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CopepxaHue (1)

Q BBeoeHue

Q OnpeneneHne obnacten ABMKEHUS
— lNocTtaHoBKa 3agayun
— BblunTaHmne gooHa

— [MonHbIn Nnepebop OoNyCTUMbIX BAPUAHTOB CMELLEHUSA
N300paxxeHnn unn nx dparmeHToB. BoamoxxHble cnocobbl
yCcKopeHusi nepebopa

— NapameTpuyeckmne mogenu gBUKeHUS
— MHoroypoBHeBO€e ABUXeHUEe
— BbluncneHmne onTnyeckoro noToka
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CopnepxaHue (2)

Q ConpoBoXxaeHne obbEKTOB
— [locTaHoBKa 3agayun
— Knaccudumnkaumsa metogoB CcOnpoBOXOEHUS
— MeToabl conocTaBneHns KNYeBbLIX TOYEK

— MeToabl conpoBoOXaeHUst 0O bEKTOB, OCHOBAHHbIE Ha
BblYUCINEHUN ONTUYECKOro NOTOKA

— lNpnmeHeHne meToga «COBUM CPeaHEro» K peLleHuto
3a]a4yn CONpPoOBOXAEHMUS

— [NpnmeHeHne punbTpa KanbmaHa anga oueHKU rnonoXXeHus
obbekTa

— [NpnmeHeHne punbTpa YacTul, K 3agade conpoBOXOEeHUA
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BBEOLEHUE
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[BnXXeHune

Q0 [euxeHue — cmelleHne OAHUX 0O BbEKTOB OTHOCUTENBHO
OPYruX.

0 B 3agavax KOMNblOTEPHOro 3peHust BblAenAaeTCc HECKOMbKO
MPUHLMMNMANbHO pasHbIX CIyYaeB [OBUXEHUS:

— HenogsmxHaa kamepa, NoCTOSAHHbIM QOOH (CUCTEMDbI
BUaeoHabnoaeHuns).

— [BuXyLlaacsa kamepa, OTHOCUTENbHO NOCTOAHHbLIN OOH
(co3gaHue naHopambl N3 NocnenoBaTefIbHOCTU
n3obpaxeHunn).

— [BuXyLlaacs kamepa, NOCTOAHHO U3MEHSLWLMNCA OOH
(cMcTemMbl aBTOMaTUYECKOro yripaBfieHNss aBTOHOMHbIMMU
poboTtamn).
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OcHOBHBbIe rpynnbl 3apav

0 OnpedeneHue dsu)keHusi unu obracmeu Osu)XKeHUsI

— PelleHne He TpebyeT aHanusa nony4eHHon nHdopmaumm
O OBMXEHUU

Q lMouck deuxyuwuxcsi o6 Lekmos

— Heobxoanmo He npocTo onpeaenntb obnactb, B KOTOPOW
npoucxoauT ABMXKEHMNE, HO N BbIAENUTb NONOXEHNEe
OBWXKYLLIMXCS OOBEKTOB BHYTPU 3TOM 0bnactu

Q OnpedesieHUe mpexmepHbIX ceolicme ob6bLekma u3
Habopa e20 nocrsiedocamesibHbiIX 08YMePHbLIX
usobpaxxerHull

— BoccTaHoBrieHne TpexmMepHon moaenm obbekta
— PeKoHCTpyKUuMN TpeXmMepHOU CLeHbI
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OMPEOENEHUE OBNACTEW
OABUWXEHUA

ktj, H.Hosropog, 2013 . OTcnexuBaHne OBUKEHUS U anropuUTMbl COMPOBOXAEHMWS KIOYEBbIX TOYEK



NMocTaHOBKa 3agaum

0 Bxo0 — nocnenoBaTenbHOCTb kKagpos Iy, 15, ..., [y HEKOTOPOro
Buoeo V:

I, ={I,(x,y),0 < x <width,0 <y < height},k = 1,N, (1)

roe width — lWwnpuHa Kagpa, height — BbicoTa Kagpa,
I,,(x,y) B obLLeM criyyae npeacraBndeT cobon BEKTOP
donkcnpoBaHHOW pa3MepPHOCTH.

O BbIx00 — COBOKYMNHOCTb obnacten nobpaxeHus ans
Ka)4oro Kagpa Buaeo, B KOTOPbIX MPOUCXOAUT OABUXKEHME
OQHOrO U HECKONbKNX OO BEKTOB:

255, (x,y) — nukcesb 06beKTa _
0, (X, y) — IMIHUKCeJIb c])oHa k LN (2)

My (x,y) ={
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MeToabl onpeaeneHns obrnacrten ABMXEeHUSA

Q BblyntaHue poHa

Q lMonHbin nepebop AONYCTUMbIX BapUaHTOB CMELLLEHUS
N3o00paxxeHnn nnm nx dparmeHToB. Bo3amMoXXHbIE crocobbl
yckopeHusi nepebopa

Q lMapameTpuyeckne moagenun ABMXXeHUs
O MHoroypoBHeBOE OBUMXEHUE
Q BblyncneHne ontn4eckoro NnoToka
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BbluntaHune poHa

Q lMpoueaypa BblMUTAHUA NpeanonaraeT, YTo ANnsg AaHHOro
BNOE0 NocTpoeHa Modesib ¢hoHa (3):

F={F(x,v),0<x<width,0 <y < height}. (3)
Q Honyctum, uto I (x,y), F(x,y) € {0, ...,255},k = 1,N.
Q lMpouedypy ebiYumaHusi MOXXHO pa3buTb Ha ABa 3Tana:

— BbluntaHne doHOBOro n3obpakeHnst 3 Tekyulero kagpa
BUAEO.

Dy (x,y) = abs(li(x,y) — F(x,y)),k =1,N (4)
— OTOOp nukcenewn, npuHagnexawmx PoHy n obbLeKTy, —
NOCTPOEHMEe ODMHAPHOro n3obpaxkeHns (Macku).

_ (255, D(x,y) =T ,
My (%, y) = { 0,D(x,y) <7 fe=1N ©)
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HepekypcuBHble MeToAbl BbluMnTaHus ooHa (1)

0 HepeKypcueHblie MemoObI 8biYUMaHuUsi ¢poHa:

— MeTop BblMUTaHNSA TEKYLLEro U npeablayLero kagpa
Dy (x,y) = abs(Ix(x,y) — Fr(x,y)) =

— abS(Ik(X, J’) o Ik—l(x) )’)); k = 2; N
— MeTO,ﬂ, ycpeaHeHnd onpeagernieHHoro KoJfin4yectBa
npeawuecTByrOLLNX KaapoB

1 —
F.(x,y) = ;2?:% Iy _; (x,y)

— MeToq onpegeneHns meanaHbl UKCUPOBAHHOMO
KonunyecTtBa NpeaLwecTBYOLWMX KaapoBs

Fk(xt y) — medj:()’g—l{lk—j(xt y)}

(6)

(7)

(8)
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HepekypcuBHble MeToAbl BbluMTaHUA (poHa (2)

Q lpeumyuwiecmea:

— MNPOCTOTa peann3aunum n cKopocTb OOHOBNEHUA MOAENEN
dooHa npu nepexoae OT Kaapa K kagpy.

Q Hedocmamku:

— KayecTBO paboTbl 3aBUCUT OT CKOPOCTUN OOBLEKTOB.
MepaneHHoO nepemellatomeca oobeKThl,
oOHapyXxuBaroTCs N10XO.

— He paloT kayecTBeHHbIN pedynbTaTt Npu USMEeHEeHUN CBETAa,
nnmbdo Npu HaNn4YMM gMHamMmn4yeckoro ooHa (nNUcTea
OepeBbEB, CTpysLaaca soga u T.n.). Ytobbl crnaantb
BNUAHME TakUX 3PP EKTOB, UCMOMb3YEeTCA a-cMewusaHue:

Fk(x'y) zalk(xry)_l_(l_a)Fk—l(x)y) (9)
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PekypcuBHbIe MeTOoAbl BblYMTaHUA hoHa

O PeKypcueHble MemoObl 8blYUmMaHusi (hoHa:

— ['ucTorpammHeIn MeToq
» LIBeTOBOE NpOCTPaAHCTBO pa3bmBaeTcs Ha OoTAENbHbIE BUHBbI.

« [1na kaxxgoro n3obpakeHusi B NOcrneaoBaTefibHOCTU BbINOMHAETCS
NMOCTPOEHNE TMCTOrPaMmbi.

 [lnkcenun, cocTaBnAlOLLME HEKOTOPLIN BUH, NpuHaanexaT ooHy,
ecIin BennymHa gaHHoro OuHa mMeHbLue PUKCUPOBAHHOIO
MOPOroBOro 3Ha4eHus, B NPOTUBHOM CJlydae, CYNTAETCH, YTO OHU
npuHagnexar oobekTy.
— [NpencTtaBneHne oHa cMmeckio ['ayccoBbIX

pacnpeneneHum

— MeTtopq nssneyeHuns susyanoHoro goxa (Visual
Background Extractor, ViBe)
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[MpenctaBneHune ¢poHa cMmecbio [ayCcCOBbIX
pacnpegeneHnn. Mogensb ¢oHa (1)

Q Cuuntaetcq, yto ans noboro nukcens (xq, yo) n3obpaxeHns
I;, N3BECTHA UCTOPUSA UBMEHEHUST M0 MHTEHCUBHOCTU/UBETA
Ha BCeX NMpeaLwecTBYOLWNX Kagpax

{XerZJ "'er} — {Ij(in yO)'j — ﬁ}

O BeposaTHOCTbL TOro, 4TO HabngaeTcsa 3Ha4YeHue Xy,
npeacraBnseTca CMecbto 13 s ['ayccoBbIX pacnpeneneHun:

P(Xy) = X3oq 0f N(Xpc|uk, 2f (10)
rae w¥ — Bec j-oro pacnpepeneHus Faycca nns Kagpa ¢
HoMepoM k, i — MaTemaTuyeckoe oxuaaHue, I —

cpefHeKBaZpaTUYHOE OTKMOHeHne, N (X |uf, %] ) DYHKLMS
NIOTHOCTU HOpMarnbHOro pacnpegenexHus (11).
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[MpenctaBneHune ¢poHa cMmecbio [ayCcCOBbIX
pacnpegeneHnn. Mogenb coHa (2)

T -1
N(Xk|.uf';27]k — ; le‘%(xk‘“}() (=F) (xe—af) (11)
—

Q Mpepnonaraetcd, YTO KOMMOHEHTHI LiBETAa HE3aBUCUMBbI U
MMEIOT OMHAKOBOE cpeAHeKBaapaTUYHOE OTKITOHEHME:

k _ (_k\2
2f = (of)E
roe E — eguHn4yHaa maTtpuua.

0 HoBoe 3HayeHue byaeT npeactaBnsaTbCA OAHON N3 OCHOBHbIX
KOMMOHEHT NOCTPOEHHOWU cMecKn [ ayccoBbIX pacnpeneneHnm
N UCNoNb30BaTbLCA Ans OOHOBIIEHMNS NapaMeTPoOB MOLENM.
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[MpenctaBneHune ¢poHa cMmecbio [ayCcCOBbIX
pacnpegeneHnn. Mogenb coHa (3)

0 PacnpegeneHnsa copTUpyrTCs B NOpsiake YMeHbLUIEHUS

wk

BeMUUUHBI 1 = —.
%
0 CopTupoBKa NpeanonaraeT, 4To NMKCcenb hoHa oTBeYaeT

pacnpeaeneHuto ¢ bonbLLIMM BECOM U Marnou aucnepcuen.

0 Modenb ¢poHa: nepsble B* pacnpenenenui,
yOoBrneTBoparLwmx ycrnosuto (12), cootBeTCTBYIOT
pacnpegeneHunto useta dOHOBbIX MUKCENEWN.

kK _ : b,k
B* = argmmb{zjzl w; > T}, (12)
roe T — HEKOTOPOE NoporoBoe 3HavyeHne, napameTp Moaenu.
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[MpenctaBneHune ¢poHa cMmecbio [ayCcCOBbIX
pacnpegeneHnn. Knaccudpukauus nukcens (4)

A Korga npuxogut odepenHoun kagp I 41, ANA KaxXOoro nukcens
N300paxeHns1 BbINOMHAETCS TeCT.

Q Onsa pacctosHusa MaxanaHobuca npoBepsaeTca yCroBue:

s =) ()7 (sr ) <250F (19

Q Ecnu Hawnock COOTBETCTBYIOLLEE pacnpeaenerHue [aycca,
TO B 3aBMCUMOCTU OT TOr0, BXOAMUT NI OHO B rpynmny us BX
pacrnpegerieHnn Unu HeT, NUKCerb KrnaccuduumpyeTtca Kak
doHOBLIN, NMBO Kak NpuHaanexawmm obbLeKTY.

Q Ecnu He 0OHapyXnUnocb HM OQHOro pacrnpeaeneHns,
yaoBreTsopgatouero ycrnosuto (13), To cuynmtaeTcs, 4To
MUKCErb NPUHAOSIEXUT OOBLEKTY.
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[MpenctaBneHune ¢poHa cMmecbio [ayCcCOBbIX
pacnpeneneHnn. ObHoBneHue moaenu cgpoHa (95)

Q B 3aBUCMMOCTU OT pe3ynbTaTta Nnomcka COOTBETCTBUA,
OOHOBIEHNE BbLINOMHAETCA Mo-pasHOMY.

O Coomeemcmeue ob6HapyXeHo.

— [NepecunTbiBaloTCA BECOBLIE KOIMPULNEHTHI,
cocTaBnsoLwmMe CMecb pacrnpeneneHnn, KOTopbiM
COOTBETCTBYET X1, U MApaMeTpPbl pacnpeneneHunm.

¥l = (1 - a)wf +a, (14)
j j

uitt = (1 = puf + pXis1, (15)

() = (1 = p)(0f) + p(Xesr — ) (Xiesr — 1541)', (26)
rAe a — 3afaHHas KoHcTaHTa, p = aN(Xjq1|uf, 2f).
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[MpenctaBneHune ¢poHa cMmecbio [ayCcCOBbIX
pacnpegeneHnn. ObHoBneHne moaenu cpoHa (6)

— 1na Bcex pacnpeneneHunn, KoTopbiM X, He

COOTBETCTBYET, NapaMeTpbl HE U3MEHSIOTCS,

nepecyYnTLIBAOTCA TONMbKO KO3 MPUUNEHTLI a)]’-‘“.

Wl = (1 - a)wk (17)
J ]

O Coomeemcmeue He HaloOeHoO.

— KpalHee B cMmbicrie BBEOEHHOIoO OTHOLLEHUA nopaaka
pacnpeneneHue ['aycca 3amellaeTcsd pacnpeneneHnem c
HOBbIMM NapaMeTpaMu:

 MaTtemaTnyeckoe oxugaHue Bbl6|/|paeTCF| PaBHbIM TEKYLLEMY

k+1

3Ha4YeHuto uBeTa nukcena ps™ = Xp4q.

2 “
- Oucnepeust (oX*1)” ycTaHaBnmBaeTcs MakcMMarnbHO BO3MOXHOW,

a BeC wX*1 MMHMUManbLHO 4oNYCTUMBIM.

‘Ll' H.HOBI’OpOﬂ,, 2013r. OTcnexvBaHne OBWXEHUS U anropuTtMbl CONPOBOXAOEHUA KIMHOYEBbLIX TOYEK

19



[MpenctaBneHune ¢poHa cMmecbio [ayCcCOBbIX
pacnpeneneHnn. 3amevaHus (7)

O KonunyecTtBo pacnpeaeneHnn onpeaenseTcsi CroXHOCTbIO
doHa 1 NMELLMMNCS BbIYUCIUTENbHBIMU MOLLIHOCTAMM (B
NepBOMCTOYHUKE npeasiaraeTcs Ucnosib3oBaTb 3Ha4YEHNE B
npenenax ot 3 4o 5).

Q HavanbHasa nHuumnanmsauyms napamMmeTpoB pacnpegeneHnm
MOXeT BbINOJIHATLCA C UCMOSIb30BaHMEM MeToaa K-cpegHux,
nnboo EM-anroputma (Expectation Maximization).
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I—I'Ipep,CTaBneHMe ¢dooHa cMmecbio NayccoBbIX

pacnpeneneHuun. NMpnmep npnmeHeHus (8)
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MeTopn nssnevyeHusa susyanbHoro goHa (ViBe).
Mogaenb choHa (1)

O Modesnb ¢hoHa Ha Kagpe C HOMEPOM k NpeacTaBnsaeTcs
HabopoOM MHOXECTB
Mk(p) = {vl' U2, v, UN}
onga scex nukcenen p = (x,y), rae v; — UHTEHCUBHOCTL/UBET
nukcens (B o0LLEM criydae BEKTOP).
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MeToa unaBneydyeHunsa BusyanbHoro ¢goHa (ViBe).
Knaccudumkaums nukcens (2)

Q [na knaccudunkaunm nukcens p B LBETOBOM MNPOCTPAaHCTBE
cTpouTcsi cipepa Sg(v(x)) paguyca R v onpeaensieTcs
KONTMYECTBO BEKTOPOB MHOXecTBa M (p), KOTopble nonagarT
BOBHYTPb MOCTPOEHHOI cpepbl, K = [Sg(v(p)) N M(p)|.

Q Ecnu K > T, TA€ T,pin — PUKCUPOBAHHOE MOPOroBoe

3Ha4yeHue, TO NPMHUMAETCS, YTO NUKCENb p NPUHAANEXNUT
OHY, B NPOTMBHOM Crlydae, OObeKTY.
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MeToa unaBneydyeHunsa BusyanbHoro ¢goHa (ViBe).
UHnumanusauumsn (3)

O Ha HayanbHOM 3Tane HeobxoanmMo BbIMNONMHUTL
MHMLUManu3aumo MHoxectB M°(p) ana Bcex nukceneu p
cnenyrowmm obpasom:

M°(p) = {(v°(y),y € Ns(p)}, (18)
roe N;(p) — OKpecTHOCTb Nukcens p pasmepa 3x3 (9 KNeTok,
BKNOYasa TEKYLLUUN NUKCENL), ¥ BblbupaeTcs N pas
CnyYanHbiM obpasom.
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MeToa unaBneydyeHunsa BusyanbHoro ¢goHa (ViBe).
ObHoBneHne mogenu ¢goHa (3)

Q ObHoBneHne moaenu dooHa anst kagpa I, BbINONMHAETCA B
aBa wara:

— Ecnn p npoknaccnduumnpoBaH Kak nukcenb goHa, To U3
MHOXecTBa M*(p) criyyanHo BbIGMpaeTcs KOMMNOHEHTAa,
KOTOpas 3aMeHsieTcsl 3HadeHuem v(p).

— CrnyyanHbiMm 0bpa3om BbiDMpaeTcs oaAnH cocegHnn
MUKCENb N3 OKPECTHOCTU N (p), ANs KOTOPOro
BbINOMHAETCSA NpeablayLnm war.
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MeToabl onpeaeneHna obrnacrten ABNXKEeHUS

Q BblunTtaHue dooHa

Q MonHbIK Nnepebop AONYCTUMBbIX BapMaHTOB CMeLLeHUS
n3oopaxeHnun nnm ux coparmeHToB. Bo3MOXHbIe
cnocoObl YyCKOpeHUus nepebopa

Q lMapameTpuyeckne moagenun ABMXXeHUs
O MHoroypoBHeBOE OBUMXEHUE
Q BblyncneHne ontn4eckoro NnoToka
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[MonHbIN Nnepebop

Q lNepebop BceX BO3MOXKHbIX BApUaHTOB CMELLEHUS
n3obpakeHun nnn nx otTaenbHbIX pparmeHTos (translational
alignment).

O Heobxogmmo BbIGpaTb METPUKY AN OLEHKN CTEMEHU
cxoAdcTBa oparMeHToB.

0 VcxooHasa 3agadva onpegeneHnst BMKEHUS MOXeT OblTb
cBeJeHa K MUHUMuU3ayuu ¢pyHKUyuu owubKu no BCEM

BO3MOXHbIM Harpasl1ieHUAM CMELLEHUA.
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®yHKUUKM ownbkn. OgHoKaHanbHoe
nsobpaxeHue (1)

0 Keadpamu4Hasi hyHKUuUsi owubkKu.

E(wv) = ;I ey +w,y; +v) — g (x,¥))%, (19)
roe (u, v) — BEKTOpP CMELLEHNS N300paxkeHnsa unm
doparmeHTa.

Q Mpybbie oueHoYHbIe pyHKYUU owubku. p(e) — QyHKUMUS,
KOTOpasi UMEeT MEHbLLYIO CTEMNEHb POCTa MO CPaBHEHUIO
KBagapaTU4HOU PYHKLMEN.

E(wv) =2 pU (O + w,y; +v) — L1 (x, 7)) (20)
[Tpymepom rpybon pyHKLMN OLLMOKN MOXET CNYXUTb cCyMMa
abConTHLIX pasHocTen (21).

E(u,v) = Xl (i +u,y; +v) — Lq (x4, y)| (21)

‘Ll' H.HOBI’OpOﬂ,, 2013r. OTcnexvBaHne OBWXEHUS U anropuTtMbl CONPOBOXAOEHUA KIMHOYEBbLIX TOYEK

28



®yHKUUM ownbkn. OgHoKaHanbHoe
nsobpaxeHue (2)

O B3eeweHHasi keadpamuy4Has ¢byHKyusi owubku. BecoBble

KOS(PPULMEHTbI — ONCKPETHbIE PYHKLUN, KOTOPbIE
NPUHUMAIOT HYJIEBbIE 3HAYEHUS 3a Npeaenamm nsobpaxeHus.

E(u,v) = 2 wr—1(x;, yi) wr(x; +u,y; +v) -
i

(e (g + w3+ v) = Leoq (x4, ¥0)7 (22)
0 Kpocc-koppensiyusi napbl 8bIPO8HEHHbIX U306paxeHul.
E(wv) = X l—1 (i) - L O + w,y; +v) (23)

3ameTum, 4YTOo npu BbIDOPE KPOCC-KOPPENALIMN B KAYECTBE
PYHKLMM OLLNOKM BBINONMHAETCA HE MUHUMMU3aLUS, a
MaKCUMMN3aLusi MO BCEM BO3MOXXHbIM HanpaBleHUsIM

cMeLLeHud.
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PyHKUUM OWLINOKN. LiBeTHOEe nsobpaxeHune

0 1 eapuaHm: BbINOMHUTb UX KOHBEPTUPOBAHUE B
NONyTOHOBbIE, NMMOO BBECTU AOMNONTHUTENBbHYIO CYMMY MO

4MUCIy KaHanos
Q 2 eapuaHm: Ucrnonb3oBaTb O4HY U3 NpeanoXXeHHbIX PYHKLNN

OLLUNOKMWN.
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YckopeHue nepebopa. Uepapxmnyeckan cxema (1)

O KoHcTpyupyeTcs napa nupamug ans nocriegoBatenbHO
nayLwmx n3obpaxeHmmn nocpeacTtsomM MmaclitabruposaHus
NCXOAHbIX N30O6paKeHUMN.

Q lNounck BbINOMNHAETCA OT MENKMUX N300paxeHuin kK bonee
KPYMHbIM:

— [NocTeneHHO OTCeKaloTCH HarpaBJieHnd CMeLleHN4A, B
KOTOPbIX 3aBeaOMO HeE NnponcxoamnT ABM>XXEHUNE.

— Ecnn Ha HEKOTOPOM YPOBHE OBHapYXXMIICA BEKTOP
CMeLLEeHNs anga onpeaeneHHoro dgparmMeHTa, To Ha
criegyroLwem — 3TOT BEKTOP UCNOSb3yeTcsa AN
npeackasaHus pacnosioXXeHna COOTBETCTBYHOLLErO
doparMeHTa.
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| YckopeHue nepebopa. NMNpumeHeHue bBINP (2)

Q MeTona onupaeTcsa Ha TOT doakT, 4To Moaynn obpasoB Pypbe
MCXOOHOro N CMELLEHHOro CMrHanoB CcBs3aHbl YpaBHEHNEM:

F(li (3 + .y +v)) = F( G y))e ™ (2 =
_ Ik(a)e‘i([ﬁ]@), (24)
rie w = [Z));] — BeKTop YacTtoT ABymepHoro bro, I, (w) =

F(I,(x;,y;)) — obpas dypbe curHana I, (x;, y;).

0 lNokaxeM NpMMeHeHNe Ha NpUMepe KPOCC-KOPPETSLINN.
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YckopeHue nepebopa. NMNpumeHeHue BINP (3)

F(E(U, V)) =F (Z Le—1(x, yi) - I (g +u,y; + V)) =

= F(lx-1(u,v) * [ (w, v)) = Ij—1 ()]} (w) (25)

Q Bbluncnutb obpasbl Pypbe ANS MCXOLHOW Napbl
n3obpaxkeHui ¢ nomoLlbto bINd (CcnoXHOCTb cocTaBnsaeT
O(NM log NM) aona nsobpaxeHus pasmepa N X M).

0 MNepeMHOXUTb Nony4yeHHble 0bpasbl (3a BpeMs, He
npesbiwatoLlee 0(N2M?)).

Q Beluncnutb obpaTtHoe npeobpasoBaHme Pypoe.
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CyonukcenbHasi TOYHOCTb onpeaerieHus
ABVXeHUs

Q Cyb6nukcenbHasi MoYHOCMb OonpeaeneHnst CMeLLeHns —
CMeLLEeHNE B APOOHbLIX KoOpaMHaTax.

Q OauH n3 Hanbonee N3BECTHbIX NOAX0A0B COCTOUT B TOM,
4TOObI MCMONb30BaTh Npoyedypy YmoYHeHUs!
HaripaeJsieHUsi CMeuW,eHusl.

O Bnepsble Obina BBegeHa npu paspaboTke anropntma
conpoBoXaeHua Jlykaca-KaHage.

Q lNpouenypa ocHoBaHa Ha NPUMEHEeHUN MeToda rpagueHTHOro
crnycka ganst MMHMMKU3auum KBagpaTtuvyHom oyHKLUM OLLINOKK B
CMeLLEeHHON ToYKe — OYHKLUKW SHEPTUN, KOTOopad
npubnuxaeTtca pasnoxxeHmem B psg Teunnopa.
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| YTOouyHeHUue HanpaBneHus asunxeHus (1)

E(u+Au,v+ Av) =
=YL +u+duy; +v+Av) — I (x,¥))* = (26)

N (it wy 4 9) + Ve 1,y +9) [ = eaGroyd)
[
- z (PhGei+ wye + 0 [2] + @) =
= i (]k(xi +u,y; +v) [2:;] + ei)z = MiIN(yy) , (27)

rae e; = I(x; +w,y; +v) — L— 1 (%3, ¥4),

oI, ol
Jebii +w,yi +v) =V (x +uy; +v) = [_k _k”

Ox = 0y (xi+u,yi+v)

l-l
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YTOuyHeHUe HanpaBreHusa oBMxeHus (2)

Q lNony4yeHHasa 3agavya MMHUMKU3aUuM (27) cBoguTcA K
PELLUEHUIO CUCTEMbI JIMHENHbIX arnredbpanyecknx ypaBHEHUI
Buaa (28).

Aul
Al ol=b (28)

rae A =% ], O +wyi +v) Ji (g +w,y; +v),
b=—Yefi(x;+uy +v)

A OdPPEKTUBHOCTb peLLEHNS 3a4a4mM OOCTUraeTcs 3a CYET TOro,
YTO ONS TeKyLllero n3odbpaxenus rpaanenTsl [, (x; + u, y; + v)
B CMELLIEHHON TOYKE MOXHO NPUBNIMXKEHHO 3aMEHUTb
rpagneHTamm npeablayuiero ndobpaxenumsa J,_,(x;, y;) B
ncxoagHom Touke, T1.e. Ji, (x; +w,y; + v) = Ji—1 (x5, vi).
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MeToabl onpeaeneHna obrnacrten ABNXKEeHUS

Q BblunTtaHue dooHa

Q lMonHbin nepebop AONYCTUMbIX BapUaHTOB CMELLLEHUS
N3o00paxxeHnn nnm nx dparmeHToB. Bo3amMoXXHbIE crocobbl
yckopeHusi nepebopa

Q MapameTpuyeckue moaenu ABUXeHUNA
O MHoroypoBHeBOE OBUMXEHUE
Q BblyncneHne ontn4eckoro NnoToka
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[MapameTpuyeckune moaenun oBMXXeHUs

a [BmxXeHune He onncbiBaeTcsl TOSbKO NMUHEUHBbIM cOBUTOM!

QO MNo3TomMy paccmaTpuBaldTCA NPOCTPAHCTBEHHbIE NOMS
CMELLEHNWN, N BbINOMHAETCH NOCTPOEHNE NMapaMempu4ecKux
Modersell dsu)xkeHusi (parametric motion).

O B napameTpuyecknx moaensax BMecTo NOCTOSIHHOro BEKTopa
cMmeLleHns [u, v]’ paccmaTtpuBaeTca napaMmeTpu3oBaHHOE
none cmeweHun x'(x, y; p), rae p-BeKTop napameTpoB.
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[Mpumepbl napameTpuUyvecKknx moaeneun
ABuxeHus (1)

Q JluHeliHbIU cOsu2 (29).

E »p X
Yoy =] ||| (29)
0" 1 1
roe p = [P1 P2] — BekTOp caswura.
Q loeopom co cdsuzom (30).
cosp —sing p1][X
x'(x,y;p) =|singp cose p,||Y], (30)
0 0 1111
CoOs® —sing

rne R = [SiHQD CoSs @ — MaTpunua NoBopoTa, p = (pl,pz, QD)

— Habop napameTpoB MOAENUN ABUKEHUS.
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[Mpumepbl napameTpuUyvecKknx moaeneun
ABWXeHus (2)

rlHl
‘L H.Hosropoga, 2013 .

Q lMpeobpa3oesaHue nodobus (31).

a —b pi][x
x'(x,y;p) = [b a p; [y : (31)
0 O 1111

roe sk = [Z _ab] — MaTpuLL/a NOBOpPOTa, YMHOXEHHas Ha

koo dUUMeHT macuTabupoBanua s, p = (p1,p,, a,b) — Habop
napamMeTpoB MoAeNn ABMKEHUSI.

0 AgpguHHoe npeobpa3oeaHue (32).

x'(x,y;p) = | (32)

X
Qoo QAo1 aoz] y
10 A11 Q12 1
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Mpumepbl napameTpu4yecknx moaersnemn

ABuXXeHus (3)

Q lepcnnekmueHas npoekyusi unn 2omozpaghus (33).

i1

x"(x,y;p) = |h21
h3q

h12
h22
h32

hiz
ha3

h3s|

X
y|=Hx (33)
1

Q AHanorn4yHo npouenype yTouYHeHus HanpaBiieHUa, MOXXHO
BbIMNONHUTL ONpeaeneHne HanpaBrneHna ABUMXeHNs ang
nobon napameTpmnyHeckon Moaenu, pacnmcas KBaapaTUYHYIO
doyHKUMIO OLLMOKK C NOMOLLILIO pasrioXeHus B psg Tennopa
Mo BEKTOPY NapamMeTpoB U BbINOSIHUB €€ MUHUMU3aLUIO.

rlHl
‘L H.Hosropoga, 2013 .
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MeToabl onpeaeneHna obrnacrten ABNXKEeHUS

Q BblunTtaHue dooHa

Q lMonHbin nepebop AONYCTUMbIX BapUaHTOB CMELLLEHUS
N3o00paxxeHnn nnm nx dparmeHToB. Bo3amMoXXHbIE crocobbl
yckopeHusi nepebopa

Q lMapameTpuyeckne moagenun ABMXXeHUs
O MHoroypoBHeBOe ABUXeHUe
Q BblyncneHne ontn4eckoro NnoToka
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MHoroypoBHeBOe ABUXEHUE

O Bo MHOrux crny4vyaax BusyasribHoe ABUXKEHUE BbI3BAHO
CMELLEHMEM HEDOSBLLOIo KonmyecTsa 06BHEKTOB,
HaxoAdsIWMXca Ha pasHou rnybuHe naobpaxeHus.

Q lNoaTomy ABWXEHME NMUKCenen MOXHO onncaTb bonee
9o eKTNBHO, ecnu CrpynnmpoBaTb NUX B CIIOU, U
oTcnexunBaTb MHO20ypoeHesoe deuxeHue (layered motion)
NMOCTPOEHHbIX CII0EB, HaNpMmMmep, ¢ NOMOLLbIO
napamMeTpuyecknx Moaeneu.
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Kak npeacraButb cnoun?

Q Cnon onpegensaetca Habopom 13 Tpex KapT (MaTpuy,):

— MaTpuua UHTEHCUBHOCTU Crnos (B KOMMNbIOTEPHOM rpadouke
TEKCTYypHas KapTa);

- a-KapTa, KoTopaa onpeaenseT nNpo3pavYHoOCTb Cros B
KaXXOOM TOYKe M30bpakeHus;

— KapTa CKOpPOCTEN ONUCbIBAET U3MEHEHWE NOMNOXEHUS
TOYEK C TEYEHMEM BPEMEHM.
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Kak pa3bnte MHOXXeCTBO NUKCesrien Ha Crion u
onpenenuTb ABUXeHUe Kaxaoro crnos?

O OueHnBaHWe OBUXEHUSA C UCMNONb30BAHMEM ONTUYECKOTO
noTtoka n acdbdonHHOM moaenu anst Habopa
HernepekpbiBaroLmxcs 6noKoB (a), NoNnyyYeHHbIX B pe3yribTaTte
pa3bneHns NCXoaHOro N3obpakeHus.

Q KnacTtepusaumsi nosiy4eHHbIX OLEHOK C NMOMOLLbIO MeToaa k-
cpenHunx (b). Kaxabin knactep onpenenaeT CErMeHT,
OTBeYarLLMin HEKOTOPOMY CIIOH U300paXKeHus.

Q lNpumeHeHe MegmaHHoOM punbTpaLmm Anga nonyyvyeHus
CMeLLaHHbIX CnoeB, YCTONYMBLIX K HE3HAYNTENbHbLIM
N3MEHEHNAM MHTEHCUBHOCTU, a TaKXe OJ1S BbISIBIIEHUSA
nepekpbITUN Mexay criosmm (c).
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MpumMmep BblaeneHnsa cnoes

{

a) OnTnyeckum b) HayanbHoe c) Pesynstupytowee d) Crown, e) Crnon,
MOTOK MHOXECTBO MHOXECTBO CMOEB  OTBeYatoLLni oTBeYarLwmm oTBeYaroLLnm
CloeB Knymbe CTPOEHUIO aepesy

g) Kagp O h) Kagp 15 1) Kagp 30 ]) Kagp O k) Kagp 15 1) Kagp 30
Kagpbl, BOCCTaHOBMNEHHbIE Kagpbl, BOCCTaHOBMNEHHbIE HA OCHOBAHUM NOCAOWHOIO
Ha OCHOBaHWW NOCITIOMHOIO NPeACcTaBNeHNs NpeAcTaBneHns, UCKNoYas Cron, cogepXxalmmn gepeBso

Wang, J. Y. A, Adelson E. H. Representing moving images with layers // IEEE Transactions on Image Processing. 1994. 3(5). P. 625—-638.
[http://persci.mit.edu/pub_pdfs/wang_tr279.pdf].
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MeToabl onpeaeneHna obrnacrten ABNXKEeHUS

Q BblunTtaHue dooHa

Q lMonHbin nepebop AONYCTUMbIX BapUaHTOB CMELLLEHUS
N3o00paxxeHnn nnm nx dparmeHToB. Bo3amMoXXHbIE crocobbl
yckopeHusi nepebopa

Q lMapameTpuyeckne moagenun ABMXXeHUs
O MHoroypoBHeBOE OBUMXEHUE
O BbluucneHue onTtU4YecKoro nortoka
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BbiuncneHme ontudeckoro notoka (1)

Q Hpyron pacnpocTpaHeHHbIW NoAxoa K peLleHUto 3agaydm
AeTekTnpoBaHua obriacten ABMKEHUS — eblYUCIIeHUe
onmu4ecko20 nomoka (optical flow).

Q YcrnoBus NnpMMeEHNMOCTN:

— APKOCTb KaXkAoW TOYKM 0ObeKTa HE N3MEHSIETCA C
Te4yeHnem BpeMeHNn,

— Bnwkanwre ToYKK, NpuHaaneXxawme oaqHoOMy OObEKTY, B
MNMOCKOCTM N30OpaXKeHNs1 ABUTalOTCS C MOXOXKeEN
CKOPOCTbIO.
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BbiuncneHme ontu4eckoro nortoka (2)

Q MycTb MeeTcst HenpepbIBHO N3MEHSAIOLLIEECH BO BPEMEHU
n3odpaxeHue.

Q I, (x,y) — SpKOCTb MUKCENS C KoopanHaTtaMmu (x,y) B MOMEHT
BpeMeHMU k.

A Cuutas anHamu4veckoe nsobpaxeHne pyHKUNEN NONOXKEHUSA
N BPpEMEHU, APKOCTb MNKCENSA B cneaywmm MOMEHT BPEMEHU
MOXXHO BbIpa3nuTb C MOMOLLLIO Pa3noXeHus B paa Teunopa:

Levar(x + Ax,y + Ay) = L (x,y) +

+%A +%Ay+a”‘Ak+0(02) (38)

0l 0JIy Ol
rge ox’ 9y ' ok — YaCTHble NMPOnN3BOAHbIE beHKU,MM Ik'
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BbluncrneHne ontnyeckoro notoka (3)

Q lNpegnonaraeTtcs, YTO 3a HEDOSLLLOW NPOMEXYTOK BPEMEHM
MUKCENb CMELLLaeTcsa He3HaUUTENbLHO, T.e. (Ax,Ay) — 0 npu
Ak — 0, 3HAYUT MOXKHO CUYMTATb, YTO APKOCTb MOYTU HE
N3MeHaeTCcd, NO3TOMY OCTATOYHbIM YNeHOM psaa MOXHO

npeHebpeyb:
Levar(x + Ax,y + Ay) = I, (x,y)
O YpaeHeHue onmu4ecKoco nomokKa.
0l _ 0lpdx  dlpdy

ok oxak T dy dk (39)

Q 3amMeyaHue: Nog 4YaCTHbIMWU NMPOU3BOAHLIMU B CUNY
OVCKPETHOCTU npeactaBrieHnsa n3oodpaxeHmnst NOHMMaeTCs
LeHTpanbHbIW pa3HOCTHbLIN onepaTop.
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BbluncrneHne ontnyeckoro notoka (4)

dx d
0 Llenb — NocTpouTb BEKTOP CKOPOCTYU ¢ = (—x,—y) = (u,v).

Q ,D,.I'Iﬂ MNOJIHOTbI NOCTAHOBKW 3ada4Y BBOOAUTCA yCliOBUE
rMaakoCctTn NSAMEHEHUA CKOPOCTM.

u; +uy; =0mnve +vy =0
0 WicxogHas 3agaya cBOAMTCA K 3a4ade MUHUMU3aL UK

y ol )] oI\ 2
KBaZpaTU4HOM OLLNOKK (au + y" v+ a—}f) npv Hanu4nMu

OrpaHn4YeHun B BUAE paBeHCTB (3agada MmaTeMaTUYeCcKoro
nporpamMmmmpoBaHmns).

0 MNpoueaypa MUHMMM3ALMN NPUMEHSETCSA K KaXKOAOMY MUKCESTHO
TEeKyLLero n3obpaxeHus => Nons BEKTOPOB CMELLLEHUS.
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COMPOBOXOEHUE OB BbEKTOB

@/’ H.Hoeropog, 2013 1. OTcnexvBaHue ABVIKEHWS U arrOpUTMbl COMPOBOXKAEHMS KIHOYEBbLIX TOYEK



[NloctaHoBKa 3agauum (1)

O ConpoeoxxdeHue (TPEKNHI) ABMKYLLIMXCS OOBEKTOB — 3TO
OAVH U3 COCTaBIAOLLNX KOMMNOHEHTOB MHOIMMX CUCTEM
peanbHOro BPpEMEHW TakuX, Kak CUCTEMbI CNEXeHUs1, aHanusa
BNOEO N OPYIUX.

Q Bxo0 — nocnenoBaTtenbHOCTb N300paxeHun 14, I,, ..., Iy.

0 BbIxo0 — Habop TpaekTopum OABMKEHUS LieNeBbIX OOBbEKTOB
Ha BXOAHOW rnocriegoBaTenbHOCTUN KaapoB.
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[NlocTaHoOBKa 3agauum (2)

Q lMonoxeHue o6 LekmMa Ha N30dbpakeHnn ¢ HOMepoMm k
obo3Ha4vaeTca P;.

Q Tpaekmopueu OBMWKEHNS OObEKTa Ha3blBaeTCH
nocneanoBaTenibHOCTb ero NofioXeHun P, Po. 4, ..., Ps41—1,
roe s — HOMep NepBOro Kagpa, Ha KOTOpoM ObifT 0OHapyKeH
0OBEKT, | — KONMMYECTBO KagpoB NocrieaoBaTenbHOCTH, rae
HabngaeTcsa O0BLEKT.

A 3amMeyaHue: B 3aBUCUMOCTM OT MeTo4a CONpPOBOXOAEHUS
nonoXeHne obbeKTa MOXET onpeaensaTbCs No-pasHoOMY
(koopanHaTbl U pa3Mep CTOPOH OKAUMISOLLErO
NPSIMOYrofibHUKa, KOOPAUHATbI LLlEHTPA Macc KOHTypa U T.1.).
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ConpoBoxaeHue o0bLEKTOB

U

Knaccudmkauma metonoB conpoBOXOeHUSA
MeToabl cCOnocTaBNEeHUSA KITHOYEBBLIX TOYEK

0 MeToabl conpoBOXaeHUS 00 bEKTOB, OCHOBAHHbIE Ha
BbIYMCITIEHNN OMTUYECKOro NoToKa

QO MpumeHeHne mMeToaa «COBUTN CPedHEro» K peLleHunio 3agaym
COMNPOBOXOEHUS

Q lNpumeHeHne punbtpa KanbmMaHa ans oueHKU nonoXXeHus
obbekTa

Q lNpumeHeHMe punbTpa YacTul K 3agade ConpoBOXAEHMUS

U
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Knaccudgpumkauma metonoB conpoBoxaeHus (1)

O MemoOb! conpoeoxodeHus1 ocobbix moyek (point tracking).

— [lemepmuHucmckue memoosbl

* Icnonb3yloT Ka4eCTBEHHbIE 3BPUCTUKN ABMKEHNS (HEOONbLLOE
N3MEHEHNE CKOPOCTU, HEM3MEHHOCTb PaCCTOAHUSA B TPEXMEPHOM
NPOCTPaHCTBE MEXAY Napon TOYEK, NpMHaanexawmx oobekTy).

* [Npumepsbl: MeTOAbl, OCHOBAHHbLIE HA BbIYNUCITIEHUN MITIOTHOIO U
pas3peXeHHOro oNTUYECKOro NoToka, MeTobl CONOCTaBNeHNS
(matching) 4eCKpMNTOPOB KIOYEBbLIX TOYEK.

— BeposmHocmHbIe memooObl

* Vcnonb3yloT Noaxon, OCHOBAHHbLIN HA NOHATUM NPOCTPaHCTBA
COCTOSAHUN.

 [Npnmepbl: MeToabl Ha ba3e punbTpa KanbmaHa n ounbTpa
vyacTuy, (particle filter).
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Knaccudgpumkauma metonoB conpoBoXxaeHus (2)

0 MemoOsbI conpoeoxodeHusi kKomnoHeHm (kernel tracking).

— KomrnoHeHma — goopma obbekTta (LuabrfioH NpAMOYrosibHOM
nnn oBarbHOU OOPMbI, TPEXMEPHAA MOodeNb ODBEKTA,
CNpOEeLUNpPOBaAHHON Ha MITOCKOCTb N300paxXeHus).

— MeToabl AaHHOU rpynnbl NPUMEHAKTCA, €Cl ABUXeHUe
onpenendeTcs 00blYHbIM CMELLLEHMEM, MOBOPOTOM UMK
apdUHHBIM Npeobpa3oBaHMNEM.

— TPEeKUHr KOMMOHEHT — UTepaTuUBHasA npoueaypa
rflokanusauymn, oCHoBaHHasa Ha MakCMMnU3aumm HEKOTOPOro
Kputepus nogobusi. Ha npaktnke peanmsyeTtca C
ncnosnib3oBaHMeM casura cpegHero (mean shift) n ero
HenpepbiBHOU Mmoandukauumn (CAM Shift).
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Knaccudmkauma metogoB conpoBoxaeHus (3)

0 MemoObI conpoeoxodeHusi cunyama (silhouette tracking).

O

Cunyam MoxXeT bbITb 3a4aH KOHTYpoM, NMbo Habopom
CBAA3aHHbIX NMPOCTbIX FrEOMETPUYECKUX MPUMUTUBOB.

— MemoObI cornocmassnieHus U cornpo8oXXoeHUuUs
cbpacmeHmMos8 u3lobpaxxeHus, cooepxxawlux obbekm

 [lpn conoctaBreHnn ecTteCcTBEHHbLIM 0bpa3om AosmkHa ObITb
BBeJEHa Mepa CXxoAcTBa napbl ob6nacrteun, orpaHUYEHHbIX
KOHTYPOM.

« OnpepgeneHne nNonoXxeHnsa dgparMeHTa BbIMOSTHAETCS NOCPEACTBOM
BblHNCITIEHNA ONTNYECKOIo NMOTOKa A4 BHyTpeHHI/IX TOYEeK O6J'IaCTI/I.
— MemoObI cornpoB8ox0eHUS KOHMypa

* Vcnonb3oBaHne Mmoaernen NpocTpaHcTBa COCTOSHUM (MO TNy
dunbTpa Kanbmana).

* MuHUMM3auMn OYHKLNM SHEPTNN KOHTYpPA.
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ConpoBoxaeHue o0bLEKTOB

U

Knaccmnmdukauna MeToaoB CONpoBOXOEHUS
MeToabl conocTaBneHUs Kn4eBbIX TOYEK

0 MeToabl conpoBOXaeHUS 00 bEKTOB, OCHOBAHHbIE Ha
BbIYMCITIEHNN OMTUYECKOro NoToKa

QO MpumeHeHne mMeToaa «COBUTN CPedHEro» K peLleHunio 3agaym
COMNPOBOXOEHUS

Q lNpumeHeHne punbtpa KanbmMaHa ans oueHKU nonoXXeHus
obbekTa

Q lNpumeHeHMe punbTpa YacTul K 3agade ConpoBOXAEHMUS

U
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MeToabl conocTaBlIeHUA KN4YeBbIX TOYEK.
Oowaa cxema

O Cxema conpoBOXaeHUSA 0CODbIX TOYEK MOXKET ObITb

O

npeacrasrieHa B BMae nocriegoBaTtesisHOCTU AENCTBUMN:

— [1onck ocobbIX ToOYEK Ha NpeadbliayLLEM U TEKYLLEM Kaapax
nocpencTeomM BbibpaHHoro getekropa (LoG, DoG, SURF,
SIFT, ORB v gp.).

— BbluncneHnue geckpuntopoB Ans nonyyYeHHoro Habopa
Touek (SURF, SIFT, GLOH, DAISY, BRIEF u T.4.) — n-
MEPHbIX BEKTOPOB-ONMcaTenen.

— ConocmaessnieHue (matching) oeckpunTtopoB, NONy4YeHHbIX
Ha TeKkyLlleMm 1 npeablaywem kagpe. Heobxoanmo
NOCTPOUTL NpeobpazoBaHNE TOYEK n-MEPHOro
NPOCTPaHCTBA AECKPUMNTOPOB.

— OTce4veHne NoXxHbix cpabaTbiBaHUMN.

H.HOBI’OpOﬂ,, 2013r. OTcnexvBaHne OBWXEHUS U anropuTtMbl CONPOBOXAOEHUA KIMHOYEBbLIX TOYEK

60



MeToabl conoctaBfieHUSA KI4YeBbIX TOYEK.
Mpumep

[Mpumep ncxogHoro n3obpaxeHnsa obbekTa (crnesa)
N 06beKTa BHYTPU HEKOTOPOW CLEHBLI (CnpaBa)

Habop COOTBETCTBUN A0 NPUMEHEHUS Ha6op cooTBeTCTBMWIA nocne
anropntma RANSAC npumeHeHna anroputma RANSAC
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Anroputm RANSAC

O RANSAC — 310 00WmMK MeTof, KOTOPbIN UCNOSMb3yeTca Ans
OLIEeHKM NapamMeTpoB MOAENN HA OCHOBAHMKN Cly4YanHbIX
BbIOOPOK.

Q lMpu conocTtaBneHnn Moaenb NnpeacTaBnseT cobomn maTpuuy
npeobpasoBaHus (romorpadous).

0 Bx00 — oBa MHOXXECTBA AECKPUNTOPOB, MOMYYEHHbIX Ha
npeabliayLLeM U TEKYLLLEM N300paKeHUMN.

O Bbixo0d — Hauny4was maTtpuua romorpadgpun.
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Cxema paboTbl anroputma RANSAC (1)

0 Bbi60op moyek u nocmpoeHue napamMmempos Mooesu:

— CnyyanHbin BbIDOP ©6€3 NOBTOPEHUN HAbOPOB
JOUKCUPOBAHHOIO pa3Mepa U3 OeCKpUnTopoB..

— Ha ocHoBaHuM nony4eHHbIX HAbopoB CTPOMUTCA MaTpuua
npeobpa3oBaHus.

0 Mpoeepka nocmpoeHHOU Modenu:

— [na kaxgoro geckpunrtopa npegbiayLlero kagpa
Haxo4UTCA NPOEeKUUA Ha TEKYLLEM Kadpe U BbINOSTHAETCS
nonck Hambonee 6NM3KOro JeckpunTopa u3 MHOXeCTBa

[ECKPMNTOPOB TEKYLLEro kagpa.
— [eckpuntop nome4yaeTcs Kak BblIbpoc, ecnu pacctosiHme

MeXay NpoeKkumen n COoOTBETCTBYHOLLMM OECKPUNTOPOM
TEKyLLIero n3obpaxeHns bonbllie HEKOTOPOro nopora.
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Cxema pabotbl anroputma RANSAC (2)

QO 3ameweHue mMmooesnu:

— [locne npoBepKn BCeEX TOYEK NPOBEPSIETCSH, ABNSAETCS A
NOCTPOEHHAA MoAerb Nnyyllen cpegm Habopa
npeawecTBYOLWNX MoOeNen.
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ConpoBoxaeHue o0bLEKTOB

U

Knaccmnmdukauna MeToaoB CONpoBOXOEHUS
MeToabl cCOnocTaBNEeHUSA KITHOYEBBLIX TOYEK

0 MeToabl conpoBOXAeHUsA 06bLEeKTOB, OCHOBaHHbIe Ha
BbIYNCIIEHUM ONTUYECKOro NoTokKa

QO MpumeHeHne mMeToaa «COBUTN CPedHEro» K peLleHunio 3agaym
COMNPOBOXOEHUS

Q lNpumeHeHne punbtpa KanbmMaHa ans oueHKU nonoXXeHus
obbekTa

Q lNpumeHeHMe punbTpa YacTul K 3agade ConpoBOXAEHMUS

U

‘Ll' H.HOBI’OPO,D,, 2013r. OTcnexvBaHne OBWXEHUS U anropuTtMbl CONPOBOXAOEHUA KIMHOYEBbLIX TOYEK

65



MeToAabl conpoBOXAEeHUA, OCHOBaHHbIE
Ha BbIYMCNIEHUU ONTUYECKOro notoka (1)

O MemoOd XopHa
— BblyucneHme nnoTHOro onTU4ecKoro noToka.
— PeweHune cuctembl anddepeHumnanbHbIX YpaBHEHUN,
NONyYEHHbIX B 3aJa4ye MaTeMaTUYECKOro

nporpaMmmmnpoBaHmngd ¢ NOMOLW b NTePaALIMOHHBLIX METOLOB
And NoCTpoeHnAa KOMMNOHEHT BEKTOPA CKOPOCTU B Kakaou

TOYKE U300paxkeHus.
Q Asrzopummbi cornocmaaesieHusi 6s10koe

— [Npegblayliee u Tekylee nobpaxeHnsa pasdbnBatoTcs Ha
6nokun (kBagpaTHble N NepeKkpbiBalOLLMECS).

— OnpepgengaeTtca OBMXeEHME 3TUX BIIOKOB NOCPEACTBOM
cornocTtaBrieHns. 3aobpakeHmne nonsti CKopocTen 0ObIYHO

nMeeT MeHbllee pa3peleHne no CpaBHEHNO C UCXOOHbIM.
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MeToAabl conpoBOXAEHNA, OCHOBaHHbIE
Ha BbIYMCNEeHNUU ONTUYECKOro NnoTokKa (2)

0 Aneopumwm Jlykaca-KaHaode

— OcHOBaH Ha BbIYUCIIEHNUN Pa3peXEeHHO20 ONMuUYeCcKo20
10MoKa — NOCTPOEHNEe BEKTOPHOIo Nosid CKOPOCTeN Ans
BblAerneHHoro Habopa To4yex.

— 3agada cnexeHust b6es yyeta addPUHHbBIX NCKaXKEHUN C
MOMOLLbIO JAHHOIo anropmMTmMa CBOAUTCS K NMOUCKY
ONTUYECKOro NOTOKa B OCOOLIX TOYKaX.

— 3ame4aHue: BnocneacTemm NnogBuUIncbL Moanukaumm
OaHHoro anroputma Tomawn-KanHage (Tomasi-Kanade) n
LLn-Tomawmn-KaHage (Shi-Tomasi-Kanade). Tpekep Lu-
Tomalwun-KaHage snepsble yunTbiBaeT apPUHHbLIE
NCKaXXeHNA OKPECTHbIX TOYEK.
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ConpoBoxaeHue o0bLEKTOB

U

Knaccmnmdukauna MeToaoB CONpoBOXOEHUS
MeToabl cCOnocTaBNEeHUSA KITHOYEBBLIX TOYEK

0 MeToabl conpoBOXaeHUS 00 bEKTOB, OCHOBAHHbIE Ha
BbIYMCITIEHNN OMTUYECKOro NoToKa

0 MpumeHeHue meToAa «CABUI CpeaHero» K peLueHuto
3aJa4M CONpPoOBOXAEHMUA

Q lNpumeHeHne punbtpa KanbmMaHa ans oueHKU nonoXXeHus
obbekTa

Q lNpumeHeHMe punbTpa YacTul K 3agade ConpoBOXAEHMUS

U
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[NpumeHeHUe caBUra cpegHero

O Noea MeToaoB COCTOUT B TOM, YTO ANA KaXXa0u 0cOOOM TOYKU
(B 0OLLEM crniydae, Anga KaXgoro obbekTa) BblIOMpaeTca OKHO
NoucKa, BbIYMCMNAETCS LEeHTP Macc pacnpeaeneHus
MHTEHCMBHOCTEN (TMCTOrpamMmmbl).

0 CoOTBETCTBEHHO LIEHTP OKHa cMellaeTcs B LieHTP Macc,
KOTOPbI NpeacTaBnseT cobon NONMOXKEHNE TOYKM Ha TEKYLLEM
Kagpe.

0 OnpegeneHne NONoOXeHUA TOYKN Ha NocneayrLwmx Kagpax
CBOAUTCSH K MPUMEHEHMIO 0MepeaHOoro Lara MmeToaa «caBura
cpegHero». MeTtoq octaHaBnMBaeTCs, Koraa LLleHTp Macc
nepectaeT cMeLlaTbCs.
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ConpoBoxaeHue o0bLEKTOB

U

Knaccmnmdukauna MeToaoB CONpoBOXOEHUS
MeToabl cCOnocTaBNEeHUSA KITHOYEBBLIX TOYEK

0 MeToabl conpoBOXaeHUS 00 bEKTOB, OCHOBAHHbIE Ha
BbIYMCITIEHNN OMTUYECKOro NoToKa

QO MpumeHeHne mMeToaa «COBUTN CPedHEro» K peLleHunio 3agaym
COMNPOBOXOEHUS

Q NMpumeHeHune unbTpa KanbmaHa ANA OUEeHKU
NOJIOXXEeHUA OObeKTa

Q lNpumeHeHMe punbTpa YacTul K 3agade ConpoBOXAEHMUS

U
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3apada conpoBoxaeHus (1)

O 3agavy conpoBOXAEHUSI MOXKHO paccMaTpuBaTb Kak XOPOLLO
N3y4YEeHHY0 Npobnemy Teopun yrnpasneHus.

0O Heobxoanmo oueHUTb COCTOSIHUE CUCTEMbI HA OCHOBaHUU
nocneanoBaTenbHOCTU 3aLllyMSTIEHHbLIX U3MEPEHUN.

0 dopmanbHO MMeeTca Mogernb ob6bekTa, kKoTopas
HabntogaeTcs B 3allyMIIEHHOM MPOCTPAHCTBE CLEHbI:
X — MmodeJsib 00beKkTa, z — HabsmrodeHue obbekKTa.

0 B obuwiem cnyyae x, z — BeKkTopa NpuU3HaKoB, KOTOPbIE MOTYT
MMETb pa3Hy pa3MepHOCTb.
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3apada conpoBoXxaeHus (2)

O B npouecce conpoBoxaeHUst o6bekTa Moaenm u
Habo4eHNs MOryT NCNONb30BaTbLCA ABYMS crnocobamu:

— [NlocnegoBaTenNbHOCTb HADMIOOAEHUN Z4, Z,, ... IPUMEHSETCS
ans yToyHeHusa 6asoBon Mogenu x. 3aMeTuM, YTO MOAESb
C TeYEeHNEM BPEMEHU TaKKE MOXET N3MEHSITLCHA, MO3TOMY

Ka)kgoe HoBOe HabrnaeHne z;, MoOXeT aaBaTb HOBYHO
OLIEHKY MOJENu x;,.

— [MocTpoeHHas oueHKka MOAenu x; UCNomnb3yeTcs Ans
npenckasaHms Moaenu xj ., W HabnogeHna z; 4 .
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MexaHn3m obpaTHOM CBA3MN

0 B pesynbTate nony4aem MmexaHn3m obpaTHOM CBS3W:
Habngaem z;, —
OLEHNBAEM Xj —
npeackasbiBaeM Xjiq U Zj 41 —
OOHOBISAEM X}, HA OCHOBaAHUWN Zj, 1.

Q Takon mexaHu3M NeXuT B OCHOBE METOA0B COMPOBOXAEHUA,
OCHOBaHHbIX Ha dunbTpax KanbmaHa n dpunbTpax YyacTtuu,.
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PunbTp KanbmaHa. NMpeanonoxeHus (1)

Q lNpegnonoxeHus:

— Cuncrema gaBnsaeTtca nMHeNHoOW (HabnogeHne ABNAKTCS
NMHENHON OYHKLUN COCTOAHMUS).

— Wymbl onuckiBatoTcsa TlayccoBbiM pacnpeaeneHnem ¢
MaTeMaTUYECKUM OXNOAHUEM, PaBHbIM HYNHO.
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dunbtp KanbmaHa. Mogenb obpaTtHon cBA3u (2)

Xp+1 = Frxp + wy, (40)
Zk = Hkxk + Uk, (41)

roe F, — maTtpuuya npeobpasoBaHUA COCTOSHUA CUCTEMBI;
Wy — “6enbin” LWyM ¢ HopMarbHbIM pacnpeneneHnem

N (0, Q;) c maTeMaTuU4eCcKknm oxkmgaHuem, pasHbim O, U
MaTpuuen kosapmaumm Qy;

H;, — maTtpuua cBs3n Moaenu n HabnogeHus;

v, — 0enbin” WymMm ¢ HopManbHbIM pacnpeneneHnem
N(O,Ry).
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PunbTtp KanbmaHa. Npumep moaenu anga cny4as

paBHOMepHoro pacnpegeneHus (1)

0 CocTosiHne cucteMbl onpeaenseTcs nonoXXeHnem u
CKOPOCTbIO TOYKMU:

X =

“k

(42)

Q MaTtpuua npeobpasoBaHns COCToAHUA F;, = F, n, ncxogs mn3s

domnanyecknx coodbpaxxeHun.

1 0 dt 0]
o 1 0 dt
F‘oo1o
0o 0 0 1|

(43)
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PunbTtp KanbmaHa. NMpumep moaenu anga cnyyas
paBHOMepHOro pacnpeneneHus (2)

0 lMockonbKy Npy CONPoOBOXAEHUM KaMmepa pernctTpupyeT

Zy
TONbKO KOOPAMHATLI NOMNOXEHNA 00beKTa, TO z;, = [z ] .
Y1k

[ToaTOMy MaTpuLy CcBA3M HabnogeHNs 1 NpeackasaHng
H, = H MOXHO 3anucaTb B COOTBETCTBUU C (44).

SR,
(44)

0 1
0 O
0 O
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O6o06LeHHblIe ypaBHEeHUA And OOHOBrEeHUS
cocTossHuA u moaenu (1)

Q Voes coctonT B TOM, YTO CHavasa CTpouTcs anpuopHas
OLleHKa X; COCTOAHMA cornacHo (40):

X = Fr—1Xg—1 + Wg—1. (45)
O 3aTeM C UCrnonb3oBaHMEM NOCTPOEHHOW OLEHKMU
BblYMCNIAETCA HAabnwaeHne
Zr = Hp X, + vy (46)
QO Takke MOXHO onpeaenuTb anoCTEPUOPHYH OLEHKY X;

COCTOSIHUA, KOTOpasi CTpouTcsa nocne HabnogeHnsa. Beegem
ownbkm e, (47) n e;; (48), cBA3aHHbIE C KaXO0W OLEHKOM

COCTOSIHUS.
e, = Xp — Xy (47)
er = xp — Xz (48)
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O06o6LeHHble ypaBHEeHUA AN OOHOBIIEHUS
COCTOSAHUA U moaenu (2)

O dunbTp KanbmaHa onepupyeT pasHoCTbio z, — H X; , B
KOTOPY BHOCUT BKNag ownbka e, U cnydanHbIv LUYM V.

0 B ngeanbHom crnyyae Wym OTCYTCTBYET U OLleHKa COCTOSIHUS
naearnbHa, NO3TOMY yKa3aHHasi pasHOCTb obpallaeTcs B
HOMb.

Q 3agada cCoCTOUT B TOM, YTOObI MOCTPOUTE MampUYHbIU
koagppuyueHm KanbmaHa K, c uenbto 06HOBMEHNSA
anocTepuopHoun oLeHKn cornacHo (49). Otcroga, ecnu K,
N3BECTEH, TO N3BECTEH 3aKOH Mosly4eHnsi 0OHOBIEHHOM
MOOEeNnn xy,.

X =X, + Ky (zx — HeXy) (49)
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O06o6LeHHble ypaBHEeHUA AN OOHOBIIEHUS
cocTossHuA n mogenu (3)

Q YpaBHeHUusa (47) — (49) Nno3BONAKOT MNOMNYYUTb BblpaXeHue
CBHA3M anpuopHON 1 anoctepuopHoun ownbkn (50).
e =xi — % =x, — ((E — KeH )%, — Kizy) =
X — (E — K Hp )X + K (Hexy +vg) = (50)
= (E — KiHy)e, + Ky
Q 3 onpegeneHna maTpuubl KoBapuauum rnapbl criyvyanHbIX
BENWUYMH CnenytoT BblpaxeHus (51).

Py =M(ere;"), Pf =M (e,je;T), Ry = M(vvf)  (51)

QO BcneacrtBre HE3aBUCUMOCTU OLLMOOK e, U e;f nonydYaem
HyNeBYyo KoBapuaumio ons BENUYUH e, U vy (52).

M(ervi) = M(veer ") =0 (52)
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O06o6LeHHble ypaBHEeHUA AN OOHOBIIEHUS
COCTOSAHUA U moaenu (4)

Q lNpopgenasB HecnoxHble NpeobpasoBaHns (53) (YMHOXeHME

(50) Ha e,‘{T n onpegerieHne mateMaTU4YeCcKoro oXxmagaHms ot
NONYYEHHOIro BblpaXeHUs1), MOXXHO NEPEUTU K YPaBHEHMIO C
MaTpuuamm kosapuaumm (54 ).
T
enex = (E— KiHy)
= (E — K Heg e (E — KeH) + (B — K Hyep v Ky,
+Kvier ' (E — Kk H)T + K v vi KL (53)
P¢ = (E — KxHi )Py (E — K Hi )™ + K R Ky (54)
a Otctoga nonyyaem, 4To matpuuy K, Heobxoammo BblbpaTth

Tak, YTOObI cCyMMa AnaroHarnbHbIX 31EMEHTOB (cJs1ed)
MaTpuubl Py Gbin MUHUMAanEH.

trace(Py) —» ming, (55)
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O06o6LeHHble ypaBHEeHUA AN OOHOBIIEHUS
cocTtossHuA n mogenu (5)

O PelweHne gaHHOW 3agayum onpeaenseTcs nocpeacTBoMm
andpdepeHumpoBaHns dyHkumK trace(Py ) no K;, (56).

—2(E — K, H,)P;Hl + 2K;R;, =0 (56)
Q Kak cnegcteue, nonyyaem popmyny (57) ong Bbl4UCeHUS
MaTpuubl K.
Ki = PrHT (R, + H PTHT) ™, (57)
roe
P = FiPi_1F¢ + Qi1 (58)
P¢ = (E — K Hi )Py (59)
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Cxema padoTtbl hunbTpa KanbmaHa

Q lNMpedcka3aHue. [lpeanonaraeT BblYUCIIEHNE anNnPUOPHON
OLIeHKM cocTodaHUSA X;, (45) n HabnogeHus z;, (46).

A Koppekyus. BkniovaeTt onpegeneHme MaTpuyHoro
KoadbpuumneHta KanbmaHa K;, (57) n noctpoeHune
anocTepuopPHON OLEHKM COCTOSIHUSA X, cornacHo (49).
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ConpoBoxaeHue o0bLEKTOB

U

Knaccmnmdukauna MeToaoB CONpoBOXOEHUS
MeToabl cCOnocTaBNEeHUSA KITHOYEBBLIX TOYEK

0 MeToabl conpoBOXaeHUS 00 bEKTOB, OCHOBAHHbIE Ha
BbIYMCITIEHNN OMTUYECKOro NoToKa

QO MpumeHeHne mMeToaa «COBUTN CPedHEro» K peLleHunio 3agaym
COMNPOBOXOEHUS

Q lNpumeHeHne punbtpa KanbmMaHa ans oueHKU nonoXXeHus
obbekTa

Q lNMpumeHeHue hunbTPa YacTUL K 3aga4ve CONPoOBOXAEHUSA

U
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PunbTpbI HacTUL,

0 [1ns HEeKOTOpbIX NpaKTUYecKnx 3agad, YtTodbbl Nony4YnTb bonee
TOYHYIO OLIEHKY COCTOSIHUSI CUCTEMBI, HEOOXOANUMO YUTU OT
npeanonoXeHusd, 4To Wym numeeT [[ayccoBoO pacnpeneneHue.

O BBoAuTCs NOHATUE MYJIbMUMOOasibHO20 pacrpeodesieHuUs
LymMma, a Ans MmogennpoBaHust NoaodHbIX CUCTEM
MCNonb3yrTCca OUNbTPLI YacTuUL.

aQ MynbTumMoganbHoe pacnpeneneHue 3adyacTyto
npeacTaBnaeTCca CMeCb HECKOJIbKUX pacnpeneneHunn.

Q Punbmpbl Yacmuy siBRATCA bornee obLwmm noaxoaom K
PELLEHUIO 3aJa4u COMPOBOXAEHNSA C MPUMEHEHUNEM
BEPOSAITHOCTHBLIX METOOB.
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Anroputm CONDENSATION. YcnoBus
n npegnonoxeHus (1)

Q lNpennonoxum, 4YTo cucTtemMa MOXeT HaxoauTbCA B
COCTOAHUAX X; = {x{, X5, ..., Xt} B MOMEHT BPEMEHMU t.

Q Tak xe, Kak n gna dpunbtpa KanbmaHa, nocrnegoBaTefibHOCTb
HabnogeHnn 6ygem obosHavatb Z; = {z4, Z,, ..., Z; }.

Q Hapsany c aTum BBegem npeanonoXXeHne o TOM, YTo
COCTOSIHUE X; 3aBMCUT TOJILKO OT npeablayLlero COCToAHUSA
X;_1 — ycnosme MapkoBckou Lenu.
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Anroputm CONDENSATION. Uenb (2)

Q TexHUKM punbTpaymm Yactul, NpeacTtaBnsaoT
pacnpeneneHme BeEPoOATHOCTU B BUAOE KOMMeKuunm
B3BELUEHHbIX BbIDOPOK — YacTuL, NOSIBIEHNE KOTOPbIX
perynupyeTtcsa nocpeacTBOM BBeAEHNA BECOB.

Q Torgoa MHOXeCTBO S; onpegenaeT PyHKLUUIO NNOTHOCTH
BEPOSATHOCTW ANl COCTOAHMSA Xx; NMPU 3agaHHOM Habope
HabngeHnn Z;.

Q S; 3apgaeTt npubnukeHHoe pacnpeaeneHne p(x;:|Z;).
Se ={(sf,m{)i=1,N, %L nf =1} (60)

O 3agava cocTouT B TOM, YTOBbLI NOCTPOUTL Memod
e0CcCcMmaHoO8JIeHUs1 MHo)XKecmea S; Ha OCHo8aHuUU S;_4.
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Anroputm CONDENSATION. Cxema anroputma (3)

Q lMycTb KONNekuusi B3BeLLEHHbIX BbIDOPOK B MOMEHT BPEMEHM
t — 1 noctpoeHa (61).

Se-1 ={(si "), i=1LNZL m " =1} (61)
[ononHMUTENbHO BbIYMCIIMM UHTErparbHble Beca:
ci=ci_1+m i=1,N,cg=0 (62)

Q Onpenenum n-bl 3K3eMnndap BbIOOPKKU S;. [na aToro
cnydanHbiM obpasom Bbibepem ymncno r n3 otpeska [0, 1] n
BblYUCIIMM j = arg min{c; > r}. OTcioga nony4yaem TEKYLLYIO

l

OLIeHKY COCTOSIHWA 57~ *.
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Anropntm CONDENSATION. Cxema anroputma (4)

0 BbinonHuUM npedcka3aHue crieayoulero COCTossHUS.
[MpeackasaHue (63) BbINOMHAETCA aHanorM4yHo ounbTpy
KanbmaHa (40), pasHuua nuib B TOM, YTO HET OrpaHnUYeHnN,
CBAA3aHHbIX C JIMHENHOCTbIO CUCTEMbI U BUOOM
pacnpeneneHus wyma.

St = F_qs; 7t weg (63)

Q BeinonHum koppekyuro. Vicnonbays Tekyllee HabrogeHne z;
N ero pacnpegeneHne, Heob6xoaMmMo yCTaHOBUTL BEC
Nony4YeHHOro aK3emmnrgapa corsiacHo (64).

m, = p(z¢e|lxe = sp) (64)
Q lNocTponm MHOXeCTBO YacTul Sy, noBTopmB Warn 2 —4 N-
pas.
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Anroputm CONDENSATION. Cxema anroputma (5)

0 Hopmanuayem nocrnenoBaTenbHOCTb BECOB 7, TaK, YTOGH

N _t_
i=17; = 1.

A Bbluncrinm Hamnyywyro OLUEHKY AN COCTOSAHUSA X, HANpPUMep,
KaK JIMHEWHYIO CBEPTKY NMOJSIy4eHHOro Habopa aK3emMnnsipoB
BbIOOPKU (65). Takmm obpasom, dakTuyecku onpeaenmum
HEKOTOPYIO CPELHIO YacTuLy.

Xe = Li1 i S| (65)
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KoHTponbHbIe Bonpochl (1)

O B kaknx cny4asax cxema BbliMTaHUA (POHA B 3aade
onpegeneHns AsmxeHus pabotaet HeaPDEKTUBHO?

Q [okaxuTe, yto chopmyna (25) cnpaBengnuea, T1.e. obpas
dypbe OT Koppenaunm napbl PyHKUUN paBeH NPOU3BEOEHUIO
obpasy dypbe nepBon PyHKLUMN HA KOMMITEKCHO-
COMpPSXXEHHbIN 0bpa3 BTOPOU PyHKLUMN.

A OcHoBHoe cBoncTBo adbdmHHOro npeobpasoBaHnsA?

Q lNpueseauTte npumepbl 3agay, B KOTOPbIX UCNOSb3YeTCH
Moenb NepcrnekTMBHOM npoekunn (romorpadcouns).
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KoHTpONnbHbIE BONPOCHI (2)

Q [HokaxuTte cnpaBennmeocTtb popmyn (58) n (59).
Q MNMony4nte dopmyrnbl BbIYUCIIEHNS MATPUYHOIO

KoadppuumeHTta KanbmaHa gna crnydaa paBHOMEPHOro
OBWXEHUS.

Q lNpuBegnte cxemy NOCTpoeHUa punbTpa KanbmaHa B cnyyae
OOHOMEPHOr0 COCTOAHMA N HAbNIOEHNA MPU HEKOTOPbLIX
domkcupoBaHHbIX 3HaYeHUsax F, = F = const U H, = H =
const.
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