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WD 2004/ 070649 PCT/ US2003/ 041159 Vi deo Scene
Background Mai ntenance Using Change Detection and

w@h@gsideicat i on Background of the Invention FPEr/USmD3/041159

the I nvention 5 The present invention is directed to
the general field of video processing and to the nore
specific field_of processing of segnented video. In
particul ar, th¥idesemeoBackgremnd Maintgnanee e

mai nt enance of background npdels in segnepted, video
and cl assi fyiqﬁl%ég'@@ege?gelf"rél%al@&ré?ﬁ?él on
Rel ated Art 10 Many vi dgo ,processg Jcations
require segnentation ofﬁ‘\l/"i 'é%"ngg‘?ég?g%ﬂl?é , the

di ff er entiept ofQhe BhvehAgh t i matel y moving obj ects from
the static back?_round scene depic [ '

0 SC¢ ted in a video )
sequencebhe mewent wypricnds diseeed odhe gencraldieldqhyieqprocessing
v d . o] . i i -

050, T L By OGS L L O,
surigedrtionns eonchiney withdkenahjterhcseffmekgratmdmodss in segmented

al garithns use video scen ackgr ound dels (which
can’ideadclassityiag cpangss 1ot egé&gg%@d%ﬁd nmodel s") as
an aid. ghe.gepgral idea is that each frame of a video

sequence can be registered to the background nodel and
conpar edMapy xigke pyocegsingspplitasionk eequire kegroeniatianmfetideo objects

Pixels th di splay sufficient differe ane . ..
conaFatiaiiirisn bt e maisBUPRY e SPicE drout i st background
t hedoendlliRedMndevitan8Rusice?. OSihappiBitant Rrludeafor eRAASle,

pi xel -l evel changes, such as: unstabl e backgrounds

(. gdso mipri¢ biddingtobiect-basedivisigo Icemprassion ebjgoi-bpsediqaeg
phengnena (e.q. . . ¢l S [ . .
EheRBES Bad Guimaich RS Sur TR0 SRR Sfucb oBicSt omentarion

gai 41g6ithins ke (e cena bhek grdiing, madelO(wiieltisan sirhply)be referred to
Usi ng _vi deo obj ect segnentation (or a variat iq%gqr .

t hetse bpJksremjdanedels ) ps gnrifs Tho gepgraligdeais that epqhpframe of a video
exhihit. i ' o
Therguncs F BEROR oIR8 B AR R AR Pe bR L Pt by

i n pixslc enide dackgsduatlimotet.yPikels tiat Idsptpypefficoeht ddferenoemye

and either of thege two .pheno can degrade th
per?‘&sﬁlﬁ’_{?@efoﬁg_“{}’?‘aeﬁ moyg %&Xegg Vet tg%efa&?"_‘gh range of
apppiendineRR thaf tdnidausd fix@NeicBsiipes, GUBA A uBdtable BReYounds
for"a long period of time, the object 30 could be

" peterguminpling watiert elowing lasves, dto);dightnagheisinese (e.g., clouds

However, for all practical \purposes he obj ec .
pecaemgartoss Pene BAkeyT Sune AT bRk R, dRSmade
Pr op4if Bbtfoli(AGE! £12b adh, heb fecuegétc.dl that drives into
the vi deo sequence_and _ o .

Using video object segmentation (or a variation thereof), objects, or parts

of objects, that exhibit independent motion can usually be detected. There are two
basic problems that arise when objects in a scene are stationary for a long period
of time, and either of these two phenomena can degrade the performance of video
object segmentation for any application.

First, if an object remains stationary for a long period of time, the object
could be “permanently” detected as a foreground object. However, for all
practical purposes, the object has become part of the background. In Figure 1A,

this problem is illustrated for a car 11 that drives into the video sequence and
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WD 2004/ 070649 PCT/ US2003/ 041159 parks therein. The

car is continually nonitored as a foreground object 12
woubodvaes49act ual | y becone part of the backgr ourdT(US203/041159

"permanent” segnentation). Second, if an object,

initially stationary, is part of the background node

|
( epayks thgeain Theipardeicomimpaliraoriaad apy Egegroned ebjpedi but has

ex [ t ra ] :

ot BB eb s o7 et AR g RRE R CpBhaB oty Ferdarion.
exposedSeadoiff af bbiebig ihtalkyostaiondryyizdakt dfshebaohgaud myodel
detected as a foreground object. In Figure 1B, this

pr o%-e8Rts Sburned gy} Fddhen Beve ﬁww BEROSeS FoRin iR es
ou v 0, S f

caraclgonly e R JGRNARE B R FoREBRERACRY. The
nmoeegosed fegim afitbe baxkegmund orodekiarpbegously deteiedRatadnteground

1Bl B etk LB 238 bl Dfpes o
D gf &%Ni&@o@@%e@@é.al‘ﬁe_ édr 8 dxpree bRt shéfed 4RAD, 1488 mented in
U S. Patent plication Serial No. 09/609,919, titled

" Stherbackgrdend Bededr ati on  from Video for Use in Video
Processing, " fil Jul v.3,. bot,h o A

assi gneft® %gnsr‘fﬁssle%’?gf eI e dn ﬁgﬁ%aéengéppfécfagfgyg ?ce efl,llé%hen
bugb,ldm,g;@{p,hgk@ “fmt %&,ppam%llg,@ltdmwtncmt 0{ hvi deo scene
poompressipe/asemetsspiag st J4deoraatay drbRermber 2cl999, and
ba r . rd@d:: 6.a1 ««d ' :

o EHALERF spb Qe RERIRL Ao o/ @IS B! < ScBnEMMap R Gencration

r efeimngidep disrkest ihdridédBrodessag] diledTuly Be2800@otisaquendy
e e RGBT REED P TATHPRTSh YU L B Tl

0" LS nfNEs A vidQTERGhENel, § if Ofert ALADH IS I LARLS those
shoul'd properly be considered "not background." If
capertioss nbthe tsalkea irhages den tapissentr ‘meb hadkgrawdd Foe giapmde, a
artitacts wll result. 1f th 0 .S to. pro e a .
rosEd o oGty an PELE s bErBiRY G Bains
25 paied Rdhé AuratieoPie kated YbgheARIBhy besoHsideRdi tnie background.
unnat ur al - | ooki ng i magery. | _t_h_ei@goal isto build a

s c Eloaverrerl e lcaris aavidesssequense that eapitiodly) rarked and faterrdgies away at
results n _bhe_.poor f re t f

f oyt BuiEhB oS e RO BB PR SRR oL e
expaggeouddckground regions are detected as foreground

objects. Figure 2 illustrates a prior art, exanple of
al | owi néf 9288 sgrobiaken Bpiderttly tug bagdgrewdirggions, artifacts will result.

ba T I i .
o288 U0 S ol BB By AP o R can e
i mépeaed indith¢ backgradad neelgliendeng epiroituaaldaoking imageny.sIf the

vi deq .sequence. The urce i, es. are used.to generate
a BagiyiY 5 4358 moagl asa a51rsr?c% vsldeo segmentation, t eresul% can be

poor segmentations, where parts of foreground objects are not detected, and where

some exposed background regions are detected as foreground objects.

Figure 2 illustrates a prior art example of allowing foreground objects to
corrupt a background model. The video sequence depicts a golfer preparing to tee
off. A subset 21 of the source images from the video sequence depict a part of
this video sequence. The source images are used to generate a background model

22 and foreground objects 23. However, the background model 22 contains
2 -
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woaomgrednd obj ects 23 (e.g.,

22 and foreground objects 23. However, the background
nodel 22 contains 2 WD 2004/ 070649 PCT/ US2003/ 041159

t he gol fer on thecrastgo3/041159
and part of the golfer's shirt on the right) burned

into the background nodel 22, and the foreground

obfesegigunBobieeis 23 fren a0y omn g Aefhaad ppé o the gedfer’s ghirt on

Lyt 1 OB 55 0 gy s >

c hangmptietle stgroemtan@. ) rstsiffthe gdlfed® teo, dandipattaifihegplf eub).
backgrouynd nodel of a video sequence. Further t he

i nvent i SHPATR AT entiokc  gr ound nodel of a vi deo
sequenceLaifloflidpshpio sc'f}‘fag‘gg Qgcécr’geo‘i’ihﬁ & Qﬁﬁ%&f&%fimamtalmng

nodel The I nvention i or processing
vi ddackgrandedalgf & Waleo s@yuehep Suther, iied inyentivnnyaiatains a

¢ nEAKEr G B PGS FHHG PGBt DS ey bpgseround
tahﬂﬁ%j and classifying the stationary target as an

insertion in the background nodel or a renoval from
t h e baclhe dwetiominglides arh@thosi\f@lmrpmsmg videgeepnaprising the

TR S LR OrecRhREE SR i B8 SiesboasRtRY S inftne

NDgRleo piBRUnP i Kk targétags@ gtﬁn@@ty Qﬁgdtmnﬂro@am@ﬁng i aRary
mask and i magery based on the video and t

ba b3 &Ft 36 Ad sedien;in thaheckgpwiheode gsp r@ma‘éal ér%th?;ha@k%ound
the hgckground nodel based on the change mask and the

i magery; a notion-based pixel classification to

pr oduce Tae imtehiion imakidedasadpwer dybtenviod pricessiny abieo,
generati.on to produce at | east. 20 one bl ob, based on_ .

t hEOBREHEE Ahaskeaher el thoridime aclagrav%npazl%@#ﬂbpmel
to

A T AL AL R
pr bmkgeowmdsn@deil artzckgroandyabdelepdatepe inpdetbtisddckgrowaichnodel

b B LAY o B R EHE Rk bR o
mo 9ﬁidu@é a fhotiBAMEk bhde@Bntthevidas; aai16t pshepRid@lto pRitic@at least
background 25 nodel | ocal update to update the

gaekgbbb asadoethe plangg mask aad Hempaiontmaskomblop Jracbmgé@
. gﬁrﬁoﬂlg&r étggas% %est%ﬁ%ef B%sfe& %n‘ﬂli‘eeblbﬂ‘s“ %r%{alrtl_gﬁaérggéa:rg?te(%?reézgpﬁ and

ha\ﬂaﬁ@ﬁmfohwpﬁ)dwe @Et@ﬁ@ia@y augem ﬂ'Bsd:h@floﬂl Based oaledéNBeret, the
wth the invention. g{aratusfor the invention

i nelelieRasy ress ﬁﬁi&r@mn Fqudeaql ach g Aagaeters an msertion in the

background model or a removal from the background model; and a background
model local update to update the background model based on each the stationary
target description.

A system for the invention includes a computer system including a
computer-readable medium having software to operate a computer in accordance
with the invention.

An apparatus for the invention includes a computer including a computer-
readable medium having software to operate the computer in accordance with the

invention.



10

15

20

25

30

readabl e nmedi um having software to operate the
conputer in accordance with the invention. 3 WO

waQ0e/o0dae49 PCT/ US2003/ 041159 An article of PCT/US2003/041159

manuf acture for the invention includes a

‘conput er - readabl e medi um havi ng software to operate a

conput erA} #tigleod mpar e tuge £95 theiaveniiparingludes a dompuberrreadable
fe : t ' ' as Ll as ..

t R Ll SO 308 e o O L ke Bhan S e B gtion.
t he i nvéurthenfeatares adé advanheds ofithd ¢dvaitiorh ab &letis\Whe $ructure
reference.to the acco nyi ng g{avvi ngs. Definjitions A

+ ¢ ST QPEAHOn off arious grbpdrmsnis Of HieaveRign. 318 desepibbd & stail
ac GeRMW Wih Pefehédiot | i i ing the

structured | ﬁpgt@%gg%ﬁ%iohﬁe#%n%re@ggg bed rules, and
produci Mefinégduist s of the processing as output.

Exanpl es, of a co ter include: 1Q co ter; a,

gener al “’pucr"&%lgergg Af ey APPETARS, %}ﬁfgaﬁpglgié accepting a
MRs T ¢t AR inpfut, 3 0@ssin T HHY st OBl iBhut ABcdifg 16 BRRMERG ks, and
wor kst ation; a mcro-conputer; a server; an

i nPErdemEgyesults pEHeprensssiag sseditpip Examples ofa computer include: a

tel [ j A Lth internet access:; a
R i G S (AL R T
t eldni-gingiteran ehinisqphputal & MRrlSRLoh] 4 midtacdMBuRridserver; an
emyl ate a conputer and/or software. A conputer 15 can

be IEEIAEH SIS p8teh Apléance; acdlsleempymnicafionsadeaicg with internet

Si R : | which. can
i T

al sppliceéresgecific handbware toranelaton@uit@na andfonectesre. A computer
to et%\gr via a netvvg{ek for transm tting oOr receiving

i nF At Pt PIRAEHO 1oh &t CUTRIIFIERER hayga Bikglaprescstor o BRyltiple
a BRITEIbA! whicRAGhH @?@fa@ iflbatalitRMERE n60f ﬁek i)égbﬁ@h%? blso

processing i nformati on via conputers

nete{es ko two ormarsuoeuteadaitkaedtgcte! vinefmetsorkdontynsmitting
st vigce used for toring data accessiple by a

e RPe e B HRE i o B S BelRo AnBrEPISof teh & Computer
I niclidies a diseaginat dogngiddrGysted Kor SrofdslP Yn Bk o t
opt.ical. disk, such aﬂg@i }CID RO\/Iﬁandg aBDI\I/D; alonag%g(t)ringu e

t apiekeddbyiapai¥vortkehi p; and a carrier wave used to carry
25 ¢ onpﬂt‘%ﬁm??néf-?%éﬁgblg %‘Eﬁd’rﬁ) Nl I aané/_sg%gge %%i(%eﬂuosgc? for

used in tran recei vi ng

acstessg data acaestibloibly.a coSnfitera FeimpRE 6f 5 cépmeefaiitdethedium
0 oper at Exanpl es of software

e b QB 5l BORUASE (ST S8 PL SO ATE  on

CORRI4 BV IR 2084 #fe tHBh mRR3EF AIFefda08kSer wave used to carry
computer-readable electronic data, such as those used in transmitting and
receiving e-mail or in accessing a network.

"Software” refers to prescribed rules to operate a computer. Examples of
software include: software; code segments; instructions; computer programs; and
programmed logic.

A “computer system” refers to a system having a computer, where the

computer comprises a computer-readable medium embodying software to operate

the computer.
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30 A "conputer systent refers to a system having a
conputer, where the conputer conprises a

woaopredss r eadabl e medi um enbodyi ng sof t war e t eCOUSL@BO41159
the conputer. 4 WD 2004/ 070649 PCT/ US2003/041159 A
"network" refers to a nunber of conputers and

ass oci at'e CHERIK C Eafers fayp NWmBCI S SRBRLEE By asspmaled é%ﬁi?e@ fihat
'éohhgc?% &ébg:&:ﬂ?ﬁxgado%‘&%lﬁﬁ% RE LR nvoiRE g&%ﬁ os >

suc as ca enporary connections such
rrad@mtebtlimg;hch hetabply on &Empuirarglcemissctions suichas those made through

R S b R e T R VY BE e S
| OgRludRl ARINRLNOLIh Ql&ﬁ@hltenﬁt V&nqﬁtrﬁ{e?% 1BE41 WRlakn et WL AN,

and a combination of networks, such as an i nternet

an d vade e netror (WNpad 7 edfrebisation afoeivorrkpisothuasean internet
g(?sen d t' n anal og and/or digital form Exanples
V1 §e8 T ude tel evision, novies, image sequences

f roma “y¥fie6areEs t&fnoﬁbl'ilﬁfctlﬁégiﬁbté@énte(ﬁﬁldanalog and/or digital
conputer gener at ed i mage sequences. These can be

ob o déxamden offvileodnelis televisian, oviesdignaga sequgheagdiom a
dex&ﬁgra oft cheﬁgﬁefl\?é? A&nﬁ %gl%gﬁt& ggr?erétgc? ﬁna% s\églge%g?s T}kese can

lzer

cob@ ebtmnea from. %m@mptepae@s ifged, a Etefa@é getioe, aﬂﬁ)lEEE 1394-based
mani pyl at i og of vi deo, includin for, exanple
coiP{S?r i DR gq),elggbqe{,,aﬁgmpilgzrgra o8 FREINE @ty @rkgonnection.

parti cuk @{deb?;ﬁ%gss‘?ﬂ "%‘fé?srto%%ﬁt?r?}a&éﬁp%{lé{%tof‘%&leﬁ,efﬁcﬂtdmg, for

video. Brie scription aw ngs
foew@mgsompdessmheandfeélangr es and advant ages of t he
i nventi appar enifl fromth

il |
par £1 cuRas s CPICE P Qb aBoL L A GFrighe UssERE R ARG o video,

t he i nvgpi D@scrgr?tohl Wl bAhsflgd N the acconpanying
drawi ngs. ‘The ft nost di g| ts in the corresponding

r ef er endbe fropgang arrdzl@tb%ttfeattlwe and adwantpgesof thia nmn‘avn will be

el enent . f.i s ears. ur.es and..1B

° | iRy Fob e FARRARE mbie SRRt B BREHSRo A DTS

s egBediatch DY the nﬂz@ﬁt@(ﬁi, a®hjuegitsd irbthe B@dcﬁrﬁoaﬁfnngk@ﬂrﬁﬁﬁgs The
t hat, exhi bi.t mdependent notion; 25 Figure

i | eflanesgdagits4n e qoprespon @%&ﬁﬁr@cgﬂu@bﬁwmn@@wﬁm &g
obmﬁ%te@em&qﬁﬁmt% r@ackgr ound nodel ; Figure 3
a

illustrates a ff for a first embodiment of the
i nvent i BiguresHiAgandel Blillustrats priat & ppuibkehs withubiag vidkb object
back re%ya%%nrtr(? g::tlecltrc]) Jetc’% grelga?'ts of objects, that exhibit independent
motion;
Figure 2 illustrates a prior art example of allowing foreground objects to
corrupt a background model;
Figure 3 illustrates a flowchart for a first embodiment of the invention;
Figure 4 illustrates pixel statistical background modeling to detect
foreground pixels;
Figure S illustrates pixel statistical background modeling to handle lighting
changes;
Figure 6 illustrates using three-frame differencing for motion detection;

Figure 7 illustrates detecting moving pixels and changed pixels;
5
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foreground pixels; 30 Figure 5 illustrates pixel
statistical background nodeling to handle |ighting

wohengees49Fi gure 6 illustrates using three-frareT/us2003/041159

di fferencing for notion detection; Figure 7
illustrates detecting noving pixels and changed

pi xel s; FagupgB z@@&rﬁm@ébwcp@%f@smam@msbdetmt@ma@d8
il : .a flowchart for stationary target
detct:%%llﬁg&r%ﬁ)zlhd classification; Figure 9 illustrates
backgr otighre baihgeratte beckigramd chingpttetection; | | ust r at es
insertigon of a foreground object; 5 Figure 11

i || ust r ateee 1@ Eﬁteéfnsﬁmﬁ&oif?gﬁeﬁqou?%ébJﬁﬁtékgr ound:;

Fi gure $o Ul}'ﬁhgsﬁ%t%?réihcfdapéﬁﬂﬁ%ﬁioza efth@?%ﬁ%bm; strong

edges; Figure 13 illustrates another f art "for
det ect i diggwe 1 Ditypstages flowshatifor detciing sistngatdges; a

fl h f t I Ni t h:. Fij 15

11 et dieed BBt R agbrenR e e i lers

i Il ustr a&ge 34 lhRWeRAE fofehartfor AeRAdigiPabie¥BBhgtRf t he
invention. Detailed Description of the Exenplary

Enbodi néguse bf iliustaten deipmiiomeadgestemstiar y enbodi nent
of the i%l)?(g ?T%ﬁglrsliﬁtg% gléfijvr%rlé%‘? for sgce(%q.%' elmb%%gxg%itiotf m‘ ilnsention.

specific s ar I'scusse

shoul d rraindD&LRPELIL bfehe Bxbinpldrp Eibiofihéits of the Invention
illustration purposes _only. A person skilled_ in the

r el evan\egemplary embodigienhef e neationistlscusssapp AeAil selow.
e S el A Al RiplRE ek, A0 e phidibed tha
andhie isatopk der illdstetion pethobera@ily) Arpersoankilledid thegelevant art will

exanpl es. The _invention enplo change detection and .
o1 SE0RRIR that GIYCT SATRRICHE AN AR e ARy €5 BeHtpdphaut parting

a WodedeIpANENE ,@cdogé”a%tﬂenﬂ%ﬁbﬂ.nrrﬁ@antasdiﬁfeﬁ% af(ngrexamples

real -time 20 video processing applications . 0.,

r edisctisnd herojneare nbadisdtinpermmnadesi on, or vi deo

surveil Lance) . ..in which the video sequence may pot be . .
av ai | ab:’[zle i \)emlgn glﬂﬂoy%f]gfmg? \clietgﬁtipnt c’asgﬁlgatl .n E)r mam%almng
| NaraseRbald Hb@GEs videolsbgueRas Kplicdbehtivadah bausdt fobfeal-time
required to, maintain its utility. The invention can

al yilep@rapsesing aplisatinnsdal- realbima abicst-bpsedcenmpresgion, or video

appl i | ORS: -\l - rs; 1 - I

<Pl 834055 RS, BSURONE L0 S end Rl By

changtimej id iherchrated clommges wwabebackpound dicie! RikhAbe ra@ited to

be used to nmaintain the background npdel, and, second,

gy&kuntain its utility. The invention can also be used for non-real-time video
processing applications. A video sequence refers to some or all of a video.

With the invention, first, local changes in the background model are
detected and can be used to maintain the background model, and, second, such
detected changes are classified and can be further processed. The detected
changes are classified into two major categories: first, an object that is placed in
the scene and remains static for a period of time (i.e., an insertion); and second, an
object that moves out of the scene and exposes a section of the background model

(e.g., the static background) (i.e., a removal). The common aspect of these two

categories is that there is a permanent local change in the background model.
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detected changes are classified and can be further
processed. The detected changes are classified into

wouem4agay categories: first, an object that isCpiuaemdo41159

in the scene and renains static for a period of tine

(i.e., an insertjon);. and second, an 30 agbject that

noves offasgfying éh@@%@t%mswgﬁ%oae%@@thedwrmnm@m ina

ba

o PA O STk, ot o 17, | O S CHAMRe Feions.

I sEkiaples bfthe firg cateperynihecat insertiah) foh aitdge sunveillaace

bac round nrodgl 6. WD 2004/@8@?0649 PCTié,JSZOOS/ 411379,
fepionsdnelids guanitopng np Raking ieasd4n Xa@ple, ppifjging an

veamnh HROEd ﬁgénd's adte WS dABAGRRnPORlG B i8S pailifiareas);
for exa , deo surveillance applicatio

Ex detp¢tm<g mrfattertrbdfoagsat atrabesjang détectmg urattemdeslefoy detsmear

video surv |cat|o s incl

noﬁ‘?“ﬂ%’r"e ﬁ@ﬁﬂﬁoﬂuﬁl&rwﬂgmgﬂa *’(ﬁﬂﬂ%lan BV Pk %Pgﬁ gfxamples of the

I NkdobAd tABgdR (e. 2l REBVET) fér Hddo @E@’@ﬁw%ﬁﬁﬁaﬁ@ﬂs @Aclude:

certain anpunt of tinme in the no par ki ng areas);

defeleetinggherrmavehokahish yelusesssh, spely 2sen axhfacHBemeanpggum, an

un nea [ , such as

ni?%%%g@SEKBFBfﬁhglonSS%%%ﬁ@%%£?¥8$ﬁ%§§E Exanpl es of

the s ee‘rgacb s Hhegaeya ﬁbwehart for m&‘ﬁﬁveataodhﬁént\or deonvention in

surveill ance appllcatlons i ncl ude:, detecting_the

r e Rk Ressible contgxd T g genpeal yideomrocsswing aYstomm ér‘rlri%%?ﬂuence is

Pinfd!e ‘ég%tﬁl napd ) @&Rg‘&ﬁh& ﬁm@lﬂﬁ? %eﬁgratgél GRafirtaiflld 1,

car roma p i gure ustrates a
fl ﬁnvczimdBB flte igpukt vidsd mplbomksmbbgt tvaf sephatd lowelet¢l@ixdl n

one bl onte e deo proc n
oy CeBRRoy FerbE e erkea il i esed e e By toBngL and
gn%oﬁoﬂ-%%&ﬁﬁ%l ‘éla@ﬁﬁ@étldn%@ etﬁt%ﬁéittv?odteétﬁﬂqd@ 'p%cﬁ'c@ ﬁ&e?ﬁaasks

, The i nput video is pr ocessed
s e frer Ateme) that reemsbntmlmts ofliBtetdshsEhd bapétgroand trmdhhb:q;aé pixel

Kk und base i xel classificati
o SR 4T BrRPRST Shell Fiasf nhelpersT e icbased pixcl
t eglaARdifickEion PY PEbEReP: ¥RtoNBEKS ThdEHanks A1AER atdW@btion mask are
represent pixels of interest. The background

noBEvidsdde glozgu aeagration AsdvlEsk eqnveris the myske iite s set Afleange
g?grlégéﬁtﬁldl fo%irég) aﬁtli}gostﬂg ta#}g%lr%gg rgrge%h 1ble f%reﬁround

maskjeetrut em]nt ﬂra)ne niasdeneanak i26b foreprowleidoljectdhre b’151ble no blobs are
35,. whi ch converts .the to a set of

gﬁgeeriﬁ?a{téﬁg%e BlAbs 3P &aaredﬂtsaﬂ@sbl%ga@a fa%]kf@ rrgutth%onnects the blobs
2P RS ARGl wﬁﬁ?ﬁbsé! bbb LAiRELR RHG e aokutngeg r gﬁre&ﬁﬁﬁg each

frame. In general, If no foregro&&g obj ec
Vi ebet:tem thecschhe bAs tzage is g epr&matbm@oral'ﬂactlpwv‘;oﬁa wideo object

track ng bl ob track h co ts t

bl BFS 7 ohRgAEe R e irpetep TWeral e paeat o

gepREsMictidn 3V akBRh defcAReS SNEhBYaRasthehr &b &ﬁfesérﬁ al h e

scene. A target is a spatio-tenporal description of

vi dessmengnécehange to the background model 33 and whether that change
represents an “insertion” (e.g., an object entering the scene) or a “removal” (e.g.,
an object leaving and exposing a section of background model). Finally, any
stationary targets detected are inserted in the background model 33 by the

background model local update 38.
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over time. The targets are analyzed by stationary
target detection and classification 37, which

wdet@romdies whet her any of the targets represeRCTAS2003/041159

"permanent"” change to the background nodel 33 and

whet her  hat change . represents an "insertion" (e.qg.,

an obj eg[tm%rﬁ?%% FRE BéA ?Cliﬁro“gld"m. {ngludep &eg]fzagkgeund
anRRLEEAsed gay OsbsANELSX PRIHhOGaRgRRAY h%eg&eqéaw LA

nodel ). Finally, any stationary targets ected are
i nbagkgeamidmadeb3haOke pptinndfontivdlaciygotyd mhédel-tasakappooact 31,

[ | I d 38. . 7. WD .2004/ 070649 . . . .
Pt 05 et ol sl e o P e gatitioal pixel
bagtode el aMREe] an @@W@sgltﬁﬁ@taﬁﬁm&mﬁﬁg%%&g&ﬁﬁeﬂd

pi xel classification 31, e background nodel update

32differentiates bagkeerpdaurdls froudbreggoundmpixedptlngn ekomplane
b - has. s d.33
e S0l A0fin ORSAF BREPRS i i FemS M e

st aichsitjiesadisopdose in Sommaalyta3g) gnai UiSaPaisntNppliatismiNe.
esentatjon he i mage background and

|
ot PRETEARS. anled Titow esmeciapon bR ErSte e o taesl dipsling,” filed

pi l: j m .
B NP 2 2B AR B por AP ot R e poppyg! iden of
t etiertixqupkrdicsimigeeid that adivonyrf i phslgis @thitdaited Badranteral
Appl i cat.i gn..No. . /815,385, titled "Video, . e

e i R B R RSP R o P KEH o g stetifticr e
10shfte ChcBhoiddPikel W8Rd hSbARERTRA! AR SHBGRE Bf R¥ixel
reference. The general idea of the exenplary

t echanigg significantia thepikelgan by cotsiddréd foi beebrsgrand. If the pixel

et [t et BRI e SO e Pre PR Reg e pasgromnd
A pixeRDIEs tedhE e tdbi@Hatk SerisbeadiSdario RaekafieMBfaddress
If the statistics of a pixel change significantly,

t helopi changes an thsdagkargnnfedusdodighties eandétipns and camerahiomatic
! haibe SR tng the. bi xel
" obh eORSIARICH b a By S M B GLrbiRl H, 7

t ebinkigrpmed seydebbased pidel eMistficatisr 8% esin boingslembted Asing static
auéo tic ddress s|ow changes in_the background

| |
duBSHRETRG IR, & BREAES LS RAREPHLTIORTIRPT AynagHFally
CO&HaF)_ﬁ’ve Meogacﬁés%qngﬁelsqynam c statistical pixel

nodeli ng, the ground nodel - based pi xel
cl assi f Thabidrgra@hd camleb?s isrtix mtendl ecprosntagion éithestati2Geene

CSSLRERI ISRl S R LA BABiE SN SRCKOU
NOBRNkErouhd SadaBLIDE ﬁ?&né@ﬂl@h‘zaﬁ? ub&at&g@y ih@tb‘ﬁglfhﬁbundhmo del

representation of the static scene depicted in the
vi dedstend2. Ampdditipario therracremantal widates athe backigreimd medel 33 needs

T R X L e -

information representing the new local static background region should be

“burned-in” to the background model 33, which can be accomplished with the
background model local update 38.
Figures 4 and 5 illustrate using pixel modeling to generate and maintain a
background model. In Figure 4, pixel statistical background modeling is
' illustrated for detecting foreground pixels. Frame 41 is a current frame from a

video of a man walking in front of stacked chairs and dropping a suitcase. In
8



10

15

20

25

30

25 update 32. In addition to the increnental updates,
t he background nodel 33 needs to be updated when a

woackgrednd change is detected. For exanpl e, tReT/US2003/041159

chromatic information representing the new Iocw
static background region should be "burned-in" to the

bﬁ@l@ﬁ’ﬁdﬂ nehedpardhas 3ooppgA thesuiagfogad ReoBpring fevapd.t As
;ngh*osglgﬁ‘éﬁ us r a? gﬂgg ?’% 5 h&ﬁ% n%gg% ?ﬂéﬁme %Qr A: er aﬁ Zhea‘ﬁgeo’ the

rrahmerasiity Iraean had Istgndmd devmtﬁiﬁi for babhl-‘p1g¢1r4e aﬁe ugedxemodel the

tlstlc ro delln illustrated for
%‘f a‘@hl%ﬁﬂ?ﬁ GoBtains 4 Wean gt ogiard
f r ﬁ@ﬁaﬁdﬂ& @ach\ﬁdlgéio TRE pﬁ;eﬂ@i@ss‘f@éa\ﬁbﬂ ngbﬂtﬁcrﬁ 9gE V%{)ares each

stacked chairs "and dropping a suitcase.
2001eby0ibg QuiRF /ﬁtasmamlﬂﬂm&@rremoadmg@ixel phthermnkdragnd

O TRBE o SRS 0 eSS PR v

t | Bty il dotdonBdrm 18 thd'Qatydtids @aptﬁﬂé& in tHé%%El@g‘rBMﬂIﬁ@&bl an dmd is
standard devi ation for each pixel 43 are used to nodel

t heonsileptchfionignernd4ts. Thehange kipsh gﬁﬂnrmmmd B3els ineradted bythe

o R oARAEE e SRR R, 40 EATRAR S The B Sepaon

of 35 h€hishirgetmaskane tl{’e]awehhﬁalhe A¢ @fdt&ﬁlﬁ) s kM he Pa€round
of t e back round nodel 33, Wen an_ obj ect noves
i Sodhatithe pixel statistengonprising the bagkgsoungamegdel 33

%P ggaformtothe statistics capturedlnthe
bac grm}) nmodel 33 and is considered foreground 45.
A chan g & Rigete Hipided ste’gstmahlshck:gmeh& mogeltngiatikustiatedtftie

b nd del - sed SS|f|ca ion 31l and

P@@ﬁl&g ehting Fenges, é? \sbates gslo ﬂg@m@wgﬁ@@ ifgsiideo.
angz{s IR tatid va thE rg%ﬁ S‘QJpI@tﬁﬁg Hﬁélﬁlt? ahd ik ﬂnh;?plxel in the video,
background nodel "update 32 so that the pixel
st Heisiehsty m@mﬁndssitamgandr@vimaok @wrcnan@pmhﬁ a18 Isecctamddel the

ol Ry BepE freoel 5 ributRi AR S RRE PG caloulated
chabgesly fHedaRstFands| 18 baek HoAV3B i OitabRE t6 RARGEhe
inavideo. As illustrated with the graph 52 plotting

i nﬁléWH?@ﬁnﬁWﬂPE’i%ﬂlt?@FtYé‘*pl xel in the video, the

0" S AR AR GRS o B SO KR

anaictaalmdalecgod%vmaépennerft afotadionp ek to Sramal Onledloasitial
from onl e |latest franes,. the background nodel 33
' sCmhabmEal P teanp iR tased piekelgificabion idisihrosiane

' nHﬁfé?én‘i:}héﬁs dega%éﬁtﬁl 'c%ﬂ%;ﬁggss%ntég .S Bssk %x:pgﬁédtx%ﬂ N

det erm nes whet her a gl xe ual y und ol ng
i nd¥phdELtfiledbOrioberf 40A000 amkich @s ihcaperat«diergnbe néferhce.

Other potential embodiments for the moving pixel classification 34 include two

frame differencing and optical flow.

Figure 6 illustrates using three-frame differencing for motion detection in
the motion-based pixel classification 34. Frames 61, 62, and 63 are past, current,
and future frames, respectively, from a video of a man walking in front of stacked
chairs and dropping a suitcase. Difference mask 64 is obtained by comparing

frames 61 and 62, and difference mask 65 is obtained by comparing frames 62 and
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enbodi nent for the notion-based pixel classification

34 is three-frane differencing, as described in
woaommibess assi gned U. S. Patent Application No. P25/US2003/041159

09/ 694, 712, filed Cctober 24th 2000, which is

i ncorporated herein by reference. _OQther potenti al

en8éd MAtIongnask 06tinablamed Ry comreingifisenss maskshd @4 65 using a

Cnel o . . ¢

i e (N, The RlERof o€ B HeRGAREIGARE LB echlion 35

f or not Tha odpussdtim the backgrbendmbi drbabedsgidelilaseification 31 and

classification 34, Fr s 6 62, and 63 are past,

cu é‘ﬂ?t}on%%fe‘énﬁﬁ‘e% ﬂ?ﬁ?@eafli)%%r%g}ayﬁ’eé pRICHoRY, detedt ghey

Vi ' i ' nd
d58gRtn@oties, Wk Ekeﬂ%;lé,rh oGl p%fkeﬁtcgﬁlﬁféi)t aggéal s & by

dropping a suitcase. fferencé mask 64 1S o
cofigragionnd ofjectrassordingdn thedRckgmundiinbflerteedpimalsitassBicaigon

bt,ai ped b ' 62_and...9 WD 2004/ Q70649
bt FUBE R AETRE g Gerl PRkt L5 gl medpigen
C O dibh e ehidtibarhanaeyi e Tt siBidatnd 4081 b6 hoxdetect br%gfo@round

AND. The notion mask 66 is forwarded to the blo
geRBiegk i on 35. The outputs fromthe background

nodel - b i I | £ ' .
T B3EsP bl L PR R A T Ofyal sl nd oving
copielsrigiliusiratdé ireBiguse T eWvamef70rieg framiedrahh &ideo of@fiman
exanpl.e,. a recently parked car m ght appear as a

f ong?%chr GHjok gtac A% ﬁéi drgPRIRE 258idqe§8-oMiedon mask 72

o . ol Con.. 3T N
it e S R R N S
nohotghg stitveserothamge brske d3 pisukd fromabs bidkgedund m@kl-basghit

not. detect any fo ound bj ect. .10 Anot her exanpl e

of Claf Gion Py which Hleenaet BF et JioanEisindn gt pgrble, o
Pi ¥Rkstly MsértddUdtdepdid obfbctiiSUiR shitchdefRiclebtddbydht r ame
froma video of a man walking in front of stacked
chhagkgroungd ngrdsppised paxesd olassiension B bubnotithe knotign-based pixel

results f.r the notion-based pixel classification 34,
m?lgﬁSI@%tlggglé'the man but not the suitcase. Change

mask 73Theblobigenétsn 55 endme biitoupdingabshtdpasethe ber frame
classjfication 31, which detects both the nan and the

suPvebmgtion aglhprd diragpmask igto taegsts{spafiortemppragdescriptions of
Foah bt PG ahe bbb Senerkdifh Bl FE@5BIndS DY EfiloRY. Y

th groun ased pixe assitrication
butechaitiud¢shfer agdlomerating ptelgiintelblobs| fs skdrhplat ¢omneddd The

o1 olpgeneLt 60, 25, 20 U, o8 4 kecking. 3¢ Loregrate

I it e S

c opetied nanponents, as discussed in T.E. Boult, R.J. Micheals, X. Gao,
P. Lewis, C.Power, W. Yin, and A. Erkan, “Frame-Rate Omnidirectional
Surveillance and Tracking of Camouflaged and Occluded Targets,” Proc. of the
IEEE Workshop on Visual Surveillance, June 1999, which is incorporated herein
by reference. For the blob tracking 36, there are many conventional techniques
for tracking blobs over time to form targets. Exemplary tracking techniques are
discussed in the following, which are all incorporated herein by reference:

commonly-assigned U.S. Patent Application No. 09/694,712, titled “Interactive

Video Manipulation,” filed October 24, 2000; Wren, C.R. et al., “Pfinder: Real-
10
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techni ques for agglonerating pixels into blobs, for
exanpl e: connected conponents, as discussed in D

wabd4areb4and C. Brown, "Computer Vision," PCT/US2003/041159

Prentice-Hall, May 1982, which is incorporated herein

by [efirenpe; and quasi_ 25 connected conponents, as
di Supes dekymg of the Hesgap Bodw SELk sasapr Pasernddeching and

Le . ; y | f Yl n - t 43 .
oty ARG ee/ Lol U9 P TR0 08 4 P Qoo BT &l Using
CadlaptivegErdcking (0B bbsifyehd Tdowg et Activiies in a Sfte,t &/PR, BEE22-29,

Wor ks on Vi sual urveil | June 1999, which is
e B ORREI Ty Bty BerMoving pbissbDeiegon andBvent
tr R@&gﬁﬁio%Alggiliﬁﬁ&fcﬁ“S%naﬁ‘P@Mn&%N?W'p99?§9-i?§, W ALRs. 30

for tracking blobs over tine to formtargets.
Exenpl alye statendrntprgeas daistipreandalassifighitaudbathlyzes tangets

foll ow.n [ re.all jncorporated.herei.n by

+ epeibiiEBey R ich Al ERBR T Bltp dieeLiB shtenarv o
Notar@c&9¥e ddtermihéd toast stdtivheiyae the\t@getMepi@Sents a local change in
Mani pul ation,"” filed October 24, 2000; en, C. R et

al the bagkgropnd mogel 38. Fotavgst pGUXPIFPEE aFhange in the background

F%@Hﬁ?‘?ﬁcﬁ / 1‘814 C?tl?,-g Jf@ewlc{b@ic? hgsgcae%%adtl%gxgﬁg ﬁZen, a%qgéle’r{ion) ora

ans. on ern
| npeliouglgrnesiondtylvidebDbjqphas/Postdic set &Y of sBitlo®eRground that
WE.L. et al., "Using Adaptive Tracking to Cassify

an@PRBI % &riaTagk (-6 £FEROYAY-a Site,” CVPR pp. 22-29,
June 1983 Q&gtigéggrr et hds b ieBlted! this':mﬁﬂna"t'igﬁ’x A% fed

(bj ect Detection a vent 5 Recognition gorithmfor
Snbadk tCHreeraakgrotmiynodel lodB apdats 38 Maypda@oitie badkpeound model 33.

st gt.l.onar ar et ection and cl assi.ficatjon 37 .
R Fe Bl the SRl ERI gy 1 et iRutsrt ot Comsermine
dedyBatBoRsthies SRAEH bhdKERIndlaBd HeAlrh B Frégrofind bALEEL can
be determ ned to be stationary if the Target

r epr esehhestationseatargs deaigetidmandidassifigaticgr Bldelenmides if 8 Barget

A ’ an. 1-e8prese h e.l.n.the backaground 10
ot hers it 918, Sfer  FIRIRE Lot B b i QA povel, or
NoVlaG W ifét is n8Npdssidey foi defermite the diffefdhic®UE] Jistinguishing
stationary, video object has exposed a_ section of

st Betvechat WgerHon and mEmovahdarelatiqastip peiwget thetirae scajgs for

. i: t ! . .
{ nipRirton BHE € rdinaRle BB DLORCrIBT Rl o) Gk fent cime
nmoshale tharcthiat effd@ieval athdthepdidme sédbes rhaychgappliostiorpdtekndent.

33 15 Wth this feedback, ,the background_ nodel 33
cabOHE RIS, 3R PRGN Bay 5fuie ﬁhl%@nwﬁ@et ReolpEn plapedor a large

st ahbﬁn*a;aﬁm%mgbaag cbfGadrd R RisEBbE BLOMIY 2 8R4k xxinbg%t of

The stationary target detection and classitication
detime hfoesbéing eonsitegmt a reirmval aAd osprcific exnnpld asar, parked at a

whet her it. shoul be .| abel ed an inserti,on, a
P ORB ] o GpoRORE B Fin R HE? pd e caniaiash By bt be
det@isifienta dnhesedidd, Bhenes patldd 4t Sikichios RifBeh minutes may be a

concern and considered an insertion. Further, the same car, as soon as it moves

away from the curb may be considered a removal. In this example, the time scale
for an insertion is longer than the time scale for a removal. For another
application, the relative time scales for an insertion and a removal may be

reversed from the example above such that the time scale for a removal is longer

11
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35

20 between an insertion and a renoval, the
rel ati onship between the tine scales for an insertion

wand4a7o@ooval is inmportant. An insertion may POY@ISY®3/841159

different tinme scale than that of a renoval, and
these tinme scales may be application dependent. For

ex HIPITRE timf seglpfor enfssriotny urBefuhednaiples forom) insartigreand a
| efdmdval %%oﬁaﬁérg@ﬂe%seﬁmum of tinme before being

considered an 1n ut only a short amount of 25
ti me beFgues ddlusgateon dbdehation theestatioabry tAetdgpamnfand

exanpl.e, a ¢gr parked at a _cur t.an airport for,

£ Cebsitontibnd e SHomPIEY B pg e oxiaP g tsgtationary
COBREAALRBIG hrld RS HricMon s o8 fRAwspar ked at the curb
for Tifteen m nutes ma%?be a concern and consi dered

an i nseif i GATIFULE RATENTHELE SR TEAMARYAs soon as it
moves away fromit hengdithomymberneasisdidesed a renoval .

In this exanple, the {ine ale for an insertion is
| onger than the ]felmr?easgélneé—stfcﬂo? ao?i(rac)armval. For anot her

application, the rel@titves tthyeshodd| €sifsprtien ithnerthireshold

and a renoval may best reyersed Lromnt hesrexanpl e above
such that the tine scal or, a_removal is longer 11 WO

ale f
2004/ 070649 PCT/ US2003/091159 "R Fhe tine scale for
an insertion. Furthe™_tthe threshodcatesefcorl afime_threshold

insertion and a renpyval _can ]JT%I%O %f chépfr able by a
e

user. Figure 8 illustrates a 0 art for the
stationary target deX'edebdin akgOWlassification 37. An
exenpl ary pseudosigede for inplenmenting the stationary

5 target detection gpd, classification, 37 is as,

follows: if (tar get%'l gtﬁﬁ%ﬁﬁ‘?%ﬁ@%‘ %Tﬁ*ﬁeékﬂaﬁ\stli“?—thr%h"”
(insertion-timnme-threshoke: € imeronizh- tésre- t hr eshol d)

1St time threshol d <= iiBSertd QRskif¥Byt hreshold 10 1St

test <- insertion tesf 1St |abel <- |INSERTION 2na

time threshold - renovafteitREsthrreshoreanovehadipgsthreshold
renoval test 2nd | abel_tsst REMMAkal 1Be se 2na tine

threshold - insertiqn:-ti -t hr |d 2na test <«
e APPSR

insertion test 2na label <
end

if (target_age > 1°° time threshold)
if (1% _test is true for target)
target_label < 1°° label
elseif (target_age > 2™ time_threshold)
if (2™ _test is true for target)
target_label € 2™ label
else
target_label < UNKNOWN
end
end
end

end

In block 81, each target provided by the blob generation 35 is examined to

determine if the target is potentially stationary. This block corresponds to the first

12
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1St tinme threshold <- renpval -tine-threshold 20 1St
test <- renoval test 1st | abel < REMOVAL end if

woORergete4age > 1't- tinme - threshold) if (1stPCEAS2003/041159

true for target) 25 target-label <- |'t-|abel elseif

t ar get e > 2na_ tinme-threshold) if (2nd -test is

S r ﬁ’é’gﬁ?ﬁfﬁl&%ﬂ ydus gbqvarpé%ltdfrfgéé El-%l)erﬁ’élar-Seébb? el se 30

ta < n - I
o1 ST e B0 Brad P Ep PR, o B
ex amcaed$ to blocSRandiends.i f the target is potentially
stationgry. This block corresponds to the first 12 WD
2004/ 07084 %ﬁ%@ﬁ%&%@ﬁﬂm 2 [P gFHdP PPISAUALEY Sigionary
abgya vﬁﬁ@ﬁﬁ@;aﬁ@-??n}%dﬁal%ropéﬁies( 4" 98hres Bf mggﬂ ;";I? L Yarget has

STATI ONAR _the'target is not potenti
st aeledigaly canged itpshape endsizofoslagekodof timd, thatgetAmy a

ex ry.technigue to determne.jf a target is

o BHpRLY (488 RbfHiftalole 161 Ghaft Bhibin St AR ! Beipmes from
pr aeaatk@swad@s deribines bothidpe deREGS 31,130, )t BItGREy A
not radically changed its_shape and size for a period

of ndepgndentaotion (36 fetgryingd by metios dategtierddethe target is almost
Fu (=T get exhibits a | arge amount of
chgﬁgghgggﬁwDP%gqgggiground (as determ ned by change

det ect i @woIkamPRs 083 potehtisllyveatjonlaiyt tatget aﬂeriﬂmmmdlﬁﬁu:igure 9.
notion (as deternm ned_by motion detectjon 34), the

t algRse Sflsls AIHESE! e Femiayifeq ofp wenalng gr%m géstacked

LUl ponategt sVl PR B0 Torfd G o

f r ornaemodeg adork frem amabki Mdotiom a2 ahd 96 aesktidiom the
motion-based pixel classification 34 and illustrate pixel masks of “moving” pixels
(i.e., pixels that exhibit motion). Motion mask 92 detects the man but not the
suitcase in frame 91, and motion mask 95 detects the man walking with the
artwork, but not the absence on the wall. Change masks 93 and 96 result from the
background model-based pixel classification 31 and illustrate pixel masks of
“changed” pixels (i.e., pixels that differ from the background model 33). Change
mask 93 detects both the man and the briefcase, and change mask 96 detects both
the man walking with the artwork and the absence on the wall. As indicated with
the overlay squares on change masks 93 and 96, there are areas which have clearly
changed with respect to the background model 33, but do not exhibit any
independent motion. In the change mask 93, the insertion of the briefcase does
not exhibit any independent motion, and in the change mask 96, the removal of
the artwork from the wall does not exhibit any independent motion. These areas
are determined by the stationary target detection and classification 37 as
potentially stationary targets.

In one embodiment of the invention to determine a stationary target,

exemplary quantifiable target properties are determined. For example, piac and
0c can represent statistical properties of a centroid trajectory of the target.

Specifically, yac can represent the mean (over time) of the difference in centroid
13
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chairs and dropping a briefcase, and inmage 94 is a
current franme froma video of a man renoving artwork

wonrawoaodatoom Mtion masks 92 and 95 result freariise03641159

noti on- based pixel classification 34 and illustrate
pi xel . masks of "noving" pixels (i.e., pixels that
ex RPN @ Pixsls) betnisen epnspakive dangsranditac cHprepeaseRhe

no r . L .
ozt apHi R oy fincf AR AbercABEl RbisG JERRISn YD, pixgle)
abbameen comsthgivediames Chagaperalgsls and 8 arepredentrsesistital
fromthe gack round nodel -Eased pi xel classification

3 IPIRREFIEF pLE prioa BrgEPTYRIdRE SRy Egthnged” pi xel s
(i.e., pi S t G :

33) - onas e oy e e PR R PR TR s of the
br taedet.aSpsciicallycinacryacpmsint 86 mesndover sbotehrecenhpemaiof time)

| ki ith, th k and t h [ 1.
Ao et g 48 O Qe 2 O P B BBl g ¥R o
93canepRBent thestehdarEdRARE (Yt Bmb @é&n@ie@@ﬂ'ofﬁrxfé)‘ 3ngRGatio
Wth respect to the bacﬁground nodel 33, but do not

exbi the ereawf trgargstiep pheln betimsen eensequiive Hendsadgesefask
93 ' ' .he brief t.exhibit ..
o R Ot 2 L B o S pion

r esmavsite ¢fangd bfa Ardenovds tiiom t he wal | does not exhi bit

any i ndependent notion. These areas, are determ ned. b
the st alt iaen turagd ovdeptsssnt gfatisdical RPRabps ploneyigg piels of

as 13l tat t

Bk iet SPELENAY ST et Mok Bl Tover some ecent

t apgetd, of tiexe mp tteermptio uitheinfiindbt ef ‘tnarvged” prelp &r thic @scaaf¢he
det erm ned. .For exanpl e, oc and oc, can represent

ot e ety wsbiv i eieSer B seandi G HrieBlorg e prent

U apGfId: of 1A O Gt ¥f the nufbeF S ARAESARELs 1d e ARAMDS the
(over tine) ‘of the difference in centroid 13 VWO

200uged (1064ElNCThesAs03 xemplabptarged piapieties (1.o, g wied &) capture

betwee nsecutive f.ranes.,. and _aoc. can represent the .
ot R Grar BoVRc bt df BHDHng JHasP s ilp b L PE Ry fiiCussion
cegigvej d position (in pixels) between consecutive
franmes._1n general, oc_and aoc represent statistical

pr oper t Peigig dlesg sixespremplagy targgt geapsrtiesgmetnpssiBledechamiefor

ta . = L, . . 1S4 .
A S BB BRGSO otovin
Sppeudo-cadd:y, R can represent the nean (over sone

recent riod L of the L f the area of

et ar Gottits h FRATE oy fisch "ERRVOERE i ot | ArBEETRRE o
aR can representr tHHERESEMHAr & devi FERBIHOLDY &¥& goRE
recent period ofrdgeERnp@f the ratio of the area of

the target (in pjxels) between _consecutive franes.

These four 10 exemgFary RUFRE 1BV et@FtP e Y(i . e., oc,

aoc, / ®dand aR) capture the general notion

In the pseudo-code, six thresholds (i.e., THRESHOLD1, THRESHOLD2,
THRESHOLD3, THRESHOLD4, THRESHOLDS, and THRESHOLDS) are used
to perform threshold comparisons with the exemplary target properties. The six

thresholds can be preset and/or arbitrarily set as user parameters.
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and size change of a target over tine. In addition, M
and amrepresent statistical properties of noving

woiselso@d the stationary target. Specifical |l pCcTNSE®B/041159

represent the nean (over sone recent period of tine)
of the ratio of the nunber of "noving" plxelstothe
area of Altheugtsfous pxpseplpyriaigetapRrerties@dd.» dne.@%n, iz, and GR) are

LR ol B SO B A VR S5 g
pi wthespiopeitiee cal Baugell ak hall bémigedpplient (ol thedeSf - ordﬁhﬁ?f%kﬂl in

t exenpl ary target properties (i.e., Mand am
c;@ﬁ% the extent to which a target is exhibiting

i ndepen g%;)u%(p&eﬁ%hg%gét?ﬁg%ﬁ&%é' | an@gﬁxgre Rlussed

Usi ng these Six exe t propefrties
p ogsieptesentngrahipiting indepedderd mntmnnqhetm‘bpﬁneacanaiegxsed as

tiall t he foll
e b prdmpleett b bR e AR T RESHOLDY 8
R < THRASHOL e ARSI (56, Mo EEESHOURPund o)

&& am < 25 RESHOLD6) target C potential
st atei dbyrapsed, ether qomlttmpélops eﬁ secﬁtai@tlcadmxonem@shtbbld&tatlstlcal

T e el probeles i i paed 0PRSS Mbiagent foghoseof

pebidiiaty kkitlés fel . corrparl sons wt h the exenpl ary
t ar get S}opertl es. .The six threshol ds can be preset

and/ or & DPek &3.irplptieeshipsdetysesn apapssriqueheeshald av@)a removal

2008 R3RH0 PLELHBE09H B 28reloh BN LOha SoTBlich
target properties (i.e., oc, hoc, R, and are

di biouk setheabovegpeadenéde@el bhe (gﬁél@ftabn NWife Obh@REo B Z€

change of a target over _tine, properties can be

us BRITHE v %“le_b@@éﬁﬁldéép%%ﬁ%eu%'ct)%@é classibyiing thedptected
S k’ca!r% &Eé)eh o@ﬁl% éﬁﬁ) edniBe £XEBH glrfﬁ/e atg)iaé’sﬂ(ﬁﬁ and the

properties are di scusse
r epmasehtime glnes&tqﬂcbl T]nm gelativohsinip rdémrmlm wihdoh, ofdhdrawo tests,
n be used as nt to.

OG0l 5 i B APt 15k IR R gUR DR ogi e

st ﬁﬁésﬁbld%'d tRE RBRIVA] B%e (hreshold 86 poR®Cin t&ﬂé%asb@on'ﬁhé time
and am are discussed, other conbinations of these

st saalestspiclar alpmg@pnuae@ a rgnowd, asdisciissed gladvel On the pseudo-code,
pr ff'{) ?%gggtgorlrle tug% pa?srélﬂf(f %I}lgr‘[{lglbe ovgﬁ tlmelg tﬁ:res%o?f are chlclllpgred to the
target age.

In block 84, the insertion test and/or the removal test is applied. If the
application of these tests determines the target is an insertion, flow proceeds to
block 85, and the target is classified as an insertion. If the application of these
tests determines the target is a removal, flow proceeds to block 86, and the target
is classified as a removal. If the application of these tests is inconclusive as to
whether the target is an insertion or a removal, flow proceeds to block 87, and the
target is classified as an unknown. Blocks 84-86 correspond to the third “if”
condition block in the above pseudo-code (i.e., if (target_age »
1%°_time_threshold)). Once a potentially stationary target is considered to be

stationary by passing the insertion test and/or the removal test, its description is
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ordinary skill in the art. In block 83, relationships
bet ween an insertion threshold and a renoval
wOhomsedd are determ ned. This bl ock correspords/US2003/041159
the second "if' condition bl ock in the above
pseudo- code (i insertion time-threshold < 15

r eﬁ%%ﬂ ﬂ’ﬁbﬁ%k&fmweé §9ca I ypvlatenie wliichopadifipg the background
f t
FRRELY DS AL i AR A0 S00R, il s o
t hmplacarglhabadhgrmmﬂhm&kh stbhistw?tmearraeidatanmm opthe p1xels
det er m nes of the. two test

i nEOREPRRg gpowﬁ%llyr SoHsRaTY tpset: sf’hﬁgfa@l@? P%ﬁhﬁétaeafl.apé yrariance
Ther fh@%%fe‘lé l‘éﬁreﬁ% e thd i iahaARdwilBe hRTREAl o E‘%@sent the

threshold are p S Iin time based on the tine
scalees awkvarfance afithe psels fram nzorel rezentefamyes| reprasenting the
dlscus%ﬁ he pseudo-code, the insertion

t i RO S@ﬁ%rquﬁﬁgﬁ e removal tine threshold are

conpar egth¢ thskrtion tds@bitPthe 2@Boval fesbhre¢husBdicdtwieh Figures 10 and
insertion test and/or the renoval test is applied. If

t hél. Zppiheemthebindghe exrmpamycisssifigetion tashmeagrerafdhe mvgrtion is
s ﬂ%pgé H%%‘h%h B pd b 1Hpad g 6% réggs X ?t %J%l?o‘i{%fsﬁt%ﬂ% 30gLs around

the assi as an

apitk pe;qiheq,nmcﬁ curft@s@ndge dusdststnet eibitEsstidig ddgeg@bundtha
renmoval, flow proceeds to block 86, and the target is
cl BEEEneef S SENF EsRRap. thq packground prodel Conrersaly raismeval can

t €5 SharsotdleARc b 1S 81‘? h%??){h%ltsvgﬁ%hg @%%ets L{ﬁﬂg%%‘eg{}ﬁergn‘i‘ndthe

insertion or a re OW proc

t hbackigagdtmadsl bllltak)ss hotescthibst stongl a&gwmmunBIits pesiplty &ba
correspond to the third "if' 30 condition block in the
abBW%Qgg@ﬂﬁb code (i.e., if (target_age >

1"t - ti merduby EPIRLEs cl@%ﬁ?m% aRPHRRAIdAITHE ﬁ&é@ﬁlh%@%ﬁ(ample is
targ is considered to stationary by passing the
am

i nebs maprwallang infmomted stahleedrcémv aid droppingiatbgiefcase. Image 101

Rt ALl Pas RGE RO g o fHSLE 08 ek e 102

rmﬂhfstr@t%s ﬂiaetoﬁa@@gmgr@dgemdmhge?ﬁo1adetérhﬁnéd0£s@tg Do edge
t he potentlalhééstatlonary ta&g@#ﬁ;Thls process

i ndefpees Imagp| idhgtrﬁmalbaeqag ursafrage.andouyrent frame
pg?%tlf}%g? Y&4 lﬂ@ﬁft%s 8k cBH&&Bb&ﬁﬁ%,%ngs ﬁﬁﬁg@téﬁ%téﬁﬁned

y s ationary tar he®val les®o nmean
andsiuga iSabeledpe détedtbe Aas @l = sceptieskiditayg ekhi®its Very strong

sta |onary targe be nodified to represent th
ea ity gl%éfﬁ_al%ff i€ @wﬁ?l%gméner qd@ﬁﬂfﬁﬁgee ¢ datnot in the
f r 9 Juﬁ@‘iﬁﬁﬁ[‘ ieNBall ouxﬁ(gdggﬁﬂqﬁéeé 130220 dhdsk 105 shows
target. The iInserfion test a re est are
i I thsvsleteatedd;hmmgekl praj;s; nreduding élﬁdtaumary'bbpct (i@o rthe toédfcasel).
e]g)'r%l i&h %lo%ele-%lsa Solf he%l{elfc%rs]e :Ee%?orl]lnl}l %Hange mast 1 05, and image
107 1s a close-up of a section on the periphery of the briefcase region in image
106. Images 108 and 109 show the edges corresponding to the section of image
107 for both the background edge image 102 and the current frame edge image
104, respectively. As can be seen, the edge strength in the image 109 for the
current frame is greater than the edge strength in image 108 for the background

model. Hence, the target (i.e., the briefcase) is classified as an insertion.
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10 that an insertion can be characterized as a region

that exhibits strong edges around its periphery in a
woror4abe4d mage but does not exhibit strong edgeeTaseesd41159

the periphery of the sane region in the background

nodel . ﬁbnversely, a rempval can he _characterized as

a regio 1 dlusrges dassifyng g remgeal. dhsyilipojip ghis example is of
EI 1 %ﬁﬁohﬂﬁta%gﬂpﬂ-&lﬁ%!'ﬁkigld Rgeh 1 Py usf#ﬁ’t@§aﬂ‘9ﬁa§§ of the

t strofng edges around its periphery in
c ubadkgtoundagelel, nd backgidhnidledgs imzgedd 2 lhastimick yhengpreesponding

i ns rti %rplagehl(e} I]IV({C%{%%& g Lhis cﬁ’ﬁa@gﬁﬁl&%ﬁo&pwﬁnﬂ3 illustrates

br h&frﬁ@g%ebf tlhé’@ﬂfénﬂ-@&me I dnhléﬁﬁéﬁtfﬁﬁn@éﬁgeﬁﬁgge oi4q Ilﬂl@trates the
background nodel, background edge i mage 10

| | pcmafESpamcbeg pdges eﬁrmwpldﬁ dteWgnmgesmgfa qualg@gﬁ@lmtector As

"+ DAL QB HE AR SRR VBANGoRD slfe R i backiR) FPRc) .

f r Bmtgrcﬁﬂg ﬁ—‘ﬂd(ﬁﬁ@ligelﬁﬂgd: L1 Dsbutabes thdeuredi HREROAE., RErrent
(tg[es of |na e 103 determ ned usi n(% a Sobel edge
ame dpagpk @aﬁh@egesteeﬁk 115 gBovs fhsf Eetedeciahmgﬁdtpéx%r y

St IRRin 891%’:161%% 5%, Et“(% Eefle i) (ﬂnaE% 1 1(ﬁi§rar &Q%Mp of the

frame edgée | nage Gt ROt 1k h
nnd@Woﬂmmgmnnbdﬁhgenmmd1HﬂgﬁdmnageUﬂ02ﬁckﬁhap@éamasbnon

105 sha 25 the detgected chan e eIs
C heTERP e A ook o e b Erasas b} aq Flsiow te
10§dge§ c@rr@ép@ﬁ&ing' B ok sécﬂfc‘ml?ff '11%5§@Ple/ fb?gbtﬁ'thé B‘ac‘kglﬁﬂg& edge

105, and imge is a close-up of a se n on
t henwrhlﬁtaed yhetxfunteheframe edgsavmge é i, omspectivaipgds cards seen,

es, 108 a 9. sho e corr.es din th
sgﬁ% Bae reEipdne ekt e O DB et gty e
| Mg sh@ﬁgtﬁnﬂ' irh4l® 1096k c{tﬁa{ﬁﬁaﬁfé@ ElechfR R t&%eﬂ@‘ét, the
respectively. As can be seen, the edge strength in the

i maigworky o qlasifiedas agernpeait frane is greater than the

edge st ?%ﬂ?ets*lz' 9 1??@1?5‘[1‘11%8[“;0 fmgﬁg %(09 ﬁ)?o%ﬂ 84 %9?& lFagure 8.

Hence, e targe case

as Fiyurd Is@lutiraies thd 6m‘t§®iﬂ£&ﬂ4fc@'t’1&6ék@e R‘E&r{elﬂfﬁaﬁ@a/tl@ﬂ 11115:9
8¥ﬁﬁgll illustrates classifying a renoval . The video

fhanitie rgmoval tme thireshald Arl Bieptgohddliustetesthe
r°9 esb@%ﬁan Bt b e o TR0 ARISH TR
co&mespbhdedgeﬁeﬂbes of image 111 determ ned using a
Sobel det | | ust
of the BiedR 1% Ftniock IR T off fasrsorpehd nlgee Piigenad

i h&sﬁﬁlﬁ&&aoﬁ@ﬁle%ﬁﬁ@ap@pme%t&agﬁﬁsteﬁoﬂweegé tl?»e the
determ ned using a Sobel edge detector.

sedeiectedhebangedor k exhi bits very strong edges |n the
112y " prAaBE k. st vl P BHBS oFBGR el griies
along the boundary of the stationary target.

In block 1203, the difference between the edge strength £5 of the
background and the edge strength Er of the current frame is determined (i.e., 4E =
Ep—Ep).

In block 1204, the target age is compared to the insertion time threshold.

If the target age is greater than the insertion time threshold, flow proceeds to block

1205. Otherwise, flow proceeds to block 1211 and ends.
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frame i mage 114). Change mask 115 shows the detected
changed pi xels, 10 including the stationary object

woO0m/070d4e artwork). I nmage 116 is a cl ose-up 8ETISE003/041159

artwork region in change mask 115, and inmage 117 is a
cl ose-up of a section on the, periphery of the artwork

regi on fhblpekay05: the differspessd A issconmared1to agpssrtignghreshold
od = s . . _
ot 1 BETRARGIAA nkf, 110 2 0h A Tel CH g by taret
f r mram insbyidori, aAd) Bod IptoceedsipadsdkviiOg. OtBerodse, Hewpeeareecdslio
thg edgz ,?trength in the image 118 for the background
moBlork | Ogr eater than the edge strength in image 119

for theprpptienod FR BBatioi& G8rgetl B@1a@588hs 4d inSertioh e
artwork) I's classified as"a renoval . Figures 12 and 13

i |1 ust r &tdoclnb2@htiedhngetass i ormprred tosthg der8aval tindejthpgsleold. If

S. ., Figure 12 ilJustrates the enbodi for the,c
e e 1€ ahentel i MeRat Ve AR GBI, op B b Biteck
r eppogal Oﬁhbﬂﬁsé, HToQﬁﬁt@b&ds sl o it lllllflean_li?en'tll:.I ustrates t he
correspondi ng ot her - case where the insertion tine

t hr esholblogk h18, thegliffenenee 4his comensirddp arremeval threshold THg.
th l.d. . Fi |
RSP L 0 0 g Qe 15 £0889 o

bopiedasdd toblocka20mt Othetwailse, lost prlok ey iy bloak g210.(i . e.
the 25 detected ch@cc%) . I'n block, 1202, the edge

st r engt F Elpclpd 205 ghedationaty trrggivs classifjed as aemayal al ong
t he bou j . . ,
the i f Pooh 0110 BE el Lahofto clishar e
bauisertion od a asrdotdhendgmsishd,elagsiicdErs af untrevaur r ent

bl ock 136 DBRE [P 05t 100cum o o satchry targe

it NE&Eht 18Ahd btk @%Jfb@leﬁlocellfupﬁﬂg 3E,a\R/|Hi%h nREefidsShIbRRERfund

han the insertion time threshold, flow proceeds to
bl owkel 33205 efl@t Herohiangs caibasibypiho detedisd satibhay kargetl Even

ang ends. 17. WO 2004/ 070649 PCT/LS2003/ 041159 1n

o1 o828 Bt R AP LA ARG Be T R & oVl (block
I N$210)] 106 bh¢kesah@l Bodetls stifiafpdufee. f or mul ation here, if
AE < TH (where THI < 0), the stationary target _is an

i nsert i &A INGAPRSC FOLIRINGsso ecdse stsengihschie andge: cambs detgrgired in
fl 8%{] ng@ d 1&9% opér%cé]éﬁ.%?%mégeé dhd% 85 gdg%@ girr]l{é?fn

sta arge I'S Cl assli as an |
bl ock 1P@hre 1 thasapedt asdtjgure 4 2centpptr fortheehbtye ofeiaesin the
tine t

e wetrt o Blatks 1304-1206 and blocks 1207-1209.

Figure 14 illustrates a flowchart for an exemplary technique for
determining the edge strengths E and Er for blocks 1201 and 1202. Other
techniques are available, as will become evident to those of ordinary skill in the
art. Figure 14 is discussed in relation to Figure 15, which illustrates an exemplary
stationary target over which the edge strengths are determined. With the
exemplary technique of Figure 14, some uncertainty in the boundary of the
detected change is accommodated, and holes and small lacunae in the object are
ignored.

In block 141, a band of the image is selected. For example, the Y band is

selected in a YCrCb image. Other bands, besides the Y band, can be selected.
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the target age is greater than the renoval tine
threshold, flow proceeds to block 1208. O herw se,

wohow/pe@aeeeds to bl ock 1211 and ends. In bl ockCct2B88003/041159

the difference AE is conpared to a renoval threshold
THR, 10 For _the fornmulation here, if At > THR the

st Af§0p AndryoRtigngaltipde bands febg selegivd. fIn gddition qtberd¥pas o f
bl i - Q... n
o1 ey SataishE Sl ca P TRRoh bl A0 K6 o

r e@VEK.imhage.bl ock 1210, the stationary target cannot

be cl assi f.i ed jther an ,insertiaqn or a renoval and .
s, i nsPEElgck é@@ﬁ}rﬂwl%&d@ﬁrm m&metewvsﬁﬁ Perndibg SRairoid
120601 the @R getaMe FitdO1 5, thEcAGSRI B Rifiti ket { B1E %iéPated with a

staf i onary target” i1s 'sent to the back roundlsrgg
| ostat, ang tetexedlaryhérohetampikéls 62,t 158, ok kgrave debignaedevith
33..t.a reflect the change used t detected .

o iR shgley Sohe Bt TR o Rt B Tt L ST G Stneripster
C apixeRtardRIchtiAsSin HiQfe 35, AnAIBF ddchPeffncted PRERl HRliOHected
1210), the background nodel is still updat ed. 20 To

i negressdhe perpueteneisel Prand teaiepatroid Bagt hs EB and EF can

be det ey nad, 49 tvvé?1 gg%ﬁzﬂf/]a%g t]Pig ?r)éﬂh‘%lﬁlgeﬁa}rg\é%ct?% gtte:{%lgeeq%ivalent

of franes and aver er

satbdiatnés fomehd geriretecfikell Rl It Fixued 851 gkee 8o fikels €& dath line
t he lowchart for bl ocks 1204-1206 and bl ocks
128rp-dpsignateqptlydatkardles; ystrates a flowchart for an

exenpl a ' leterm ..

St T ongt IYbInBE I, Shiioe Blsafe HREEHR B0 of D5 RE9E ueet, fow

t eptoneaisds biack 14v.aOliwblvse, iisnaikfandreminelds msiddahd tatget and the
those of ordi.nary skill. in th art. Figure 14 is _.

o S LEENT PRI PRSHe thy ERESh Aevaocoqds EDIPK (44 g Figure
an1 $Xeaprahdter Sikalk h 9D aRY 13 PRH8HoBVEStaMbY fikelt NRiRIBE target
strengths are determ ned. Wth the exenplary

t ethhiagd egferimetprmexel 454 baneeuhgarcegiixal ynside thiytarget and the

bou v, of t.he 30. ected change i s accommodat ed,
an tﬂg%]ﬁ tgn%rﬁxglr%‘%“%eth%?fﬁ%eg‘ in the object are

i gnor edIn h16clbl 45 kf HoAH distinb@pistel8fard i6ide BRE&sIS the target, the
sel ected. For exanple, the Y band is selected in a

YorapnetappjEe! inigmercdpaithidow prasieerisdo bk 4 a b Figeemnl he
sel &6t ad. pii'cés\{\ﬁ)zu %?(?gfsggrg%%rggl US2003/ 041159 Al so,

as an opti on, S Can be selected. In
addi t i oln blotlh&46, byprisasdC, of thegesinesn pided havigg one distance pixel

PRI fiatect Al otbes 45180 PRLoVIEde e dwedds depaisiy based
Pesh fRliflendty* St thERy Ak ah QiR AR Y, Qb 1, as follows: C, = |I,; - Lo,

In block 147, if all perimeter pixels were checked, flow proceeds to block
148. Otherwise, flow proceeds to block 142 to continue checking the perimeter
pixels.

In block 148, the average contrast is determined over all perimeter pixels
for which a contrast C, was determined in block 146. This average contrast can
be used as the edge strengths £z and Er in blocks 1201 and 1202, respectively.

The above discussion for Figure 15 addressed the three exemplary
perimeter pixels 151, 152, and 153 concurrently. However, in examining the

perimeter pixels according to Figure 14, each perimeter pixel is examined
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5 PP of the target. In Figure 15, the centroid P, of

the target 151 is designated with a star, and the
weoexenpedsy perinmeter pixels 152, 153, and 154 RCE®US2003/041159

designated with 1light circles along the perineter of

the target 151. Three exenplary_ perinmeter pixels are

i depgividnaldy weiil pfl pgrimetes pixelschays peabeinpesd, avpethelognback

a ld j ross the perineter pixel Pp and

thgoggh{o?%?gﬁgﬁls%lﬁ bl ock 143, two pixels Pl and P2

on t he [Funhemmathibt echadaratchmigueqdifvalre i, hotds-aiid Stratl dgcunae

fromthe perineter pixel Pp. |n Figure 15 the two

pi k&@qf‘r@ﬁ (315 e 15 e silghut Daregring thegpRustness of the
Ci h&dh@Rme! N bl ock 144, if both distance pixels are

i nside or outside the target, flow proceeds to bl ock
145. O Reppther, enifodiment @if Stecineentionxibe detsctied targes atedurther

t L. t 15 .pth dj st ' | is. tsid

B R T S A e
pelstaibha tibalefectibr adelaskb&ation 87 Aok Bhﬁig%ﬁ@ﬂﬁ%a@lggfé‘bfﬁi
inside the target 151, and the perineter pixel 154

hasnsisk Torexample, i aanveiligicgapplirationritimpy bpaf inteest to detect

ot [ i ' raget...1n bl 1
 Np SR HELRUh S Bl AP o L Nl
t artigesafick kemorifortRe tangdt €or the 2@h of theisgairvltkre eRdafgbDitbpped
proceed% tg bl ock . 147. In i%$re 15, perineter pixels
153003448) & getgpraing gﬁ}?adev&shenlt e Brast movasagan (Sotht ¢ REKedgar
ofl&gﬁ%?erineter pi xel having one distance pi xel

i nside the target and the other distance pixel outside
t he t ar dgeguré $6 dbtsaries addwohaetbr timsectied ¢mbatisientyofithe

the t di st ance pixels Ipl_.and_ 1p2 as.foll h =

11 grveiBo fieiBeft § ot BT 3 Gordar PradUtopotel s

Ve RtieRe s kadet oW A6 PCEREStalithal ASdet mkhGor B NREWASE.

fl ow proceeds to block 142 to continue checking the
pestafienay tarpetdeberiptions fbwdke sBonary targel detegidorcant ¢lassification
IS rm ned er.all.peri e i.xels _for .ch a .
cort PAE PR EE B BB 08 biBiss Bl 360 e M dpnloreet i
coRrlasdfitd 64h indtibe ths aaki@try et dERitst [ENGEHTs BR tand: (c.g.,
EF in bl ocks 1201 and 1202, r_espectlvel%. The above

di §i8ies sizerolasy and; lgeation) spdamenitas e tanget fop e fuathenmstivity. At

pe i: o i . \ . .
T T

t o irktb dhir Eeack ground atodpled3 anef v effiick @bed intcehibeinnigsh. 119, A\Ghy time
2004/ 070649 PCT/ U82083/ 041159 indjvidually until al]l

S e ittt SROGRAE farEe 45 Ao tprihasAdsMONaLANIAS Tepatied R testionary

bagitoetdeRittih A5Kc1ddfidaBol b P iKihd 4%einity of the previous insertion, the

stationary target monitor 161 registers the removal with the hibernating stationary

target and instructs the blob tracking 36 to reactivate that target.

The embodiments of the invention can be implemented with a computer
system. Figure 17 illustrates an exemplary computer system 171, which includes
a computer 172 and a computer-readable medium 173. Referring to Figures 3 and
16, blocks 31-38 and 161 can be implemented with software residing on one or
more computer-readable medium 173 of the computer system 171. Video and/or

images to be processed with the invention can reside on one or more computer-

20



Further, with the exenplar techni que of Figure 14,

hol es and small |acunae in the target 151 in Figure
wa30@rogod4gnor ed, thus increasing the robust nesBCofUsking/ 041159

5 technique. I n another enbodi nent of the invention,

the detected targets are further nonitored to

detcad#hlomepuny L' vooy Be piavided. der exanpls, vigeihe pideo opimage input
de tationary target detection and
clg§§%$ﬂ82¥?%ﬂﬁég§as a change in the background

nodel . Waiileesasiopd @nbdodimants of theiprésantCiavaionihaat besn, desdribed
may, be of interest to tect 10 en a target entered

2 hodel shed e e _ Gatibey @Veﬁg?@ presgiedby 2y of REgrple
angnlg,t RA ihﬁ{atiglﬁ. TR, IR bridueh LR1 dQSg%éPﬂle %%eﬁriﬁ@enﬁgn

t he Scene where the target stoppe ving) to

destenid me bieflingited byteay off e dbaverdescnibed sxagany efrehogimers, but

P olbbee er b e bobi hbotitrats Bp FollGng ghaims and i

| nyfiNdl@Rs, Figure 16 is the same as Figure 3, except
for the addition of a stationary target nonitor 161.
The stationary target nonitor 161 receives stationary
target descriptions fromthe stationary target
detection and classification 37 and provides a target
reactivation to the blob tracking 36. If stationary
target is classified as an insertion, the stationary
target nonitor 161 records the target (e.g., 20 tine,
size, color, and location) and nonitors the target for
any further activity. At this point, the target is
"forgotten" by the rest of the system as being
integrated into the background nodel 33 and, in
effect, goes into hibernation. If, at any tinme |ater,
a stationary target is detected as a renoval and is
reported by the stationary target detection and
classification 37 in the vicinity of the previous
insertion, the 25 stationary target nonitor 161
registers the renoval with the hibernating stationary
target and instructs the blob tracking 36 to
reactivate that target. The enbodi nents of the

i nvention can be inplenented with a conputer system
Figure 17 illustrates an exenplary conputer system
171, which includes a conputer 172 and a
conmput er -readabl e nmedi um 173. Referring to Figures 3
and 30 16, bl ocks 31-38 and 161 can be inpl enented
wWith software residing on one or nore
comput er -r eadabl e nedi um 173 of the conputer system
171. Video and/or inages to be processed with the

i nvention can reside on one or nore conputer 20 WO
2004/ 070649 PCT/ US2003/ 041159 readabl e medi um 173 or
be provided, for exanple, via the video or inage input
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174 or the network 175. Wil e various enbodi nents of
the present invention have been descri bed above, it

wehowulododse under st ood that they have been presearas20$/041159

way of exanple 5 only, and not limtation. Thus, the
breadth and scope of the present invention should not

be WEGLAMDby any of the above-described exenpl ary

enbodi ments, but should instead be defined only in
accordance with the following clains and their

equi val entnethod foMifdo2836i45 OTROADIMTHINGSRO6EHO42159 WE
CLAIM 1. A nethod for processjng.video, conprising

the st epfRigfnngRpackgionnagrode &R@dﬁ&ﬁﬁa; model for said

Vi deo; JeAehRes {ngktdh A0 YRiko] N Sai d video; detecting

if said target 1s a stationary target; and classifying
sai d st alefeotuag if stiditggtt ias sttionay dargetoand n sai d

background .nodel . or .a repopval from said ba r.ound
model’ < EeS D id Attty FREd s ph B heh st SRR pgodel
i f o airénb@] §Rin $a%d BalkgrovhdiddBRry target conprises

the steps of: determ ning general notion and size

change properties of said target; determ ning

I ndependent tion pr r{je i rget.. an .
deter m 4 5 R a8 BPrRpEP kAR lecBL b REH s 28 sigionary
bassgdeiadondprises hesrRpabf: 15 notion and size change

properties and said i ndependent nption properties. 3.
A net hodesmininggeneral motigh apd pige shange HEmsrtgs ofstid dareet;

and siz ] : I.es: ' ISt

o oper ¢ rSe e pEaRRIG bR EMRIG IR Fale el

st at i st ide@kmimingpifsiid esgetfis aaid atatana tagétdatalr getaid Zeral

4. A method as .in chai m 2, wherein sai d i ndependent i
mot i on pRSeEAnd e chapgspraperissand spiddndenspdiné mofian prgperties.
nmovi ng pi xels of said target. 5. A nethod as in claim

2, wherein determining if said target is stationary is

25 3f ur t Hemelmded inpelain 2 yheréinsaidzenanaletion andsine thange

£ s Pt s O MRSt of Tip BRI ity Bl ereet and
st eMgfidhl propsAied oPackes opadd ipegl al ong a boundary

4. A method as in claim 2, wherein said independent motion properties

comprise statistical properties of moving pixels of said target.

5. A method as in claim 2, wherein determining if said target is stationary is

further based on aging of said target.

6. A method as in claim 1, wherein classifying said stationary target
comprises the steps of:
determining an edge strength in said background model along a boundary
of said stationary target;
determining an edge strength in a current frame of video sequence along

said boundary of said stationary target; and
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30 of said stationary target; determ ning an edge
strength in a current frame of video sequence al ong

wealm/edndary of said stationary target; and BP2TN¥2003/041159

2004/ 070649 PCT/ US2003/ 041159 deternmining if said
stationary target is said insertion or said renoval
based deiemainthgdfispad steriengy Frgah issidingert Ry posaidireveiel based

mothod 8 S CapLiRRG B ARt o RO bt Al g fpenn i

st r engt kaid Bus@it@anddackgr ound nodel is based on a
centroid pixel of said stationary target and
perimeter pixels along said boundary of said

st ?t | onar v 434 98ty c18m é\&]ﬁ%}? ﬁet@ﬁniinfh L7 é&ig@ str &l $hid
determ ning sal d edge Streng I'n sal 10 current
f r Bk gramb aseld] Broasedomnd camitrdidopix ell of ghid seatidn sty atiigotnardy

target and perjneter i xels al(?gtg.sai d bouyndary of

s aPeTaeigt PSR nﬁé?’d&“ﬁn@ﬁwﬂf Prd FIGHOnLY 8 ai m 1,
wherein classifying said stationary target further
conprises classifying said stationary target as an

i n8er t i dmmethod a$ th deiok rvdienadn dsterminilg said edgastrength irosaid

sai d backgr aunpd del, or..as being,unj.dentjfiable as )
aptret hedhent Bisefpnaseafoighinrt S MRUGREY ket Bu pffmete
¢l gix@shlodgWald Wun8ARIF kst REtibhaysdrgdr. of 1 det erm ni ng

if said target was previously detected as a stationary

target. 20 11. A conputer system conprising a

cofbut o ERGER  TRALE TSt BssiBftd 48] el ShabP LS fyther
A ecenprides claseadabiad setdonmny taydt agas histian én s0d opdipadund

a computer in_ 25 accordance with the nethod of,cl?im .
1. mpgel, areneyal fiam spidbackeroynd grogdel 85 pseping wadentifiable as said
co LS NG ground nodel of said video; a
bagggbghﬁgsﬁ%%gp- ased pixel classification to produce

a change mask 30 and i magery based on said video and

sai d background nodel ; ckground nodel update to

pdlit o aliaOnR K ET oL fEHer HECEITE e Sen 8 change

mask angdesahsidTReEa Yargsd v BrAROMPIA8AS as a stationary target.

POt USD OGS s ieE 8 Yarget Pt Ot yHe
11. A computer system comprising a computer-readable medium having

software to operate a computer in accordance with the method of claim 1.

12. A computer-readable medium having software to operate a computer in

accordance with the method of claim 1.

13. A computer system for processing video, comprising:
a background model of said video;
a background model-based pixel classification to produce a change mask
and imagery based on said video and said background model;
a background model update to update said background model based on

said change mask and said imagery;
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a notion-based pixel classification to produce a
noti on mask based on said video; a blob generation to

wonoskices4at | east one bl ob based on sai d changecmaskoo3/041159

and said notion mask; 5 a blob tracking to produce at

| east one target based on said blobs; a stationary

tar get denelian-basedpixekslassiicptiomto nyadycs agnefirmask based on
stati ong@ﬁvi&e%[get descri ption based on each target,
said stationary target description to identify each

sai d t aragdob genesation s producatilenss aictblbbbkgd oundidrebdede mask
or a remgval from sajd background nodel; and 10 a
backgr odh Sﬁéé‘é?uoin@éaé}(; update to update said

back R i i .get
ackgro %ﬁﬁoﬂ@%ng'g@ ogducg Bt RRG s ﬁir%ﬂ%ﬁ?éd' c{?ﬂlﬂf&’ bllgﬁ‘sr, ge

descri ption. nputer systemas in clarm

wher ei n astdtidnaitydergeindetectibn rgdtlassistion pd podscd aisthii@rary
identify each of said targets as an.jnsertion in sai.d.

15 back B HRNRR DasE IR st oG SR P BRCRegeb gt ption fo
nodel ,  @denfify BRhREid tb&%btde%%l ihdeBtEin@8i d3AbRrbASEHbEA br a

or said renoval. 15. conputer systemas in claiml13,

f ur t her remeayal fioihgpid backewuind madgl ead get nonitor to
produce tivat | for .said.hlob 20

tracki ng %élg%%%da%lﬁ&g é(lim&?é?(ga?? S ﬁlg Astcsad élf?kgr otiiid model based

descri ploh@ach skid stélordppardd: désciiptior ocessi ng vi deo,
conprising the steps of: means for nmaintaining a
background nodel for said video; neans for detecting

a tangety ansaldoifeny %ﬁhﬁ%sp@h%% Rt &&;oma, fafgepal d

target is a statronary target;’ an nmeans for

cl asksdrifitiogs fathdr Rleatifycaelt yf dait gegetos arinsensar inisafd i n

Bglc ﬂﬁp@%ﬁggﬁggﬁ ggagneolvai)ﬁor% s;i%rg%\élgéroargc? rrgoggl, gr as being
unidentifiable as said insertion or said removal.

15. A computer system as in claim 13, further comprising:
a stationary target monitor to produce a target reactivation for said blob

tracking based each said stationary target description.

16.  An apparatus for processing video, comprising the steps of:
means for maintaining a background model for said video;
means for detecting a target in said video;
means for detecting if said target is a stationary target; and
means for classifying said stationary target as an insertion in said

background model or a removal from said background model.
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