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= Multi-modal background subtraction
using Gaussian mixture models

= Robust background subtraction for depth
generation
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= OnuncaHue 3agauymn

= GMM

= Peanusauus

= CpaBHeHMe pe3y/bTaToB
= BbiBOAbI
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OnuncaHue 3aaa4u

PMD-kamepa

GRAPHICS & MEDIA LAB
VIDEO GROUP

2D/3D kamepa ¢ PMD TexHonorueu, ncnonb3sytouwen ToF-npuHumn,
BblaeT LBeTHble n3obpaxeHns 640x480, a Tak e n3obpakeHus
C HMU3KMM pa3pelleHneM 64x48 rnybuHbl n aMnaMTyaHOM
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Signhal phase [degrees] -

“www.duong-nguyen.webs.com/pmdtech.htm"
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OnuncaHue 3aaa4u
AMMN NTyAHaAa MoAynAaAuunsd

NcxoaHoe n3obpaxkeHme  AMOMTyaHas Moaynsauus

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
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OnuncaHue 3aaa4u
BBepneHue

TpebyeTcsa n3onmMpoBaTb PeErMoHbl, KOTOPbIE
onpeaensaTcs ABUXEHNEM NepeaHero nnaHa
OTHOCUTENbHO HENOABUXHOIO (POHA

[1na aToro:
= OLIEHMBAETCS U cerMeHTupyeTcs oH
= CEerMeHTUpYIOTCS 06beKTbl NepeAHero rnaaHa

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
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OnuncaHue 3aaa4u
BBepneHue

(DOH oLeHnBaeTCca CMeCbio HOPMallbHbIX
pacnpeneneHnn(GMM), paboTtatoLen
C NJaHHbIMU U3:

= LIBETHOIro M306pakeHus
= KapTbl rNybuHbI
= AMMIUTYAHOW MOAYNSLNK

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 7
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OnuncaHue 3aaa4u
BBepneHue

Pe3ynbTaTthl, B BUae otcerMeHTUpoOBaHHOIo
nepengHero rnjaHa oueHnBakoTCyd Mo.

= PACcno3HaBaHWIO N 06paboTke TeHeN
= CHWXEHMUIO Konmn4yecTBa 6/7104HbIX apTedaKToB
= BEPHOMY ONpeaeneHnIo ABUKEHUS

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 8
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OnuncaHue 3aaa4u
BBepneHue

GRAPHICS & MEDIA LAB
VIDEO GROUP

= [€HN U IYM

= BbnoyHble apTedaKkThbl
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(a) Input video (b) Depth image (c) GMM on color (d) GMM on color and depth
B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 9
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GRAPHICS & MEDIA LAB
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T
= Bce HabnoaeHNs 0 KaX /oM MUKcene B NOOXEHUN T = [, ]
MOAENNPYIOTCS C NMOMOLLbIO CMECU rayccuaH

= Kaxxpoe HabniogeHne mogenupyeTcs OA4HOM rayCCMaHOU, YbM
MaTOXWAAHME U AUCMIEPCUS aAanTUPOBaHbl MO BPEMEHM

= HabnioaeHne nukcens £ B MOMEHT BPEMEHM t:

s'(z) =[si(z), s5(z),...,sh(z)]"

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 10
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[MNOTHOCTb pacnpeaeneHnst BEpOSITHOCTY:

ft(a:) sz Ng [,L Z)

W; — KoacbcbmuweHTbl cMewwmBaHms, ) wi = 1
M. — maTemaTuueckoe oxugaHne

(%

>.; — MaTpuua KoBapuaumm

- . 1 -1
dim(s)

Né (Ei,zi) = [(2m) 2 .dét(zi) . exp {—% [§—EJT : E;l . [é_EJ}

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
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GMM

[Tpobnemsl

= CKOMIbKO HY>XHO rayccuaH

ans MoaenupoBaHusa HabntoaeHns?
orpaHmnyeHHoe KOJIM4YECTBO NMAayCCNaAH Ha MNMUKCEJIb

= KaKylo rayccmaHy cneayet paccMaTpuBaTh
B KayecTBe poHa?

MMHMMabHOE YNCIO rayccMaH C BECaMM, CyYMMa KOTOPbIX BbILLE
3a[1laHHOro Nopora, paccMaTpPUBAIOTCSA B KauecTBe (oHa

= Kak aganTupoBaTb raycCuaHbl C TEYEHUNEM
BpeMeHn?

“Multy-modal background substruction using gaussian mixture

models" , Benjamin Langmann, Seyed E. Ghobadi, Klaus
CS MSU Graphics & Media Lab (Video Group) Hartmann, ZESS - Center for Sensor Systems, University of 12
www.compression.ru/video/ Siegen, Germany
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GMM N

AfanTaums rayccvaH C TEYEHMEM BPEMEHU

= CpaBHeHMEe NPOUCXOAMUT MYTEM BbIYUCIEHNS paccTosiHUA MaxanaHobuca
Ha CBA3aHHbIX rayccnaHax N.(u %)

0 (z.p1,) = \/(ﬂ —E)Tzq;_l (1 —2) < Thear

— —1 —1

1 ear - KOHCTAHTA

= Ecnn noxoxue HabntoaeHus yxxe 6biin 3anucaHbl, X rayccuaHbl
a/lanTUPYIOTCS C UCMOJIb30BAHMEM AaHHbIX HOBOIO HabtoaeHus

= B npoTuBHOM cniyyae, HoBas rayccMaHa co3aaeTcs u AobaBnsieTcs

K CMECH

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 13
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GMM

Peannzayus

= HabniogeHue anga nukcens 3agaeTcs Kak
T
s(z) = (y,¢cp,Cr, 2, a)

= Pa3pelueHune rnybmHbl 1 aMnnuTyaHoOU
MOAYNSALMU MEHSIETCS B COOTBETCTBUM
C pa3peLlleHneM LBETHOIO U30bpaxkeHus,

no metoay bnwxauniero coceaa

= Jlucnepcun BCcex rayccuaH CBOAATCA
K AnaroHanbHoOMy BuAay

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 14
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GMM

O6paboTka 3Ha4YeHUn rnyobuHbl

KapTa rnybuHsl
3Ha4yeHUs rnybuHbl CYNTAOTCS HEMpaBUIbHbIMMU,

€C/I1 COOTBETCTBYIOLLAS aMIINTYAA HUXKE
3a/laHHOro rnopora

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 15
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GMM

O6paboTka 3Ha4YeHUn rnyobuHbl

B Takux cnyqaﬂx BBOLI,VITC%I Mepa
S(zp)’ = (u —2)" s (1, - )

N NpoBeEpsAoLLEE YyCI10BUE

1
0 (lal_jt) < Tnear - I'r ( Ac A\ )
Aa

=T (1420 + Ao+ \o)

roe A, € {0, 1}, xc € {0, 1}, Aa € {0, 1}

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal

CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS,

www.compression.ru/video/ Vol. XXXVIII, Part 3A, 2010

16


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

GMM

CBSI3b MeXAYy U3MEPEHUAMMU

= Conocrasnsgowas GyHKUMS yUnTbIBAaeT PaKT, yuTo
HabnoaAeHns B TpeX U3MepeHUsiX npakTu4yecku
SABISIIOTCS 3aBUCUMbIMU

= ObbekT nepegHero nnaHa OT/IMYAETCSH HE TOMbKO
rnybuHon, HO 1 LBETOM, U CBOMCTBAMU OTPaXXEHMUS

= Cnaboe oTpaxeHne obbekTa MeeT BUSHUE
Ha n3MepeHuns rnybuHbl

= HW3KMM ypOBEHb OCBELLEHHOCTUN YXYALLIAET 3HAYEHUS
LIBETHOCTHU

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 17
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GMM

CBSI3b MeXAYy U3MEPEHUAMMU

CBSA3b MEXYy U3MEPEHUSAMU CHUKAET:
= YPOBEHb LLIYMa Ha Macke nepeaHero nnaaHa

= KOMYECTBO OLIMBOYHBIX Knaccudbukaumi,
CBSA3aHHbIX C TeHSIMU N 6N0YHBbIMM apTedakTaMm

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 18
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Cannot be resolved

i OrpaHun4yeHus

/
3-3a nonukcenbHOM / |
0bpaboTkn ocHOBaHHOE AN
Ha uBeTe GMM BbluMTaHUE ‘
cbOHa He MOXET pasNMunTb N}
hOH 1 nepeaHn niaH Npu ] ]
CXOXXeCTU uBeToB Possibly resolvable ”

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 19
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i Pe3ynbTaThl

GRAPHICS & MEDIA LAB
VIDEO GROUP

CpaBHMBaeMbli MeToq OnucaHue
GMM CTaHAapTHbIN METO/l, OCHOBAHHbIW Ha
upeTe (Stauffer and Grimson, 1999)
Original GMMD MeTo/l, OCHOBaHHbIN Ha LIBETE
n rnybuHe (Harville et al., 2001)
GMMD without depth MeTon aBTOpPOB C NapaMeTpamu
AN =0,\a=0
GMMD MeTopn aBTOpPOB, Az onpegensieTcs
3aBMCUMMOCTW OT aMMJINTYAHOW
MOAYNAUMM ANS KaXKAoro nNukcens
MMGMM MeTon aBTOpPOB C NapamMeTpamun Aa =1
OpenCV GMM MeToa aBTOpPOB C NOcTobpaboTkon

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

B. Langmann et al., "Multi-modal background subtraction using
Gaussian mixture models", IAPRS, Vol. XXXVIII, Part 3A, 2010
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GRAPHICS & MEDIA LAB

i Pe3ynbTaThl

Table 1: Walk-by video with difficult lighting conditions

Method Frame 195 Frame 210 Frame 225 Frame 240 Frame 255

[nput

Depth

Modulation
amplitude

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
background subtraction using Gaussian mixture models", IAPRS, 21

www.compression.ru/video/ Vol. XXXVIII, Part 3A, 2010
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GRAPHICS & MEDIA LAB
VIDEO GROUP

GMM

Original GMMD

depth

GMMD without

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 22
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GRAPHICS & MEDIA LAB
VIDEO GROUP

GMMD

MMGMMD

OpenCV GMM

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 23
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i Pe3ynbTaThl

Table 2: Simple video with good lighting conditions but difficult foreground

Method Frame 80 Frame 100 Frame 120 Frame 140 Frame 160

Depth Input

Modulation
amplitude

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 24
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GRAPHICS & MEDIA LAB
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GMM

Original GMMD

depth

GMMD without

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
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GRAPHICS & MEDIA LAB
VIDEO GROUP

GMMD

MMGMMD

OpenCV GMM

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
CS MSU Graphics & Media Lab (Video Group) background subtraction using Gaussian mixture models", IAPRS, 26
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i Pe3ynbTaThl

na
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Recall

Pe3ynbTaThl recall/precision ans nepBoro n BTOporo BMaeo

Precision

GRAPHICS & MEDIA LAB
VIDEO GROUP

08~
07+
06F
\'I
05+ S\
\
\
04+ e
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B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal

background subtraction using Gaussian mixture models", IAPRS,
Vol. XXXVIII, Part 3A, 2010
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i BbiBOAbI

= JIOCTOMHCTBa

GRAPHICS & MEDIA LAB
VIDEO GROUP

= CHMXXEHa oLMboYHas Knaccudurkaums TeHEN

= YMeHbLUEeHbl NOBPEXAEHNS HaTYpasibHbIX FrpaHuL
nepeaHero nsaaHa

» Korpa knaccudukaumst no UBeTy He cpabaTbiBaeT,
3TN 061aCTU 3aN0NHAKOTCA YaCTUYHO

s HegocTtaTku

= BNOYHOCTb NpY UCNOBL30BaHUM rNYOUHbI
« [1Ipobnembl Npu 65IM3KNX LBeTax poHa N 0bbeKTa

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

B. Langmann S. E., Ghobadi, K. Hartmann, "Multi-modal
background subtraction using Gaussian mixture models", IAPRS, 28
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‘L CopaeprkaHue

= Multi-modal background subtraction using
Gaussian mixture models(GMM)

= Robust background subtraction for
depth generation

CS MSU Graphics & Media Lab (Video Group) 29
www.compression.ru/video/
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Robust background subtraction for
depth generation

[1Ba MeToda cerMeHTauuu
nepeaHero nsjaaHa OCHOBAHHbIE
Ha background subtraction

Llenw:

Original frame
s YMEHbLIUTb BMeLWlaTeNnbCTBO NOb30BaTenNd

= YNIYYWNTb KQYeCTBO MOJTyYEHHbIX KapT riybuH

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 30
www.compression.ru/video/
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= [Ipn CcTaTM4eckon Kamepe
TO/TbKO ABWXXYLLIMECS
06beKTbl MEHAKOT rNyOnNHY

» KapTa rnybuHbl reHepupyeTcs Segmented foreground

HE ANS KaXaoro Kaapa, a TOMbKO Ans Tex
yacTen, rae 06beKkTbl MEHSAIOT FYOUHY

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 31
www.compression.ru/video/
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KLT Tracker:

= ABTOMaTU4eCKM BblbUpaeT ocobblie TOUKHK
Ha 1306pa)keHnn

= OUeHMBaeT nx nepeMeLleHne Mexxay Kagpamu

CS MSU Graphics & Media Lab (Video Group) http://visual.ipan.SZtaki.hu/pivweb/nodeS.html 32
www.compression.ru/video/
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= KLT corner tracker pacno3HaeTt rnobasnbHoe
IBWXXEHUS KaMepbl

= [IN49 Ka)Kaoro Kagpa BblYUCAETCS
npeobpa3oBaHue

= Kagp HaHocnTCa Ha MO3aunKy PoHa

= 3HayeHue LBeTa KaXkaoro nukcens Mo3anku
(POHa — MeaMaHa Mo KakaoMy KaHany

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 33
www.compression.ru/video/
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y So%
i ObLwunn meton

= OTaeneHue dpoHa oT 0bbeKkTa: NMornmKcesbHoe
paccTosiHMne MaxanaHobuca oT BXOAHOIro Kaapa
Cc (DOHOBOM MO3anKOM

= [lnkcenb € uBeToBbiMK 3HaveHunaMHU (R,G,B)
CUMTaETCs (POHOM eCcnu

((Ra G, B) o M)Tz_l((Rn Ga B) o M) <c
>, 14 MOny4eHbl M3 (POHOBON MO3aWKK
= OnpepensieTca buHapHast Macka

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 34
www.compression.ru/video/
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= OKOHYaTeNbHas CerMeHTaums rnosy4aeTcs C
MCMNob30BaHNEM MOPMDONOrN4YecKnX
onepaunn ¢ n pa3nndHbIMU BUHAPHBIMK
MAaCKaMu 1 COOTBETCTBYHOLMX MM N
PA3/IMYHbIX NOPOram

= CBSI3aHHblE permMoHbl UAEHTUDULIMPYIOTCS
1 NMPOCNEXNBAIOTCA BO BCEW
nocnenoBaTebHOCTH

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 35
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= AAropuUTM NOCTPOEH Ha CneayroLwmx
Npearnosno>XXeHn4x.
= OOH 3aHMMaeT 60oNbLUY0 YacTb Kaapa
» [IBMXYyLLUMECss 06beKTbl OT/IMYHBLI OT POHa
« [iBMXKyuwmecsa obbekTbl ctatyHbl B <50% Kaapos
= MakcMMyM aBa 06beKTa nepekpbiBatoTCs

OAHOBPEMEHHO

= AIFTOPUTM He pacCcynUTaH Ha N3MEHEHUS

B oCBelweHUA

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 36
www.compression.ru/video/
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i B biBO/bl e

= JIOCTOMHCTBa
= BO3MOXHOCTb paboTbl C ABUXYLLENCA KaMepou
= [lpocToTa

s HegocTtaTku

= [Mlonb3oBaTeNb AO/HKEH BPYYHYIO ONpPeaenuTb
napaMeTp N U MOPOrnci, - -, Cyn

= [lpobnembl npu 65M3KNX UBeTax GoHa N 0bbeKkTa

CS MSU Graphics & Media Lab (Video Group) 37
www.compression.ru/video/
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i MeToa aBTOPOB

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

CtaTtnyeckass KaMepa

DoH onpenensieTcs, ecnn OH BCTpeYyaeTcs
BO BpeMeHW XOoTs Obl pa3

OauH napaMeTp: dOoH AeTann3npoBaHHbIN
Mnn rpyobin

Noise-free cermeHTauus

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
Map Generation, Proceedings of 3D Stereo MEDIA 2009
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MeToa aBTOPOB
DYyHKUMA 3HEprnm

= /N4 3a4aHHbIX M x N pa3MepoB Kaapa,
nukecena p, [, € {0, 1} onpeaennm
CErMeHTaLMIo Kak:

{pl — Zplv*prN — lm,mr}
= [119 XOpoLuen cerMeHTaumMm HeobxoanMbl ABa

CBOUCTBA:

= E1: yeM 6onee BEpOATHO p ONUCLIBAET NEPEAHUM
nnaH, Tem 6onblue BEPOSATHOCTb I, = 1

» E2: HM3KMM “CpefHMM NoKanbHbI KOHTpacT”

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 39
www.compression.ru/video/
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MeToa aBTOPOB
DYyHKUMA 3HEprnm

= [1N9 Ka)Kaoro nukcens onpeaendercy

Pra(p) i= e TI=BGI

roe ]p_ — 3Ha4YeHne LBeTa NUKCcens B Kagpe
B(@,, — 3HayeHue useTa nukcens oxa
T’ — KOHCTaHTa
= BeposaTHOCTb pOHa B nukcene

Ppa(p) :=1— Pra(p)

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 40
www.compression.ru/video/
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MeToa aBTOPOB
DYyHKUMA 3HEprnm

P P
FG(p) < 1, TO 7p := log FG(p; <0

H EC”M PBG( ) ) PBG(p
= Echn p — nepeaHnu nnaH, 10 7 >0

o OI'IDe.EI,EJ'IMM CBOWCTBA:
(0, lp, =1,7, >0
—Tp, lp=1,71,<0
Tp l, =0,7, >0
0, 1,=0,7,<0

p(1—q)+q(1—=p). (p,q) € N, rae P,J coceaHune
0. otherwise

Ey(p.q) := {

M. Schmeing, X. Jiang. Robust Background Subtraction for Depth
CS MSU Graphics & Media Lab (Video Group) Map Generation, Proceedings of 3D Stereo MEDIA 2009 41
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MeToa aBTOPOB
DYyHKUMA 3HEprnm

= [1N9 KaXkaon cerMeHTaunm M onpeaennm
(PYHKLMIO SHEPr NN

EM) = Ei(lp) + A Y Ex(ly,ly)
peES P,qES
m S ={(z,y):xe{l,.. M},ye{l,..,N}}

=\ MNOKa3bIBAET 3aBUCUMOCTb MeXay cBoncTBamu E1 n E2
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MUHUMN3aUNa PYHKLUA
SHEprum

ﬁﬁﬁﬁﬁ

= QyHKUNS SHEPTUM MUHUMUBUPYETCS {5 ¢
c nomotupbto Graph cut

= 119 noncka MMHMMaNbHOIro
pa3pe3a NCNob3yeTcs
maximum-flow

.....
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GRAPHICS & MEDIA LAB
VIDEO GROUP
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i B biBO/bl e

s /IOCTOMHCTBA

= MeHbLlue npobneM npun 6nn3kmx uBeTax oHa
n 06beKkTa

= QOoH cTponTCca ecnn nosiBnseTcs Xotd 6bl 1 pas
= [Monb3oBaTenb 3aaeT TONbKO OAUH NapamMeTp A
» CermeHTauma 6n1m3ka B peasibHOM BpeMeHu

s HegoctaTku

= [Ipobnembl npu 65M3KMX UBeTax poHa n 0bbeKkTa
OCTaloTCH
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i [anbHeunwas paboTa

= [1pn pabote c Buaeo c Kinect MoXHo
MCMoJib30BaTb CErMEHTALNIO METOAO0M
BblYMTAHUNS (POHA

= MeToabl N3 cTaTen MOryT OKa3aTbCs
NOSIE3HbIMU
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1. Multi-modal background subtraction using gaussian mixture models" ,
Benjamin Langmann, Seyed E. Ghobadi, Klaus Hartmann, ZESS - Center
for Sensor Systems, University of Siegen, Germany

2. "Robust background subtraction for depth map generation”,Michael
Schmeing and Xiaoyi Jiang, Department of Computer Science, University
of M.unster, 48149 M.unster, Germany

3. S. Rothaus, K. Rothaus, and X. Jiang. Synthesizing 3D, videos by a
motion-conditioned background mosaic. In International Conference on
Pattern Recognition, pages 1-4. IEEE, 2008
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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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