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INocTanoBka 3agaui

Po3Butok 3aco0iB komm’torepHoi Tpadiku mnependavae MiIBUINEHHS pEaJiCTUYHOCTI (OpPMYyBaHHS
rpadpivanx cueH. [Ipm TOOYIOBI BHCOKOPEANICTHYHHX 300paXKCHb BHKOPHCTOBYIOTH TeKcTypH[l1,2,3], sKi
HaKIagaroTh Ha TpadiuHi 00’ektH. TeKCTypyBaHHS MO3BOJSE YCIIIHO BUPINIYBAaTH 3afadi, SKi TPYIOMICTKO
PO3B’A3aTH MPSIMUMH METOAAMH [ 1 Ta CyTTEBO 3MEHIIUTH OOYNCITIOBATIFHI BUTPATH.

Ha nanomy etani npu TeKCTypyBaHHI IIMPOKO BUKOPHCTOBYETHCS aHI30TpOIHA (iNbTpallis, sKa JI03BOJISE
OUIbII TOYHO BHM3HAYATH KOJBOPH IMIKCENIB, sIKi BIINOBIAAIOTH €JIEMEHTAM TEKCTYpH, L0 PO3TallOBaHi He
napanenbHo ekpany. L{e HailObI sKicHUI 1 TOIIUPEeHU METO]] TeKCTypyBaHHs. Ha BiMiHy BiJl 130TPOITHUX BHIIB
¢inprpauii (OiniHiiiHA Ta TPUIIIHIHHA) BUKOPUCTOBYETHCS MPOEKIIs MiKCeNs Ha TEKCTYpHY nosepxHio [1,3].

Jnst BU3HAYGHHS! KOJILOPY E€KPaHHOTO ITKCENsi BUKOPHCTOBYIOTH YCEPEIHEHHS KOJIbOPY BCIX TEKCElliB,
MPOEKLs SIKMX BiJIIOBIIa€ JaHOMY HIKCEJIIO.

3 METOI0 IiJBHIICHHS PeaJiCTUYHOCTI BIATBOPEHHS! TPHUBHUMIPHHUX CLEH IPH BUKOPHCTAaHHI aHI30TPOIHOL
¢inbTpanii BaXIMBO BpaxyBaTH Te€, IO IHTEHCHUBHICTh KOJBOPY BCEPEIMHI IIKCENsl 3MEHIIY€EThCs HENHIHHO Bif
Horo neHTpa 10 nepudepiiHux 30H.

MeTor0 HOCHIIKEHHS € MiIBUIICHHS pealiCTHIHOCTI (OpMyBaHHS 300pakeHb 32 PaXyHOK BUKOPUCTAHHSI
TIPH aHI30TPONHINA QimbTparii BaroBux (yHKIIIH, M0 BiZOOpaKalOTh 3MiHY KOJBOPY MIKCEIs, SKHH MPOEKTYIOTh Ha
TEKCTYPHY ILTOLIHHY.

AHaJIi3 0CTaHHIX J0CTiIKeHb Ta myOJikanii

Cepen MeToiB GinbTpaliil TEKCTYp HaHOLIbLI MOMIMPEHUMH € OuliHIi{HA Ta TpHUiIiHIHHA BLIbTpaLii.

bininiiina ¢inerpanis [3] nepexbavae po3paxyHOK KOJILOPY IIKCENIsl Ha €KpaHi, 3a JOIOMOIO0
YCEepEeIHEHHsI KOJhOPY YOTHPHOX TEKCEIB, IO 3aJaf0Th MPOEKII0 ILOT0 MKCEIs 3 IUIOCKOrO0 €KpaHy Ha
TPUBHUMIPHY [UIOLIKHY.

Tpuniniiina ¢inerpanis [3], sBiase coboro cuM0i03 mip-TeKCTypyBaHHS Ta OuLTiHINHOT (inbTparii.
@dakTHYHO BUKOHYETHCS OiTiHINHA (NbTpalis Ha 1BOX Mip-piBHAX, IO B Pe3yJIbTaTi a€ 2 TEKCEs 110 OJHOMY IS
KO)KHOTO mip-piBHA. Komip mikcens, skwii MOBHHEH OyTH BUBEACHWN Ha €KpaH, BU3HAYAEThCA B PE3YNbTaTi
IHTepIOJIAIIT 32 KOIbOpaMH JBOX mip-TeKCTyp [2].

i tumu ¢inpTpamii TO3BOMSIOTH BiTHOCHO KOPEKTHO PO3PAXOBYBAaTH KOJIp TIBKU IJII THUX ITKCEIB,
BIZIMOBIMHI TEKceNi SKUX 3HAXOAATHCS B TEKCTYPHIH
IVIOIIMHI, fKa IapajieflbHa eKpaHy. Take OOMEXeHHS
BUKJIMKaHE THM, 10 BHOIpKa TPyl 3 YOTHPHOX TEKCEIiB
npu OuriHifHOT ¢inbTpanii BigOyBaeTbcsi MO CTPOTrO
3aJJaHOMY 3aKOHY.

[lpy BUKOpHUCTAaHHI 130TPONHHX  METOJIB,
TEKCEJIi 3aBKAN alPOKCUMYIOTh KOJIO, IO 1 € IIPOEKIi€0
€KPaHHOTO ITIKCeJIsl Ha IUIOUIMHY TeKCTypHu. UnM Oinbiue
MOBEPXHS TEKCTYPH BiIXHIISIFOTHCS BiJl Iapaneli ekpany,
TUM OunbIa OyAe 3HAa4YeHHS MOXUOKH MPH BH3HAYCHHI
KONBbOpY TiKcemsa. Y pe3ynbTaTi dYoro, TEKCTYpH,
pO3TAIIOBaHi M  TOCTPUMH  KyTaMH,  CHIIBHO
po3muBaroThes [2]. Puc. 1. IIpoeknisi mikceJisi Ha NOBEPXHIO TEKCTYPH

[pu anizotponHOi QijbTparii TpoeKIist MKces Ha MOBEPXHIO TEKCTYPH PO3TJLIIAETHCS HE SIK KOJIO, a K
BUTATHYTHUH eiric (puc. 1), o 103BoJIsiE TOYHIIIE BU3HAYATH KOJILOPH TiKcemiB [2,3].
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DopMyJIIOBAaHHS METH JOCTiKEHHS

Cepen ycix Mopeneil Imikcens HaHOUIbII aJeKBaTHOO €
rayciBcpka Mojeib [4], 3TimHO 3 KO IHTEHCHBHICTH KOJBOPY
3MIHIOETHCS HENiHIHHO Bifl HEHTPY MiKcens (puc. 2).

Ilpu aHizoTpomHii (GiabTpaIlil BaKIMBO BHKOPHCTATH
IO BIACTHBICTh, sKa Mepeadadae yCepeOHEHHS KOIbOpY
MKCeJB yCepequHi CIily BIAMOBIIHO 10 BaroBux (yHKuii. B
Cy4acHMX 3aco0ax KOMIT'IOTepHOi rpadiky  HaWvacTime
BUKOPHCTOBYIOTh BaroBi KoeQillieHTH, WIO  BiJIOBIAIOTH
BIJICTaHI TEKceNs A0 LEHTPY eiinca. BiacraHb Big LEHTPY
MKcenss 3MIHIOETBCS  JIHIHHO, TOMYy Taki METOIM He
BimmoBinaroTh [ayciBCehbKiit Moaeni mikcens [5].

Tomy icHye moTpeba MIIBUIICHHS PEaiCTHYHOCTI
(¢opMyBaHHS 300pakeHb 3a pPAaxXyHOK BHKOPUCTAHHS IIPH
agi3oTpomHii  ¢QimpTpamii BaroBmx (yHKOI Ha  OCHOBI
layciBcpkoi Mogeni TiKcels, Mo BioOpaXarTh 3MiHy KOJBOPY
IKCesl, SKUH IPOEKTYIOTh Ha TEKCTYPHY IUIOIIHHY. Puc. 2. TayciBebka Mogestb miKcesst

BukJageHHs1 0OCHOBHOI'0 MaTepiaJy J10CJiIKeHHs
BinmosinHo 1o ["ayciBchkol Mozl miKcesb B IPOCTOPI eKpaHy Mae popMy Tijia odepTanHs kpusoi ["ayca 3
JiaMeTpoM OcHOBH piBHUM | Ta 00’emom piBHuM 1 [4]. [Tpu npoekuii B mpocTip TekcypH Horo Gopma 3MiHIOETBCS
B3JIOBX BEKTOpPY HaxXwWily IOJITOHY, IIPU I[bOMY OCHOBa ¢irypu HaOyBae ¢opmu eminca (puc. 3). 3HaUSHHS KOJIBLOPY
TIKCeNsl Ha eKpaHi BH3HAYAETHCSI 3HAYEHHSIMH KOJBOPIB YCiX TekcenmiB, mo (opmyrors eminc. Ilpu mpomy cimig
BpaxyBaTH, II0 IHTEHCHBHICTh KOJILOPY TEKCETIB 3HIDKYETHCS MO Mipi BiAJAJE€HHS BiJ LEHTPY ENIICy OO 30H
OIFOMIHTY MPOIOPIIIHO BHCOTI irypw B AaHiN TOUIII
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Puc. 3. ®opma nikcessi B IpocTopi eKpaHy Ta iioro npoekuii B npocropi TekcTypu BignosinHo o I'ayciBeskoi Moaei nikcesst
KoopauHaTu 1ieHTpY einca BU3HA4YarTh 3a opmyrnamu [1]:
y, = Ii;-xi+Bl-yi+C1 ’
X, +E-y +F
v = Alz)-xi+Bz -y, +C, .
X, +E-y+F
e U iV —TekcTypHi KoopauHaTy, X 1 ) — eKpaHHi KoopauHaTu 00’exta, A;, Ay B, B, C;, C, D, E, F

— KOeiLi€HTH MOJIrOHA, SIKUil TEKCTYPYETHCSI.
PiBHsIHHS eilica CKIaaoTh 32 HACTYITHUM aJlrOPUTMOM [6]:
Bu3HaueHHST BEKTOPIB OCEii:

AR
dx dx
du dv
(Uy 5 V’y ) = 7V
dy dy

Buznauenns xoedilieHTiB PiBHIHHS:

A=V>+V}?

B==2(UV . +U}V,)

C=U’+U/
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_ 2
KiHiieBe piBHSHHS:
AU* +BUV +CV* =F, 2
e U=u-u,, V=v-v,.

Juis emirica, oci SIKOTO MapajielbHi OCSIM KOOPIMHAT BUCOTY (IrypH B 3aJaHii TOYI MOXHa 00paxyBaTH
TaKHM YHHOM:

2

;1{ (u=uy)’ + )’ }

1 2| o2
Wu,yy=——e - ~ 7 3)
2r 0,0,
Jucriepcii HOpMaTFHOTO 3aKOHY PO3IOALTY BUOEPEMO 3 YMOB:
L d
O,=—,0,=—
1 > O
6 6
e L Ta d — moBXWHM OCeH eminca.
Jis HOBUTBHO Opi€HTOBAHOTO eJlilica HEOOXigHO BpaxyBaTH Horo KyT Haxmiy. I[loBOpoT Ha KyT
T T .
Y <6 SE BU3HAYAETHCS HOBUMH KOODPIMHATAMH u, =u-cos(@)+v-sin(0),
v, =u-sin(0)+v-cos(0) . Takum uunoM, QyHKLis 3 111 LOBUILHO OPIEHTOBAHOTO EIIICA MATHME BHIJISIL:
—1 [(ufuo)-cns(H)Jr(v—vo)-sin(@)]z*[—(u—uo)»sin(g)Jr(v—vO )~cos(9)]2
1 2 o—l2 ‘ 0'22 4
Wu,vy=———e . )
2r 0,0,
KyT Haxwuity eninca BU3HaYMMO 3a HOpMYJIOL0
v
0 =arctg| = |. (5)
U

X

Jliist BU3HAYEHHsI IOBXKHMHU OCI eJIirca CKIIaieMO CHCTeMY PIBHSHb Ha OCHOBI PIBHsIHHS (2) Ta KAHOHIYHOTO
PIBHSHHSI TPSIMOT:

AU*+BUV +CV*? =F.

Ockinbk, BignosigHo 1o pisususst (2), U =u —u,, V' =v—V, MoxHa BUKOHAaTH TaKy 3aMiHy:

v_r
u. 7

AU? +BUV +CV*=F.

Bupazumo U uepes V-

Vyu
U=—2
Ve
vu.Y . VU
Al —=| +BV —=+CV* =F.
f Ve
P03B’513k0M KBaJIpaTHOTO PIBHSHHSA €:
F
V=1V, 3 - (6)
AU +BU YV, +CV,
: . 1404
IMincrasusmu Gopmyiy (5) B piensuns U = —= | orpumaemo:
F

U=+U, _ _.
“\AU2+BU V. +CV,

Ockinbku U, V € mpoekiissiMu MiBOCI eJrifica Ha 0Ci KOOPJIUHAT, IOBXKHHY OCI eJlifca MO)KHAa BU3HAYUTH 32
teopemoro ITidaropa:
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2 2
L=2 iVx > il 7 + iUx 5 il 5 =
AU +BUV +CV, AU +BUV +CV,
_ U’F N V'F _
AU’ +BUYV . +CV?> AU’+BUJV +CV.’
FU+V.})
=2 . - @
AU’ +BU V. +CV,

OueBuHO, IO Taki OOYMCIEHHS NOCUTH CKIIAJHI, @ TOMY MOTPEeOYIOTh CHPOLIEHb 3 METOO IiJABUIICHHS
npoxaykTuBHOCTI. [Ipu o0umCIeHHAX B peatbHOMY 4Yaci KpuBy ['ayca 4acTo anpoKCUMYIOTh TaKUM BHpazoM [7]:

f(x)= (1—%%} . ®)

[Ipu n=8, K=8, nHaBeneHa ¢popmyia (8) 3abe3neuye BinTBOPeHHs KPUBOI ['ayca 3 BHCOKOIO TOYHICTIO:

8 o) _(;_1.)
f(x)—(l—z*gx] —(1 ZXJ

I N

.6
o]
2B 0.4k N

02r -

0 1 1 1
X

Puc. 4. I'padix anpoxcumoBaHnoi kpusoi 'ayca

Taxum unHOM, GyHKUIs (4) 1uist cripoieHoi kpuBoi ["ayca mae BUTIs

W(x,y)= 1_% [(u —Mo)'coS(H)ZZ(V—VO) -Sil’l(e)]2 N [_(u _uo)'sm(e)d‘l;(v_vo)'005(9)]2

8

Ockinpky 3HA9EHHS U — U, Ta V — V), TAKOK OOYMCIIOIOTECS s PiBHAHHA (2) i piBHi U 1 V BinoBigHoO, TO

Ma€ MicCIle CIIPOIICHHS:
8

1 [U cos(O)+V - sin(@)]2 N [Vcos(@) — Usin(ﬁ)]2
2 r d’

W(X,y): 1- ©)

Sk BunHO 13 Gopmynu (9), icHye noTpeda B 00UMCIIeHH]I KBaApaTiB JOBXHH Ocei exinca. [yt BU3HaYeHHS
JOBXKUHH oci emirnca 3a ¢opmymnoro (7) HeoOXiqHO OOYMCIHUTH KBaIpaTHUIN KOPiHE MHOTOWIeHa. OUYeBUAHO, IO
¢dopmyny (7) MOXHA CIPOCTHUTH TaKMM YWHOM, MO0 OXIpa3y BH3HAYATH JOBXKHHY OCi B CTENEHi 2 31 3HAYHO
MEHIIOI0 CKJIaHICTIO!

2

FU.+V.) __ AFU T

I = =
AU +BUYV . +CV? | AU?+BUV +CV;}

(10)

TakuM 4MHOM, Bary KOXKHOTO TEKCels, 10 BH3HAYa€ KOJIp €KPAaHHOTO IKCeNs MO)KHA BH3HAYHUTH 32
dbopmyioro (9). HeoOximuumu koedirientamu s Gopmyiu (9) € KyT HaXuity, ejirnca BiJHOCHO 0Cell KOOPIHMHAT Ta
KBaJIpaTH JIOBXKHUH Horo oceid. L1 koedirienTn o0uncmoroThes 3a popmynamu (5) 1 (10) BixmoBigHO.

s 3a0e3neyeHHs] MaKCUMAaIbHOTO PIBHSI PEaJliCTUYHOCTI CITiJ] BpaxyBaTH, IO TEKCEJI, sSKi 3HaXOISITHCS
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Ha mepudepii MOXYTh IEPETUHATHCH EIIINCOM Ta BIUTUBATH HA BH3HAYCHHS KOJBOPY IMKCENS IPOIOPIIIHO Tii
YaCcTWHI IUTONI, IO BiATHHAETBCA emincoM. OO0’eM BiACIKaHHSA M MIKCeNs 3amaHoro ['ayCiBCBKOIO MOJEILTIO
BHU3HAYAIOTH 32 popmyIoro [8]:

P(d)=0.5+(2.151-2.3584)d ,

e d — BiiCTaHP BiJ EHTPY MIKCENS A0 Tepepizy.
Jns npukinany, rpadik BaroBux KoedilieHTIB U1 TEKCENiB, M0 (GOPMYIOTh eJIiIc 3 AiaroHamsaMu 3 ta 6, i
KyToM Haxui1y 30° 300pa)keHO Ha PUCYHKY 5.

BucHoBku ] '
AHI30TponHA (QiIbTpAIlis T03BOJISE NOCATTH 084 | ]
OUITBII  BHCOKOI  PEaTiCTUYHOCTI (hopmyBaHHs |
rpadiuHuX CIICH. 3anpornoHOBaHO METOJ 0.6 ]
aHI30TPOIHOI (inbTpalii 3 BUKOPUCTAHHS BaroBHX
(dyHKIii Ha ocHOBI ["ayCiBChKOI MOENI MiKCEJIsl, 1110 0.4 ~‘
JIO3BOJISIE 1CTOTHO WiIBUIIUTH SIKICTH (POpMyBaHHS
TPUBUMIPHUX IpadiyHuX 300pakeHb. 02 | [l
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