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B crarbe pazBuBaeTcs mMOIXO/ MOCTPOEHHUS TEKCTYPHO-TEOMETPUYECKONH MO-
JIeSTA 33IAHHOTO KJIACCa AehOpMUPYEMBIX 00bEKTOB HA OCHOBE PA3JIOYKEHMUST
X U30DparKeHus Mo cucTeMe DA3UCHBIX (DYHKIHH. YCOBEPIIEHCTBOBAH Me-
TOZ, ONTUMU3AIMOHHOTO MOJIYYEeHUsT TaPAMETPOB Oa3UCHBIX (DYHKIIAH s
3aJaHHOTO MHOXKeCTBa n3obpazkenmii. IIpemcrasieno oboOIeHnE METOIA
OIIEHUBAHKA TAPAMETPOB JehOpMaIn N300paKeHNsT 00bEKTa, 3aKII0TAI0-
Ieecs B ONTUMUBAIUNN HEBSI3KU MOJIETN B COOCTBEHHOM crCTeMe KOODMHAT
B OazucHoM mpocTpancTBe. CTPOUTCST TEKCTYpPHO-TeoMeTpudeckast adun-
HAs MOJIEJIb JIWIA, Y€JI0BEKa, C UCIOJb30BAHNEM ceMeiicTBa 6a3uCHBIX (DYHK-
muii Tabopa (Gabor Wavelet Network) mig 3anadu ciexxenus 3a JIMIIOM 110
BHICONB0DPAKEHUAM B PEXKUME PEATHHOTO BPEMEHH.

In article the approach of texture-geometrical model construction of the set
class of deformable objects on the basis of decomposition images on system
of basic functions develops. The method of optimizing parameters reception
of basic functions for the set of images is improved. Generalization of the
estimation parameters method of object deformation image is presented,
consisting in optimization models discrepancy in own system of co-ordinates
in basic space. The texture-geometrical affine model of the person using
Gabor Wavelet Network for a problem of tracking the person under video
images in a real-time is under construction.

Kurouesbie cioBa: onrumusaus, OasucuHbie yukimn l'abopa, 3amaqda
CJIEVKEHU .
Keywords: optimization, Gabor Wavelet Network, tracing problem.

BBenenue

TlocTpoennio TEKCTYPHO-TEOMETPHIECKON MOAETH M300paskeHnsa 00bEKTa CO CIIOXK-
HOI CTPYKTypOii, TAKOM, KaK JIMIO YEJTOBEKA, YAEIdeTcs OOJbIIoe BHUMAHHE B CBA3H
C BO3DOCIINM HHTEPECOM K mpobsieMe PACIIO3HABAHHUSA JIMYHOCTH 10 BHIEOM300parKe-
HusiM. [ TpUMEHeHWsT CHCTEeM DACIO3HABAHUS B PEATBHBIX YCIOBUSX HEOOXOIMMO

IPaBoTa BhITOIHEHA TpU bUHAHCOBOH moaapexkke PODU (nmpoexkt Ne 05-07-90096).
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pelleHne 33/1a9 aBTOMATHIECKOrO ODHAPYKEHUsT 00bEKTa, OTAEIBHBIX €r0 JIEMEHTOB,
Maciraba u paKypca, 9TO MO3BOJAET BBIIEINTH XapPaKTEePHBbIE 00JACTH N300parKeHunsI
JIJIsl PACIIO3HABAHUS.

GopmManm3arysi 9aCTHON 3aa9U aHANN3a M300PAYKEHUST CBOAUTCS K MOCTPOEHUIO
MOJIESTH PACCMATPUBAEMOTO KJTacCa OOBEKTOB MPHU 3AJAHHBIX YCIOBUAX HAO/TIOMEHMSI.
Cremnudnka 00HEKTOB OMpeaessieT MeTOAbI 00pabOTKH M300parKeHus JIJIsT BBIIETCHNS
ONTUMATBHO XaPAKTEPUYIONIUX WX MPU3HAKOB. IIOAXOIBI K OMHCAHUIO TEKCTYPHBIX
O0ObEKTOB YCJIOBHO MOXKHO DA3JEJIUTh HA UHTEIDAJIbHBIE M JIOKAJbHbIE (Mepapxude-
ckue). TIpu HHTErpaJbHOM TOIXOAE PACCMATPUBAIOTC XaPAKTEPUCTUKY U300DarKeHns
Bcero obbexTa [1], [2], mpu TOKATBHOM MOAXOXE H300parKeHUe PA30UBACTCS HA MOKO0-
JIACTH, KOTOPBIE B COBOKYIIHOCTY XapaKTepH3yloT 06beKT [3]-[6]. JIokanbHble Ipu3Haky
JIOCTATOYHO TOYHBI M MHBAPUAHTHLI K HETUHEHHBIM U3MEHEHUSIM IMeOMETPUU OObeKTa,
OJTHAKO YAITEe BCETO XapaKTePU3yI0T HEYHUKAJIbHBIE 3JIeMeHThI. VIHTerpajbHbie MpU3Ha-
KU YCTOWYUBHI K TyMaM, HO OTHOCHTEIHHO HETOUHBI KaK M3-33 BO3MOXKHOTO HEJWHEH-
HOrO M3MEHEHUST TeOMETPUN U300PaXKeHUsl, TaK W BCJEJICTBUE TOTO, YTO UHTErpajibHAsT
MOJIEb SIBJISIETCsT 0DOBIIAONIEH, MPeACTaABIsIeT 00bEeKThI HEKOTOPOTO KJIACCA.

Bynem paccmarpusarh n300pazkeHus €CTECTBEHHBIX OOBEKTOB (TAKUX KaK JIUIA JIH0-
Jieit), IMEIOIIUX CJI0XKHYIO U HEOJHOPOAHYIO CTPYKTYDPY (Tekcrypy) obaacreit. 1306pa-
JKEHUsT TAKUX OOBEKTOB MEJIeCO0DPA3HO OMUCHIBATH HA OCHOBE AIIIPOKCUMAIIUHU IIEJIbIX
obnacreil HeKOTOPBIM cemeficTBoM byHKIHE [7], BEIOpaAHHBIX TaKUM 00pa3oM, 4ToOkI
Hanbosiee 3(hOEKTUBHO TPEACTABAATL CTPYKTYDPY (Tekcrypy) usobpaxkenus. Dddek-
TUBHOCTD B JJAHHOM CJIydae MOHUMAETCs KaK UCIOIb30BAHIE HAMMEHBITIEr0 KOJUIECTBa,
HEOOXOMUMbIX (DYHKITUIL [1J1d TIPEICTABIeHNs] H300PasKeHUsT € HAMIY UMM KAIECTBOM.
Kpurepuit kasecrBa, KakK MPaBHUIO, BHIOMPAETCS HA OCHOBE MEPBI OJM30CTH IPEICTAB-
JIEHUST K MCXOJHOMY M300DAYKEHUIO O0HEKTa U CIYKUT XaPAKTEPUCTUKON CTETeHN TOY-
HocTH (rpyBOCTH) TIOCTPOEHHOH MOJIEIH.

[ITupokoe TPAKTUIECKOE PA3BUTHE MOJIYUUIU TOAXOIbI TIOCTPOECHUST TEKCTYPHBIX
Mozesneii Ha OCHOBE Pa3jIoKeHHsT M300ParKeHHs M0 PA3IUIHBIM CeMeHcTBAM BeiBIeT-
dbyukuuii, B uacTHoctu 1o cemeiicrBy dyukuuii ['abopa [1]-[6], [8]. Pukrcuposanublii Ha-
60p duubrpos [abopa upusiekaercs B paborax [3], [8], [9]- Orkiuku duibrpos upei-
CTABJISTIOT SIPKOCTHBIE TIPU3HAKH TEKCTYPBI, OPUEHTAINsT (DUIBTPOB U UX TMOJOKEHUE
XapaKTePU3yIOT ee TeOMEeTPUIECKHe CBONCTBA. Pa3BuBaeTcs Tak Ke TOMXOMI MOCTPOe-
Hust BYHKITMOHATBLHOTO HA3UCA € TIOMOIIBIO OITUMHU3AIMOHHBIX METOIOB, 9TO TO3BOIAET
YMEHBIINUTh KOJTUIeCTBO Da3uCHBIX (DYHKINH [0 CPABHEHUIO ¢ MpUMEHeHueM (DUKCHPO-
BaHHBIX (uabrpos [1], [2], [4]-]6].

B paBore, omupasich Ha pesyabrarhl uccaenosanuit [1], [5], [6], paccmarpusaercs
MOCTPOEHHE TEKCTYPHO-TEOMETPHIECKON MOIETH 3aJaHHOTO KIACCa M300pazkeHnil 06b-
€KTOB ITyTeM WX MPEJICTABICHUS B IPOCTPAHCTBE Da3UCHBIX BeliBmer-dyukiuii. Mcnonb-
3yercs obmnit GpyHKIMOHAIBHBIN 6a3WC, € INHBIA I BCEX N300paskeHnit 00bEKTOB 3a-
JIAHHOTO KJIACCA U MPEJCTABISIONIAN KaXKI0e TaKoe M300PaKeHne KAK COBOKYITHOCTD
BecoB pasznokenus (06pas). Ipomece JOKATU3AIMN [EJIEBOTO 00HEKTa, COCTOUT B MU-
HUMHA3AIUYI HEBSI3KH TPOEKINH JTeOPMUPOBAHHOI0 AHAJU3UDPYEMOr0 H300paskeHusl Ha,
6a3nCcHOe TPOCTPAHCTBO W 00pa3a MOJESH MO mapamMerpaM TpeobpasoBanus. OmTu-
MHUBAIUS TPOUBBOIUTCA B MOJEIBHOM CHCTEME KOOPAWHAT MEHBINEro Maciraba, deM
HCXO/IHOE M300parkeHne METOIOM JOBEPHTENbHBIX obmacreii [6], [10].



ONTUMUBAIINS ITAPAMETPOB B IPOCTPAHCTBE BA3UCHBIX O®YVHKIIAN... 7

1. IIpeacraBiienne n306pa*keHnil 3aJaHHOTO KJlacca 00 bEeKTOB

Paccmorpum 3aady annpokcuMmariunu objacreil n300paKeHuss HEKOTOPLIM ceMeii-
cTBOM (yHKITHH, BHIOPAHHBIX TakKuM 00pa3oMm, urTobbl Hambosee 3 dheKTUBHO mpe-
CTABIATH TEKCTYPY M300pakeHus neneBbix o6bekTos. [lycrh f(x) — dbynkuma m306-
paxkenns, rae X = (z,y)’. Bygem ee paccmarpuparh Kak (byHKIMIO U3 HPOCTPAHCTBA,
L?(R?) n nckath ee cpeIHEKBAIPATHIHOE MpEICTaBIeHNe B BUAe KOHETHOTO Psila

N
}E(X) = Zwiwni (X)a n; € Oy, (1)

e ¢y, (x) — 6asucuble bynxman B mpoctpancte L2(N?) ¢ BeKTOpoM mapaMeTpos nj;,
2, — MHOXKECTBO JONMYyCTAMBIX BEKTOPOB 1;, W; — BECA PA3TIOKEHHs M0 OA3UCHBIM
dyukunam, N — uuncao 6a3ucHbIX QyHKIWIA, f — mpoexknma m3obpazkeans f(X) Ha
MIPOCTPAHCTBO OA3UCHBIX DYHKINH {wni}izlwﬁ ~N. Boipaxenue (1) MoxHO 3amnucars B
BekTOpHOH bopme 118 ¥ = (Yn,, ..., Yny )T, W = (w1,...,wn)T: f(x) =UTw.
IMapameTpsl 6a3UCHBIX (YHKIUH N; HAXOAATCA MYTEM MUHAMU3ANAN CPEIHCKBAI-
PATUYHOIO OTKJIOHEHUs M300ParKeHUs 11e1eBOro 00bekTa U pasjoxkenus (1)

N 2
2 .
€ (‘Il) = nun fﬁ § wiwm ) (2)
n; €0y, w; ‘
=1 2
rje € — CpelHeKBajpaTudeckas omubka (Tounocrs) npencrasiaenus (1). pu 3amam-
HoM BekTope W BEKTOp BECOB W HaXOAUTCHA IIyTeM IIPOeHUpPOBAHUA U300parKeHUd Ha,
cucremy 6a3ucHbIx GyHKIUH {Vn, }iz1, . N:

w = Gg-1(¥(x), f(x)), (3)
rne Gy = (<7/)n“¢nj>) — Mmarpuna I'pama, cocrap/ieHHas U3 CKaASPHBIX [IPOU3BEIe-
mmit Gasmebx by, (¥(x), £(x)) = ((Yngs £) - - (Gny, )T — BexTop, Kam it

9JIEMEHT KOTOPOTO €CTh CKAJSIPHOE MPOU3BeJeHre W300PaKeHus ¢ COOTBETCTBYIOIIEH
GasucHol QyHKIMEH Py, (-, ) — Omeparys CKAJIAPHOTO MPOU3BENEHUS OTHOCUTEb-
HO X.

Koukpernbiit BoI6Op cemeiicTBa 0a3ucHBIX (HYHKIUH {1/),11.}7;:17___7 N Olpelesercs
TeM, KaKue 0COOEHHOCTH (MPU3HAKU) HEOOXOAUMO U3B/IEYb U3 AHAIU3UPYEMOrO U300~
paxkenusi. Beaeacrsue Toro, 9To B 1e10M 00pa3 00bEeKTa Ha M300paKEHUH JIOKAJIEH 1
COCTOWUT U3 JIEMEHTOB, HMEIOIIHUX CTATUCTUYECKU-JIOKATBHYIO CBsA3b, B 0DJIACTH aHAIH-
3a M300parkeHmii 0cob0e MECTO 3aHUMAET KJTACC BeiBIeT-DYHKIINI, XOPOIIO JIOKAIN30-
BAHHBIX KAK B MPOCTPAHCTBEHHON, Tak U B 9acTOTHOU obmactu. CemeiicTBO BeiiBeT-
dbynxumit obpasyer 6asuc B L?(R?) u mobas dbynxuus f € L2(R?) ¢ moboit cre-
MEHBI0 TOYHOCTYA W EIUHCTBEHHBIM 00PA30M MOXKET OBITH MPEICTABIEHA C MOMOIIHIO
MHTErPAJILHOIO BeiiBier-ripeobpasoBanus B 3rom Gasuce [11]. CemelicTBO aByMepHbIX
BefiBieT-PyHKIUI MOPOKIAIOTCS U3 €ANHCTBEHHON MAaTEPHHCKOIN BelBeTHON (QyHK-
AU TyTeM ONPEIE/TEHUs ee MaPaMeTPOB N, TAKUX KaK CIBUT, MACIITad, MOBOPOT, KO-
TOPBIE 33AK0T €€ «CTEMeHN CBOOOIBI> U MO3BOJISIIOT «HACTPANBATELY KAXKIYI0 DA3UCHYIO
GYHKIMIO HA OMPEEIEHHYI0 XapaKTEPHYIO 00/IacTb N300PaKeHN .

B (1) ucnonpayercs Tosibko Koneunoe uncsio Gasucubix dyukuuii. Takum o6pazom,
oaHoMy pasziioxkenuto (1) (Lpoekimu) COOTBETCTBYET HECKOJIBKO UCXOAHBIX (DYHKIMI
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n306paxkenns. B aTom ciydae 3Tu m3o6paskennsa 6yayT 6musku mo Hopme B L2 (R?) u,
ciienioBaTesbHO, paj (1) Gyaer npeacTaBidTh HEKOTODBIH KIace n300pazKeHuil.

Onpenenenne 1. Knaccom nzobpazkerns o6bekToB C. OTHOCHTENTBHO HOPMEI || - ||
OlpeeInM Takoe MHOKECTBO u3o0pazkenuii { fi}, uro aua Vi, j Je: || fi — fil <e.

Orciona Bumno, uro npu €1 < € kiace Cy, apasgerca nogaknaccom Cg: Co, C C..
Takum obpaszowm, pasnoxkenue (1) npeacrasiser kaace uzobpaxkenuit Ce OTHOCUTENTHHO
HOpMEL |||, ¢ €, onpenensiemoit mo dopumyme (2). U3 sopaxkenus (2) ciemyer, 4To
mapaMeTpsl N;, a 3HAYUT, u 0a3uc W 3aBUCAT OT KOHKPETHOIO M300parkeHuns 00beKTa,
r.e. Knace C¢ MOPOXKIAETCS KOHKPETHBIM H300paskKeHueM.

Vreepxkaenne. Muoxkectso knaccos {C;, }, KOTOpBIE TOPOK IAIOTCA KAXKIBIM H300-
paxkenueMm fi B COOTBETCTBUH C BbipazkenueM (2), sBigerca noakiaccom kiaacca Ceg,
JIJIsl KOTOPOro

K N

2
5‘21, = min Z fk - Z wf¢n7 ’ (4)
=1 2

= N

roe fr — m300parkeHwe ¢ HOMEpPOM k M3 pacCMaTpHBAeMOro MHOXKecTBa, K — obimee
KOJIHYIECTBO M300pazkeHnii BO MHOXKECTBE, WF — BEKTOD BECOB Pa3JIOKeHMs M300pa-
kenust fi mo Gasucy. eiicrBuresnbho, Bhipaxkenue (4) MOXKHO 3amucaTh Kak 5\21, =

K

> 5%(‘1’), rae €, (¥) — rounocrb npencrasiaenus fi B exunoM 6azuce Y. Mycrs Wy —
k=1

ONTUMAJIbHBI 6a3uc s uzobpakenus fj, MOJYYEHHBIA U3 BbIpaxkenud (2), Toraa
ex(Pr) < en(¥) <cw.

st ommcanus reoMeTpudecku AehOPMHUPYEMBIX N300pazKeHnii 06LEKTOB PAaCIIIH-
PUM OIpeIeTIeHREe KITACCA.

Omnpenenenne 2. [lycTb Ha MHOXKECTBE PACCMATPUBAEMBIX M300pPAXKEHHH OIMpe-
JIeJTeHbI cucTeMa KoopanHat M., v ee HENpPEepPbIBHOE B3aWMHOOIHOZHAYHOE TTpeoOpaso-
panme T, (x): B2 — R? ¢ BexTOpoM Tapamerpop a. Kiaccom m3obpaskenns 06HLeKTOB
C. 7 OTHOCHTETBHO HOPMHI || - || 1 mpeobpazopanns T, OMPEIENINM TAKOE MHOMKECTBO
usobpazkenuit { fi(x)}, uro nna Vi, j 3 a(i,j), e(a): ||fi(x) — f;(Ta(x))]| < e.

13 onpenenenns kacca Ce r crenyer, aro g Vfi, € Cer 3a(k): { fo(Tamw) (%))} C
C.y, T.e. MHOXKecTBO m306paxkenuii knacca C., 7 MOXKHO 0100pa3uth B Kinacc Cog,
[Jie 3HaYEHHE €g, onpejensercs u3 soipaxkenns (4). Ilpencrasienue (1) uzobpakenns
obbekTa u3 knacca Cep, 7 TEM JIydllle, YeM MeHBIIe 3HaUeHUe £g, NIPU 33JAHHOM KO-
sndaectie Oazucubix Gyarumit N u uzobpaskenutt K. Takum obpazom, achdekTuBHOCTE
onmcaHus n300paKeHus 3aBUCUT OT BbIOOPA ceMeiicTBa OasucHbIX (BYHKINH, BHIOOPA
Habopa mX MapaMerpoB W AJEKBATHOCTHIO MpeobpasoBaHus T, MOAECTHPYIOIIETO Ie-
dopmanun m300paKenna 06bLEKTOB PACCMATPUBAEMOTO KJIacca.

2. TekcTypHO-TeoMeTpUdecKad MOJEIb

OnpenenuM TEKCTYPHO-TEOMETPUYECKYIO MOJAENb st U300paskeHnit 00bHEeKTOB W3
kyacca Cg 7 OTHOCUTEIHHO B3AUMHO OZHO3HATHOTO U HEIPEPLIBHO JudepeHnupoBaH-
noro mpeobpaszosanus T,: B2 — R2. Byzem mpeanonarars, uro (byHKIHH Tpeobpa-
30BaHUA To(X) OrPAHUIEHBI U PABHOMEPHO HEMPEPBIBHBI CO BCEMH CBOUMH YACTHBIMHE
MIPOU3BOIHBIMHE, & AKOOMAH IPSMOTO U OOPATHOIO MPeodpa30BaHusI OTIUYIEH OT HYJIA HA,
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00OJIaCTH, OTPAHUIEHHON M300paKeHneM obbekTa. BBemeM MOIenbHYIO CHCTEMY KOOp-
guHaT M5, B KOTOPO#H MapaMeTpu3yeM reoMeTpruIecKre 0COOEHHOCTH 00bEeKTa Ha M300-
PaKEHHH HEKOTOPLIM MHOXKECTBOM XapakTepHbix To9ek Py = {x,,}. Takum obpasom,
TEKCTYPHO-TEOMETPHIECKYIO MOJIENIb N300parkKeHust 00heKTa 3a/1a/IM MHOKECTBOM

Mo = {‘I’: Wk, P, Ta}k:o,...,K’ ®)

rne ¥ — BexTOp 6a3uCHBIX (DYHKIWIL, IPeICTABIAONINI C BEKTOPOM BecoB WF 06pa3 k;
K — xonmgecTBo 06pa30oB 00HEKTA, COMEPIKAIUXCA B MOTen; 1y — mpeobpa3oBaHue Cu-
CTeMbl KOOPJIMHAT, MOJeupyomiee nedopmarun n30bparkennst obbexros kiaacca Cg 7.

Mogens Mo crponTtcs ¢ mOMOIIBIO cieayormei obydarorieit nmporeaypol. Ha ncxosm-
HBIX U300paKEHUAX 0ObEKTOB { fko }r=1,....K IKCIEPT 3a1a6T MHOKECTBO XapaKTePHBIX
TOYEK P’fj = {x*}. JManee dbopumpyerca obyqatomas BLIGOPKa {fi tr=1. . K, TyTeMm
npeoGpazosanust: {f{ (x)} — {fu(Tak) (%))}, rae Taky: Par — PP. Obyuenue mogenu
(5) cocrouT B HAXOXKIAEHUM I1APAMETPOB N; 0asucHbIX (QYHKIUi ¥y, U BECOB Da3Jo-
wenns wF = (wf, ..., wk)T, onrumanbHo annmpoKcHMUPYIONIX 06y 9AOIILYI0 BHIGOPKY
m3obpazxenntt {f }r=1, . K, ¢ IOMOMmBIO Beipazkenus (4). 3anaua (4) umeer GOIBIIYIO
pa3MepHOCTD. st yrporenus pa3obbeM ee Ha HECKOJBbKO MO39 u OyIeM HCKATh
Ha3ucHOe passokenne ureparusHO [6]. OnTUMA3AMs TPON3BOANTCS s KasKI0H HO-
Boil byHKIMM ¥, M Beca wr Ha ocraTke, KOTODBIA OIpPeIE/IAeTCs Pa3sHOCTHIO 0by4a-
TOIIEr0 MHOXKECTBA, N300paKeHn 1 yKe HafaeHHbIM Oa3ucHBIM pagoM ¢ Wy g u wf_l

Ha MpeAbIayIeil nTepaiuu

K
. 2 _
5? = Z ||(fk - ‘I’T71W§71) - wfd}ntHQ? Wf = Gqfi (frs Or), (6)
n; €Ny, wy =1

rie Uy = (Ynys--oyUn,) T, wE = (wf,...,wf)T, t < N. Moxno noxazats, ¥To Tio-
JIy9eHHAst TaKuM 00pa3oM cucreMa GyHKIm {1n, }i=1, .. N JHHEHHO He3aBHCHMA [1].
B pabore munumuzaus (6) ocyluecTBisercd Ha OCHOBE METOJA JOBEPUTEIbHBIX 001a-

creit [6], [10].

3. OneHKa reoMeTpuvecKUX NapaMeTpoB o0beKTa

IMycrs umeercs obydennas momensb (5) u HekoTopoe u3obpaxkenue f(X), comepxKa-
1ee 1e1eBoit 00bekT. OIeHKA TapaMeTpoB 00BbEKTa 3aKII0YAETCS B MMOJYIEHUH MHO-
JKECTBA XapaKTEPHBIX TOUeK Po = {X,} B cucTeMe KOOpIUHAT aHATH3UPYEMOTO U300~
paxerns f(x). Jnsg 3T0r0 HAXOmATCA Takme mapaMeTpel a mpeobpasosanus Ty, mpw
koropom Py — Po. Onenka BekTOpa a NpOM3BOAUTCA IyTeM MHAHUMM3AIMA HEB3-
KU Tpoekiuu TpancdhopmupoBantoro uzodbpaxkenus f(T,(x)) Ha cucremy Ga3MCHBIX
byHKIMI ¥ BECOBEIX BEKTOPOB W B IIPOCTPAHCTBE U CHCTEME KOOPAUHAT M., MOIEIIH.
MuHuMu3anus HEBSA3KM MOXKET ObITh 3anucana ¢ yueroM (3) B Buje

min W= Gyl W00, F(TaG) [y @
k=1, K

rae 2, — MHOYKECTBO JIOMYCTUMBIX BEKTOPOB &, 33J]AI0ITee OrPAHUYEHHUsT HA, Peodpa3o-
Bamme, W* — BecoBoii BekTop obpasa k, npeacrasienusiii B Mogesnn. OnruvMusanys (7)
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OCYILECTBIISIETCH [0 HOPMe ||W — V||, (Doe W i V — BeKTOpa B IPOCTPAHCTBE Ga3HCHBIX
dbyukuumii), KOTOPYI0 MOKHO OIpeneuTh Kak [1]

2
N N

lw—v[% = Zwiwm - Zvjwnj =(w-v)'Gg(w— V).
i=1 j=1 )

Taxum 0bpa3oM, HaXOUTCs Takoe peodpaszosanue T, ! cucrembr koopaumar m306pa-
keHus oObekTa, 4Tobbl ero 00pa3 mnomnasn B Kiace obyuaroineil Boibopku C.p. B [3],
[6] ncomsayercs nopua [w — V|2, = [w/[wlle = vvlelg, [Iwle # 0, [Iv]w # 0,
MPOTIOPIIMOHATBHAS HOPMUPOBAHHOMY KO3(MD(DHUITHEHTY KOPPETIANAT BECOBBIX BEKTOPOB
U He yYUTBIBAIOIIAS JIOKAJIbHBIE MYJIbTUILIMKATUBHBIE U3MEHEHUS IPKOCTH U30DpazKe-
HUSL.

B pabore onrumusaius (7) OCYIECTBISETC ¢ HOMOIIBIO HTEPATUBHOIO METOIA J10-
BepUTEIbHBIX obsracteil [6]. Jast maunuannsanuu nporecca (7) 3a7aercsd HadaTbHbBIH
BEKTOP & Ha OCHOBE MPHUOJMKEHHOH OIEHKH XapaKTepHbIX ToYeK P o Ha m300pakeHnn
00beKTa, HAIPUMED, C IMOMOINBI0 TPyDOoil €ro JOKAIU3AIUA HEKOTOPBIM AJTOPUTMOM
BBIJIeJIeHUsT 00/1acTh uHTEepeca. MeTon NOBEPUTENBHBIX ODJIACTEN COCTOUT B PENIeHUN
cIteIyroniell KBaIpaTnaHoi Mo/3a1a91 Ha KaxkI0# nrepammu ¢ [10]

;ni{}z gld; +1/2d} A;d;,  |Dds|, < A,
i€

—~~
(0]
—

e g = —2J7(a;)Gg(w* — v(a;)) — rpaguent Gynxiuu nesasku aua (7); v(a;) =
G (T (x), f(Ta,(x))) — obpas Tpancdopmuposannoro nzobpaxenus B Gazuce; A; =
2J"(a;)GgJ(a;) — cuMMerpumYHas MATpHIA, alIPOKCHMUDYOmAs MaTpHIy lecce;

J(a) — marpuma dxobum ||Ov(a)/da||; d; — pemenme momzamadm, mpuUpameHue K Te-
KYIIEMY BEKTODPY IapaMeTrpos: ;41 = a; + d;; D- nuaronanpras marpuna, 331am0mmas
orpaHudeHue B uncoue (JOBEPUTENbHYIO JUIUICOUAHYI0 0bactb); A; — pa3mep

JOBEPUTEIHLHON 00JACTH.

Mapamerp k (Homep obpa3a W< B MOJE/NH) HE BXOIUT B BEKTOD HapaMETPOB a;
s 3agagu (8). st ero oneHKu Ha KaxkJ0f nrepanuu ¢ BhiOUpaercs Takoil obpa3 k
B Momemu Mo (5), koropbii Hanbosee GaM30K K mpoeknuu n3obpazkenus v(a;) HA
Texymei urepamun: ming—1 _ x [|[wWF —v(a;)||%.

Bo3MOKHOCTH TpaJUeHTHON ONMTUMHU3AINKY B CUCTeMe KoopauHaTr moxenn M., mo-
cTuraercs baaronapst OrpaHuYeHNsIM, HAK/IQIbIBA€MbIM Ha npeobpasoBanne T, s Mo-
nemu (5). Marpuna dxobu J(a) Haxonurcs aHAJUTHYECKH B CUCTEME KOOPAUHAT HC-
XOZHOIO U300paszkKeHHs C IIOMOIIBIO 3aMEHBI [IEPEMEHHBIX B BbIPaKeHNUN

v(a) = G (T(x), f(Ta(x)) = Gg' (|9 [Ta' )] (T, (%)), f(x)),

k

roe ‘J [T; 1(x)] ‘ — Momyb sikobuana mpeobpasopanus Ty, ', Jaee, monydennas Mat-
puria Zkobu ¢ moMoIIbio 06PATHOH 3aMEHBI TEPEBOANTCA B CUCTEMY KOOPIUHAT MOIEIN
M., rj1e OHa 3aBHCAT OT HEM3MEHHBIX B IIPOLECCce HTepanuii 6asucHbix QyHKIUA Py (X)
¥ WX YACTHBIX MPOU3BOAHBIX, KOTOPBIE, TAKAM 0OPA30M, MOXKHO PACCUNUTATH 3apaHee,
elre Ha, yTare 00y YeHNs MOJIEH, YTO CYIIECTBEHHO YBEJININBAET BBIAUCIUTEIBHY IO KO-
HOMMYHOCTb MuHUME3aIMHU (7). 3aMETUM, YTO HOJIOKEHHUE, DA3MEPHI U OPUEHTAIIUS 1~
JI€BOr0 OOBEKTA HA MCXOMHOM H300parkeHww [ HE BIUSIOT HA CKOPOCTH ONTHUMI3AINM,
TaK KaK BCE OIepaluy IPOU3BOIATCSI B CUCTEME KOOpAMHAT Mojaean M.
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4. TeKCTypHO-PeOMeTpI/I‘IeCKaﬂ MoaeJib I/I306pa}KeHI/Iﬂ JINIIa M CJIe2KeHHe 3a
HIM

Paccmorpum nocrpoenre Momenu n300paskeHust JUIA Ha OCHOBE U3JI0XKEHHOTO MO-
xoma. OHIM U3 KITIOYEBBIX MOMEHTOB K (M (MEKTHBHOMY OMUCAHUIO W300pazKeHs 06b-
€KTa fABJIsIeTCsT BBIOOp cemeiicTBa 6a3ucubix ¢dyukimii. [llupokoe mpaxkTrdeckoe pa3sBu-
THe JIJIsT aHAJIM3a H300parkeHuil MOIyInsIo cemeiicTso BeiiBier-dbynkunii Fadopa [1]-[6],
[8]. Oy onTrManbHO JTOKAJU30BAHBI KAK B IPOCTPAHCTBEHHOMN, Tak H B 9aCTOTHOH 06-
nactu [8], [11] u BeaeacTBue TOTO 00JAAI0T XOPOIEl 4acTOTHO-TPOCTPAHCTBEHHOM
CEJIEKTUBHOCTBIO. XOTdA, B 00IeM caydae, pyHKnn l'abopa He sBASIOTCA BeiiBieTa-
MH, OJHAKO MOXKHO BBIJEJIUTH TAKOH MOIKJIACC (PYHKIMI 3TOrO ceMeicTBa, KOTOPBI
Y/IOBJIETBODSIET YCJIOBUIO <«JIOMYCTUMOCTH Beiipieross [8], [11]. Beaeacrsue Toro, dro
6a3ucHbIe BeiBIeT-DYHKIUN JIOKAJILHBI 1 UMEIOT HYJIEBOE Cpe/IHee, IIPH CBEPTKE B IIpe-
Jleslax HOCHTeNsl KaykJoH 6a3ucHOil DyHKINU He YIUTHIBAIOTCS IOCTOSHHBIE COCTAaB-
asrorye u3obpaxkenus. J[aHHBIE COCTABISIONIE MOXKHO PACCMATPUBATH KaK KyCOY-
HYTO alIIPOKCUMAITHIO HEPABHOMEPHOHN OCBEIIEHHOCTH, K KOTOPOoit 06pa3 B TakoM Ga3uce
yeroiiuns. B [9] mokazano, uTo GUAbTp Ha OcHOBE (byHKIIH{ 9TOTO ceMeicTRa SIBIISTETCS
TaK¥Ke XOPOIIUM WHCTPYMEHTOM JIJIsl BBIJIEJIEHUsS] TEKCTYPHBIX MPU3HAKOB H300parke-
Hust. Takum obpasom, B Kadecree GasucHbx dyHkimit 17151 (1) BbiOepem, Kak u B [1],
[6], cemeiicTBO HeverHbix (yHKuuii ['abopa B BUIE

(8:)?

272

Uni (2, y) = (7 + (3)°y7) | sin(Sizra),

2
mexp -

Lpi = ((ﬂ — Xz) COS 91 + (y - YL) sin 01'7
Yri = —(x — X;)sin6; + (y — Y;) cosb;

(9)

¢ napamerpamu n; = (X;,Y;, Si,7vi,0;) 1 orpaHEYeHUAME:
Q,={n:01<S<1 05<vy<2}. (10)

Orpannuenust (10) onpe/iesieHbl ¢ MCTOAB30BAHUEM OHOJIOTHMYECKON MOJEIH 3PUTehb-
Hoit xrerku [8]. Oynknus (9) mpunagmexut npoctpancTsy L2(R?) u ymosmersopser
YCJIOBHIO «JOIyCTUMOCTH BefiBsieros» [1], [11].

Bynem paccmarpusars n300pazkeHus sinn Kak m3obpaxkenusi u3 kiacca Cer or-
Hocurenbio adpunnoro npeobpazosanusa Tn(x) = SR(x —c), rae S = (S(; i;y),

x

__[cosp —sing

o <sin<p Ccos
poB a = (cq, ¢y, Sz, 7Y, Szy) )T

BagaguM cucreMy KoopauHar Mozaenn M.s u copMupyeM 00yYaOIIy0 BHIOOPKY
n30b6pazkennit myremM adpPUHHOTO OTOOPAXKEHIS UCXOAHBIX N300PaKeHNIT B CHCTEMY KO-
opiuHar M s B COOTBETCTBUH C HKCIIEPTHON PACCTAHOBKON XaPAKTEPHBIX TOUYEK JIUIA,
TAaKUX Kak raasa u por. Onrumusanus (6) TPOU3BOIUTCS C TIOMOIIHIO TPAIMEHTHOIO Me-
TOZA JIOBEpUTENbHBIX obaacredd [6]. s nannnanusanuu napamMerpos n; dyuximu La-
00pa pacIpeaessIioTCa 0 00JaCTH n300parkeHnst 00bEKTa, «CIOSAMHUY : CHAYAJIA, 00JIACTH
JINIA PABHOMEPHO IOKPBIBAETCs HU3KOYACTOTHBIMYU (DYHKIMAMU (C MAJIBIM 3HAYCHHSI-

mu S), 3aTem ¢ 607€e BBICOKOII acToTol U T.1. Kommonenrts! Bekropos W 3amarorcs

), c = (cs,cy)t, x = (z,9)T, s, >0, v > 0 ¢ BekTOPOM TMApamer-



12 F'HEVYIIEB A H.

enuHUTAMEA. /19 yMEHbIIeHNsT KpaeBbIX 3P HEKTOB B 0A3MCHOM MIPOCTPAHCTBE TPAHMUITHI
obsacTr 0O6yUeHNA HA M300PAXKEHUAX CIVIAXKHBAIOTCA TayCCOBCKUM (DHUIBTPOM.

Beaencrsue Toro, uro adpdpunHOEe MPeodpa3OBaHNe ONMPEIEIseT MepeMelleHne, mo-
BOPOT ¥ MacCIITabUPOBAHUE CUCTEMbI KOOPIMHAT, IOCTPOCHHAS MOJeIb (5) 1M03BO/IgeT
pernaTh 3a7a49y CJAEKEHWs 33 JIUIOM [0 BuaeowsobparkenusiM. /st mepBoro m3obpa-
JKEHUs B TIOCTIEIOBATEIBHOCTH 33/1a€TCs OIEHKA BEKTOPA &, MOJIYIEHHOTO € MOMOIIBIO
dopmupoBannsa adpGUHHOTO TPeobPA30OBAHNA TPEX OMOPHBIX TOYEK M3 CHCTEMBI KOOP-
guHaT M,s B cuCcTeMy KOOPIAWHAT W300payKeHusi, Ha KOTOPOM OHM TPy0O MOTYT OBITH
HaliIeHBI TTOMOIIBI0, HAIPUMED, AeTekTopa Juna [12]. Ha xax oM nocieayroreM n306-
pakeHuu i MUHUME3au (7) B BUJE HAYAJILHOrO MPUOJIMIKEHHs 331a€TC BEKTOD a,
OIIEHEHHBIN Ha TpeabiayIieM n3obpakernun. OUEHKY TOJTOKEHUT XapaKTEPHBIX TOYEK
JIUIA B CHCTEME KOOPINHAT TEKYIIEro n300pazkeHus MOLy9aeM Iy TeM Tpeobpa3oBaHus:
Po =Ta(Pu).

VeToiurBOCTD 1 CKOPOCTD CXOAUMOCTH (7) ONpeesiercsa HadalbHbIM BBIOOPOM BEK-
Topa a. Ha mpakTuke mojiydens! ClIeyoNme OeHKH TOYHOCTH 33JaHUA a JIJTsd YCIeli-
HO¥ r0OANTBHON CXOAUMOCTH: CABHT OT MCTHHHOTO TOJOXKEHHS OOBEKTA COCTABIIAET
27% pasMepa 1eIeBoro 06HLEKTa; pasMep 0 OTHOIEHHIO K KCTHHHOMY YCTaHABINBACT-
Csl TAKUM, 9TOOBI 0DECTIEUNTE 3-KPATHOE PA3INYNE B MACIITA0E B DOJIBINYIO MJIN MEHb-
IO CTOPOHY; TTIOBOPOT OT UCTUHHOU opueHTarmu 00bekTa cocrassier +£40°. B mpose-
JIEHHBIX IKCIIEPUMEHTAX UCIOJIB30BAIACH MOIEIbh N300parkenus uia pazmepom 50 x 50
TOUeK, comepzkamas 70 6asucubx dbynxuuit u obydennas no 200 n300parkeHusM U,
Ha xommbiorepe ¢ nporneccopom knacca Pentium IV 2.8 GHz ciexenne 3a gurom npu
OKOJIO (PDPOHTAIIbHBIX yMEPEHHBIX JBUKEHUAX [IPOU3BOIUIOCH CTAOUIBHO B PEKUME Pe-
aJbHOTO BpeMeHU npu 30 Kagpax B CEKYHIY.
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