WO 2004/ 070649 PCT/ US2003/ 041159 Vi deo Scene Background Mai ntenance Using
Change Detection and C assification. Background of the Invention Field of
the Invention 5 The present invention is directed to the general field of
vi deo proceweiznp/o7asagl to the nore specific field of progessiddgesalisegnent ed
video. In particular, the invention is concerned with the maintenance of
background nodels in segnented video and cl assifying changes to the

background nodel. Related Art 10 Many video processing applications require
segnent ati on of video obj edideo Scene Backgrapnddylaintenanse of | egitimately

novi ng objects fromthe stati ack nd. scene~depicted in a video

sequence). Such applicat ?@ﬂggmﬁgﬂggbo#g&lmg @Easgﬁ hosai ¢ bui |l di ng,

obj ect - based vi deo conpressi on, Obmgﬁgrmcﬂftﬂémntf%ﬂi ting, and autonated
tation

vi deo surveillance. Many vi deo object “segne al gorithns use video
scene background nodEie&! qfwhe Bivertiar si nply be referred to as "background

nodel s") as an aid. e _genper 4 dea.l.s each .f of a video sequence
can be regi stered to{%})é'gs%@%gérngﬁlﬁ% d&rgatgépogthgg%g aléﬁ;egciﬁvb(;efﬁqcﬁﬁmgpi xel, to
the background amdelkhe Mbr¢sp&ifididid of mptaaying of sep@iemtad vided.f Brepionlaaribe

consi dered foreground, or novjn i xels. However, there are a w de range of
20 phenorena ( H3YeRR itcRpeame Wit tiegyanieiaan gieckiranH ad spammicd
backgrounds ( evifeo ard dMakifyifg WainBés to EHebbiodr@an&Rl. etc.); lighting
phenomena (e.g., clouds noving across the sun, shadows, etc.); and canera
phenonena (e.g., aut®dededdrt gain control (AGC), auto iris, auto focus,
etc.). inng vi deo ' . at [ qn: AL ] .0bj ects, or
paris 23%¢ obj ect ae AdSERRRRLAE lck@ing et i ARRSE AL phiBL

det ect ed. Ther e(iar, éhetdifierehiiation ofleghinmiady nowing abjests finhethe effiebackgionnd scene

are stationary for L ong. _period of ti an i.ther. qf these two phenonena
can degrade t he5f&t ?@F%ﬁﬁ@é“’a GO\FFWBGGS'O }“ﬂ’c"é’l’ﬂ%ﬂ@ﬁ%@&]ﬂ’aﬁﬁg’% %ﬁamﬁiﬁl
appl i cation. Fiyigéo mbéaicbuiliigs 6bjedtagdnidesd icatabRBébn, objitt-BaskdPideper i od of

time, the object_ . 30 could be "permanently" detected as a foreground object.
However, for al pditing aod puematsd,yidee auveillase.oMany vidpe sbigd sesmeniation of t he

backgroung. In ﬁg| shiée vidécmcéna%g@?ér&ﬁﬂdi odeld (WHichah Gty béref@feald that

drives into the €0 sequence an Lo
as “background models™) as an aid. The general idea is that each frame of a video

sequence can be registered to the background model and compared, pixel-by-
pixel, to the background model. Pixels that display sufficient difference are
considered foreground, or moving, pixels. However, there are a wide range of
20 phenomena that can cause pixel-level changes, such as: unstable backgrounds
(e.g., rippling water, blowing leaves, efc.); lighting phenomena (e.g., clouds
moving across the sun, shadows, etc.); and camera phenomena (e.g., automatic
gain control (AGC), auto iris, auto _fbcus, etc.).
- Using video object segmentaﬁqn (or a variation thereof), obj écts, or parts
25 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
30 could be “permanently” detected as a foreground object. However, for all
' practical purposes, the object has become part of the background. In Figure 14,

this problem is illustrated for a car 11 that drives into the video sequence and



WD 2004/ 070649 PCT/ US2003/ 041159 parks therein. The car is continually

noni tored as a foreground object 12 but has actually becone part of the
background (i.e., "permanent"” segnentation). Second, if an object, initially
st at i onary,woo@anics®f the background nodel (e.g., getspciupe®4ig ) and

t hen noves, the object exposes a region of the 5 background nodel (e.g.,

static background) that has not been nodel ed, The exposed rezg%fn of the:
backgr ound nodedtks et chiesasisyopfinaly manijpredas plorgrad @bjcsb) et hag n Fi gure

113, this prObbﬁﬁrg%ig%ekéﬂlyg&f@ftﬁgbm%mwe@Ee%é%aﬁﬁgfseeg&%mg@gves out  of the

vi deo sequence. car 13 exposes car;'sha " mented in the
background nodel . 18ecAnd,df aveldensdnitially staficampyl is pait of theDaclkpavwendtimodjshpl i cat i on

Serial No. 09/472.16 ti.tl,ed Y Met ho fu and Syst for
Conpr essi ng/ De eo%ﬁeésséhﬁnfdlﬂlgﬁ?%{}é%wgg%s’ %{%ﬁ{e@t ?‘?’Pseea aﬁ%%éh%@&’ 27, 1999, and
U. S. Pat ent Appidkg@miuhdmodelr(e.al, stitc b42Ra008]) WD had ndt besh Mm&dedsie THedel

Ceneration from Video. for e .in Videg Processi Cofiled July 3,0 2000
(bot h commonl yS¥Pesedesign ofithe backeronnd mnde EUOWBPFQ?HG%W‘%%?%%@?%@)@ when

bui | di ng phot oot¥eg e BigureViB]@ds ?&Bﬁhﬁﬁ ilhRfrat¥d £2Q paked 8ar AR rived okt S Of ten
desirable to extract those portions of the source images that represent

"true" backgr odfie videe seegpsst dhe sar I3pxpesgs eeg-sheped “hplgedd seamraitdan (or any

ot her coll ecti i hat remai ns parked for the duration of the
vi deo sequence%nggékbgg&%gg%%dgiér ed true background. 20 However, a car in a

vi deo seduence t hat As discusied, &rleyarmpple ke .5 RdtehbApplicdtion/BgishiNay at  sone poi nt
in the video s ou. roperly, be si dered "not background." If
care i s not ta@ﬁ]g&lﬁﬂﬁ iﬁ?ﬁf’&d@pﬂé&?g@g%ﬁe?ééf ons, artifacts wll

r gsul t. If ll:) hgompﬁs%mgfbeﬁbmpreﬁﬂ%@i 'tﬂﬁfi@éoq)ecdﬂﬁ,” hgﬁllmicemﬁd' 2706999, arfdor egr ound
obj ects can be__ 25 "burned i.n"_t a round, I resulting in

unnat ur al - | ookPriy Pater pRjicain S%@?Eaaﬂ%%é’?#& tﬁ{% gce&leg\é@l?ﬁegﬁ%@mas a basis
for video segmgpiabidedfor (6 id ¢RI PRcERMPSilePRAY 3, 3000 YR bbRRASHyWher e parts
of foreground objects are not detected, and where somne exposed background

regi ons Hre detssigned and incometptestirntcioby taftrencelsiwden building plage mwsdes,a prior art
exanpl e of all gw e 1d i ound nodel .
The video seq ugﬁggglgéag%ség};&ggog%:?%eﬁg%eisé%g? ?ﬁﬁegl #%E%bge[elgo G%FP &%ﬁgéubs et 21 of

t he source i magasiofis efithd sumrosi itagess weppsentdans’ thachgrpand. Wir exirhpls, &vi deo

sequence. The sourgce i.nmpges. are used to generate a hack und del
d _ parﬂed.c car'in a% €0 sequerice (or any other colﬁctlon ofb lmag&s I%at rem%

parked for the duratién of the video sequence may be considered frue background.

20 However, a car in a video sequence that is initially parked and later drives away at
sore point in the video sequence should properly be considered “not
background.”

If care is not taken to identify true background regions, artifacts will result.
If the goal is to produce a mosaic or background image, foreground objects can be

25 “burned in” the background model resﬁlﬁng in unnatural-looking imagery. Ifthe
goal is to build a scene model as a basis for video segmentation, the results can be
poor segmentations, where paris of foreground objects are not detected, and where
some exposed background regions are detected as foreground objects,

Figure 2 illustrates a priof art example of allowing foreground objects to

30 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 -



22 and foreground objects 23. However, the background nodel 22 contains 2
WO 2004/ 070649 PCT/ US2003/ 041159 foreground objects 23 (e.g., the golfer on
the left, and part of the golfer's shirt on the right) burned into the '
backgr ound wipomk/0Aa249 and t he foreground objects 23 are pcraspPbeiiessy

segnented (e.g., part of the golfer's torso, and part of the golf club).
Summary of the _lInvention 5 The inventjon | oys, change detectjon and

cl assi fi cat i onforggroundiobicgis A3 g e- SepaiR ir’lrg’f“nﬁ%ﬁeﬂ galse's shig@bence.

Further, the imyeshi B&n&&hﬂ&ﬁieﬂﬁc@gmwﬂﬁ%ﬂ%%gnmg%regﬁuﬁd yhideorpgguence and
classifies changes fo the back?ﬂr;und nodel  The i nvention IT{C| udes a net hod

for processi ngingppleteltasamentsd frag.¢ et of thy goiferis tosdo, andapant ofithe galf elutackgr ound
nodel for the videog i et in the video; detecting if the
target is a stati on%lf'gﬁ%@rc'g{é)t?&’%ﬁﬁ'lgassi fying the stationary target as an
insertiod in the baLhegnvenidn emgllys crange desonbion knd ¢lassifidaiorbfor kgimtainidg nodel .

The invention ipncludes,a canputer system for. processing video, 15
conprising: a T)ﬁ?:%@fogﬁ%amﬁrgl(fgla vb#eots e%edgial,ﬂ_l%’ @88&2’&1%‘3%‘8%%@&- based pi xel
cl assi fi cati onpickgRuatitieaeldf & Fised Scqiiasde 2af BlaisiRghindeaftlle Bickihandi deo and
the background nuodel ; a background nodel update to update the background
nmodel.  based ofofigle change nmask and the inmagery; a notion-based pixel

classification to ﬂmﬁgﬁé@%@g#g&%}’ fg}q,g&qsm ‘;15@0’ gjngﬁlgs'ri]n@hgl ob

generation to produce at | 0 ob “based on the c ge nmask and the
nmot i on rifsk; astepsols: maintkiing)a barkeonndinedel for thevideo; datsciing a@tgebmgbel on t he

bl obs; a stati \ : 06 t.] By i 0, uce a
stationary tar%@?g’ ggggélggplﬁhgﬁ&ggtééeg&Sﬁé}lggc%gt%g%%g%&?ﬁ{e&%ﬂté Se% |00%3’ry t ar get
descri ption t otargbead arf ipsestiarhintthebackgrgeid medehor a resmivhi fbom ithe Bablegrolsickgr ound
nodel or a renoval, fromthe background nodel; and a background 25 nodel

| ocal update twog‘ﬂdate t he background nodel based on each the stationary

target descripti On-TI'ﬁsiﬁVéiftiﬁﬂ‘iﬁc@Ideﬁ_Q@oﬂlﬂR&@S@t@fﬂ forirbiedasg ddepmput er system
including a conputer-readabl e nmedi um having software to operate a conputer

in accor@ance camrisinghe bprkgevpd srpdelyd thevidyopa berkarrund modplebase/aikeli on
Includes a co nagésﬁica{i&ﬂo"b%cﬂﬂe d chdNip WaSE and imagery based on the video and the

background model; é,background model update to update the background model

based on the change mask and the imagery; a motion-based pixel classification to
produce a motion mask based on the video; 4 blob generation to produce at least

20 one blob based on the change mask and the motion mask; a blob tracking to
produce at least one target based on the blobs; a stationary target detection and
classification to produce a stationary target description based on each target, the
stationary target description to identify each the target as an insertion in the
background model or a removal from the background model; and a background -

25 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.

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

invention.



readabl e nedi um havi ng software to operate the conputer in accordance with
the invention. 3 WD 2004/070649 PCT/US2003/041159 An article of

manuf acture for the invention includes a conputer-readabl e nedi um havi ng

sof twar e t qePes/@ogaea conputer in accordance wth the | pgE0os1003041158Ur t her
features and advantages of the invention, as well as the structure and
operation of various enbodi ments of the invention, are described in detail 5

bel ow wi th ref er encd exiclernd myraubaenfor thy yeatigorigaudespetomputeargrdaie * conput er
refers to any ApRahdliimg Qﬁ%m%omaeo&sm@aﬁsmm%%tgueﬁ&a&? | nput,

processing the structured 1 nput according to prescri .~ and
producing results cﬁmﬂlhléfepimﬁsan%ﬂfh@n@gem%ﬂmjweﬂﬁmwpwwaethaastludmuter

i nclude: a 10 &%'Hl?x'é}a%n oﬁv&%ﬂ?%rﬁtq&&iéﬁ?éﬁhsﬂﬁ%ﬁo%r aro JectBE] 1} fter: a

mai nf rane; a supe M nir-conputer; a m ni-conmputer; a wor sPatton; a

m cr o- cofput erhelaw swth\referenesnto thedceompinyire drabiags. si on; a web appliance; a

t el ecommuni cati ons lgefvi_&e wWth internet access; a hybrid conbination of a
conputer and an i nte?H¥¢%fe tel evision; and application-specific hardware

to emul ate a conputgrcansiit@r refak to\@fyappAaied Hatis Rbpabh FaBcdPgnghat i onary or
portable. A conputer can have a si ng_lue processor or multiple processors,

whi ch can oper §fustured igayigproegssing tesirustited ippupaacarding to presewhpdavles. aad so
refers to two I : . ' f.or
%?dﬁﬂﬁiﬁe%ﬁ%@ﬁ%fpg?&rﬁ%to%&ﬂ.%ﬂ s o\fa%oelp{gﬁ mkhe. a

transmtting receiving in ween the conpu n exanpl e of
“such a dénput esomputar] ugkaerahpeipsserdomptitet] asuprenmaputeys mamfifame; psupeessi ng

I nformation vi a. uters . .20 | inked etwor.k. A "conput er-readabl e
medi un' refers o'%éﬁyutg{’érl%%léw N ee? ﬁérggtaﬁ%}, a fr8fqoﬁjémga§’taa%5v§£’ea§lsi ble by a
conput er. Exanpteestios tolevision uiveb-appiiied) laeclemginmications dehice vithagaeti ¢ hard
di sk; a floppy disk;. an optical. disk, such as a  CD-ROM .and a DVD; a
magneti c tape; acaew%deﬁ}n&}naawao @g}nufegph%gteﬂgcgae feéevesaqnp 9“‘?5 .

conput er - r eadagyBcfloBGHERRE Rar@hid to SHERtedTomPARLarkiBRiGoRatel 2sdRhduld:Ng and
receiving e-mail or in accessing a network. "Software" refers to prescribed

rul es tdSoper aead by stabapay eF porizk eompyter capbavpasinglaprperseor os oRtipde e;  code
segnent s; i nst LHELLQ0ShiGPOR b ElateRh PRHa R Bind/BF bt 1P AR MBS BRE Giso

refers to two or more computers connected together via a network for transmitting

or receiving information between the computers. An example of such a computer
includes a distributed computer system for processing information via computers
20 linked by a network. |

A “compuier-readable medium” refers to any storage device used for
storing data accessible by a computer. Examples of a computer-readable medium
include: a magnetic hard disk; a floppy disk; an optical disk, such as a CD-ROM
and a DVD; a magnetic tape; a memory chip; and a carrier wave used to carry

25 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.

30 A “computer system” refers to a system having a computer, where the
computer comprises a computer-readable medium embodying software to operate

the compuier.



30 A "conputer systenmt refers to a system having a conputer, where the
conputer conprises a conputer-readabl e nedi um enbodyi ng software to operate
the conputer. 4 WD 2004/ 070649 PCT/1JS2003/ 041159 A "network" refers to a
nunber of cpopPiers4end associ at ed devi ces that are conmegtsdoobyd11s9

comuni cation facilities. A network involves permanent connections such as

cabl es or tenporary, connections such as those nade through tel ephone,
wirel ess, or other CoBFRYRTE dpieriio prRwEeT Afcompytes apd assogiateddevicss thflc| ude: an

internet, suchy@goffdBel BY Shifiumicatbnl fASHAREA ndwbRGAYoIN:GRAGIMOT K (LAN); a
w de area network (WAN); and a conbination of networks, "such as an internet
and an i nt r anetonnesjonggprchag pdies or demporary sotpicetians suchrasthess amde throughanal og
and/or digital f Mﬂ!mgﬁ% i- el de L SO0, vi es, image
sequences fron%eéépﬁﬁlga‘gg%wggg;hgéh%tcﬁer 0 g%%%@%’ g%%@é%ﬁ?%wg%ner ated i mge
sequences. Themeluderanbistemiot, suched therlotrpnef; an idraasip b dncabarkd neewbiltLANg; st or age
devi ce, an | EEE 1394- based. 4.nierface video.di.gitizer, a copputer

gr aphi cs engi ng ™t rﬂ%?lf?g‘?%wnﬁ%%&foﬁmauO{%o&%%%ﬁﬁ%ts&&%ﬁlm ueirs to any
mani pul ati on ofndwinde@anet.ncl udi ng, for exanple, conpression and editing. 15
A "frame" refers to, $q,rt'cu| ar jimage or other discrete unit ,WLthi n a

vi deo. Bri ef Descri\g’flicbr’fe ﬁ@ﬁ%’nﬂla grerRiented e gralogy digity r features
and advant agesgyh, FREmpRY 6FHill in¥udd teﬁ%isioﬁ?ﬁéﬁ@ﬂ‘imﬁ%e‘%@hﬁéﬁ@esfﬁ%ﬂl gwi ng, nore
particul ar description of a preferred enbodinent of the invention, as

i 11 ustrafed i ncansa ercetbervhrsfyHgrndeamphigs gerpratedimage saqupess. Thegecan i n t he
correspondi ng . i ;WQ k i [E‘% é | ement
first .appears.ﬁﬁtgé?éggﬁ?lﬁ’ufg?% |’Fﬁ%§?ereg’tha:ﬂ%%€%\érl&gcret rI“hpro fgr%é%\'/ﬂ\fetﬂh usi ng
Vi ﬁeg obj egt ii?gfaeqtaaﬁdeordigiﬁéaﬂ,&t@mﬁ u&bgﬂp}n}ss enginey ar 4 setwbriodunaatisn. thalt f
exhi bit independent,,,.nqotion: .25 Fiqure illustrates.a prioy art exanple o
al | owi ng foregroundﬁ%lg%)oe]?:tf’%ésflﬂg ’i?%e?‘?{?p?fﬂyﬁmﬂﬁ’ll% P%ﬂﬁﬁd?fbg%lhf % flire 3
illustrates a §da@iid)dsmpleiorparidicdingenbodi ment of the invention; Figure 4

illustrates pixel statistjcal background nodeling to detect, . i
15 A “frame” refers to a particular image or othef discrete unit within a video.

Brief Description of the Drawings

The foregoing and other features and advantages of the invention will be
apparent from the following, more particutar description of a preferred
embodiment of the invention, as illustrated in the accompanying drawings. The

20 left most digits in the corresponding reference number indicate the drawing in
which an element first appears.

Figures 1A and 1B illustrate prior art problems with using video object
segmentation to detect objects, or parts of objects, that exhibit independent
motion;

25 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;

30 Figure 5 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



foreground pixels; 30 Figure 5 illustrates pixel statistical background
nodeling to handle lighting changes; Figure 6 illustrates using three-frane
differencing for notion detection; Figure 7 illustrates detecting noving

pi xel s andwihangeds4i xel s; 5 WO 2004/ 070649 PCT/ US2003/ 9éisshos/bdi1gyer e 8
Illustrates a flowhart for stationary target detection and classification;
Figure 9 illustrates back_ﬂround change detection; Figure 10 illustrates
insertion of a fordyPgaRdlivHpiss e flowcharfgr ationary teygst eg?“@@nlﬂ’éfhoval of a
portion of theghagkaaund, Figure 12 illustrates a flowhart for detecting
strong edges; Figure 13_i | lustrates another flowhart for detecting strong
edges: Figure 14 iFigursOrilinstgteg badkgundehangedelerdioar ni ni ng edge strength;
Figure 15 il lustrat 10 : -igure 16 illustrates a
flowmchart for a sec%%ggg%%?%ﬁ%s%ﬁ&t?%%%n ent FS‘:’FQGEDet ai |l ed Descri-ption of
t he Exenpl ary Enbodiigmmil$ ilbfstratheremovealifiapnrtioAns thedmpkgroyndenbodi ment of t he

invention is discusgsed ip.detail bhel gw., Wiile.specific exenplary enbodi nents
are discussed, it 6‘&?&9612“3{1%8%? g?\g%rttfﬁ%#etecpﬂggﬁang eﬁéﬁ“’e for illustration
purposes only. A peFiges 13 kihistretes inpitieh owelapfandstedtibg wirddg edhbs; r ecogni ze t hat

ot her conponents ang configurations can be used w thout parting fromthe
spirit and scope offgye lf anshatesn loyrhartdpndriermiing edgssteagthipl es  di scussed

herein are non-li mgibRg 16 XREBLES detdBBnibPUERELAEETPI Oys change detection and
classification for nmaintaining a background nodel of a video sequence. The

inventi dfl can be usHgutedp iltustrptes ¢ fewclpg for sisesonst eelaslimeny of fslnveatiorons (e. g. ,
real -time object- baﬁ&?ﬂ@gﬁ%}% aﬁ:?daof{}“mé’ﬁxé{,%pgt?@rﬁ%‘io" ;}.é;ltgﬂftg%gn&egﬁb“r@' ;2 4 he

vi deo sequence nay no e 1ni Irety a thne,
i ncrement al changesAn exenipdarp anbgdimenichf itedetentivy b ditoassed qudetatbdlow. mai nt ai n

its utility. The.invention can al.sq,be used. for ns r -t vi d
processi ngyapp L& ERS .eXﬁP“BﬁH’e%n@ aéea]é‘f”'@?%d?ﬁ&h%‘g&ée ‘ﬂ’gﬁt‘?o ga vi deo.
25 Wth the i ngRAg it fof illusthatioh pePbses BRI SSpdrébniRFIBICHBFEILAME ADGEl are

detected and can be used to mmintain the background nodel, and, second, such
1 recognize that other components and configurations can be used without parting

from the spirit and scope of the invention. The embodiments and examples
discussed herein are non-limiting examples.

The invention employs change detection and classification for maintaining
a background mode] of a video sequence. The invention can be used for real-time

20 video processing applications (e.g., real-time object-based compression, or video
surveillance), in which the video sequence may not be available in its entirety at
any time, and incremental changes to the background model might be required to
maintain 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.

25 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

30 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 commeon aspect of these two

categories is that there is a permanent local change in the background model.




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 renmins static for a period of tine (i.e., an

i nsertion) wanmssseend, an 30 object that noves out of tphesempesassd exposes
a section of the background nodel (e.g., the static background) (i.e., a
renoval ). The commo fgwct of these two categories is that there is a

per menent | ocal ch gchungsn ke gis o Seiseqries gangs vap irportanliy a
PCT/ U52003/ 041432 rarigh 38 %ﬂlﬂébﬁt&s Cstd@i'ﬂ&e%r'eﬂ&ﬁplé hﬁi‘&é% SRiatEgRlibARnEaN be very

inportant in a wde range of applications, 'suich as, for exanple, video

survei | | ance a@ﬁﬂﬂfé@tqf@hﬁsﬁrﬂ @iegAp (be., ¥ insdreor) forstidessumigdiapc i . e, , an

i nsertion) for LNQL! o i,Ag no
par ki ng.af eas. BAERERpE AL hAR6Rng AP Pirkdsd okl o ok U m@%@gsa%ends mor e
than a cértai mlamfatcamﬁpendsnmmmanh@enmpmntmtm@hmeeaﬁ:)eno e ireay

unat t ended bag ai_r por detect | unatt ts near
sensitive area i’ﬂ%ﬁn ‘#ﬁ%ﬁ' 257 Pfg c?%it %%%iﬂﬁ@ﬂ“ Whts. Exanples
of the SECOHdseﬁﬁhﬁQﬂéas, fich@s mﬂatmryeﬂsmahbnsfaﬁa puwégﬂamwﬂﬁnhﬂime
applications incl det ecti ng t@ﬁ r‘r,é({mval of a high val ue asset such as
an artifact fr&fe 9%8‘@’ CaH TPV, g‘é’ e suypillanceppphentignpiognds, a car from
a parking | ot . dedc8if teIerhbiai st 4 BB Salle Bés@t‘"ﬁi&ﬁ%&aﬁ%f&%t fbfnS megRdidrent  of
the invention in one possible context of a general video pr ocessi ng system
A vi deo 9equen@@e¢%"epl¢ﬁwfhﬁrﬂ’b‘@e§ﬁ’eﬂ@yﬁpﬁlrﬁpaalﬁﬂghﬁtbackground nmodel is
generated and mai nt@j, HH% essed by
two separate | ow | elﬁ g%FatfggﬂloaSQ |ca§& ?ec ﬁélﬁqogglgeﬁ%aﬁ&g&ound

. nodel - based pi mlposdi‘ﬁissoﬂte)datt‘ agme%aﬂl vided provedsingrsydiene dh vitdecetequdnasisi fi cati on

34. These two techni gques rod er frame).that represent
pi xel s of i nt SPRYHto %F} ‘%‘g'ﬁ%k WB%@&#S‘F%@ f’: f%cHei on 31
produces a chagmend®® kTmﬁputmeﬁsfpmedagbdtﬂyeweeépMe RasRetelRjixg!
classification 346{)roduces a moption mask. The change nmask, and notion mask

are 20 provi dedas qul%ﬁeﬁ@%‘ﬁ&tbﬁ‘@?g@@dWHPPSE‘BWE‘&I@S@H%“%I@dl nto a set
of one or mrﬁoﬁ(ﬁﬂbéébdjﬂ&lel @is@iﬁéaﬁo%@ﬁeqﬁ%'tﬂg tdcBRiqRARREEAR pfiePhadach visible

foreground object at each frane. general , 1f no foreground objects are

vi sibl e, no bl pesfiame thggmqmn'@gjxelq' w‘énlsreabéftaubecltgr@,mﬁenbd@bbwgd pixeb tracking
whi ch
36, which con nﬁ&s@?ﬁp&l@o% 5y e@@%ﬁﬂ% {é &Sé%‘lgﬁﬁlﬁég &gﬁ%a%eﬁ? ah? i mghonol;a@ Ixélarres to

generate a targe repr he ‘'scene. arget is a
spat i o- t enpor atladifieationd4 grodieks amoticke magdd| 'E}retchange mask and motion mask are

20 provided to blob generation 35, which converts the masks into a set of one or
more individual blobs representing the appearance of each visible foreground
object at each frame. In general, if no foreground objects are visible, no blobs are
generated. The blobs are tracked using blob tracking 36, which connects the blobs
from one frame with those of other frames to generate a “target” representing each

25 object in the scene. A targetisa Spatio-temporal description of a video object
over time. The targets are analyzed by stationary target detection and
classification 37, which determines whether any of the targets represent a
“permanent” change to the background model 33 and whether that change
represents an “insertion” (e.g., an object entering the scene) or a “removal” (e.g.,

30 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.




over time. The targets are anal yzed by stationary target detection and
classification 37, which determ nes whether any of the targets represent a
"permanent” change to the background nodel 33 and whet her that change

repr esent swanobd/omenmt i on" (e.g., an object entering thersTHRED/ON1R
"renoval " (e.g., 30 an object |eaving and exposing a section of background
nodel ). Finally, a st.ationary. tar s,detected.are jnserted in.the
backgr ound nodel 33¥ﬁ?ahW%mk@ﬁ@é@?ﬁﬂ%%éﬁ%ﬁgmegﬁgﬂnﬁ%ﬁ%@ eé@&*?“ﬁﬁ

2004/ 070649 PGh6d4SBER3 hO41dIBRificElsies 1 thiengclans mdmhdchiftiafB 22 apak gr ound nodel

I ncl udes the hackground el - based pj xel _ classification 31, the background
model update 3K ﬂ‘aldtq%%d%? g%c?ﬁ‘? PRioY forthe packgrounsmodelrhaged approasdl.nackgr ound

model - based appy gaciy ééployéiﬁ;naﬂ%téﬁﬁﬁmﬁk%oééﬁﬁﬁF‘b?na%&i@%ﬂaﬁ&ﬂcﬁ?ﬂixéli xel

model i ng. Dynam c statistical pixel 5 nodeling maintains an accurate
r epr esenfat i ormedelingmainiigranysengicsentescaiaton ef the imags backeeemdandgr ound pi xel s

from foregrou ' . ggﬁ9ﬂ| t y. ! tatistical
pi xel - nodel i ngﬂffé}hﬁt% eb%ﬁﬁr@%;d% § ﬂl %ﬁé%rf chni qlg%é; %Llag'c %gg\lgniﬁn

comonl y- assi gmaedididt, dPatmictstatipipdal piaelimmleling is iDPlcBkbicd8b4th the t | ed " Vi deo
Segnent ati on l,bng Stati.sti.cal Pixel Mdeling, filed.1l ch 23, 2001,
whoeh o' i neorRuRtEt SR iyl aRees U Past AP RRo0; “Che

exenpl ary t echos/g15e385 stitlddatVideoSegietyic Udhg StafistRhiPike Meiclihg? figd over
several = franmes, jncludi n\%ﬁpl xel chr Og]tll C, &’or I ntensity) values and their
statistills. AMsrhapE00bnknghiiipryparsted horein by sefersaceasthszisrgplddeee! 11 the
statistics of e BichSliary FIBMGE ﬁ'ﬂ%hiﬁsﬁﬁ?%ia}ﬂpikél?isﬁhdiﬁﬂam‘é&‘ﬂv&%e&?ﬂs"dered to

be foreground. If the pixel "15 reverts'to its original state, the pixel can
revert to bei rgprassnisrluding pixel duengficonmtensity arluesmdsheieshtigtigieAser ves to

al | eviate sensop,qigh oAl ph® @ULALRL AL A0YF B3 Sndl @i ghRg0Cs 10 the
background due to’l'rghtTng conditions and camera autonmatic “galn control
(AGO) .. i nst eadiande sigmf@ranidy, shapikatcar bé cqmsideded mobeforapgourtih & thepixgl ound

nodel - bgsed pixel, ¢l agssi.f.igation 31 can be jnmpl enent ed usi static 20
backor odna. moderes i et Bl T ausel P Pk Kb BBl & DB cal |y
adaptive m Xt Wigel OThid eehfigadsdREed allevidieschas otz tiomReRlatiddly fdkke | nt er nal
representation of the static scene depicted in_the video at any given tine.

Each tinme a nelpW ehamses i3 thahaelgrawnd dusdo lighimg gpeditiensitd ermers agigriage
incremental |y dipdalgd @Gé)h‘?né?@a@%@ G FRERa pixel modeling, the

background model-based pixel classification 31 can be implemented using static

20 background models, a mixture of gaussian background models or dynramically
adaptive mixture of gaussian models.

The backg'round model 33 is the internal representation of the static scene
depicted in the video at any given time, Each time a new frame is analyzed, the
background model 33 can be incfementally updated by the background model

25 update 32. In addition to the incremental updates, the background model 33 needs
to be updated when a background change is detected. For example, the chromatic
information representing the new local static background region should be
“burned-in” to thé background model 33, which can be accomplished with the
background model local update 38.

30 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
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25 update 32. In addition to the increnental updates, the background nodel
33 needs to be updated when a background change is detected. For exanple,
the chromatic information representing the new |ocal static background
regi on showahobgorosdour ned-i n" to the background nodel 3B8¢rrokivodisaesa be
acconplished wth the background nodel |ocal update 38. 30 Figures 4 and 5
illustrate using pixel nodeling to _generate gnd nmaintain a packground
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intensity and tine pi xe _ vi deo, ensity nmean and
st andar d5devi adeviatiof fr cechahixgli Tb¢ pixel caseifigaliod algorithoa 81 comparesomck gr ound 44.

The background_.mqd 33 _cont ai an d dar. evi atign for each
pi xel . The pi fé?agfg"seglﬁﬁlgaﬁalmgr?ﬁa Bhor?f%rﬁg%?%%n%%?lggﬁj@g%ﬁ(g%@el of the
\(mrrent f[)arre nélddel\Bs.hWthhﬂh aﬁoﬁgbﬁmﬁdi‘t}i@ugﬂl’kﬁﬂ:ﬁaﬁnﬁﬁ&uﬂ?ﬂlﬁhﬁmdits model I33.
en an obj ect ves "thrqugh” a pixel in the current franme 4 Its value
will not conf o‘faﬁ?et‘ﬂﬁtnﬁéc@?‘&% tgtt]pecgat@gﬁqu’gaedpﬂ tt{%clf’%emlﬁ?ﬂ?&l%m 33 and
is consider ed;ch@i&e eFodha 45A LORRESmARSH Gbabet kO IbrRiedlBme S Cr eat ed

by the 10 background nodel - based cl assification 31 and forwarded to the bl ob

gener at il8n  35ackmpundspedelbased slesufientiond] ang foswmarded tarthe Wob generalionh sent to

t he backgroun r:@gsq[j t | | Sk QERrising the

background no e5I' hca %S%uagé3@%&%&%@&%‘%@6&%@3 ﬁ%'ltbg |ggt I cal

background nodebdehgpdate 33 soubatribe paclfstitistics chmpadingthe bacizround mddahifes. Frane

51 illustrates a slo(\gv%#ghting change in a video. As illustrated with the
3 sity and tine for a pixel in the video, the

intensity mean and I Faneas,dite sthiidticalbatirowwdahodelinels ifbdstated ftsed t o nodel
the background. Because the nmean and standard _ deviation for, each pixel is
cal cul attéd f risnsiing Nehfing changess (Fripe shdlustraies aslow §elgitheshavtsdn 235eps adapt ed

to follow the Zdimbipaddsfil RGN SR iptling iREeRAH) 4o tid for: Qgixeﬂhim@&? ed pi xel
classification 34 determ nes whethér a pixel “is actual Ty undergoi ng
i ndependent notbe Bitensitymein avestandadrdgwistiondoe casb el b3 pre used to model the
" background. Because the mean and standard deviation for each pixel is calculated
from only the latest frames, the background model 33 is adapted to follow the
20 slowly changing pixel intensity 54.

The motion-based pixel classification 34 determines whether a pixel is
actually undergoing independent motion from frame to frame. One potential
embodiment for the motion-based pixel classification 34 is three-frame
differencing, as described 111 commonly-assigned U.S, Patent Application No.

25 09/694,712, filed October 24™ 2000, which is incorporated herein by reference.
Other potential embodiments for the movihg 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,

30 and future frames, réspectively, 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

9




enbodi mrent for the notion-based pixel classification 34 is three-frane
differencing, as described in commonly-assigned U S. Patent Application No.
25 09/694, 712, filed Cctober 24th 2000, which is incorporated herein by

ref erence. wodohgorogaot enti al enbodi nents for the noving pewreszoed@ssefi cation
34 include two frane differencing and optical flow Figure 6 illustrates
using three-frame differencing for notion detection in the notion-based

pi xel cl assi f iCat{Yipngnaskpp ipgained byeompariee differnge masks 64@pd peHsinZa30 and
future frames,;o4ieaRaGb] Y8 Motibd RBIGE6s €RFaREd B B BIOYHHKdrshd 95, f r ont  of
stacked chairs and dropping a suitcase. Difference nask 64 is obtained by
conparing franmes @&hegnrwuisdionihg baskerand modelhipased pigelictassifieationdd 2§ conpari ng
franes 62 and : : /ﬁ’a&@%& ion mask 66 is
obt ai ned by coﬂ%r%gro #ﬁ%y%ie%?%r%{eﬁ%sgl%ng%og? 4 ang&[ggﬂﬂ%ﬁﬁ g’gdegé%tf’éyg%cal AND. The
mot i on nisk 6doregrofod vhjecie dfot exandpde, b kaskntheprelredtcanmig appBaeasaut put s from t he

background nodel - based .pi.xel ¢l assification,31 d he ti.on based pi xel
classificatio mf?ﬁroﬁﬁ@g‘ﬂg‘ft a&%%@‘ﬁ‘% ?oetp?'?WC%%%UE%POQQ%@\?\?[{SPI?{?}%?%WHObj ect. For
exanpl e, a reddntHoweperd, kedusathe parkdid caf iR abt Ghitat anfyaergl iddenddd} ect
according to the, backgroundg nodel -base I xe|l classification 31. However,
because the pdP¥EE @’5%‘9&’8@' @F@tpl’@ﬁliaﬁgcag?fw%@f@émti‘{?ﬁﬁbw ouwdt i on, the
not i on- based pjpRt cl assification 34 m ght not detect any foreground

obj ect. 10 Another example of this difference between changed pi xel s and
nmovi ng 1Pi xel s is iAtothst peanede pifhisidififrency betrieamehapged pixels ardmeving om a vi deo
of a man wal kj: AL E + O 3o | Jitcase. Mdtion
Tmsk 72 oouliok s Suisk B npligheaE K IO ol RRREBBs Bl |

det ect s the navalbing in frott of Mecledichdmsnd dQippingea sniiske. 78loties miatls7% r om t he
background nodel - based, 15 cl assi fi cafi.on. I ch. cts both the man and
the suitcase, TR P@%?( P]é",%asgdp}’%t%?‘ﬁﬂjf?%r’?cﬁ’gehr Wgﬁgﬁgﬁgﬁi&}ﬂﬁu Wi ect (i.e.,
the suitcase) roftheehiembe dCingt hrsk TB@kgis Goncthebatierdung atbdail-¥abd
classification 31 _but not the noti gn- based pixel . classification 34. The

bl ob gerér at i GipssEcafion Hpwhish defests Btk thegnaypind thegrtipss. dnthisg@ampleate 20

pixel ot i on ekl EdcRQPBERrdRE Shichl(Ds ! BE BRfcasd) fftdcRdtsRor al descriptions
(0}

vackground model-based pixel classification 31 but not the motion-based pixel
classification 34.
The blob generation 35 and the blob tracking 36 integrate the per frame
20 pixel motion mask and change mask into targets (spatio-temporal descriptions of
video objects). For the blob generation 35, there are many conventional
techniques for agglomerating pixels into blobs, for example: connected
components, as discussed in D, Ballard and C. Brown, “Computer Vision,”
Prentice-Hall, May 1982, which is incorporated herein by reference; and gnasi-
25 connected components, 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
30 for tracking blobs over time to form targets. Exemplary fracking 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 Manipuiation,” filed October 24, 2000; Wren, C.R. et al., “P{inder: Real-
10




vi deo objects). For the bl ob generation 35, there are many conventi onal
techni ques for agglonerating pixels into blobs, for exanple: connected
conponents, as discussed in D. Ballard and C. Brown, "Conputer Vision,"

Pr ent i ce- Hald 200648982, which is incorporated herein bycretmiengsy and
qgquasi 25 connected conponents, as discussed in T.E. Boult, R J. Mcheal $, X

Gao, P. Lew s, C Power, W Yin, and, an, "FErame-Rate Omidirectional
Surveil |l ance %eﬁﬁg?ﬂgﬁﬁ%ﬁ‘@%ﬁ?‘fyag@@@ G”SCI'?EIPGH%'&WF é&’g’,"‘% Proc. of the
| EEE Wor kshop ascrsfieSulligandesy 9ol. 1811pe 7801 v81e 19999 Birint¥oh,OW. B B.. &AL OTRMeat ed
herein by reference. For t he bl ob tracking 36, there are many conventi onal

techni ques 30 44plive Biagling taftlassify ghd Mopitoreeteyies e Sip.g VR, Bk dapiar y
tracki ng techny,qlieshgakcy ofdhs AUp 36EBHI, F.ﬁ.?“ﬂd%ih@‘_@bi%&ﬂéfégﬁ& P%ta%v@ﬁ |

i ncor por at ed her el r.l'by reference. conmonly-assig ent tAppl i cation
No. 09/ 684, 71 RecogritiuAlgorither for Simag Caviedhs ol IVB1ipp Ld Rl T M4y ¥99Fed Cct ober 24,

2000; Wen, C R e |y " P : I 4,070649 PCT/ US2003/ 041159
Ti me Tracki ng of tLrggﬁgﬁ%%ﬂ%%d@e?aﬂ?‘gﬁaa’f‘r%glﬁésé&c%ﬁ&bg’?@?%e %eF'ISI ng and
Machi ne | nt el |gegaaieé by e blobl @acking. 36 48 GetéBeind HQdch thipetis etationddy. A. et al .,

"Using Adaptiyve Tracki t.0 ssif.y and. Monitor Activijies.in a Site,"
VPR pp. - 2b- 2550 3 e dagartednbe ey e et repea o eosl hidiedh g o ect
Det ecti on and tryRdtkglouiRPMmO8:1 1351 ANtardeOodn réfeBehtQd cheh® ih tkeb®k@ound UW  pp.
159-175, May 1997. The stationary target detection and classifjcation 37

anal yzed0t ar ganadel Fbifelion pxsrmig, atvideowbiset hap searedigoving (i catieserion®oid each
target is statj.oRal ; r gl ) | I f the

t ar get represtgrﬁts a}S’ISéac%lgpgﬁhangg%%ﬁt&gﬁﬁg%%éﬁg%gpsﬁ%%eﬁk%{)ﬂ%%%rget can
represent a clagpepes dsm tetget packgeroemald). 10 nodel 33 if, for exanple, a video
obj ect has ceased ving, (i.e. . an.insertion LA revi ousl y. stationary
vi deo obj ect has eg%(?%%gtaéo%%%wg%h%sf &t g?t?cégdbﬁ%sklaﬁog%ﬁ Olfﬁaéltsbefg‘ipears as a
ta][ get (i.e., back mrf?wg&ck%roQWmodelﬁécm iqﬁigasr% tb gﬁ@éd m:aalaclml ddlgideps'%d, this
i nformati_on can.pe .f¢ ck 1o, . the background nopde ocal updare 38 to
updat e the bagyﬁﬁgﬁﬁge%ﬁgltﬁ%@ﬁgﬂn ﬁqut”ﬁP@]?%@B‘é‘%P,‘&f%@nﬁmround model
33 can be keptyhipcdrtifids a6 BEXRnAg aNdREitiaRRShidetbuR8 ashalyl C background and
legitimate foreground activity. The statlonar%{at arget detéction and

classification 37 dépsteiprasy target detectiogand classification dhdetgrmingsdf 2 fxggd, whet her

it should be liabel ot Randft sb Pkt R3hola bETBUEY as insertion, a removal, or
unknown, if it is not possible to determine the difference. In distinguishing

20 between an insertion and a removal, the relationship between the time scales for
an insertion and a removal is important, An insertion may involve a different time
scale than that of a removal, and these time scales may be application dependent.
For example, an application may require that an object be left in place for a large
amount of time before being considered an insertion but only a short amount of

25 time before being considered a removal. As a specific example, a car parked at a
curb af an éimort for five minutes may not be a concern and may not be
considered an insertion, but a car parked at the curb for fifteen 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

30 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
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unknown, if it is not possible to determne the difference. In

di stingui shing 20 between an insertion and a renoval, the relationship
between the tine scales for an insertion and a renoval is inportant. An
insertion may2avebase a different tinme scale than that pof/us2emmysal , and
these tine scales may be application dependent. For exanple, an application

may require that an _.object _be lLeft.in_place for a |arge .anmount qf tine
be or o be! ng. ABHBALRENCIR o FLaREioh BaTeD g e Sl T8 (i o
bef ore bei ng Gemsi4lesncsk enfighavRiby sAsera specific exanple, a car parked at a
curb at an airport for five mnutes may not be a concern and may not be

, y
consi dered an i nsefigwHs IBEFa"ﬁS %EPWﬂ&ﬂﬁ@dhaﬁta@m%ﬁt detectiopepden ni nut es
nmay be a Con(@isgiﬁ@ﬁgn%qn%ﬂj&reﬁgl éeﬂ&ﬁé&d'e?&-hnﬁéﬁ{eh ok 36t car, as

soon as it noves away fromthe curb may be considered a renoval. In this
exanpl e, 5t he ttpuget detegtion g0l dassifigpiiqndIds o5 oHows | onger than the time scale

for a renoval . For ;anptheL: 1g8PRITkERLLAN srifi8niBhative tinme scales for an
insertion and a renoval may, be, reverséd fromithe exanpl e above such that

the time scale for a renmoval® i'&*T%REE--TE-W5=56804) 670649 PCT/ US2003/ 041159
than the tine scale for an Ffemwer}itdme_theashbld), the tine scales for an

insertion and a renoval can bescend gitabbe RY 18:d3886n hhdWhBeBold | UStTrates
a flowcﬁgrt for the stationary gé’ggef’ detection_and classification 37. An

exenpl ary pseudo-code for inpl Th§ CREStEH8Hary 5 target detection
and classification 37 is as foldahskeli f (FRTGEW i s POTENTI ALLY- STATI ONARY)

if (insertion tinme threshold <au @iV ahrdstd®r KNELE5RRL Bimel Saralidig-t hreshol d
<- insertion-time-threshold 10 ],/-teSt <- insertion-tést ~int_|abel f-

| NSERTI ON 2nd -ti me-threshol d & —8HovaF P b-+AFeshol d 2nd _fest f- renoval
_test 2ndl abel 4- REMOVAL 15 efsgaield<- RiMOEAL hr eshol d <- insert
ion-timgsthreshold 2nd tesg;#4- insertion-test '
‘ 2™_time_threshold € insertion_time threshold
2™ test € insertion test
2™ label € INSERTION
_ 1% time threshold € removal_time thresghold
20 1% test <& removal _test
1%* label € REMOVAL
end
1E (target_age » 1% time_threshold)
if (1% test is true for target)
25 target_label € 1°% label
elseif (target_age » 2™ time_threshold)
1if (27 _test is true for target)
target_label € 2™ label
else
30 target_label € UNKNOWN
end
end
end

end

35
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
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2nd -label 4- INSERTION tat time_threshold <- renoval -tinme-threshold 20

| at _test <- renoval -test lot |abel 4- REMOVAL end if (target _age >

lat time _threshold) if (1"-test is true for target) 25 target - |abel <-
| ot - | abel wlcmbdioHesar get-age > 21d _tine _threshold) ifpCPosz0esties true
for target) target-label F 2nd | abel else 30 target_|abel <- UNKNOMN end
end end end 3 each targ&tqigrovi ded by the bl ob generation 35

Jn hl.ock 81
i s exani ned to%f (fg?‘gb?ﬁ”r?etﬁ? FboVR @Squgp-g pot'&Ateehi 15 stationary. This
bl ock corr espomgsriariherhifonkry) L2010 26k AFQRAGLRGT AMRAB3H041159 i f’
condition in the agov pielédo-%gfe (i.e., if (target is
POTENTI ALLY- STES¢ 3’}‘)9 S‘ffmf1 target is not potentially stationary, flow
proceeds to bl ock 8%1é&ﬁlpmﬁ@ecmeeasqeﬂ@hﬁwiﬁa%%eﬂiggét_eﬁ@aj}g%a%ﬁarpe if a

target is potential]y stationary 5 uses various spatio-téenporal " properties .
and feat fires ofscq yasiongsnatio-temporal prepegics andBaturgstof ihedrugel. 1Ij2 tangatgesd i ts shape

Burther nor o, (10 oty Bhanpbf s et e {RKcf of Tt ORBLpF0C |
background ( asstatieheryitargeid Fogtherhanyg if adegetotxhibits 8 largSAnoBBpf change fremy |ittle
et 20" cort PEsRng s B GAta BY B oS gE s B vatyiBent Pal 1y
stationary t arifiédpeadedt inblitts {ak dbteinihét thy @olich Btection 34), the target is almost

10 certainly a stationary target. '

d

Two examples of a potentially stationary target are illustrated in Figure 9.

Image 91 is a current frame from a video of a man walking in front of stacked
chairs and dropping a briefcase, and image 94 is a current frame from a video of a
man removing artwork from a room. Motion masks 92 and 95 result from the

15 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

20 “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

25 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 artworl 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.

30 In one embodiment of the invention to determine a stationary target,
exemplary quantifiable target properties are determined. For example, gac and
Oac can represent statistical properties of a centroid trajectory of the target.

Specifically, pac can represent the mean (over time) of the difference in ceniroid
13




Image 91 is a current frame froma video of a man wal king in front of
stacked chairs and dropping a briefcase, and image 94 is a current frane
froma video of a nan renoving artwork froma room Mtion masks 92 and 95

resul t frorygd fRedleddot i on- based pi xel classification 34papgiskdobbisigoat e pi xel
masks of "noving" pixels (i.e., pixels that exhibit notion). Mtion mask 92

detects the man pbut not the suitcase in frame 91, and notion mask 95
det ects the neEI9sifan Kinpixels) bptwepreconggoutipg feames, end G cemespadsseiiee on the wal | .

Change masks %ﬁ%‘d@ﬁa{iﬁ{gb& éﬁ@%&ﬂgﬁwgﬁ@%% %%id%ﬁioh?%ﬁﬁ%;hﬁ;rgl (e

classification 31 and 11 trate pix of 20 "change . e.
pi xel s t hat ditefwaenfcpesrutive fisaskg eralhpaednd3ny repGisamigéatisicabk 93 det ect s

both the man tapggpeg%% D%icgﬁf?‘%??ﬁg&a 0%%@9&%09%%5& eq] detects both the man

wal king with wor K™ an sence on |. As indicated with the
overl ay Squares on Farihegpr sakbksreR8santtaibical phoperica bftha péas arelnofthe have

clearly changed w_th .respect to the ckground nodel 33, but .do pot exhibit
any 25 i ndepe?fﬂf@ﬁtﬁ %?1ﬁﬁzﬁf,p%cqnﬁgpr8§?§ %8“%&% V@’gﬁ"%%&%nﬁg%%i%w t he
brief case doesf thahti®shihd bfca dPiheitGEQRRIPHAN) bERMcE® Bonsadiflivt Rafnbe afdapge nmask
96, the renoval of the artwork fromthe wall does not exhibit any

i ndependent meR spresepdhestandartdevigiian (pversomoreepnbperiodof dimey pHiharafot ar get

det ecti on and lﬂ%s,é i i ent i : i QN tgpgets. 30 In
one enbodi rrento(fo t%]dceéfﬁﬁ%/{en itgﬁpg%l%%%ﬂndr?géégﬁ{%‘t%ta%%ér%é?&&tear get, exenplary
quant i filébl e texegplarpiarpsepropates(ie., fet exarinadd cpmapexatiplgenerdamatiod aAc can

represent st atafnﬁ%fz%%ﬂan%&%?ﬂa&#e?%&%. centroid trajectory of the target.
P

Specifically, "oC Can reéprese e nean (over tinme) of the difference in
centroid 13 WO 20044 ddifids) uRGht bR eSkcktditcal progeitieoof hovinppixelssf bet ween

consecutive fr s, and aoc can._represent the t andar,d devi ati on (over
Comes ot tre uhe TaiosABaarter SRR, oo rebvoent Thegheam @Yo Syt tset

consecutive frRABS of fiMe)OSMRS @tio ofthbGuMBE TOROYIAET F%EB o thkaldaSF el
properties of ‘a centroid trajectory of the stationary target. 5 Further, R

and aR fépr esdpeesiinpixes), and oppayerercatihe stapdad deviwiondpes serpe fave0t ¢ ar get .
Che rat o of  EREoa e B e e B e ARl ve 1 rames.
and aR can repgesEnpixelie Besniveratemplarytaigotpropertes (Sonv petewntcaperd od of
time) of the ratlgenof\bh% 3658 i0laiifn AhgRhadh MoRbXSh Bbr RE KGR0
above,
20 Using these six exemplary target properties, one possible technique for
| determining whether a target is potentially stationary is based on the following
pseudo-code:
IE (g < THRESHOLDL & Osc < THRESHOLD2 && py < THRESHOLD3 &&
0g < THRESHOLD4 && gy < THRESHOLDS && Oy <
25 THRESHOLDS )
target % potentially stationary

end

In the pseudo-code, six thresholds‘(i.e., THRESHOLDI1, THRESHOLD?2,
30 THRESHOLD3, THRESHOLD4, THRESHOLDS, and THRESHOLDG) 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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10 exenpl ary target properties (i.e., oc, aac, R and aR) capture the
general notion and size change of a target over tine. In addition, Mand um
represent statistical properties of noving pixels of the stationary target.
Speci fi cal wo 20080084 represent the mean (over sone receptT/ustns/ediwnf tine)
of the ratio of the nunmber of "noving" pixels to the area of the 15 target
(in pixels), and am can represent the standard deviation (over sone recent
period of time) of Alwughfqusessmplay tageipeperies (foviangacpin@Phon)@a he area of
the target (idlsdakoeglasleprelBRER the'QenEHERBA MdlsHedBinde PR PbitSSeltime + M and
am) capture the extent to which a target is exhibiting independent notion,
as per the di sebeoransriiesisanbe used avwilhbpceme gppasink toctheseifardinary ekiltin
properties, ong.pessible technique for determ ning whether a target is
potentially stationary is based on the followi ng pseudo-code: If (g c <
THRESHOLBI && one <AMHdREISHG B@mflarRiacget piRpSHEL (8., 8% and 7)) are THHRESMHOL D4 && M <

THRESHOLDS && < 25.TH HOLD6 target ..<- potential |y-statjonary end In
the pseudo- cod® CREFPuERE %:Eﬁad.%mé@eg&gng%ﬁ% ef)prf?er%ﬁﬁ%ﬁﬁ_ +3 30
THRESHOLD3, THREYcHhY apphirdiboHEbIeS: ontikhey $HREHHEE ) are used to perform

t hreshol d conparisons with the exenplary target properties. The six
t hreshol ds can be pﬁjg?é‘ghﬁbfﬁ’ﬁégS?F%H@?B‘F’P?IW%@F-’&@nﬂé‘é#%&ﬂeﬁ“ér‘@) 14 WO

2004/ 070649 PGEL biS2A0, OhA&SubirifoRONGHesk QidfistRXATOHGHS, bABORLRERPET i es

(i.e., oc, aoc, R _and’aR) are discussed as_representing the general notion
and si zdOchanguopstties, angeyerthes praperticprean beawserbas Witldgeoms enparanhtofhosgofd as wi l |

becone apparen&gﬁl%%glrs]?lit@gsﬁﬁrdi nary skill in the art. 5 Al though two

exenpl ary targe i.e., UMand CM are discussed as representing
exhi bi ti ng i ndependelock®8] whifionshipsbeiweem e insetionr timeshelduspédd rasovalv | | becone

apparent to thgs ordinary.skill.in the art. t hough. above. si x
stati sti cal prtgf?g]i‘cﬁﬁti@? te. ; ,d.nﬁnshflfgi; COrEeSPApgs t?Aﬁ‘e S%ﬁ‘?HgM °°n<§1i‘et§’nd! scussed,
ot her conbi natieuksSin@he 4Ha0S Fschiliabodel(i €l RLQREIdnESinOtRRI:nsTALI Sti cal

15 removal_time_threshold)). The pseudo-code for classifying the detected

targets depénds on the relationship between the insertion time threshold and the
removal time threshold, This relationship determines which of the two tests,
namely an insertion test or a removal test, is performed first. The insertion time
threshold and the removal time threshold are points in time based on the time

20 scales set for an insertion and a removal, as discussed above. In the pseudo-code,
the insertion time threshold and the removal time threshold are compared fo the
target age,

In block 84, the insertion test and/or the removal test is applied. Ifthe

application of these tests determines the target is an insertion, flow proceeds to

25 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”

30 condition block in the above pseudo-code (i.e.,, if {target_age -
1% time_ threshold)). Onece a potentially stationary target is considered fo be

stationary by passing the insertion test and/or the removal test, its description is
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10 properties, and/or other properties can be used as w || becone apparent
to those of ordinary skill in the art. In block 83, relationships between
an insertion threshold and a renoval threshold are determ ned. This bl ock
correspondwo eooshmssmecond 'if' condition block in the @goas2@seuads code
(i.e., if (insertion_tinme_threshold < 15 renoval -tine-threshold)). The

pseudo-code for classifying the detected _targefs ends on the

rel ati onship b@%@gﬁe ?%ﬁ%'ﬁ%‘i’i"f’ﬂ%ﬁ“ﬁﬁ@aﬁeﬁ%eg Blog S%h?é’ac 5l tine
threshol d. Thi o84 Baki GO $dvhorisiibs potaBRIINREEhabf tatdde TMOploBsk nvolv@el y an
Insertion test or a renoval test, |Is perfornmed first. The insertion time

t hreshol d and ¥*RECng fsberkarpiad medeb spidttias Grean gud ywaddanee) of thepidsed on t he

time 20 scal leeﬁﬁ'Eenftiﬂé tiRpotddfigly s dardet] SRDVRes oRThedhSRHURS GatiABOVE. | N
the pseudo-code, the insertion tinme threshold and the renoval tine

t hreshol & ar e efdhppireld repeeseribng thestaficnarygarget williheanddifer totremwesenstbe t i on t est
and/or the re . | | & ' ' f ese tests

det erm nes thgi!t?L %%@%@%ﬁﬁ%&’%ﬁ@rﬁnﬁo oﬁc%ﬁ)gj%%%%tselp%gm%% ock 85, and
the target is pitasallf stetdormsy @arpet.nsertion. |f the application of these tests

determnes the targgt .is a renoval, flow proceeds to, block 86, and the
target is classi f?@%f’ﬁ%ﬁr%o t&%@(gher?r?o %Stéaﬁ‘b u'%ﬁt‘ia‘dowtl&&@%slg a?‘gsts i's
i nconcl usi ve asl.tThe thétey bétfind the ekeniglOl claSsifichtioN SRhhik@Nolhe tvesigaval , 1 ow

proceeds to blt%gk 87, and the target is classified as an unknown. Bl ocks
84-86 cdfr espotiat andnserion; an bg charqoterized apmrssiop it Grigbils stiong dses sesvad
pseudo-code (i; inhdry it 2b&6dnt But does b f a potentially
stationary tarléigenlps l?‘fonsi der egﬂfg_g Ee Oegt aﬁgﬁgrséﬁé%ggsgo%@?ﬁe i nsertion
test and/ or t heeripherywdthetseme regiosindeseackpowgimodel. Aavgelyoonhevaa4e

PCT/ US2003/ 041,15 t | ) . . ich

nodi fi es the tl)‘?aec %gjmfa(%)%ﬁ%e& %’&fgﬁ oggﬁg%&?#gq‘fréﬁg{d %Jnag)rg@dtlﬁsoe]% %@ﬁgﬁ%} %‘%Ty
stationary t arigekgrolid mogsl boedkes nohvexhibit Stronmggalgecaroand iksepebiphdeg iround

nodel . stgtistics z(:r_maan and variance) of the pixels representing the
potenti aPly stHTBHIAEt ar get. The val ues of the mean and variance 5 of the

pi xel s representi ngpifie 19tidistroteaEssifping eh inbbrtibn PERWE] inaHisteRarhgiBiesent t he
mean and variance of the pixels fromnore recent frames representing the

potential |y st®faBauwylkingripdont ofisickedcbpirs wd dreppingmpriaferser Bmegdlltest are
I Tustrated W fiigeh@hGSaddofiibackground model, and background edge image 102

illustrates the corresponding edges of image 101 determined nsing a Sobel edge

20 detector. Image 103 illustrates an image of the current frame, and current frame
edge image 104 illustrates the corresponding edges of image 103 determined
using a Sobel edge detector. As canbe éeen, the briefcase exhibits very strong
edges in the current frame (i.e., current frame edge image 104), but not in the
background model (i.e., background edge image 102). Change mask 105 shows

25 the detected changed pixels, including the stationary object (i.e., the briefcase),
Image 106 is a close-up of the briefcase region in change mask 105, and image
107 is 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

30 104, respectively. As can be seen, the edge strength in the image 109 for the

| current frame is greater than the edge sirength in imagé 108 for the background

model. Hence, the target (i.e., the briefcase) is classified as an insertion.

16



11. The theory behind the exenplary classification technique of the
invention is 10 that an insertion can be characterized as a region that
exhibits strong edges around its periphery in a current imge but does not
exhi bit st mangogdmes around the periphery of the sane pegusrmos/miisoe
background nodel. Conversely, a renoval can be characterized as a r.egion
that exhibits stro ed arqung its periphe in.the _bhackground.nodel but
does not exhi bit s?‘%%‘ﬁ@gggaléga%ﬁsrcgﬁmggr orvf'{)ﬁ%hre)}“éeﬁ iy, this XARRIHS PL | nage.

Fi gure 10 il ushitdeffvigasiviolly frag aaborNERdgdei 10D illublistey hdlRggbRf H3i s exanpl e is

of a man wal king in front of stacked chai.rs and .dropping a briefcase. |nage
101 il lust rath@gk%ﬁm}drfﬁ‘@fgl@f‘ g?&%&@( g5iias us sRAA@Eedge i nage

102 il ustr atg@ged dFemagy 110SRAAMINRE uSHH L Soltll ed gt LTS 1 TliMAM eI Ng 2
Sobel edge 20 detector. Image 103 illustrates an image of the current frame,
and current fraaimaseefghe presgbiame apd cosant fems edgrdmese & bsilosetesdhedges of

i mge 103 det ]  US} irﬁ%@ . ' een, the

bri ef case exh?t{g’ﬁe%%gg}?gégéuﬁgﬁg eggggglg%n?ﬁfe&c rrsl'eonte ?cfl‘gggg |1.s'e§§,1 current
frame edge i nags bé ek, thb artwnikt exhibits ey strengagigeuindhatmagbgrotnd model ek gr ound

et uding. t e PP BRRo e Bt s T buf o' e R G (8RB T

cl ose-up of t heankyineke asd). IChangemisk 1¢5 snge theddtectdchangd pixelge 107 is a

cl ose-up_of a section on the periphery of th ri efcase region jn inmge
~ 106. Irrgaes 108ely g%@“’?ﬂ%ﬁ‘ﬁyf’ﬁ@cﬁﬂ@e e&%?’?@ipﬁ??&?ﬂggﬁ?‘flﬂﬁ?"é’étftﬂ%n of imge

107 for both thgoPRedetinat Bear2e afstt (P endliAdga Nty isfaecmeruﬁwtasédtﬁ{{%nedge i mage
30 104, respectively.” As can be seen, the edge strength in the inmage 109 for

the current fthangipherypféha astwarksagionts imeggd 1 th@%@sﬂ?$hndh@gséow@hpfor t he

an 1 nsertion eV 300 7055 3paEh okl 1] I o8l & ERAEopRAR(CD, | O

cl assi fyi ng a inegoVE! andThecuriedefiarhaedgaiimagediddptespactivaly. As narbeaseamvi ng

artwork .froma, ropm _ | e 111 ill rates an i e, of th ackground

nodel , étﬁd ba?ﬁ%? ﬁaeﬁg@tﬁﬁﬁﬁ eﬁg%qrﬁ{%ﬁgP&@@ﬁ%e?WP%?dgﬁﬂégg edges of
image 111 det eidgt BeghethShhgage 19061 the 6@ tend frhe 6 (Hence, ltheigezel (i3, iild ustrates 5 an
i mge of the current, frame, and current frame edge image 114 illustrates the
correspondi ng i3 flag SPTE%Al-er mi ned using a Sobel edge detector. As

??nebe seen, the arpinREdk 0K 1BIifS ¥R o ShbSdifheRE $5D1bdks BHR7RRFIEARANd Model

Figure 12 illustrates the embodiment for the case where the insertion time
20 threshold is less than the removal time threshold, and Figure 13 illustrates the
| cotresponding other case where the insertion time threshold is not less than the
removal time threshold.
In Figure 12, for block 1201, the edge strength Ejp of the background is
determined along the boundary of the potentially stationary target (i.e., the
25 detected change).
In block 1202, the edge strength Ex of the current frame is determined
along the boundary of the stationary target.
In block 1203, the difference between the edge strength £z of the
background and the edge strength Er of the current frame is determined (i.e., 4E =
30 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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background nodel edge imge 112), but not in the current franme (i.e.,
current franme inmage 114). Change nmask 115 shows the detected changed

pi xel s, 10 including the stationary object (i.e., the artwork). Image 116 is
a cl ose- up wb 26a@7068 t wor k regi on i n change mask 115, an¢rresodid is a

cl ose-up of a section on the periphery of the artwork region in inmge 116.

| mrages 118 and 119 show the ed correspondi ng to the section_of inmage 117
for both the backgrg®efkddds the neeidl 19 cqpped (8 wsertion Bsehedge | mage

114, respecti Vehy FofthBAmbetichaRb, ifUE & T8y, RARe: Blif €01 ddtiohll td:pB0e 118 for
t he background nodel is greater than the edge strength in inage 119 for the
current frame. s/ irsertioprmndiiongprocqeds 9 blogkHa06.aPthsoviRg, flow prpessds i ed as a
renoval . Fi gurﬁgckl%@nd 13 illustrate two enbodi nents for blocks 84-87 in
Figure 8. Figure illustrates the enbodi ment for the case where the
insertiod tinme 20 tlbdshkd206,itke $tassmatyttangeitib classéfivd\ea lan tnsemionhr eshol d, and

Figure 13 illustrat t respondi.ng ot h ase where the | tion tine
threshold is not Ie@g’l‘f%:lgof’&ée%ﬁﬁfﬁ%n? e%trtﬁ?l%esrﬁglloﬁﬁqnhc tgfe@]i‘PE(geJ%Z for

Bl oclé 1201% tﬂﬁemwagéfs%ﬂ@t” dt il the retdoeal hingdd fe@lmdlﬂcﬁv%ﬁeéeﬁﬁgﬂh]&ﬂ: aljong t he
oundary of t otentia statignary target (i.e., the 25 detecte

change). In bl @&% Q%’ZWISF %B@QG@FF%%QYI%{%E% Mfe current frame is
determned along tR@IRRURERNNE BffelsRs: S ﬁtcbﬁlgﬁrea td RfdiRival thibshl1@1g, 1203, the
di fference between the edge strength EB of the background and the edge

t
st rengt HOEF of Farfike fogmplatien hqrariﬁdg & Taky Beriationpry farget is gyemovalggnddiovEr) . | n

0 0 1208 ¢ plaiElade g, OMBORE il 3 ol e 11 estold, I
to block 1205. O Haerbiecke 209,/thestgionenydargettioclodsifidd afiatdmaved ends. 17 WO
Co an i neertion t hrBBRAR2Taie whioPeRdaes Aatoidr S G SR Ty (e e
TH < 0), the Bbatioooed erdosslgad is, istead) classifiéd asoin, unkievi.| ow proceeds to bl ock
1205, G fervt o O LSS, T SR e & B A
is sent to the background model local update 38, which modifies the background
model 33 to reflect the change caused by the detected stationary target. Even
though the stationary target can not be classified as insertion or removal (block
1210), the background model is still updated.
20 To increase robustness, the edge strengths Ep and Er can be determined in
blocks 1201 and 1202 over a series of frames and averaged over time,
Figure 13 is the same as Figure 12, except for the change of places in the
flowchart for blocks 1204-1206 and blocks 1207-1209,
Figure 14 illustrates a flowchart for an exemplary technique for
25 determining the edge strengths Ep and Ep 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 strengfhs are determined. With the
exemplary technique of Figure 14, some uncertainty in the boundary of the
30 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.
18



~In block 1207, the target age is conpared to the renoval time threshold. If
" the target age is greater than the renoval tinme threshold, flow proceeds to
bl ock 1208. O herw se, flow proceeds to block 1211 and ends. In bl ock 1208,
the differapgesdlgrdss conpared to a renoval threshol d THRer/rkSoked1180he
formul ation here, if dE > THR, the stationary target is a renoval, and flow
proceeds to block 1209. O herwi se, flow proceeds to block 1210. In bl ock
1209, the st at psAcAsSynORHem moyliiple bangs pan kecrelgated. Foeasditianm, other tipes®k 1210, t he
stationary tar £ jafd | ' i or a renoval
and is, instead, g %grs}ﬁoibg c?s@gidaﬁégﬁﬂﬁ?ﬁ%ﬂ%fﬁi%&ﬁ%ggfs}bfg%& 1208, and
1210, the descEMiKonagsf the stationary target is sent to the background
nodel | ocal update i I £ t ¢ del .. 3 .reflect

t he change caused blé%{l%cglég{he@%%&%%z%a@%ﬁ?? Y a%&é{lﬂxe&\%y& ﬁhﬁgﬁ{gﬁn he

st ati onasy t ar Bedf thamrgeot Intfégiet &5 3hd deatloid P, bfithe tarpain 50 s desigmated withhock

1210), the backgro nodel. is still .updat.e 20 I ncrease raohustness, the
edge strengths® %Ba”gﬂtge %WBW@W%&%Z#’E#” aﬁglgﬁge%%@%ﬁﬁ]d“ 202 over a
series of frangshtahdlefMeio@e deiver dfithtargki T Thicd dxémplas SepiRtaaS Fi gure 12,
except for the change_ of, pl age_s in_the fg;aomh,art for gjlag:k's, 1204- 1206 and
bl ocks 1207- 120i8¢ls pieddgubified in Figyre 1 5. nd orpach prrimeteripizebya ling ipselseindar v

t echni que for géogggeﬁ;eﬁiﬂ{ytéggbgepp S96 &hi6idg hs EB and EF for blocks 1201
and 1202. O her techniques are avai |l abl e, a$ will become evident to those

of ordindry skill ilnbiosk 143stwo piiedfifiend £ ps theilive guswslecied at & emivelent o Fi gure
15, which illugtgk - Stat . Gh:t he edge
strengths are Heyaeies B HOMLAE i WORGLK 15T OBk BYEE Althald) SO0
uncertai nty i narkkdesifpmtaddeilydak cirdles. 30 det ect ed change i s accommopdat ed, and
hol es and snmall | acunae,i.n,t. | ect ar ignored. |n ock a band of
the image is sel ecﬁé‘&’. oc#&?él,g?ﬁﬂﬁ%?&n{:mx%s Brﬁg’ﬂfl &Pr ogg}dg%%@rgeﬁ%bv\/g Cb

i mge. QO her bgoekeds REFoESIS! MBheYwlhia ifonctdiftales piel Retsdk thd GirddPa@4/ 070649
PCTI US2003/ 041159 Al so, _as, an gc{étlon’ mul ti pl e bands can_be selected. In

addi ti ont5 ot heptherndigancepixe] jgywidedhafarges Soypregcedinblesk dd6-windfgirne
invention, sucik ag REnfREBpAklsA 52 &MY S KB Both distance pixels inside the target

151, and the perimeter pixel 154 has one distance pixel inside the target and the

other distance pixel outside the target.

In block 145, if both distance pixels are inside or outside the target, the

20 perimeter pixel is ignored, and flow proceeds to block 147. In Figure 15,
perimeter pixels 152 and 153 are ignored.

In block 146, a contrast C, of the perimeter pixel having one distance pixel
inside the target and the other distance pixel outside the target is determined based
on the intensity of the two distance pixels I,; and I; as follows: C, =1L, - I|.

25 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 confrast can

30  beusedasthe edge strengths £y and Er in blocks 1201 and 1202, respectively.

The above discussion for Figure 15 addressed the three exemplary
perimeter pixels 152,153, and 154 concurrently, However, in examining the

perimeter pixels according to Figure 14, each perimeter pixel is examined
19



In block 142, a line is selected across a perineter pixel Pp and the
centroid 5 P of the target. In Figure 15, the centroid P, of the target 151
i's designated with a star, and the exenplary perineter pixels 152, 153, and
154 are desv@pmiemewi th 1ight circles along the perineper/ostoosbaidear get

151. Three exenplary perineter pixels are identified in Figure 15, and for

each perinmeter pixel, a line is selected .across th eripeter pixel Pp and
the centroid P!n%ivé‘fanYHPB]@lnl@we@RHe{ﬁ%i@ I%eeF’ané’i‘i‘Be‘gng?"F the,loop Pgﬁ? are

sel ected at angggWldRl 1€t pReBIaNCce fromthe perinmeter pixel Pp. In Figure
15, the two pixels for each line are designated with dark circles. In block

144, if both di st an@ethsrwatbsthe peenplaiterinigpe i Higirgd 4 hrles and gwpll lqcppag

proceeds to bl 151 BaF WS 85 ateli lléﬁlﬁ?&ﬁin i | S dedSi the target
and the 15 ot E@rhe_gi?%?ance ﬁl%rgl is'?l%lﬁit??l’gie t he tagéﬁei%()b oévsvygf;tg%eeds to

bl ock 146. In ®clyuqes. 15, the perineter pixels 152 and 153 have both di stance
pi xel s inside the tar . . i ry pixel 154 h one di stance
pi xel .inside the ta?ﬁgagﬁﬁlgﬁﬁ%déﬁagt*@r%@%{l%ﬁ@:e dp =Xe tagg‘?cgﬁrggﬁﬁﬂheé target. In
bl ock 145, if hmwhitored st decaminsikehewligidetetind tatiget oms pievidusle defected By get , the 20

perimeter pixel, .s ignhored, and flqw procee to,block 147. 1n Figure 15,

et i motr i xepationen it dsbertih and SsHieaton 5 s5isGbROEEI e DALEARIHLL Cp of ¢ he
perimeter piXenohdy FBPe R4 iS4 AReSIHcE Bhplichtivhl HendyMR o dfigedt iddded he ot her
di stance pixel outside thé target is determ ned based on the intensity of

the two ¥ st antlenpt tasget entgred aeene gnd then sigppesipevitgp(e=g-\anar parkipgl and5 | n” bl ock

147, if all pep ' AN e d 148.

Q herwi se, fl oweﬁgﬁg&@gﬁ%%%t E‘%Z tog%%tiltigggrll&g]gé ?ﬁgrg%?enté%eﬁ%@%gtrii nmet er

pi xel s. 1 n bl oslvingBto detesmingef angevhsothe taxget tnevedepan fé.geepaked caal | peri neter
pi xel s for V\/n%%p @ contrast Cp was determned in block 146. This average
contrast can Be) used as the edge strengths EB and EF in bl ocks 1201 and
1202, respectivel y.Figine 1slitiverats 8 dlosshanfof the stdopdembdSinrdtisfbsed the three
exenpl ar perinmeter pixels_ 152,153, and 154 congurrent|y. However, in
exam ni t he MYEH}Re égur?)f@dé‘l e%&Fg}ﬁ’fﬁe3t=(9xﬁpbf?Féheiaz@,‘h%ﬁ@ﬁaperi met er pi xel
s exan ned 19:MR-ANLATAGAAET/ PERARTARA 1 ABE ménifh Yo tiBivis unti | al |

peri meter pixels have been exam ned, as per the | oop bac L
stationary target descriptions from the 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 monitor 161 records the target (e.g.,
20 time, size, color, and location) and monitors the target for any further activity, At
this point, the target is “forgotte\n” by the rest of the system as being integrated
into the background model 33 and, in effect, goes into hibermation. If, at any time
later, a stationary target is detected as a removal and is reported by the stationary
target detection and classification 37 in the vicinity of the previous insertion, the
25 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
30 16, blocks 31-38 and 161 can be implemented with software residing on one or
more computer-readable medivm 173 of the computer system 171. Video and/or

images to be processed with the invention can reside on one or more computer-
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fromblock 147 to block 142. Further, with the exenplar technique of Figure
14, holes and snmall lacunae in the target 151 in Figure 15 are ignored,

t hus i ncreasing the robustness of the 5 technique. |In another enbodi nent of

t he i nventworoeodidressglet ected targets are further nonitoreduéooaigsnne if a
new y detected target was previously detected by the stationary target
detection and classification 37 as . a _change in the background, nodel. For

exanpl e, in aredrilemetivaek/3.05 e proyidednfor F&%W@)F@%P@%@mﬁﬁ detect 10
when a target j8pbehedetdogc e and then stopped noving (e.g., a car parking)
and thereafter to nonitor the target' (or the area of the scene where the
target stopped mwm]g)vaﬂ@‘l&mh@ﬂmqli@ afthegiepeniiayentine hava bpen degstibed agai n
(e.g., a park for the
second enbodi ?‘rgor}’%a%]shduzﬁé@gkls%d\;gn }%ﬁwﬂt#%b gé tfs’h‘té’l‘@éﬁ%ﬁ’% lo Figure 3,
except fior t henlydatidtriodimithticn. ’Hm&tth@bma@hamf@epe mrﬁihepmseniﬁﬂrenﬁﬂme stationary

target nonitor, 1 recei v st at tar t desc n ro

stationary t ars%’?dl]&%??ilﬁl%a R #tﬁg al?éf(ll ggﬁ%@ rrgmiza'? P@Q&H’Sg‘ nﬁ”tE ar get
reactivation gkouldisiehdbe defnek ofilg iBiccoddinctvitt 1o &llowhias g@rmsiaad tigirassi fied as
an insertion, the stationary target nonitor 161 records the target (e.g.,

20 tine, S|ze3T€8ﬂ@¢§ 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
hi bernation. If, at any time later, a stationary target is detected as a
renmoval 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 invention can be inplenented with a conputer
system Figure 17 illustrates an exenplary conputer system 171, which
includes a conputer 172 and a conputer-readabl e nedium 173. Referring to
Figures 3 and 30 16, bl ocks 31-38 and 161 can be inplenented with software
residing on one or nore conputer-readabl e nedium 173 of the conputer system
171. Video and/or inmages to be processed with the invention can reside on
one or nore conputer- 20 WD 2004/ 070649 PCTI US2003/ 041159
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readabl e nmedium 173 or be provided, for exanple, via the video or inmage
input 174 or the network 175. Wil e various enbodi nents of the present

i nventi on have been described above, it should be understood that they have
been presented by way of exanple 5 only, and not limtation. Thus, the
breadth and Qﬁb . the present invention should not be Iimted by any of

t he above-described ‘exenpl ary enbodi nents, but should instead be defined’
only in accordance with the following clains and their equivalents. 21 W

CLAIM 1. Ajneshedhddfor prResusd Wided,icH@Prisiap MR dtgjsh@ : t he steps of : _
mai nt ai ni ng a background nodel for said video; detecting a target in said
vi deo; det ect | m@infaining pdackarend medd fensaid Wdemy target, wherein detecting if

said target isdé&igq as[&%g'igrggirdyvi&e%[get conprises the steps of: determ ning
general notion ahn P ange properties of said target; determning

i ndependent nodétepting it fai s isaf statddnaryt Arg@6 twheadifl doRb@Adif RAiAJarkét iSadid t ar get
is said stationary target based on said general notion and size change
properties andStaiingry aegsheqrariiies i stens ot operti es; and cl assifying said

stationary tar ;I.nﬁ%-f i .‘%Paﬂ. - S8l Q;.a]& gﬂﬂ@ r a renoval
fromsaid back%‘r%oun nﬁ%gﬂg{i!&ﬁé&ﬁ rrg{}'ﬁ%zdhg% mB%rg?gr]ngfl, e%egi n said general
notion and si zdetarhdmigg iplepaeaicht metio propeitise obtad tasgdtcald properties of a
centroid trajectory of sajid target,L and, statistical_ k6 properties of an area of
sai d target. ﬁetwrﬁ%aa‘zsa&&ar%?f By saidataionaghEhbasd ght s SHRFRRPGRL i on
properties conpyisg chahdd hrdhbifiad alf QREMbERAAN: oL Sndf sai d target.
4. A nethod as In clcai rr?e[llb E\/nerei n determni _ngnlgq3 gg?(c)iﬁrgréet is stationary
is further badedifpngagidstptioharyaanget sragdnsertion insbiddshckgnound nodelsirag vi deo,

conprising the steps.of: .maintaini background nodel for said video;
detecting a tdFgeY 'fﬁo@ﬁ?lg%\?&%@fmﬁ‘g{)@%ti ng if said target is a stationary

target; andacl Agsdthot AAn TR 1S WhktedNSHY péREA BhotRh MM siARIBEAdPopdHigal d
background nodel or a -
comprise statistical properties of a centroid trajectory of said target and statistical
properties of an area of said target, '
3. A method as in claim 1, wherein said independent motion propertics comprise
statistical properties of moving pixels of said target. '
4, A method as in claim 1, wherein determining if said target is stationary is further
based on aging of said target.
5. Method for processing video, comprising the steps of: maintaining a background
model for said video;
detecting a target in said video;
detecting if said target is a stationary target; and
classifying said stationary target as an insertion in said background model or a
removal from said background model, 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 determining if said
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removal from sai d background nodel, wherein classifying said stationary
target conprises the steps of : determ ning an edge strength in said
background nodel along a boundary of said stationary target ; determning
an edge strength in a current frame of video sequence along said boundary

of said stationary target. and determining if said 22.stationary.target is
said inserti oﬁt%]ﬁ%ﬁﬁ&é%e@lm R P&V%ljj&ée%?r} %@F?aﬁ% Sl%en%téinﬂi
background nodeid Riakgrsahdmpdeiendtskidndpl stréhoftintaldl durRRt frhdmane. 6. A net hod
as in claim5, whereln determning said edge strength in said background
nmodel is ba8ed 8ithodasin £lgim Spwheeindetaainng said edgastengty igseidand  peri meter
pi xel s al ong i : i i : . das in
claimb5, wher ?ﬁ%@%@@ﬁ%ﬁgtﬁﬁgﬂgﬁggﬁ%@%%%?ﬁgaﬁ%%%?#’éﬁ"f%n ¢ frame is
based on a cemferiaiettr pixedd alofg sad Howidaty afisaidystdtiongettaged peri neter pixels

al ong said poupdary of .sajd statiopary target. 8. A conputer system
conprising & c’gﬁﬁﬁl{oélra-sﬁ‘égié%l ewﬁ?@iﬂr&iﬁ}{ﬁg\}‘i‘l g sdd edggsteength mSaidi ety conput er
i n accordance gphdisthleedsl Nadieid Skal i - ﬂ%ﬁgl di um
havi ng softmr%ﬁn%%sggg ate a corrpﬁlt er isﬁid Sgaélg%g%@ggﬁdt eﬁt e r?g%egggd of
claim5. 10. Alongdastbdundapraseidstatignaiydaget. conpri sing the steps of:

mai nt ai ni ng a@ack roundt nodel for said video; 1det ctiﬂ%.a t%é%gt in said
vi deo; det el i/h§OPPUELSYS THFYEREE %C%TB‘PFIBWQ%P?W m haying SMEE f)i ng sai d
stationary tardggtate f8ordputbNBQictérdindevisfthe nRAIASRLAF srodel , or a renoval

from said background nbdel, or as being unidentifiable as said insertion or
sai d renovaP. A tompuigerdadeble oredpmpbedsg sajtwared toorswatp riceimpyter fire st ep of

mai nt ai ni ng a hackgr oun pdel, for. sai d. video; detecting a target in said
vi deo; detect iaﬁﬁor?gm?awg’@g%eé@cf%fc;m@t%_ti onary target; and classifying said
stationary {@rAetethcliSfoRProcOsiigtvidsd, compadifle BRGKGEs @end model , or a renoval
from said background nodel; and determning if said target was previously

detect ed as a Bigteirspgp Packgrqyud madel fox saidipdroer syst em conprising a
conput er -r ead . [ i-ng:software to operate a conputer in
accordance w fq%k%%ﬁlé@%%#g%tgﬁlg%ﬁg?c%%m 1.

detecting if said target is a stationary target; and classifying said stationary target

as an insertion in said background model, or a removal from said background
model, or as being unidentifiable as said inscrtion or said removal.

11. A method for processing video comprising the step of :

| maintaining a background model for said video;
detecting a target in said video;

 detecting if said target is a stationary target; and classifying said stationary target

as an insertion in said background model, or a removal from said background
model; and
determining if said target was previously detected as a stationary target.

12. A computer system comprising a computer-readable medium having software to
operate a computer in accordance with the method of claim 1.

13. A computer-readable medium having software to operate a computer in
accordance with the method of claim 1.

14. A computer system for processing video, comprising: a background model of said

- video ; a background model-based pixel classification to produce a change mask
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13. A conmputer-readabl e nedi um having software to operate a conputer in
accordance with the nethod of claim1. 14. A conputer system for processing
vi deo, conprising: a background nodel of said video ; a background
nodel - based pixel classification to produce a change nmask 23 and i magery

based on said vi,deo and sai d background del; a backagroun nodel update to

updat e said ba?t?ﬂé‘?lg%ﬁm%ﬁﬁgﬁn %gdg‘@geoo rgisS a&#%rﬁaﬂ(?fpé’ =8?¢'?88<%%'Fg' i mgery; a

nmot i on- based phod updAs & HpdattsafibdcRgduadiboaeldhal@l broshidBEdngh a8k andn sai d

vi deo; a bl ob generation to produce at | east_ one bl ob base§ on said change
i1}

mask and sai d SAStIMggeTYRa Rotignibasd pixel claspificatipnde paefise gimotioagnaskhasedar get
based on sai . J 2 t j | I fd ion to
produce a ot i oRnded st bARMin FpRRLNC AR bTYIED S uTaNald Gl
stationary tangek andesidmgtidnonaskoa bibdritackingeaptodaed at 1@t gad tagget basetinser ti on

in said backgroun del or a renoval f_rom(gali d. ac,kgrourg)g nodel ;! and a

backgr ound mod® S g s;&ﬁygpgaryttggﬁtd@g&cgoggp CB%?&‘%@PSEHHP Hed @ based on each

sai d stationar. Rt in claiml4,
sYatfoﬁélﬁgzrlrﬁg@&%ﬁ Edg%sedlél ea%h(fﬁg% %5?% gtrﬁﬁléﬁd;gﬂ][telﬂget

wherein said statio targe escriptions y each of said
targets as an desgitiohdnidentifadadh lszid kaygetias dn mpdsion ia saiddaokgburid mnddai d

background nodel , or bei ng,uni dent.i fi abl e.as said ipsertion, or said
Pormont o @t assmn a il s padke b anodtiabd A hedFerund G I et
stationary targ@hdd¥® il BackerurdrASMUS Bakd oAlcBE sdid® Ratidba) {aﬂigetfd%crﬁyﬁbﬁi. bl ob

tracki ng based each said stationary target description. . An appar at us
for processihg oomipder systepr asinredpimnigla mdefesy sandstatienany tageed degraipiground nodel

for said videqg; ans f.or detecti.n target .in.sai.d,.vi,deo; .. means for
detecting 11 Suribradeniey esd S Sinspiteflab 3h Abryop i Sl e ing HRERS: £ o
detecting if samdvdlar@etaill ack iidl e, Yor bl ubRIBRIiARS as sl RS tiber _
determ ni ng general notion and size change properties of said target; means

for determni rﬂljsﬂiﬁd@}i@mﬁent notion properties of said target; and neans for

determ ni ngqkf I | S: Sal: tat | . t i.d.. gener al
notion and ééz‘%é@hg'ﬁég%rﬁ%bésrs %Z%ga%d%%g@éﬁ%%ﬁeggesﬁﬁ%?%& to eﬁ’?‘é’g%‘?‘ti es;
and nmeans f orto ptwiuse b yirpg remitidtatsdiador said biobtteacRimy basedagnch ssidstationarkn sai d
background nodel or a renoval from said background nodel. 18. An apparatus
to process vi dAESEIEAPHEPY. 0 perform operations conprising a

17. An apparatus for processing video, comprising: 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,
wherein the means for detecting if said target is a stationary target comprises:
means for determining general motion and size change properties of said target;
‘means for determining independent motion properties of said target; and
means for determining if said tafget is said sfationary target based on said general
motion and size change prdperties and said independent motion properties; and
means for classifying said stationary target as an insertion in said background
model or a removal from said background model.

18. An apparatus to process video adapted to perform operations comprising a
method of:
maintaining a background model for said video;

detecting a target in said video;
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met hod of: maintaining a background nodel for said video; detecting a
target in said video; 24 detecting if said target is a stationary target,
wherein detecting if said target is a stationary target conprises the step
of : determ ning general notion and size change properties of said target;

determ ni ng i ndependent. nmoti on Properties of .said,target.; det 1 Ni i f
said tar Ige'? : ;Ele%gp%g gt%ﬁlfl:{o?ﬁglﬁpﬁ &S Pg?rylﬁ?;fggtdw&ﬁrelgh?[ﬁe%%ﬁéf %ﬁ%%ﬁ@%&% mamjngi Ize
change proper tsiagisnafdasai chnpiiepdedaploriot i on properties; and classifying

said stationary target as an insertion in said backq%ro_und nodel or a
renpoval from siicamiarkgenstal matvasnd sizg changs psgnesiestal saidftargetai m 18, wherein

sai d appar at u%e&gfgpﬁ}éﬁl?eﬁ&wggﬁ%ﬂ}%%@Qéﬁéga%ffsai #%8 to emul ate a

conput er anchor sal e perform said

mai nt ai ni ng, Skiefmitéheifishidga@et ia sgidistationaqitegsti el ors@idigdrtsdeidtiog if said
target is a stationary target, and sai.d, classifying. 20. An apparatus for
processi ng vi 486 Sizg shngedrerprt $a dFderPﬁP‘?ﬁ“&P%’Flﬁﬁpﬁpﬁg@ﬁgﬁf@und nmodel for

sai d video; : : i t.ar i i L . f detecting
T sal d tar get A la SLROhD el Bl Hechibn 1R A Ko AN L G
st ationary t anrgmbva$roansdicbadkigr@mdiomodshi d background nodel or a renoval

fromsaid b round nodel , . rejn said neans for classjfying said
stationary f"gﬁg@t@%ﬁw Pg@&&ﬂga‘f‘f erplgrsalglequgrmtﬁicH@pgﬁesea@ché{o,nésgaqlhci n said

backgr ound 1mogglivald RferRulaltAidirer AhcliRisOiwindl LA REMwaR Hfabicdians for
determ ning an edge strength in a current frane of video sequence along

sai d boundary peffogmisald seantaimieg, yait detgeting atadzatbmsd fiolco.deidedeatéatingdf i f sai d

stationary target is said .insertion or said renmoval based on said edge
strength in ségﬁtﬁr%k'ﬁrac??ml&n%&@gegﬁ?ﬁ%?ﬁlag Yetrength in said current

frame. 21. 2m ApRdasiusfor raRbReRSEdd, dempAsapt ed to perform operations
conprising a nethod of: maintaining a background nodel for said video;

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, wherein said means for

classifying said stationary target.comprises:

means for determining an edge strength in said background model along. a

boundary of said stationary target;

means for determining an edge strength in a current frame of video sequence

along said boundary of said stationary target; and

means for determining if said stationary target is said insertion or said removal

based on said edge strength in said background model and said edge strength in

said current frame.

21. An apparatus to process video adapted to perform operations comprising a

method of:

maintaining a background model for said video;

detecting a target in said video;

detecting if said target is a stationary target; and
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detecting a target in said video; detecting if said target is a stationary
target; and 25 classifying said stationary target as an insertion in said
background nodel or a renoval from said background nodel, wherein

classifying said stationary target conprises the steps of: determ ning an

edge strength in said hackaground nodel al ong a boundary of, sai stationary
target: deterrﬁlﬁf;ﬁ%}ngﬁalgﬁg’gogwg?fé?wsiaﬁI%FC mlgﬁ?lﬂfrhﬂglﬁéowd Pede dequence
al ong sai d bqoumdadl\frdh ssadbackpalndanadey, »&&rrgﬁtclasﬁmn%%@ &iatibhdrg tdrbetsai d

stationary target js said insertion or said renoval based on said edge
strength in sa&ogwsisexide signtiofiodel and said edge strength in said current

f . 22. Th : Lin-27 - W i j i:
appl i cat 1 on- speurie il edke SR foig MELEOAAL T ARAR MR IREE " o o

har dwar e adaptsediohary tagef.or m sai d nmai ntai ni ng, said detecting a target in

said video, sajd detecting if said target. is ati onar arget, and said
cl assi fyi ng. Z{f;tenn?nmganegge strength in a currént frame gf wﬁ&eo sequenc% aionggsald

boundary of said stationary target; and
determining if said stationary target is said insertion or said removal based on said
edge strength in said background model and said edge strength in said current
frame.

22. The apparatus of claim 21, wherein said apparatus comprises application-specific
hardware to emulate a computer and/or software, said hardware adapted to
perform said maintaining, said detecting a target in said video, said detecting if

said target is a stationary target, and said classifying.
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