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= [loyeMy Mean-shift?
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Mean-shift

YMeHbLUeHune CNoXXHOCTU

GRAPHICS & MEDIA LAB
VIDEO GROUP

MO>XHO XPaHUTb B NMNaMATU, KaKne TO4HKMU CoOCeAHUNE

CS MSU Graphics & Media Lab (Video Group) Comaniciu, Meer, “Mean Shift: A Robust Approach Toward 11
wwwlcompression_rulvideo! Feature Space AnaIYSiS", IEEE PAMI, 2002
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Mean-shift
Bbibop pyHKUMK Aapa

= Bbibop dpyHKkummn sapa (dpopma, pasmep) —
KPUTUYHAs 3a4a4a

= /PO 3a/1aeT CXOACTBO TOYEK, KOTOPbIE HYXXHO
MOMECTUTb B OAUH CErMeHT
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= ObHOBNeHne Mean-shift

= YckopeHune Mean-shift
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Anisotropic Mean-shift
Bbibop sapa

GRAPHICS & MEDIA LAB
VIDEO GROUP

T

Fl,u,po Hy>KH BbI6VIpaTb HeCVIMMeTpVI‘-IHbIM

CS MSU Graphics & Media Lab (Video Group) Wang et al., "Image and Video Segmentation by Anisotropic 14
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Anisotropic Mean-shift
Bbibop sapa

12 1 2
A 1 & xr® —x? x" —al
— S 1 k?“ 1
1@ =5 2 Ty ( s ) ( ; )
fay =230 e g an e (S
CU — n 2:1 h,Ir (H;)q g ? 29 2 hT(H;)

gla af, HY) = (] — )" HE ™ (o] — )
E*(z) = 1 if |z] < 1, and 0 otherwise

E"(z) = 1—|z]if |z] < 1 and 0 otherwise
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Anisotropic Mean-shift
Bbibop sapa
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H? onpepensietcs noKanbHOW CTPYKTYpOK
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Anisotropic Mean-shift
Bbibop sapa

= Bbl6Op okpecTHOCTH

: i xr — T;
k” i H? 1: k" ’

2
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= Matpuua H? cHavana BblbupaeTcH
CKansipHOW, 3aTEM MOCTENEHHO YTOYHAETCS

= YTOYHEHME H’
H® = A\DAD"
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Anisotropic Mean-shift
YTOYHEHME NMPOCTPAHCTBEHHOM MATpULLbl

HoBas matpuua [ b

H? = A\DAD"

A — ckansp
D — MaTpuua HOPpMaJINn30BaAHHbIX COBCTBEHHbIX
BEKTOPOB
A — LI,VIaUI'OHaJ'IbHaFI MaTpuLua COBCTBEHHbIX
3HA4YEHUU

p

Ha?::l a; > aj, fori < j

1=1

CS MSU Graphics & Media Lab (Video Group)  'Wang et al,, "Image and Video Segmentation by Anisotropic 19
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Anisotropic Mean-shift
YTOYHEHME NMPOCTPAHCTBEHHOM MATpULLbl

HoBas MmaTpuua H}f:
H® = A\DAD"

A — 06w 06BEM NPOCTPAHCTBEHHO-BPEMEHHO
OKpEeCTHOCTY
DD — opuveHTaums sapa B NPOCTPaHCTBE

A — OTHOCUTEJIbHAA AJIUHA OCen 3Nmnca
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Anisotropic Mean-shift
YTOYHEHME NMPOCTPAHCTBEHHOM MATpULLbl

= BbigeneHne TOHKUX o6bekToB
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Anisotropic Mean-shift
YTOYHEHME LBETOBbIX MapaMeTpoB

s Ecnun A40P0 CUJIbHO BbITAHYTO, LUBET B HEM
MEHAETCHA CUJIbHEE

= CoxpaHeHue yCToMYMBOCTU NO LBETY

| N
PHS) — )5 b )

CS MSU Graphics & Media Lab (Video Group) Wang et al., "Image and Video Segmentation by Anisotropic 22
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Anisotropic Mean-shift
Obuwas cxema (1/3)

1.  MHMumnannsayus

= [lepeBoa AaHHbIX B NPOCTPaHCTBO feature points
(5D/6D)

= 3aJaHne HayanbHbIX 3HadeHun hy un hj
s s\2
= H; = (ho) !
T S _ T
= h'"(H}) = hy
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Anisotropic Mean-shift
Obuwas cxema (2/3)

2. BblMcneHne aHM30TPONHOro Aapa
= CocegHune nukcenu

2
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Anisotropic Mean-shift
Obuwas cxema (3/3)

3. [pOBECTU HECKONBbKO UTEpaLMiA BblUMCIEHNS
aHU30TPOMNHOro aapa

4. 3anyCTUTb CTaHOAPTHYIO Npoueaypy
Mean-shift

5. O6beaAnHUTb NMUKCenn ¢ 0aMHaKOBbIMU
KOHEYHbIMU TOYKAMU TPAEKTOPUN
B CETMEHTDI

6. YOAnUTb Manble cerMeHTbl (OnUUOHaNbHO)

CS MSU Graphics & Media Lab (Video Group) Wang et al., "Image and Video Segmentation by Anisotropic 25
Www.compression.ru/video/ Kernel Mean Shift”, ECCV, 2004
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Anisotropic Mean-shift

YCTOMUYMBOCTb OTHOCUTESIbHO MAapPaMETPOB

GRAPHICS & MEDIA LAB
VIDEO GROUP

4 —+ - Radially symmetric kernel - CDVIKCVIpOB?H
700, —— Anisotropic kernel Ha4aJIbHbIXN pa3Mep

a/pa no LUBeTy
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CS MSU Graphics & Media Lab (Video Group) Wang et al., "Image and Video Segmentation by Anisotropic 26
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Pe3ynbTaTbl CErMeHTauun
[TpMep UCNob30BaHUA CerMeHTauunn
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Pe3ynbTaTbl CErMeHTauun
2D cMMMeTpuYHad
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Pe3ynbTaTbl CErMeHTauun
3D cMMMeTpuYHa4

CS MSU Graphics & Media Lab (Video Group) Wang et al., "Image and Video Segmentation by Anisotropic 29
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Pe3ynbTaTbl CErMeHTauun
3D aHM30TpOonHay
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EO GROUP

VIDI

GRAPHICS & MEDIA LAB

BpemMeHHasa coryiacoBaHHOCTb

3D cmMMeTpuyHasa cerMmeHTauus

+

31

Wang et al., “Image and Video Segmentation by Anisotropic

Kernel Mean Shift”, ECCV, 2004
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3D aHM30TponHas cerMeHTauus

| BpemMeHHasa coryiacoBaHHOCTb

CS MSU Graphics & Media Lab (Video Group) Wang et al., "Image and Video Segmentation by Anisotropic 32
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Elle pe3ynbTaThl
McxoaHbIN Kaap

GRAPHICS & MEDIA LAB
VIDEO GROUP
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Elle pe3ynbTaThl
CMMMeTpUYHada cerMeHTaLuug
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Elle pe3ynbTaThl
AHN30TPOMNHasa cerMmeHTauums
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Anisotropic Mean-shift
BbiBOAbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

= JIOCTOMHCTBa
= [lpocTaga peannsauung

= bonee ycronumB K BbIBOPYy BXOAHbIX MapaMeTPoOB
(OTHOCUTENIbHO NCXOAHOro anropuTMa)

= BO3MOXXHO napannenbHoe BblYMUCIEHNE

= HepoctaTku
= BblumcnurenbHasa CNoXHOCTb
= Hy>XHO BblbUpaTb HayasibHble NapaMeTpbl
= Hy>XXHO cerMeHTMpoBaTb cpa3y Habop Kaapos
= He ncnonb3yercsa oueHka ABMXEHUS

CS MSU Graphics & Media Lab (Video Group) Wang et al., "Image and Video Segmentation by Anisotropic 36
Www.compression.ru/video/ Kernel Mean Shift”, ECCV, 2004
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‘L CopaeprkaHue

= BBeaeHue

= AHM3O0TPOMNHbLIN NMoAxXoAa

= O6HOoBNeHmne Mean-shift
= YckopeHune Mean-shift

= 3aK/ItoyeHune
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O6HoBNneHne Mean-shift

= ba3oBbin anroput™ — Mean-shift
s CermeHTaums B npoctpaHcTBe V = [v,y, 1, L, u, v

= Mpes: pa3butb NpocTpaHCTBO
Ha HenepeKpbiBaloLWmMecs: permoHbl

Vseg(i:t) — [ajseg(’i:t): Yseqg(i,t)> t, Lse?g(?ﬁ,t): Useg(i,t)s Useg(i,t)}

1
rseg(i,t) — n(Seg(Zt)) Z r(k) r < {L ’LL. U}

keseg(i.t)

1
Sseq(it) — : S(k) SET.1
g(i,t) n(seq(i, b)) ke‘é:(i:t) { ; J}

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 38
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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GRAPHICS & MEDIA LAB
VIDEO GROUP

HayanbHbIX 3Tan

‘L O6HoBneHne Mean-shift

0 Initial mean shift
—’ .
segmentation
(m]
ll‘lput_’ Watershed‘data ‘o R Tempqrally updatefl 2 Seglylented
video aggregation mean shift segmentation video

= CerMeHTaumsa no metoay soaopasnena (watershed)
no L KoMroHeHTe (LUBeToBOEe NMPOCTPaHCTBO Luv)

= HayanbHaga cerMmeHTaumsa Mean-shift
Sinit = { Vseg(it)|l <1< n(seg(i,t)) N1 <t < N, Vi,Vtie N, teN}

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 39
Wwwlcompression_ru [video/ Updated Mean Shift ClUStering", App. of Dlgltal Image Proc. 2008
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O6HoBNneHne Mean-shift
Bbibop sapa

C xt ||” x5 ||* x" ||?
(x) hmghﬁk h k s k - )
= Epanechnikov kernel
l—2 0<|a||<1
kp(x) = < =
5 (@) { 0l > 1L
= Gaussian kernel
kN(zU):e_%E x>0
CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 40
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GRAPHICS & MEDIA LAB
VIDEO GROUP

OCHOBHOMU pPEXUM

‘L O6HoBneHne Mean-shift

1 Initial mean shift
—p )
segmentation
a
[l}pllt Watershed‘data “a . Tempqrally updatefl 2 Segl}lented
video aggregation mean shift segmentation video

= O6HoBNEHMe NMPOCTPaAHCTBA
S(m) = {Veega.t)|1 <7 <n(seg(it) Am+1—-N<t<m,ViVt.ic N,t e N}

= 3anyckaeMm Mean-shift Tonbko ans nobaBneHHbIX
TOYeK NMPoCTpaHCTBa (HETOYHOE COOTBETCTBUE)

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 41
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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O6HoBNneHne Mean-shift
CKOpOCTb

Peanusaumna: C++

[Npoueccop: AMD Athlon64 X2 Dual Core 4400+
Bupeo: Tennis 352 x 240

= HayanbHbIM 3Tan 18.6 fps

= OcHoBHOM 3Tan 18.7 fps

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 42
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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: Np> (i
O6HoBneHne Mean-shift (€
Pe3ynbTaThl (kaap 18)

VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 43
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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O6HoBneHne Mean-shift
Pe3synbTaThbl (Kaap 18)

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 44
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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: L= .
O6HoBNeHne Mean-shift &
Pe3synbTathl (Kagp 42)

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 45
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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O6HoBNneHne Mean-shift

Pe3ynbTaTthl (Kaap 42)
i

GRAPHICS & MEDIA LAB
VIDEO GROUP

|
2’ 2

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 46
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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. S22
O6HoBNeHne Mean-shift &
Pe3ynbTaTthbl (Kagp 69)

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 47
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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ObHoBneHmne Mean-shift
Pe3synbTaTthl (Kagp 69)

GRAPHICS & MEDIA LAB
VIDEO GROUP

pyp® hiriEe -

a3

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 48
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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ObHoBneHne Mean-shift
Pe3synbTtaTtbl (MissAmerica, kagp 35)

GRAPHICS & MEDIA LAB

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using TeporaIIy 49
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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. S22
O6HoBNeHue Mean-shift &
PesynbTaThl (MissAmerica, kaap 35)

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 50
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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O6HoBneHne Mean-shift
BbiBOAbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

s /IOCTOMHCTBA
= [lpocTOoTa peannsaumnu
= CKOpOCTb

= HepocrtaTku
= HenoHsaTeH BbI6Op NapaMeTpoB
= HeBHSATHbIE pe3y/ibTaThl
= HeT ncxoaHukoB
= He ncnonb3yeTcs KOMNeHcauns ABMXEHUS

CS MSU Graphics & Media Lab (Video Group) Petrovic et al. “Efficient Video Segmentation Using Temporally 51
www.compression.ru/video/ Updated Mean Shift Clustering”, App. of Digital Image Proc. 2008
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‘L CopaeprkaHue

= BBegeHue

= AHM30TPOMHbIN Noaxona

= O6bHOBNeHmne Mean-shift
= YckopeHue Mean-shift
= 3aK/o4veHue

CS MSU Graphics & Media Lab (Video Group) 52
www.compression.ru/video/
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YckopeHne Mean-shift
BeeneHune

O6paboTka B peaslbHOM BpeMeHU be3 3aaep>KKu
(HeT MHdopMaLMK CO cneayroLnX Kaapos)

past frames are known future frames
but cannot be modified are unknown

past current  future

exponential
decay
} ¥ fime
CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 53

www.compression.ru/video/ of Video Streams”, ECCV, 2008
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YckopeHue Mean-shift
[lepexoq K NIOTHOCTU pacnpeneneHus

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 54
www.compression.ru/video/ of Video Streams”, ECCV, 2008
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YckopeHue Mean-shift
[lepexoq K NIOTHOCTU pacnpeneneHus

GRAPHICS & MEDIA LAB
VIDEO GROUP

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 55
www.compression.ru/video/ of Video Streams”, ECCV, 2008
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YckopeHne Mean-shift
O6paboTka ogHOro n3obpa)keHus

= [onb3yemca TeM, YTo Aapo Maycca cenapabenbHo

= CopTmpyeM TOYKM NO MIOTHOCTU pacnpeneneHus
(HY>XHO HaUTWU MaKCUMYyMbl)

= PaccMaTpuBaeM B nopsiake yobiBaHUS

= PaccMaTpuBaeM Hann4yme MakCMMymoB (MEeTOK)
B OKPECTHOCTH
= HET MAdKCMMYMOB — CO340dEM METKY

= O/HAa — KOMUpyeMm
= MHOIO — NOMEYAEM KaK rDaHNYHYtO TOUKY

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 56
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YckopeHne Mean-shift
O6paboTka BMaeo

= [lpeabiaywmn kagp obpabotaH

= PaccMaTtpuBaeM NpocTpaHcTeo (X, Y, t, 1)
= X, Y — KOOPAUHATDI
= t—Bpema (0 nnn 1)
= | — MHTEHCUBHOCTb

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 57
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YckopeHne Mean-shift
PacnpocTtpaHeHne MeTKu

GRAPHICS & MEDIA LAB
VIDEO GROUP

= Haxoamm nokanbHble MakCMMyMbl (Kak Ans n3o6paxxeHnin)

s [1n9 Ka)kaoro noKasbHOro MaKCMMYMa Ha npeabiayuem
kKagpe (MeTKka L)
[lpoBepsieM, €CTb /I MaKCMMYM Ha TEKYLLEM Kaape C 6onbLuen
MNJIOTHOCTbIO. ECnn eCTb, TO N0 CKOPENLLIEMY CMYCKY NMEPEXOAUM U
PACnNpoOCTpaHsAEeM METKY L
s ECOn Ha TEKYLLEM Kagpe MakCMMyM, a Ha npeabiayLem —
MaKCUMYM C bonbLuen NNIOTHOCTbIO, TO Aanee
HE YUMUTbIBAeM 3TOT TeKyu.l,VlVl

= [lanee paccMaTpnBaeM MakCMMyMbl B OKPECTHOCTU
(kak ans n3obpaxkeHni)

o yCKOpeHVIe — KONMpoBdTb METKY AJIA MPaHNYHbBIX TOYEK
N3 6GnMKanLWero cerMeHTa ¢ HanbonbLLEN NNOTHOCTLIO

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 58
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O6paboTka rpaHNUYHbIX TOYEK
[MpocTon noaxon

= 3anyckaem ctaHpaptbii Mean-shift

= Konupyem Ty MeTKy, K KOTopon bbicTpee
NpUAEM

input before refinement after refinement

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 59
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O6paboTka rpaHNUYHbIX TOYEK
BbICTpbI Noaxon

= MY me — MAaKCUMyMbl D(m;) > D(my)
B Sio — CeasoBad TOYKdA
s CTOVMKOCTb rpaHuubl Po(mi, m2) = D(msg) — D(s12)

h  (a) stable manifolds

/\

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 60
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O6paboTka rpaHNUYHbIX TOYEK
CnnsgHmne cerMeHToB

h  (a) stable manifolds h  (b) Morse-Smale comple_:Fx
/\ thr>p|| - \
h  (c) simplified complex N h  (d) simplified stable manifolds
+ A
thr<p \
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www.compression.ru/video/ of Video Streams”, ECCV, 2008


http://www.compression.ru/video/

Pe3ynbTathl

i YckopeHune Mean-shift

Results

Video Segmentation
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Pe3ynbTaThl
McxoaHbIN Kaap

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 63
www.compression.ru/video/ of Video Streams”, ECCV, 2008


http://www.compression.ru/video/

Pe3ynbTaThl
4D nNpoCTpaHCTBO

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 64
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Pe3ynbTaThl
5D nMpoCTpaHCTBO

o o
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Pe3ynbTaThl
McxoaHbIN Kaap

GRAPHICS & MEDIA LAB
VIDEO GROUP

Input sequence

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 66
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Pe3ynbTaThl
CpaBHeHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

frame by frame our approach
(no temporal coherence) (temporally coherent)

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 67
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GRAPHICS & MEDIA LAB
VIDEO GROUP
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YckopeHne Mean-shift
CKOpOCTb U nNoTpebneHne namMsaTu

O6paboTka BMaeo
640x360 grayscale

Peanunzaumsa: C++, GCC
4.0.1

[Npoueccop: Intel Xeon
3GHz

O6paboTka
n3ob6bpaxxeHun

8 megapixel

Pasmep aapa: 64
nnkcens

[Mpoueccop: AMD
Opteron 2.6GHz, 1MB of
cache

CS MSU Graphics & Media Lab (Video Group)
www.compression.ru/video/

GRAPHICS & MEDIA LAB
VIDEO GROUP

frame-by-frame

our approach

bilateral filter

mean shift
Perona-Malik

29.1Hz (3.8MB)
59.5Hz (1.1MB)
14.6Hz (8.8MB)

28.4Hz (3.9MB)
52.9Hz (1.3MB)
11.7Hz (9.7MB)

Off-line | On-the-fly On-the-fly

thr = 1 thr = 1, PCA to 4D
Gaussian 6.08s 6.07s 0.59s
Sort 0.67s 0.67s 0.03s
Mode ext. 1.73s 1.81s 0.22s
Boundaries 15.58s 1.04s 1.02s
Other 5.23s 5.24s 1.15s
Total 29.29s 14.83s 3.01s
Paris, “"Edge-preserving Smoothing and Mean-shift Segmentation 70

of Video Streams”, ECCV, 2008
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YckopeHne Mean-shift
BbiBOAbI

GRAPHICS & MEDIA LAB
VIDEO GROUP

= J1OCTOMHCTBA
= [IpOCTOTAa
= CKOpOCTb
= YacTuuHo focTynHbI McxoaHUKkK (C++)

s MOXHO yny4dwunTb

= HepocTaTku
= Hy>XHO noabupaTtb napaMeTpsbl
= He NMOHATHbI HEKOTOpPblE MOMEHTbI peanm3auum
= Mlcnonb3yeTcsa TONbKO OAMH NpeablayLmin Kaap

CS MSU Graphics & Media Lab (Video Group) Paris, “Edge-preserving Smoothing and Mean-shift Segmentation 71

www.compression.ru/video/ of Video Streams”, ECCV, 2008
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‘L CopaeprkaHue

= BBeaeHue

= AHM30TPOMHbIN Noaxona
= ObHOBNeHne Mean-shift
= YckopeHue Mean-shift
s 3aKJ/IrOuUeHue

CS MSU Graphics & Media Lab (Video Group) 72
www.compression.ru/video/
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i 3aK/toveHme

OCHOBHbIE naewn:

= B34Tb 3@ OCHOBY YCKOpPEHHbIN BapuaHT,
OCHOB@HHbIM Ha NOMCKE MAaKCMMYMOB MIOTHOCTU

= [logkntountb ME

= PazobpaTbCs ¢ napaMeTpamu aapa

= [lonpoboBaTb MCMob30BaTb aHM30TPONMHOE A4pP0
= [lonpoboBaTb NOAKOYUTL Npea-cerMeHTaumio

CS MSU Graphics & Media Lab (Video Group) 73
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JTabopaTopuns KOMMNbIOTEPHONLE
i rpadukn U MynbTuMeama

Buageorpynna — 370:

s BbINyCKHUKK B acnupaHTypax AHrNuu,
®paHunu, Weenuapum (B Poccnn B MINY u
MMM um. Kenabiwa)

= BbiNnyCKHMKaMu 3aWmLeHo 5 auccepraumm

= Hambonee nonynsipHble B MUpe CpaBHEHUS
BUEOKOOEKOB

= bonee 3 MUNIMOHOB CKaYaHHbIX DUILTPOB
06paboTKn BUAEO
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