconstruction. Shows the main characteristics of the object - the measurement error triangulation
coordinates of the image after it is restored.

Keywords: polygon mesh, three-dimensional image, error, triangulation.
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