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A first learning rate for the pixels that are occluded may be lower than a second

learning rate for the pixels that are exposed.
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whe er neig orhood regions aroun respectlve pixels in said each image region are

occluded based on matching PCRs of the type B background region and of the respective

neighborhood regions; and determining pixels of said each image region as either occluded

or exposed depending on the respective evaluations.
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to one of the contextual background representation types; means for determining an
orientation histogram representation (OHR), a principle colour representation (PCR), or both,
of each background region; means for receiving a current image of the scene in the video
signal; means for determining whether respective pixels in image regions of the current
image spatially corresponding to the background regions are occluded or exposed; and
means for setting different learning rates for the adaptive background subtraction for pixels

that are occluded and for pixels that are exposed respectively.
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Figure 5 shows a flow chart illustrating a method of multi-object tracking in a video
signal in the example embodiment.

Figure 6 shows a flow chart illustrating a method of stationary object tracking in a
video signal in the example embodiment.

Figure 7 shows a schematic drawing of an event detection system implementation

using the example embodiment.
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Unl ess specifically stated otherw se, and as apparent
fromthe following, it will be appreciated that

t hroughout the present specification, discussions

Wb hdosogogs t erms such as  “cal culating' .', PCT/SG2007/000205
"determ ning",: "excluding", "generating", "assigning",

"l ocating"”, or the like, refer to the action and
processes of a conputer system or sinmilar electronic
devi ce, that mani pulates and transforns data
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as exemplified in the Internet system, or wireless medium such as exemplified in the GSM mobile



t el ephone system The conputer program when | oaded and

executed on such a general - purpose conputer

effectively results in an apparatus that inplenments

the steps of the preferred nmethod. The invention na
WQ PW8/04845 npl enent ed as hardware nodul es. MpPET/SG2007/000205

particular, in the hardware sense, a nodule is a

functional hardware unit gesigned for use with other

conponents or nodul es. For exanple, a nodule may be

i mpl enment ed using discrete el ectronic conponents, or

telephone syper.chiycompytsy progrmthen fpadadiang exepnted qn surhy LeeRsTRlgyTROSe
coms;merhﬂaslvap reé\mplnj afi aﬂspaﬁﬁxs Harimblementd th Bgk attt&cbref&drdwmod
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or n@a@less ot &@ﬁlsxe,mhﬁsmy’s@ ﬁnﬁé&mem GlihV@scRacd@héi&mponents,

o 3P BB PO PP SMITH B G BUh o REP RSPt ntgrted
Circfiia GASICY. yNifngerout btberpassibilities exist. "Bhoscekilled in thy pewill apBRiatathat
the $yE CarAUBORBA I Oflubi AN 0L Blre HRIGHIAL bR €
evel oped to characterize t | stinctive appearances

of CBRs and evaluate the |ikelihoods of observing

t ham dilidchi R tkgroanbigectsUadziol) Gk (e @xbAPler bodiMent RYclassified
e different appearance features. Some mani f est
“B7"C%nt structural features, while others nay
ha\Tepdabﬂb&@rf@dmsfowb pwlidindhesctat | ons. The exanpl e
engQgl NBEk aQJFEJlBO_ﬁQéds%E&“ on Hi stogram

Repi esent at i on descri be the structural
f e SONExIual Gqscrﬁ)tolrseagq Qfﬁelgﬁa tq:sihprﬁg?rﬁafhe disictjye appearances of CBRs

and R&wae&emmlh@as $FERdrvih® tl'léﬁSfofeb:&t ddnrxtdil Sbhdkgrbuktdl egiomf may
t he.

have éﬂﬁmer% r!a%g(e?ar%l'zc%rté}n&sx%ome Hxa st)s1g81ﬁc%ntrt] structura'fe feanl €5, Vglaﬁmﬁé(s
maydranve rhbraogemoua prggedistrtfutipr(sx Yhe exaembemhomey enlmﬂoys txientation

stthfrbﬁ Weﬁ%‘e%ho‘ﬁ%bﬁﬁ? t@ée@crﬁg %t ﬁré&g‘all @41’19‘651% abrleélgn %Cﬁ}‘mapal
covering 30 orientatjon . histogram for

Colodé?ﬁ;rﬁ.gataﬁ@ (iliﬁ%)/&O)descn‘Pe thifhstpaft@n ot‘ Qg@xgaft @%)L)et Rkéﬁge i-th
CBR( ﬂnal)e enw:i'caxeuq’x) @hd s(xa ali O@) Ye thelpadied anmdhehtbtemtxmges bk,

respalvejl é%hé grignt_al_twi vaq 1&% qu%%u%%l.lgto 1 %]:1% o ?% n§%0°,|_th£ r@r_xﬁﬁon

histogfain fosR'ais ddfings] 2o and efficient variant of the robust
| ocal desgél ptor SIFT [1] for real-time processes. It
i s |84 < ndmFiR%BON | uni nation changes and slight
shift of BB ect p03|t| on. By scanning the region Rla),
Pﬁgi i,Qn 1 be .o [ The
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J MW(O(x)) = { 0, othenwvise (2a)

into t\VO Cﬁ

The OHR H', is a simple and efficient variant of the robust local descriptor SIFT [1] for
real-time processes. It is less sensitive to illumination changes and slight shift of object position.
By scanning the region R', , a table of the PCR for the region can be obtained. The PCR

for R, is defined as

{P-,{Ek == (C pk)}k=l (36)



(3a) WD 2008/ 008045 PCT/ SG2007/ 000205 9 .where p, is
the size of Rib, ck, is the k-th nost significant

color of Rib and pk" is its significance value. The

Wwo gévslobseance value is conputed by P, _ E a(r (@er/sc2007/00205
Xeet (4a) S(cl, c2) is a delta function. It equals to

1 when the color distance d(c,, c2) is smaller than a
smal | threshold e, otherws it is 0. The color

di stance used here |s d(cl 02 =1- 2<cl,c2> 1kclll +

| | c2phore (7 i) the wiae B R's. ¢ is thgerib treost ﬁlh‘éﬁ@@twiﬂf @ﬁd’i@taHQQ Is its

:?mﬁcéﬁlﬂ@vd@&e‘ Titel sRAficed Plue GRBRRRGIYyS Ek , are sorted in
escendent__order according to. their significance

val uesripkX_ 5@rhe)fi rst N, conponents JV which

satisfy' ER=oPk > O5.Pi are used, as the PCR of thegda)

o Bt AT R38R ARPb R A} B e
agsfrall thre@mld t, oﬂldrwc,m' ip® The enlgydistapggiverddiensfis di st inctive
colors, e-d<« EBRS N the exanpl e enbodinent is

assocf %itéfd T ARAE i ty which has a distinctive
structure and colors in the image. Both OHR and PCR (52)

are wsad. &oQ>CJ'éﬂ6t@sCﬂ1@ﬂth;ﬁodJ&q2 1 WE&' ﬂnnciga%olol'—%mﬁn&ts Be are
the i-th t jn the sce cont
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SRR ST 198 (OGP Sk b ueait Fhe Shhbras e

pried)pad Bolor SiHPRITES overtore thai 85% tiddrs Gead',i. PLRIisthaf effidient to describe

' the correspondi ng position of R bl
lgrgglle%gnsc?ﬁdlgt)é)ﬁ?‘;efcglg}rsre I,(x) are H, and T,. The

| i kel ool GBR Rithe c@enphgmé%p@sréds expridrs witnp drgiligti whigh has 2
ARG &&cﬁre(&ﬁh cBlQrs% tlﬁumaé%agﬁﬁi OMR QEH?CK 5}@ usem% @ﬁl‘a@@nze the

as P
Spen et R 15 i e P TR e o, 6 it g e o
B tyae-1 CBR(hik jus®tipo stitest scclodiadecctmed] or rot. [Tes Mickimod bfobsegving a

: fﬂ qS@BIE % egfilui'tgcg} 6(?%wgolé R:%%m ’Sﬁéi{(ge %Tlle I_%%ntextual c(ljesgf tptors 0 the region
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ntl)a?cl}ucr)lg %&' 19,8() gr% IB sl :1Ls defsmed as

A< H}, Hi >

Py (H B = ——a T
L) = TR LT

(6a)
If R, and R(x) are similar, P,(H|R's 1) is close to 1, otherwise, it is close to 0.
" & N -
Let T = {Poris {Ez,l i (Cbl.«-Pbl i) L—ﬁ-il} e the
PCRof R, and T, = {px, {Ez* = (e, pF)}3%, } the PCR
R (x). According to the law of the total probability, the
likelihood of R, (x) belonging to Rf, is
_ Niy . .
P(TiT}) = ) | P(TES ) P(ES :IT3)
k=1
(7a)
The second term in the sum is the weight of the principal color ¢* ;1.1 in the PCR of R' 4,
ie, P(E* yi|T 1) = p*y 1./ps1s The first term is the likelihood based on the partition evidence of

principal color ¢* pu1 It is evaluated from the PCRs of R ,, and R(x) as



h bM P(TtdTbhi) = P(TtlE61,:)P(Ebl.:1Thl) k=1 (7a)
The second termin the sumis the weight of the
principal color ck bld in the PCRof R bl, i.e.,
P(Ek bl,il7 bi) =Pkb I,/Pbl.!. The first termis the
WORME0IEDd based on. the partltl on evi dence 8FT/5G2007/000205
principal color ck bl'"i. It is evaluated fromthe PCRs
of R b, and R (x) as V\D 2008/ 008045 PCT/ SG2007/ 000205
10 P(Tt I1Esl,i) = k 1nul Pbl 6(Cbl,i+ ci )Pe } pbl,i
n=1 (8a) Then there js hey N P(TTITbl) =1lriin
~Pbl a(C b1l kbl =l [/ (9a) P(7
le'IJ'WJ)r'l "’a\'?r: b’é.glgt{? é?ﬂc "’C‘Jé’i};r |l ar way. Now the
mat ching of Ri bl and R (x) based on PCR is defin@a
as MPlef thede TPt )=m 1 (P(jirflhl).P(T 11 Tt)} (10a)
Assumi ng that ,colors and the gradients are independent

and glipfAgrent L}fmg{‘@tiﬁt&@ ug.egn,} the log |ikelihood of
=1a =1

obser Vi ng ey

H JHQl1) +( 1- I Pt(T, ITti1 11 vvhﬁ'e)
)’(%gcb}' Loh B Qe i RSB r"esar*r(oy hepRhing sbE2 AR e on

PCthemampl e errbodl rrent are | ar ge hom)geneous regi ons.
FF {d % pt or used for each of them
Usual I({} b‘ﬁﬁf“‘baﬁ(f Té- Pérbe‘fﬁe 2 CBR is occluded when,a
foreground obj ect overlaps it. The I|ikelihood of %)
ob<EFWRipgthet colppeand themradients expandgpandet puslcdiffagnt yeighte 3 used,

the og {ikdidihéod of E¥sérding R'5; af lZid  P62.:)}k_1) be the PCR of
t he _|-th type-2 CBR Rb2. Suppose At (x) is a small

nei §hiborre8d HeBhi-at ed) ad PXTITA: 9., a 5 x 5 wi.ndow. The
| i ke- hhood of Rt(c) belong to Rb2 i s defined as (11a)

I’ (w%gx(e)(g,LB%qg chgseg eRrgl}rriga)l)‘;. E8(ta(§IR)
The type-2 CBRs in the example embodiment are large homogeneous regions. Only the
PCR descriptor is used for each of them. Usually only part of a type-2 CBR is occluded when a
foreground object overlaps it. The likelihood of observing a type-2 CBR is evaluated loc-

CZHY Let Tb? - {pbey" {EEZ i (cbz i pé@ t)}k—l} be the
PCR of the i-th type-2 CBR. R},. Suppose Ry(x) is a small
neighborhood centered atx, e.g., a 5 x & window. The like-
lihood of R,(x) belonging to R, is defined as

PRGBS = s X B(O)IRE)
ne R, (x)
(12a)

where |R,(x)| is the size of the window and B(J|(s)|R',,) is a Boolean function defined as

iy 1, EC,\ i 45([‘(5) "be c)_l
B = { 5 e X (133

The log likelihood that the pixel x in the current frame belongs to R, is

Lif(x) = log P(Re(x)|RL,)
(14a)
The appearance model of a type-1 CBR in the example embodiment consists of its OHR
and PCR. For the i-th type-1 CBR R',,, the appearance model is defined as My (R’ 1) = (&' s,
T')). The spatial model of R' 4 is defined as its bounding box and the center point, i.e., My(R's )

= (B, X' ).



eeft,(x) (12a) where JR (x)I is the size of the
wi ndow and B(Il,(s)I R 62) is a Bool ean function defined
as 1, 3c k d(ta(s . ¢c. ~(it (y) ~ Rb2) = 0, otherw se
WA 3@postde 1 og i kelihood that the pixel x imrpcr362007/000205
current franme belongs to R b2 is L63 (X) = |og
P(Re(k) ITRL) (1l4a) The appearance nodel of a type-1
CBR i n the exanpl e enbodi ht consists of its OHR and
PCR For the i-th type-1 CBR R bl, the appearance
NDAR) adapt WafehtiecthasedBiriRdhy tb)night,(Hesidds the Fetil yppearpige model
wapatial  nodel .of Bl | ! ok &', 09 Udedi Thg rla@es in
MEhih ¢ Hoseloe ‘él%‘gb‘%?ﬁ%“t“?‘!‘% X %%\ﬂ'&%j%@%ls_ o F poundTy bl,)}
the WBe 2608HEH SOER Ty SrAotie/ 20y mofal isfhe gpefign fhg model base
which 883 fitS'he mﬂggfeafaa&mraamnormmm pasbesi des the active
appearance nodel . Ma(R b 1), a nodel base which
confaiind Bifil 5 (kb BnPedrincetodel s of RL b, is used.
ThenIRdal g thadeh&1RAASRA ShGoHIR REITEEE 4 thed darind @fi3lty s mithes,
act| ve appearance nodel is the one ftirmqrgotlh?r a‘ng@@l thp$ﬁaﬁ‘le
notylifpitipg jadhe prapgle; FRPORTEN St aag°|5’§aruéance StPf'Re 'CBR The
durldBstein thas et gnkl) 1Thie sibigs B(oRjeving thdvkh titpk-) JCBRpduriag thp period are

accl\gtlgtreglas lighting changes slowly and snoothly. Let D be
a e duration of 3 to 5 nminutes, not linmiting, in

the exan er@pglapli ment (i.e. a long duration conpared
wi th the #&'ale  duration in the video signal). The (s
times of observing the i-th type-1 CBR during the
per hreidhepaveragead theiké¢lv@dalaes ivbi - r, Mr, (Lbi) teD (15a)
and the ayer age of the |ikelihood values is Lbi =; ;

c L" 'fAT,=rFB-€ifw),tﬁi') teD (16a) where L''" bi > LI
means R “BitPs visible at time t. If sufficient (16a)

SanR'!hgr% Lofl >R'T ea Q%V?isbfﬁm at gpl%?.rlf/s%@hc%{ §aﬁ91e§ 6¥ER’ ,, have been
previ ous {'l as’f. dur at on ge. d,, 2 bi 5) D > 25"@1 ar]ql(elihood
- oberied dvinedhrereyiRg| (epbeuatiop 8 a2 | 8 B 5ot U My THES "
vafg? Es%%g%gc%wg ltllxebtiu%slgk’ TJ{e.gf g Q: §8K,)) 2 név BPEarARPOBRANERY be
, y be observed. “In the comng duration, .a
obstemd.aln Pisadoatinpedurmids | a ddlv sppdafante rp()debM‘ < Jan= H—{' ) ﬂg o} is
argurin:Etaf{lLbi -L bi I}. o . [ILE — EEny
obtained from a frame in which R,(x) looks mostly like R’ p;, 1.€., & = arg mines 2|51 pLir,
If the average likelihood values are low in the two consecutive durations, the active appearance
model is replaced. First, the new appearance model M* . (R' ) is compared with the ones in the
model base according to (11a). If one is sufficiently close to the new model (i.e. the similarity is
larger than T;,+¢£), it will be used to replace the active model. Otherwise, the active model will be
replaced by the new model. Meanwhile, the new model is also placed into the base. If the model

base is already full, the oldest one is then replaced by the new model.
Let T 4, be the PCR descriptor of the i-th type-2 CBR R',», the appearance model of R;,
is then defined as M,(R' ;) = (I’ &). The spatial model of R' ,» describes the range of the

homogeneous region in the image. A binary mask U' 1a(x) is used for it, i.e., M(R'2) = (U a(x)).
The spatial model may have to be adjusted in initialization duration when sufficient samples have
- been observed according to the likelihood values.
Again, a model base is employed to deal with the appearance variations of the type-2
‘CBRs from day to night. The model base of the i-th type-2 CBRRib2is ]WB(R',, 2) =



obtained froma frame in which R (x) |ooks nostly |ike
Rtb,, i.e., t. [If the average likelihood values are
low in the two consecutive durations, the active
appearance nodel is replaced. First, the new
'Wgﬁgﬁgwaﬁ%e model M,, (Rib,) is conpared wPCHSGRW7/000205
ones in the nodel base according to (11a). If one is
sufficiently close to theynew nodel (i.e. the
simlarity is |larger than TLI+s), it will be used to
repl ace the active nodel. O herw se, the active node
‘V\\ﬂﬂz}}x-ﬁ i3, KO [agROnbkis it k8e MO b’@dﬁb lear%tﬁﬁéﬂf’rhdn&lly thim ginthey

time nggtg{nf Ié%a;at ]2%:}1 |t1|m§l(s:tﬁgt Ig{g%glgtiy image o? oebs%rﬁ ed rPartsefo{TB 2e1|s %'Qx%&ﬁ
,%wmmwwmmmﬂmmmmmmwmmwwﬂWWWMWw
CBR R b2, the appearance nodel of Rb2 is

mOd?lforl?{ m&e%cf as MR b 2) (T" b2). The spatial nodel
of R,, bRjdageribes the range of the honpgeneous
regl%WF'TT—ﬁ@ i mge. A binary mask U 62(x) is use ,Apr
it, i.e., M(Rb 2) _ (U b2(x)) The spatial modél
may,hgave h@aﬁ%tagﬂcﬁ@t £ “Unmednb Lmiad. iThatargen thduatat is,ghe more

when sufficient sa bser.ved
- parts; Q§ R{ 3 are|exposed; Q) 5SS ngellsué‘ ggxeer%bectrs] woxl?ld 905 dw?lvebd A?fﬁg Ql{dddflgg.:h
dura&csm{heyﬁd; df Gbseleial thaildrge mhefmmdemgahmnwaﬁl ati ons of t he
type-2 _CBRs fromday to night. The nodel base of the
i-t#dyPe+2«@BR Rib 2 is MB(R b2) _ WD 2008/ 008045
PCT/SGQG@?/OOOZOS 12 {Ala (RL2) }k a1 K ., If 10

d¥6rtd HRANGARIVE alolldl can be
‘J ‘ﬁ%avgﬁg‘!@?‘mq’%h?g’?%ﬁgﬁe %l??gt epqrat each time step
amwmﬂhhe blnary |nage of observed parts for R b2 is
generatep h2 (x) FPTL2 (L's b2 (x)). The
oveblapp hﬁﬁi%s%btWﬁeﬂ&}he exposed parts and the

spati al *ﬁﬁﬂel for R b2 at timet is V,% n~b3 dﬂ?)
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replace the active model. Otherwise, the active model will be replaced by the new model.
Meanwhile, the new model is also placed into the base. If the model base is already full, the
oldest one is then replaced by the new model.

Let {R', }* ) be the CBRs of a scene. Given a coming frame I(x) and a local region

R(x) centered at x in I(x), the posterior probability of R,(x) belonging to a CBR R, is

: P(Ry(x)|R})P(R}|x)
PR = ZRCIELT

(20a)
The prior probability P(R(x)) is the same for every pixel in an image. Then the log
posterior probability of R,(x) belonging to R'y in the current frame I(x) is defined as
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where Ty is chosen as slightly lower than 2T;,. Then, an occluded pixel of Ry is
confirmed if the majority of the pixels within its neighborhood are of R';; and less of them are

observed in the current frame, Now the rate is computed as
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and C(x), and the second two images are the control codes which really applied for pixel-level
background maintenance, i.e., C*-,(x) and C* (x). The applied control code to the current frame
at pixel x is determined by the votes from three other control codes C,- (%), C{(x), and C*.(x). If
at least two of the three codes are the same, the control code of high votes is selected. If the three
codes are different from each other, the normal learning rate is used, i.e., C¥* (x) = 2.

To evaluate the effect of context-controlled background maintenance on adaptive
background subtraction, the example embodiment was applied to, two existing methods of ABS
were implemented. They are the methods based on Mixture of Gaussian (MoG) [4] and Principal
Feature Representation (PFR) [2]. Hence, four methods, MoG, Context-Controlled MoG (CC
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TABLE 2
THE ALGORITHM TO GENERATE PCR FOR REGION R’ (%)

1) [ M=0. Scan the pixels within the bounding box B, of the region R, (x). If x € R", (x),
perform steps 2-4;

2) | From i =0 to M — 1: compute d(I(x), ). I d((x), )< €, then s’y & sy +1.Goto4;

3) | Otherwise, set B, with ¢'=1(x) and s, = 1. Set M = M+ 1;

4) | Sorting {E', V¥, in T", in descending order according to the significance value s', ;

5) | After finishing the scanning, select the first N elements to form the PCR of R’ (x)
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P(R?IO P Z min {‘-nnz t'S(Cm dl)s;’z}
=1 (9)

It is noted that the above likelihood (9) is evaluated under the assumption that the size

variation of the object is small. However, if the size change is large the likelihood value will be
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the likelihood from un-normalized PCRs appears better since the object is smaller Elan the group.
Equ (11) can provide a suitable measurement for these two cases in the example embodiment.
Object tracking in video surveillance aims at maintaining a unique identification (id) for
each target object and providing its time-dependent positions in the scene. When multiple target
objects frequently merge and separate from one another in a ptxblic site, tracking one individual
object is no longer an independent process. Multi-object tracking can be formulated as a global
. Maximum A Posterior (MAP) problem for all the tracked objects. With the segmented foreground
regions provided by background subtraction, in the example embodiment the global MAP
problem can be approximately decomposed as two subproblems: assignment and location. Using
the principal color representation (PCR) and the associated likelihood function, the example

embodiments uses sequential solutions to these two subproblems, as detailed below.

Let Oy, = {O Mi—1 e the set of tracked target objects in the previous frame L1 (x), and

1=1Sm=1

O = {6 f,f;‘l' be the set of state parameters describing their positions at time # — 1. The
task of multi-object tracking is to estimate the states ©, of tracked objects in the cursent frame
Ii(x) given their previous appearance models 0,1 and states ©,_). This can be formulated as

the Maximum A Posterior (MAP) estimation for the state parameters ©7,
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i i P(A_ A O e 110 egion
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(é{)‘ = ((@:‘] ) APEREEN (é:_".v"")*). After the-assignment. objects in each child node can be tracked

independently of objects in the other child nodes. Heace, the posterior probability of the new

states for the tracked objects in the graph G can be evaluated as

Nig
P(Ol|G,. O, 61_,) = [] P@ifIn*, 014, 612)
o=t ' (19)

. i
where ©¢ = (6}, - ,9:'N 1), and ©}7, is the set of previous state parameters for objects Op#
n ni"'- From (19), locating the objects in the child node n}? is expressed as

1 S —— <P ei-;.] nl.q'ot.q.ei.g )
(6r9) m%fggg\ ©n". 0" 9,5 20)

Multi-object tracking thus becomes finding the solutions for Egs. (18) and (20) in the

example embodiment. Further sequential solutions for (18) and (20) based on PCR are used and

described below.



(regions) the objects are observed w t hout concerning

t he exact new positions of the tracked objects in the

child regions. Location: 1In this step, the new states

of the tracked objects assigned to each child node
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objects in the parent node are assumed to have disappeared in the current frame. Tracking 15
terminated for these objects.

Tracking Multiple Objects in a Graph
If the ith graph G, contains multiple parent nodes or child nodes, the operations of

assignment and location will be performed. In the following description of the operations for one

graph, for the sake of notational convenience the index i for the graph G, is omitted below.

Assignment:
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The last operation in this iteration is'exclusion that removes the visval information of the
object of" | from T“‘"(m 1) associated with the child node n{™. Let 7,7, and T {m—1) be
the PCRs of o>, and R‘”(m —1). The PCR T,_""‘(m) = T{““(m — 1) = 7™ is updated from
TZ"""(m — 1) for its principal colors one by one. For the jth element of principal color c-',",m and
significance s’,;.m, the following updating is performed,

As = miu(s’m,zil 8{ G €m)T)
s{ = ak ~ As (24)
When all the elements in 7™ (i —1) are updated, the generated PCR is Thm (m). For the regions

associated with the rest of child nodes in N7, T¥(m) = T(m —1) is set.
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1@ BiSli 3/ sDEropet®n fob the plrsie rvith ngjort dian dlojbeedng Py 8 dbsiese t“y‘he

lg?gtg 'n‘g)q]en\QQrLlll?ﬁe Jx&%n&f c@%r n@lc@\% kd@le Bb;P0R e Sikbhi-hift procedure

ure W V\ﬁ can | eveqi {]%e:anons 1§
:Sptswmqubfd’ nsi ¥y cﬁ‘ %ﬂbsa&?f\?i‘ Py “Frfé“x&‘aj“é BY™h O e .
rda@ieghbih heegthupR)., fif]new[lothionAf biie: st age bowgama behiif+ B- r

ocedur,e. i.S ed ed ont he ey
%ﬁe FOKIES EJY eth@i(pal ? 88?%' \9 S,’,?}} é"‘}f%}! r@lgtqﬁ(ﬁét afq{\e ﬁaﬁ%f fegion

.F@ha—v iy \yn}gre the dpundipg bmb‘[‘pwm g. 1§)fhe cEe Pl tb? PWC:Inﬁ glff smm cance 18
sgaker, cong @ﬂﬂ! )t&) TEOMRULRE 0BeSe object ofFin the Brtup cm’bdesumated

| Xt
R e R ol LR
el @bmia@ion do;yt-a¢, vf).he new position of the object o",

Is generated as the weighted a average of th ravi H/
CHntlar gperation 6fNhe M:a_p}m is exclysjon which rqmev esuhg_u(s non of the

t@&@@é@&?%%mﬁ@ﬂy m@&/&ﬁ@?&&on 29 oMl&xﬁ@ H:‘hﬁ =W@" ghL ot =
Ht'kegicigf e@t?‘im%ﬂgfr“%]“qs%‘euw upgatyng wy;).l(\. tto W I(trsegoraasp&éqgc € 4.

wl, X BB~ Wand €6 B()(xe tah obthin the siEndicaned ¢fivk 1t \aoﬂi ﬂﬁalﬁ%@l’th& as
if s;, <s then only s;,%s , proportion of the

pi xel s W|t col or c: j in t g:gour_}m ng box Bt'} bel ong
to t helesphjledto=dmsn h%ff‘vgl 58~ 41 ““*he pi xel s of col or
cl, bel ong ‘#0 the object. Th& mean-shift procedure (%

Itdafe{lim ﬁegxa?rg% nce j ééc,c) /? Cx ) ‘i(l(erkn.%.le 3f ._\w(\a daf b§ @stxgérécﬁg the

er ations reac 6 b
Hrdbabibiog aufipx] le)onglﬂ'me !hevmceeaatﬂetm e “B‘B} mgctf T{sﬁq“i-‘ighftl ge can be
boundi ng box bz = Btraa) centered at x(; t) Let Tb(n

perforpedas{ 8, {E6 = (Vi .) } j t } be the PCR of the
part of( egnag@ ( wi t hi n the boundi ng box br
. whera™p |s t'ie' 'S ze o the part and the 31)

significa ) | 1
The F {l%g?rp g8f1thfnh ltx- bt]ecl tr;acl&m?é §{§g{ géPolfj%R Clg nt?xe example
emsctdlmﬂsdumxammdmiameqn(n - 1)1') according to Eq.

(11). The new state paramster of the object U,' is
then obtained as (On)" (bt
TABLE 3

THE SUMMARY OF THE MULTI-OBJECT TRACKING ALGORITHM
Input: color image I(x) and segmented image Sy(x);
Preprocessing: generate graphs {G,, i =1, ... Lg};
ForG,,i=1,...Lg, do:

Assignment: for each parent node né"’ inG,p=1,..., M, ,, do:

al if n' P has no child node, the objects in it are deleted;



The | ast operation of the iteration is exclusion which
renoves the visual information of the tracked object
o~fromthe region Rtit at its position, or obtaining

%% R - F1i ort = R4 (t7 - 1) - o'.
W%ﬁ@ 998045 | s done by updating ,,, 1(x) to WPF§§G2993900505
pixel x Ebt , un.u(x) 0 and ex = 1t(x), we can

obtain the significance ofggrx in both 'r," and & 71 -
1) as N N Sn(Cx)c~b(Cx, Cn) Sn and Sb(O()— <Sfcx ~b) sb
(30) Let us define AWM XZ = mn( s"(c ygcx))
Th eZ\ﬂﬁhUdraoénlmed) ldxpdeca q#éhedéwgtr d‘é‘r‘@ﬁl“&‘g’“{dﬁ‘e ;
probablj ty of x belonging to the object or . Hence,
theMﬁdm’i%’g“’ﬁﬁ’%’Wé”Wéf ght i mage can be perforned as

(x) i ua (8K, 70l T XD e L
al gor"'r3(1hr‘r‘f’6’?i ?R’J‘fcfsl{v'o'dj"e’é'f tr %’?Qn% %%]'))d %E%‘E%%yfynﬁ%ﬁe
exanyl 8 o S6kOds jR&Ws: 1 S summari zed in Table 3. TABLE 3
THE SUMMARY CF THE MULTI - OBJECT TRAC? ALGORI THM
| nputa:3-Eblag¥eni aralgeelchidnodand” csgiea (o mage S, (X);

Preprocessi enerate qra plam. . La);
. For G\312 echud'F th% vzsuigformggrzga%g 70 nl’{}éénjiCR OI‘ each
parent n

0 8 . d M. P, do: a.l
il b £
f Lacgrige: orsfaclr)focuc%"o d lno'éle qthe obBs in it are

d el etiew; ob)ol iPLEBd OBBABIPCRERTR @0171”5@%2’@5 objgxyy ifgrop set jtps

anewogjenas only one chil d node 111'Q, all the obj ects in

are assigned to n;'Q : if no P ha
c h i.f avdychas objest 3 assignedyp fhet"Ff@ "WEfle the ol 6”‘?13 ‘;]}]?é)ﬁ Obfle?f no
1l3atﬁ;Qule;|)7§ @%&Pé}ﬂszﬁr‘@@f@t@’)ﬁdby one fromthe first to
the |l ast as child

node /$;143sort fli@:@l?zﬁcal{ ﬁ,g’ fa o‘" (’2’3’)"1‘* ’”’élg @g)l arl ’heé’%?:‘i"ﬁd% Pices
1\% asounformatlon of o+, fromthe PCR of nil, "
onepeneds fllows” 07\ each child node n,'p in Go q = 1,

, M, de3.1.1: apply melin-$hgt 0 c@e b; usnga(ﬁ@lagd]@él) to the node
check if it is a disappeared object; if not, set it as
a new obp.éétexclide2he visial gritigpcentfe; %P%’W"P"s’”d%é‘f’@%@d’
t he _nog ate the state. and PCR of jthe opject

30: is | ) the obrect
3 l.|3f2. %b%f‘?‘%?‘é"d%ﬁ’bé%{t’“ an 0% eat S”é fher to tﬁra 3 o éo }ec

as disappeared.
Clearance: if an object disappeared for more than 50 frames, delete the object.

End

The algorithm in the example embodiment includes two phases of processing for each
DAG (Directed Acyclic Graph): assignment and location. In the assignment phase, each parent
node in the DAG is processed. In the location phase, assigned objects in each child node are
tracked. To be robust to the separation of small parts from the tracked object due to segmentation
errors, small objects in a group with likelihood values less than 0.1 are set as disappeared. To
prevent the losing of small or heavily occluded objects in a group, the records of disappeared
objects are kept for 50 frames. When a new object is detected, it is compared with disappeared
objects according to their PCRs, sizes and distances. If it compares to a disappeared object the

tracking will be restored, otherwise a new object is created.



1.3.1: sort the objects (ol ) Min the node using

(27), and then | ocate the objects one-by-one as

follows: 1.3.1.1: apply nean-shift to | ocate o' using

Wwe3dosangdsf 29); 1.3.1.2: exclude the visual ewid&meo®bo20s

o' at the location in R~ using (31) L3.2: if the

I'i kel i hood of observing an object in the region is

| ess than 0.1, set the obj &8t as di sappeared.

Cl earance: if an object disappeared for nore than 50

framese diiﬁhﬁé emlﬁda&ne;abjse@rtentmgﬁndivﬁrm pesa@erin f Fpnoup rwithhéomain
o BOB 1, BF BAATE o EEATE o0 RfIOE Ao PEOGRES Bt the

r'ec T assl gnnent and
sxzbmdtaspmt ratipgof lpheonawéheg@nm musﬁnas%pt tREMPAEICRATO™S node

tﬁh%r%okw% JHACARES0 illdtrdthe al RERId Frinyddabject tracking in a

vx%éiigaﬁﬁgfh%?@?%ﬁéer'g%aﬁﬁ‘%? ABen oL e RGeS faes o
twb rcaﬁskﬁﬁv@bjuﬁ&tofdwande@ sipeg resptaivélpare rgqemd,gat leagione of the first
ang gconé ‘:’eglénrtl.{lt%d %%ﬁep leuElﬂF bg glr}ntmofgregl%hﬁ@x%ﬁ’oﬁ§ %aéhhﬁﬂ:ground

Ee event t | osi ngedo d
regipmEdrregpondiegitel dng oo@etewaﬁelts bhecteacked; At ergifuqse of fgre directe

ac?@x@ %&Qoﬁs MA@)%%O&%%@Q forOR} L&t rﬁoralba‘ekt&ﬂi‘lesf @rthdhrst segmented
ranes en a

et ec
imggg W%F%’ébﬂ@%?ﬁ@a‘? R E'éﬁ%se&%‘ééﬁ%“e“geg Fgeshshh ‘%&t’@%ﬁq‘g *
lesst a@Spasentlodihiit ande et step 506, forcmpapae@t p@deahading aypp eamers child
noﬁ%& ect the tracking will be restored, otherw se a new
Ject is created. WD 2008/ 008045 PCT/ SGZOO?/ 000205t d
31 I'n t he) trseprseorditgoehisrnet the JREAINATGEIPH GPUT AR to sai

eabifp z}?&fﬂ ﬁoder&re%oﬁéd)éé@or%lng B éiﬁﬂ&ieﬁdepkﬁﬁ\sile ﬁgmnwggib ;1 be
preferre or exa £th
know edgg ) YR GOFFesp “gsohféﬂ‘a&'r[?% thaeg%“g% gerp a{T’Qg Egﬂ?ﬂo one of the

cmems@mfsamaa&i@mn@e; s used to adapt to segnentation
Errors. .. %: kfgﬁjz{l @orﬁe BeNe a?sénl‘:cp&ﬂr&gb%ﬁﬁméggedt lid @b veattrangthe
a net hod ject tracking in a video signal

vipusl ﬂqﬁfeas&wﬁpéw@thémé@a? fhiltnodeagndt ep 502, first and
second se@pEey t@d:) laFeBigeBedin ordenef torasngdépitectt thenegespdnding
the vi deo si respect..v I | east
ot 1t pigng 1] SrreSrERATE Rt eRiTo b b nadts.
i ncl Adsteyg 5@ dorogachehidgd ﬁ@ﬁeelgiwmam‘w e %@SPC’E@E& object assigned

thEr%{ géﬁ%nadst td 919:1' 8 vﬁ%] LERAR BE iMD oD bRAELE dSH)ﬂhe second image.

tracke step 504, F’ Y ed thereto,
AT ARRI0 ot i o146 e FATEAYO LIRS PSRNy PSR B It
zer O Or Ik RAEHBAIIRNOGECY die tsch&dfaccrosctmgwgamnateddepth in said
a d. zer o, to nmore child nodes in the second

ea§5§ o8gini A §Eend MIA8K DAG i ncl uding at | east . one
par ent ore) ghinbahsnnfecalcAlatisn épampisl tof loeate dkchcqsesropding object

n%fth@%\ue I’Mﬁ sgird IR Hil§ mde nodes, a) the

espon Jects of the fore gund reg_ on . biect are
cont ri but® ng %t%Se §'éﬁ‘ the waehopibAt MR prated (QIERPRQLYp obiee
upfake@biieddn it s&ohd Rdged depth in said first image;

g) the updated -visual content of the located corresponding object is removed
from the visual data associated with said each child node; and

steps €) to g) are iterated in order of increasing depth of the corresponding
objects for locating all corresponding objects in a corresponding region of said each child

node.



b) the correspondi ng object having the | owest depth is
assigned to one of the child nodes of said each
parent node; c) a visual content of the assigned
correspondi ng object is renmoved fromthe visual
W%%‘E’E/&‘?sg t5ed with said one child node; and st gﬁysgaoo‘{/gpozos
c) are iterated in order of increasing depth of the
corresponding objects fagp assigning all correspondi ng
objects to the two or nore child nodes. At step 508,
for each child node having only one correspondi ng
obj ect assigned thereto, update a state and the
Vi Whal anobjadt stops redvirgandistayn i thibjame posisins dutherereter %‘@B’Gn‘&e

objeck WBE be Hlortel qgco ﬁﬂeobacltg%un@ %ﬁhuaﬁb”vhlﬂ dﬂﬁd@ hiaNdréigd tuplatiog

nore correspondi n assSl
ccizopsy SEORATIEE RICLPRD B 50D CHPREID AP 4 e On e
other@s3hd, rmte@dcrd\ecptsdandsnxfsaae ¢hn segpcdte (ihinloding obliects frors dlegstationary
obj ecfsdg qﬁg&%nga Qgﬁ téan r% e HESIL apﬁl}xg f m&@%lg lfuh@gtrdugﬁl oBJeQCtsa’@lﬂL iveeld

P espon aving the |ovest
maked thet tracking SPﬁledCheH'éﬁldéfﬁl qagier nwem°‘F)f°?9§% I ¢ the @eséi‘ﬁ‘if t frampie

embo\ﬂlngaﬂfala lQ%p‘ir@@&ngoafl okifhér 1s %ﬁ%ﬁﬂi t€ Qidk &sTafi Orucht oigeccmh@%gh ever
at ased on he secon oc
e e W e S0 RS AR Hatl oico
and rr-aeleea\k@d; mcfvmgmbjebtetravm@mgondm an élss@(mph?t egd:ownprﬁ, apteflonary
obJecgs 1acludce n?t onlﬁjl%qg nonqnﬂlgzgjgﬁssbu@ A1sd iQci8k nkiSnldst ﬁ“ﬁﬁé &kcisle.g. a

Cr easi ntg the corr esp Ding between
standijigj @csitsng parsonoBiage @haw oRjETY BaH BN Fﬁj‘“o@]ee%’f 178,54
mov1ﬁ% Blgé/ gr&gd §tR & o8 Ect Fadkthg @arahe wiyet dbjectnio deferai® smooth
00804

PCT/ S&2007/ Qyocg)men 32 When an obj ect stops
with py¢hapgg o Hgntisy B Re SRR RAME posi tion in the scene for

a thbrl ey objbe stopbimevitg wolittays he agloensrindigmie ipf @ idfe signal, the
appe%ranc ggnaﬂnrgolgt%xﬁgl?@ét lisytyﬁ{\éah sifafl t%fo'u%}'g gﬁﬁ‘éﬁﬁﬂ &lﬁhﬂiey p’d&hipl’ag

ues neans the ob

I db .0, t he
image e@thevh']@tjls f135A EQgERIERAR sqcﬁa@té%onaw bipgt Yoth & ABple ngotf'?&
ObF’%C@ iefgp Ofe‘n%t%E@ nce o{ bo%&nél?oq SRR AR N8RV 1RE 7, most

stat1 onar objects in the scene, one

cuneﬁﬁﬁa&&dééct?acketdr@ PYRVh@RBREN graadﬁngmbddt}mk af ftltardb@lcohas chtopped
jects. This would nmake the _trac

moving,the/bavading @as% Wil Oa?fh‘l’ feshthep Bt S“'h‘:Ftﬁ‘S;J {eﬂ%h 8%%%?terbed‘f the
spatlg égt@ec?cgl c? nﬁ not%lméﬁyt% oljdchfs liiekaal HQLtohdMibljéct in the

st at ary objects through even
exanfpleeqmaﬁnencmi Ume@mple Ytedintehte bmb}oebmﬁmar fis sslisntp, fremfe:

objected is identified ob .ect e
°°“§§9Pnd'&g tRoRbedy! HEgEcte W‘ég}&sg‘g bjrec Af® fn 9 ﬁliéer 12)%@%;11
obje& 29 Ge bR Rkled ﬁdqeenﬂj( Bt owiaer fyregmb]d@bj_egs, i MRYETLTBRECSPIAtiop H?Sﬁ on
the ci%fe%tts EmpiR Bte 1m;%g\é 1sntgnlp tﬂleeﬁg'é r%%en@étx%oﬂ HChdRd i dn@R BB is

nding or sitting person.
deﬁx@dnsce the l'iving Obj ects may nove again, the sw tching
bet ween

Li {AI 1 l’ {dj }jul -7 ? {dj} j=t=14 2 {d; }[J"“‘fd ’ {sk };c=t—r, } . (lb)

where 4, is the template image of the object maintained at time ¢, 7; is the Principal

Colour Representation (PCR) of the object stored when the object was detected as a stationary

object. That is, the template image is based at least on the last frame of the sequence used in

. . J
detecting the object as a stationary object. d/ is the difference measure between the template 4;




novi ng obj ect tracking and stationary object tracking

for the target object is preferably snooth wth no

change of identity in the exanpl e enbodi nent. Wen an
Whh&BkhoseiPPS moving and stays in a scene in fpcang26/060205

video signal, the appearance variation of the object

is typically small through a sequence of frames. A

tenplate image of the obj &t is used to represent

such a stationary object in the exanple enbodi nent.

Let {B, |'-1-Tb be a sequence. of ho | £ DOX 8BS0t béthen
ang ‘f‘ﬁﬁ'i‘rf“'a&l@dt:‘L’b@]E 8%653033?51?%%8%%‘&& %%r ent frames as
tracked a hn ' 14 Aekh 38 malGRidid, M isldie YikiBility
et B g, Lpphde debT o R D
NS 1 RE LorrediBhdin @68 iR Grah@ TYLsh, 49arspednesstirfdted
me?sulrefc’ftﬂﬁeogﬁégrgﬁtal cfnr?tpersu%ctiﬁon of all n!?he boxes is not
stafPIhY statidAGry OB Giltinte%. Mesadeds @z Aomcsteatffagnaamy stolsf iact: most
In the exanple enbodinent, In the exanple eg‘ootdi BN Liates
 cutbent fravots 2k Teparded gTher dstajls ofsqeteulaiion qh thepepgasures and estmatiie
frofAhds© BN B%qal:}?la;%? oBjéct ﬁlilﬂﬁ@égﬁﬁibcd Feow.r ack ﬂ/glt} h elg
stationary object. 1n .e.g. a ) 2 . EGB th i1l often
obj St&-& el bb%ﬁieugét}?wfgafeeﬁoﬁg%t%ﬁ% §/t§%)t{lﬁn 1g.itn for e&?‘guﬁd
med) VL Bovirg, objayte andrtapresdtamt high oomiexiie fr gbject frp&ing I seraraling

tenpl ate. | kSt inbding JiRts|aAY Bfck HRQKE6RAL @il intiingfobjects
' th?lﬁ%@%?tgflflge%g@?cgtsﬁronar yngob']ecftal is defined as ~I.(s) be
separawdy) the, c¥ampl akin)Hodimeichad areatg,v,enl{aaw@wstwé?@rg, puchy kg ¢ =1,(s
where A.' is the tenplate i.r . Biofde to Bayesian rule,
the,eAlqRRF FEFRPI PIHER {1 relglolnsc}flfTﬁge@rBfr%lteﬁ@F%aﬁ o%fgoar o
th3e piaBBief ai ipaint LelRaR)g tofthetbhekgojddet st ored when the

obj ect was detected as a stationary object. That is,
the tenplate image is based at |east on the |last frane
of the sequence used },(blc)d,_e ) t he obj ect as a (2b)
stationary object. d,"I's the @i(éf erence neasure

between the tenplate Al WD 2008/ 008045

PCT/ SG2007/ 000205 33 and the frane 1, &s) for the

COT I\ARRO Ean B canaigiobtained frokd fhe dPringigal FersurdiRereseepriog (PFR) of the
neasure between the consecutive.fr - apgd .y v
baphgreund Ghe REReat caryipgig! i ﬁ%&tﬁéaﬁ%ﬁ‘zaett%@%‘ég‘iuéd'ﬁ%s (h7) bes
o1 B Bleliilad, POTRARUYR Pfeakuba @lbjeadichfreonts tifeeprincipal feature vectors
corresponding region in the frane I, (s) , and sk is
angiheirstafispgt € state of the stationary object at tine
k. Measures in rd nost current franmes and states in rt
nmost current franes are recorded. M:I'}Itwe details of

cal cul ation of these Tc\éﬂiﬁipe@’ ek i mat | ng states
fromthese nmeasures for each Ia\b/

er ject wl
descisi el wheteomi () ris dheglearapdRiak? ‘S%‘% 3 e"&‘.t"{‘%‘,‘g |l°f ‘Ig? ackground

are sonme objects stayi in t € WhishicsQftaRnM
(RePgaont on ecsprng ooyt el anE S tepqrele Waldieste

conpl exi for objec ragki msliecSBRBsRA Ng  the

mos F“eB?é%'f‘gf"Tcg’ﬁsath§’%%}lésg% C??%%tn%vi ng(g obj ects and
track the stationary and noving objects separately,

~ the exanpl e enbodi nent cap greatly enhance object

(3b)

tracking much. Let ¢ =1, K\s):ﬁa(é’i) the color of a
foreground point in Spe)=+¢espnPds b)Y h tenpl ate i mge. 0
Accordi ng to Bayesian rul =(§,‘Ilﬁ,e.prqbabi lity of the

poi nt bel onging to the ba&Kgrolind Prs



P(b 1 ¢c) = P(c | b)P(b) (2b) p(c) where p(c | b) can
be obtained fromthe Principal Feature Representation
(PFR) of the background. The PFR at each pixel is
used to characterize the background. Let s = %x ; be
WQ 20081098845 of t he i mage. For each type of.feaff @@né/mmmm
tabl e which records the principal feature vectors and
their statistics at s T'(§& = ~"(b), tS (i)Jm, (3b)
is built, where p'(b) is the |earned probability of s

bel onging to the background ( PS (p) ) based on the.
obslere/ &, drtho fimepsonf efzhe vestoy ‘éthesgv(()i in the @glefLe f?{gg mn

statistics of the M nost frequent_feature vecto
descopding e W Ty CoBMOEPT P 1B GBSOt Lo s 2oty 3
LSkl = ) r V harel usB in( Dk le embodmént, They.are a
principel %?‘?“33' @5‘32?5668%8’5 5 “BCH SG2007) 000205 34 uhere D
spectral feptuee (ckilorbmshasipl fepure (gEadigai) g 8 (gmpepp|deagire (eplyr qoppegirgnee),
respe{cﬁ«klﬁ Ai%gg @'gm,tcsrgé 4nd grad?ﬁtctemdf | ésnsg sebibefor statit Eackgstpwé@lartzi ayd
e value p . Hen N PRk i akSREh
colorLo-0CHIFTERER if‘%%’{’lresia’éeasf] lgar%réesﬁ.)r csc?ﬁrnJl e“([et?at ‘f%%“é‘%% features are
learnUSEsdssitle frincip@ Xarpds of tacibeed tymesrfor. theadsgraands They asppBéDr &1(S)
feature (color), a spatial feature (gradient), ?nd a,
and Tg(spSihakolprasttonrie cedal,é?n,%bfre@é@rlp@h@gs‘,ﬁam?é"& EREFR} &P
~ Among themy col or gradient . features beEiof Of
is er&fi-8shal¥yrsury S%E?ls ORAROr- cglileorcoc%cr)- g%%ﬁ%%fe extor T8
features, ar ujpta - aMlofor PAGISmPUNd parts.
cc‘f%re ¥ Pégxzrésﬁgégz%gésﬁggrnotﬁe posgible princi pa
f e@ﬁé_«lfﬁrs&bmfy thige Hikdl @ecomingasbatiqround goilrcat kg rcoment] frarih eap be
caledh &l (s) , T~ (s) , and T,, (s). The color vector
e = (R, G, B,)) fromthe input color frane. The
gradient vector is e = (gx, g y) obtained by Sobe
operator. The col or coizigumy ce vector is cc = 5
(R-,, G-,, B-,, R, =B—with 32 levels for ed
col or conponent. The probabilisty of the pixel becom ng
a background point at the current frame can be

calculated as p(b) = NM (b) (5b) s .where N, (b)_i.s
t havheracNgbloisnie é@'ﬁ‘ﬁ?‘éﬂdi H‘?”é? @rﬁafq‘a)lwlﬂ%%f‘{; Ce’&‘%‘ﬁé é‘)r &4" 4te
s in the evious fra and.. ' . i
preit e gt B ¥ TR o B S e Vb iRt Bl Bpbapiies
i B sthinbrRfobleddtR moliss RidgdaeY opjectaby ect or
°fsorfj81\5’?%’gget% e jejcf't ar e Pé(l S 2 (e 11) P(1)
and p(f I ¢c) = Ac | .f)P(.f) (6b)

_ pelhp®) _ pelNpf) (6b)
0= ZELE D ana ps 1 = HE LS

respectively. The probabilities p(c|/) and p(e| f) can be calculated with Gaussian
kemels. Let ¢, be the color of point X in the template A" within the window W,. Then

p(c|l) can be calculated as

pe|D= r&z}x{kc(ci — o)k, (x— s)} (7b)



p(c) P(c) respectively. The probabilities p(c 11) and
p(c | f) can be calculated with Gaussi an kernels. Let
c' be the color of point x in the tenplate A, -1

Wb bitkRogole Wi ndow W. Then p(c 11) can be calcqilcaél@oozos
as p(c 11) = max{kk(c',, - c)ks (x - s)} (7b) Ifew
WO 2008/ 008045 PCT/ S&007/ 000205 35 where the

Gaussi an kernels can be wBbten as k8 (v) = exp - y z
with gc or s 20y indicating the kernel for color or
spatial vector, respectively. Again, |et c@@ t he

_col %er@ftheaGngleﬁt kernelsXcah be tvifttelVaf AOWV) Al x r}d——l—,_n twlitk g=c or s
regi on of rnoving foreground objects fro ast

frame 1,1 (s) The probability p(c | ca .

- md@cahrcgjh@lte@dl fasscopsf er spatfa) veﬁtommqehvebcégam ¢ rex bf Sbe colgryof a point

The priors n he alcu d¢s)
x (P wind; 7 o BB RN ee R DR Ty B R arae)
chpientisuiigd #nNgi ng to the Iayer Obj ect and
*%ESFﬂgﬂ% ?%g?s within the window W in the previous
frame. Conparing Equ (2b) and (6b), it can be found
that p(c) has bec s ation factor. (b
Hence, the Iikellﬁgaéi ggﬂﬁpgéfg%%pﬁgéio background, )
the | ayer object, or the noving object can be defined
as P(b1l ¢c) =P(c Il b)P(b), p'(21 c) =P(c 1 1)P(l),
and Tpe griorsicaghe calcplpted ¢s f) P(. f) (10b) respectively. The
pi xel s would be assigned according to the greatest
l'i kel i hood val ue. The nast for th ving objects is
used as the input Q@g )@gdggf acki ng. (9b)
Stationary objects may #so be |nvo&Qed in severa
changes and interactions with other objects through
the sequence. For a non-living object, it may e.g.
undesge N(hUsAdNAL (9 Mar€ thargeBer of Paine teloneghectodirilayes whigeschnd
by ot her objects For a living object, the object my
molirgmyEctpwiien te windoy &7; o thy prriess fag¥e- st art novi ng agai n.

During tracking the onary .9 0 Sc

st at@?pa%geE‘%‘s&P)nﬁ‘ld gﬁkgﬁ{j Céfnh élg rrérlJ ﬁ%{ F)Prgasepéﬁg&%tae §rmen
ncmRizRR GREE NdnYe, ke 1HkhiBoeas IR ®loagihg i tuekprqund, nhet I@r object, or

exanpl e, enbodi pent, five states are used to descri be
“WF%WW%@%*“%%P% ““?%ey are: notionless, occluded,

renoved, inner-notion, and start-noving. The state is
.eSt'”HEb‘?OB &%)dg(yppmc) ple|Dp(),and p'(f1e) = p(e| f)p(f)  (10b)

respectively. The pixel s would be assigned according to the greatest likelihood value. The mask
for the moving objects is used as the input for moving object tracking.

Stationary objects may also be involved in several changes and interactions with other
objects through the sequence. For a non-living object, it may e.g. undergo illumination changes,
be occluded and removed by other objects. For a living object, the object may change pose or
move bodyparts, or start moving again. During tracking the stationary object, the object’s states
are estimated and the template image updated correspondently in the example embodiment.

In the example embodiment, five states are used to describe the layer object, they are:
motionless, occluded, removed, inner-motion, and start-moving. The state is estimated according

to various change measures from a short sequence of most recent frames.



to various change neasures froma short sequence of
nost recent frames. WO 2008/ 008045 PCT/ SG007/ 000205
36 Let s be a point in tenplate A ' (s), of the ith

er object. The difference between the te ate_and

WQZKQ%OP@' frame at s can be evaluated as = P Is@a7/800s

“(s)-1,(s)I/Thd, if 1A (s)-I,(s)l <Thd (1 Ib) dI (s)
1, otherw se where Thd isgaghe threshold according to
i mge noi se. Then, the difference neasure between t he
tenplate and current franme for the |ayer 0

deflennede agoxgt]_mnqmpﬂatqu @3 ))f t(lg_glb}ayergmegt ”éheAh ‘{Rﬁ?@? léet\ge'&n t}§
temél%e ari% azcl?rlre% frz}n%eat%%gmle% a@uat Jn larly, for a point s in

ference bet ween
consecutlve frames at the point is evaluated as

(s)I(S)< 'T'hldl( (S) {‘f'()ot héMah/ Th“ﬂ{te(s}jf #Se‘r enée he:'a\sufleb)

bet ween consecutl ke frames for eth@wisgyer object is
defined as dC S (s) (14b) d, A S The difference
measures are cal cul ated on coI or vectors. If the
chan,glesn?ve lthd théesioyhcosrdiag td dagt enisd. dthen, dhcedifferense dndpspre
noti on of the object itself e t he di fferences
betwgpn thpgmglate aOﬁﬁB‘F&“ fame fof Eﬁ‘élay?ﬁg’ect}ilsfle%qefl Pty (visibility
nmeasure d p) of the object in the current frane based
on PCR would still be hi gh since the PCR is a gl obal
representation not rel at ed—tﬁfﬁmatl al information. O3%b)
the other hand, if the chashges are caused by
occl usi on of other objects, the visibility of the
| ayer object in the current frane would be low Let T

be Jike ﬁ%theglzgmelta%@{e object in L, that was stored

when t hé obj ect was ected as a st ationary object,
an csum,laﬂy, foren folive s RCRe famphatet Hes)r hediferense é?twaemsetée%yvetfﬁ@es
nplate 4 in the current frame. Then the visibility
atth?@a@wevawtetﬁe | ayer object in the current can be

eval uat ed as V‘D 2008/ 008045 PCT/ S&007/ 000205 37 d, =

P(T, "I I\/bre cuI be an
object in lry @hd[ ﬁgg(ﬂ)n 'T'ﬁﬂmﬂ‘(s) . (13b)
Accordingto aye;an Iaw the pthevagsi 1 ity of
observing On,-1in O', can be conputed as

The difference measure between consecutive frames for the layer object is defined as

= —Zd (s) | (14b)

A sed;

The difference measures are calculated on color vectors.

If the changes over the region of the template are caused by motion of the object itself,
even if the differences d/ and d’ would be large, the visibility (visibility measure d 7 of the

object in the current frame based on PCR would still be high since the PCR is a global
representation not related to spatial information. On the other hand, if the changes are caused by

occlusion of other objects, the visibility of the layer object in the current frame would be low. Let

7, be the PCR of the layer object in L, that was stored when the object was detected as a

stationary object, and ;' be the PCR from the region overlapped by the template 4, in the

current frame. Then the visibility measure of the layer object in the current can be evaluated as



P(Oh'I Om1l1l) - P(On | E;,)P(E, 10" 1) (15b) 1=l From
the definition of PCR, the significance of cmfor Om

is P(E;, 10M") = p;n/Pm n and the likelihood of
wOS6ssM0gags Ot in G according to the evi dencecaisa2007/080205
P(Onh I Em=mn~.,Pc,In/Pr- Ijlnmnmpc~Ind (16b)

where p,1 is the significance of cmfromthe region

0,', O Let C(c;n) is the3ubset of the c, n principal

colors fromGQ , which match cm. p,,.,,, can be
, cal culated as 7P}y E&X@‘b) w I (53,
d, ?/?ch‘tjﬁl tﬁgfe%rg%ullja&éeg)&oﬁggn J%Je'é’ﬂn‘if Rs) Pon = %’( &gﬁ? om1

Acc?g&ggyg Bo{r%agésllaﬂ lawC hh érobabqlwg}‘)obse%ngl(?il 1W0' heat Beecompatadye

rt sequence of "td nost current
frames (i.e. Ly |) to 1,(x)) (15b)
eval uat ed abovg%@r <fr)7" ?gﬁP éﬂiﬁ"tﬁ( 2 10 frames in
the exanple' enbodi ment, the states of, t c
| ayReom ﬂbjdamtwamép@&tthmmaw °F1érurf? 4 IS rﬁlﬁc éa ﬁ
exanpl e enbodi nent : e 1: rmt If ;poth d, and
anddhe ligelopdfobsrBIgfhr tlﬁzJ §é‘iﬁ’£iiér}$é% tne e‘f“%n& °r$m"| gnl ess;
Rule 2: occluded: |f bot 'plrdl\] tu p to m)deratelsb)
or high and dP(@LE)3 = tzhrqf@g —1 D @Cﬁdﬁ ce, as
well as there are noving objects Bver appi ng the

region of t ron, pdc fef P Mdichebset of th
bouﬁl&ﬁren b 6{}& sx%xgﬂ%:ar%teﬁf & 583 the AGIRT . fet pe t of the

such fbvi ng obj ect’s in a noving

obj ect trackjn Ol‘dt m | ayer obj ect
Pr‘?@aU@{?FSLfffg’db ﬂg‘l‘ﬂé H%efca%&tﬁngf and dJ turn

to high and dp turns Iow and ‘I%en dJ turns | ow (17b)

t hrough the sequence w hlnno ,% ng obj ect overl apping

the region of the tenplate, the ayer object is

I eMRYR e VIABIRPRES RO BEdinesPCT/ SGZOO?/ 000205 38 Rule 4:.

i nner-nmotion: If both dll and g vtur derate and

then do turns |owp, t:fp(wgh‘“ohe—sgqmagﬂ"epc ;ﬁl le dp  (18D)

keeps bei ng high, "Thi's neans tAwe= ayer obj ect has

: hay\gsﬁt tH!%}: ¥ ng PRogsure in'™ PY&H sQ&%x‘icec&ff i bdstRQHMNt BidinesS ikl image

sta
frames from [ _ (x) to I,(x)) evaluated above, with T4 normally set to 10 frames in the

Pr:

example embodiment, the states of the tracked layer object are estimated by heuristic rules in the
example embodiment:

Rule 1: motionless: If both d,j and d c’ are low through the sequence, it is motionless;
Rule 2: occluded: 1f both df and d/ turn to moderate or high and d’ turns low through

the sequence, as well as there are moving objects overlapping the region of the template 4; as
determined from the bounding boxes of such moving objects in a moving object tracking
algorithm applied, the layer object is occluded;

Rule 3: removed: 1f both d; and d; tum to high and d ,j, turns low, and then d; turns

low through the sequence with no moving object overlapping the region of the template, the layer

object is removed;



Rule 5: start noving. If both d/ and d' turn and keeps
bei ng noderate, and dP keeps being high through the
sequence as well as there is a shift of the |ayer
e this means the | ayer object starts _novin
Wgé{ﬁsﬁm’ﬁe paraneters for the rules are det &FiSFEY7/000205
according to a know edge base of human perceived
semanti ¢ meani ngs and an .gval uation fromreal -world
videos in the exanple enbodinent. In the exanple
enbodi nent, but not |imti n]g for the above rules, the
di f1L8-CNES-moABASLb@S & omddd. am to mdderate and) Bop A HFB IOV
are less than 0. 25, they are of noderate if the [
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releVaBiRbAL&eibbRgE. |f the object is recognl zed as be| ng

IOB J’l“t@ grleacl?l *ﬁnﬁaﬁgn@ﬁct mor% ;O?Bsﬁé it éﬂ@ eﬂﬁm\Me' SBEEme®f thd iaﬁhr model is

| ace
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% f e dting is
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ayer representation of the
pecfofjedct W I | be deleted. If the object is detected as

r enpe Jgﬁctqpbcﬁnﬁﬁméﬂﬂ ab beilimébtionless| dsmmeth apsragon is performed to
di sappear

t d t t .
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arg et 0 J ect
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representation will be destroyed. With these operations, the target object moving around, staying

somewhere for a while, and moving again can be tracked continuously and seamlessly by



Figure 6 shows a flow chart 600 illustrating a nethod
of object tracking in a video signal according to the
exanpl e enbodi nent. At step 602, it is detected that a
Wba6dsReB044TOVI Ng obj ect has become stationary @v@G2807/000205
sequence of franes. At step 604, a tenplate imge of
the stationary object is generated based at | east one
of the franmes in the sequel8e. At step 606, a state
of the stationary object is tracked based on a
cox%?%% frle ‘gﬁg]gﬂzfen;bgﬁmt:rﬁ Wth 8eGnovini B €ct Whdkihg @lg6rithih @excritiet! orehe
e video signal. Event detection: The structure
exmﬁgﬁﬂﬁmlﬁ‘ﬁman event detection system 700

i mJlF ﬁiokv@la ﬂommamnainungatmge methed of iohiedt teasidnging Video
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e.g. the adaptive background subtraction nethod
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1e!1r9m§ haPesci@ag (&L de@Sd and Wedtém ar bﬁb@gfphrﬁmmmlgusﬁ @nsexample
novi ng s are - resente 3! t hod
} exBl?qdwptpgefscr@s{l Pove Illgg Eo q] % v\ﬁi"/e le FME su?otrgétlon metho

ht&t 6N 0|ts a few
piEpREd m[fgrrrlfel neatoutsb haieh st h b EmPIS TRl e Sploys Frncipe

C h a I‘ n aﬁg @Pﬁ)oat Qﬁﬂs El%&ﬁra&gnz% %Edﬁg&){iﬂf‘akﬁdraﬁ)dﬁj ect.

as been detected
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and then tracked by the moving object tracking module"702.

In the event detection module 706, semantic models based on Finite State Machines

(FSM) are designed to detect suspected scenarios. In the system 700 of the example
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check the case of disappearance of an object, with N'=30 in the example implementation. With a

processing rate of 8 frames/sec or above, ‘this represents a delay of less than 4 seconds. It will be
appreciated that the delay can be balanced against the accuracy of detection in different
implementations.

Loitering Detection
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i nvol ves one object. It is defined as a person
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Unattended Object Detection

This event as defined in the example implementation involves two objects. The FSM is
initialized for each new object. When the new small object is identified as being separated from
another large moving object, and it stays static, a deposited object is detected and the ownership
is established between the two objects. The FSM transits from state “INIT” to state “Station”. In

the state, the object is associated with its owner. If the owner leaves the scene covered by the



i s established between the two objects. The FSM
transits fromstate "INT" to state "Station". In the
state, the object is associated with its owner. If the

wWonRekobfa/ es the scene covered by the WO 2008/@a224@ 000205
PCT/ S&G2007/ 000205 43 canera, the FSMtransits from
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Intermediate storage of program data maybe accomplished using RAM 920.
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a data storage device 930. The application programis

read and controlled in its execution by the processor
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vi deo signal, the nmethod conprising the steps of:

defining one or nore contextual background
 representation types; segnenting an inage of a scene

Wwo 2008@0s¢kgleo signal into contextual backgroumn@r/sc2007/000205

regi ons; classifying each contextual background region

as belonging to one of the contextual background

representation types; detefom ning an orientation

hi stogram representation (OHR), a principle col our

CL?@gFesent ation (PCR), or both, of each background
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4. The method as claimed in claim 3, wherein a third learning rate for the
exposed pixels that are detected as foreground points is higher than the second learning rate

for the exposed pixels that are detected as background points.

5. The method as claimed in claim 1, wherein one contextual background
representation type A comprises a facility for the public such as a counter or 2 bench, and

wherein the step of determining whether respective pixels in the image regions of the current



regi on, whether said each imge region is occluded
based on matching OHRs of the type A background
region and of said each imge region respectively and
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imag&Batdlyl cokteboriogdo ihe beekisthuad eeeignt 410 Aeciugled ioRxROSEE comprises
the Stte r]qro(fé_shol d value, and are determ ned as occl uded
gtherwi se. 7. The method as claimed.in claimdy, yoround
wheyplsating ofve cach riage: TGEIN SRR EURTEPO 1 8SIRa & at Ton oty pe
regioR »Gﬁémgr éalﬁﬁ&claidla@é g@idndmeﬂ?cbmed @g&@%ﬁ@ﬁ%ggﬁe type A
rouna .pl ane.ofr i i EEbmhBEnS PERs
* backggpungdegif g i°ﬁaa‘dm§ae°{‘¥1@ré?f§g§5“e’?fp?€‘f‘3i xel's in the g
of the wpé Abackefoundregionandeisaid pash Emags &38RI PPy ¥:d@ondi ng
t 04t GiInRRCHIOPIRMN Bf BB catts indge regiar e either @Dcl@@fbﬁgeﬁﬁposed
conprises the steps of: evaluating, for each inmage
depepding grsaid|s¥¥aPRy corresponding to a type B background
regi on, whet her nei ghborhood regions around respective
pi xel s Ln sal ' | QMerdin€all FIG6S uatedttdamed as
on%('mat cthfnnée%géa%{]m%ﬂzrgt%la%ggB back rogndl réegi en Aare
expogfd ifhee matsh Jikelillopd in aidgRBERHEYL %@é‘?&n reshold; value,
deteriBle@0bRIAEH dherRise. Of said each image region as either
occl uded or exposed depending on the respective
eval uations. 8. The nethod as clained in clai m 7, d
wher ei MTeanéthql xeklaingeddiot daim herhean oge Cogp! j jackgroun
reprersrearlt:ﬁlrolntt%ﬂlﬁcg C&‘Sﬂf ey qa?&%n@gé’tﬁb@s refiod b&nh rh.ela@m'd tptzel or a
Feglion sal d each pixel —are w.thin S?Jed LG e i age
walllsagiegr ardnivheredy thssterf delsaainige Vf}]’?g‘ern%efpgeﬁtbor%qod pl xel's
regidld SFBE lcMifsht AaBe sRMalyUdtreghordingoopistackdoasd destns _arerﬁaflé‘#d
[ikelihood bein gbove a threshold value, and is
or expaied CATREES BE '8 Sbsed ot herwi se. 9. The net hod as g
c| aiaeelng, forcdaeh image régiernt sratialyiopeiPendig Vet Mpﬁg backerpyn

i . i fi Moidk %8s efe@Vgipixels irsafddactginmgnatgion are
B R o0 7 10 e
ocel TS et c : r-conprising the
neighbdtbollregitE;fagd M ng  adaptive background subtraction

using sald set rates far . eqd bR X84 orl dxposed
Thd REEHEE PRt PR Eh ‘%‘F%‘. ?F%?’g wherein the
depéndingioh vte r&spekige oahdtionsubt raction is based on, in one:

exanpl e enbodi nent, M xture of Gaussian or Principle

Feailit. o eT}iePnretel'ngc? r;g 6<l:tllein(1)enci' in claim 7, wherein each pixel is determined as

occluded if a majority of neighborhood pixels in the neighborhood region of said each pixel
are within said type B background region and less of the neighborhood pixels themselves are
evaluated as exposed based on a match likelihood being above a threshold value, and is

determined as exposed otherwise.

9. The method as claimed in claim 1, further comprising setting a zero learning

rate for pixels belonging to foreground regions.



12 The nethod as clainmed in claim1, further
conprising maintaining a nodel base for the
cont extual background representation types, the node

‘bge@g}omhydl ng nodels for different illum nglcm®2007/000205
conditions. 13 The nethod. as clained in claim 12,
further conprising adjusting an appearance, a spatia
characteristic, or both, off the nodels in the nodel
base over a |l ong duration conpared with a frane

dur tl o %ﬁ%svglggo 1 il o8 :}gh fu;lcﬂercem arﬁrtgem §teW of performing

baé gro i g for a ptive round
adaawbtbaca;gtquwsubmacaon wiingesaidspigptey for Ehﬁées gy onpri si ng:
means for defining one or nore contextual background
representation types; for s§ t ¢ RAGrRhd
a sdeneTh |ﬁ'?ﬂ@“¥?%é@”§£eﬂaTthtd C%¥?££¥€Qﬁﬂﬂv '
subk@tisg iOYREd beginose; examalﬂ@rrfbodm@hfa%kwgﬂ pfgCauseipp or Principle

'F Co@f{e xgu atlonackground region as bel onging to one of
APRe REBRT extual background representation types; means
for determining an orientation histogram

r epy.esentathdadd @PdRImedan Rrair @] furtker @olposing maintaining a model

representation ki qin dels for
vast G on B G LS R B AP RS ERIAMR et
difSeefiBuhinatidneondit®s. si gnal ; neans for detern1n|ng

whet her respective pixels in inmge regions of t he

current inmage spatially correspon

backir oufid medPrbris ‘d?'@e%c‘ﬁl‘dﬂ@deg’ g"é@% §°‘Hp“smﬁdadrlre5tm% o
apJe%nc%eﬁ tsbdﬂﬁl Q‘lafaﬁl@ﬁﬁi’dl od lﬁﬁl’( rif nig: madedssinfthy molied bagaqyel ¥dong

roung F ractlon lgﬁmvﬁk§§§§ that are occl uded

d“’éﬂ?ﬁ egparst wih & fems furgior B e * P pect i vel y. 15. A

data stor age medi um havi ng stored thereon conputer

code, mea I ASEFdbGd LA RiRe foPAMAptiOd by Erb@id subtraction in a

exegute R%ﬁeaﬁgﬁ ?&tackgggdﬁ% updating for adaptive
vidgaeigeal.CbmySISBISPRBRE %N in a video signal, the nethod

co np{ehr?s'f&giehhlﬂg Sherfd mobd conddedublrbiacigrame represqneation types;

contextu background repr t. |
2008FdHs Bfgeg-yafﬁgwbdtﬁ%:g%fggggén uhQHe thd@@%ngnMQnto contextua

8 segnenting an i mage
ba€grauné eegivds;i N t he vi deo signal into contextual

bac l§r%ansl'¥gldclasrsﬂ)Qh Bh cEhtaesl bidkp@uRP&Bios anbeuginglto one of the
background regi oh as bel onging to one of the

confextua %G%TOU“%QEWW@HH‘HWP‘& resentation types;
det %{eﬁhsnfoﬂ Qet@{hlﬁmg Qf tofikntation hhsdsgngn amrcrserpategé@ﬁ&),, p@rinciple

| aur ahi on (PCR), or
COE%E FrPred tagl ﬂ’%ﬁ,&&p@uﬁ acrhebéll Fl!%el Ving a current
i mageeand fot Reeeisicpaeurient itriage of] th@@e@ﬁ igyHhg video Stgnal;

means for determining whether respective pixels in image regions of the current
image spatially corresponding to the background regions are occluded or exposed; and
means for setting different learning rates for the adaptive background subtraction for

pixels that are occluded and for pixels that are exposed respectively.

15. A data storage medium having stored thereon computer code means for
instructing a computer system to execute a method of background updating for adaptive
background subtraction in a video signal, the method comprising the steps of:

defining one or more contextual background representation types;



det erm ni ng whet her respective pixels in inmage regions
of the current inage spatially corresponding to the
background regions are occluded or exposed; and
Wsettlln different learning rates for the adaptive
BaAMRIPBéhd subtraction for pixels that arePEE@FaHg@mﬂm

and for pixels that are exposed respectively.
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segmenting an image of a scene in the video signal into contextual background
regions;

classifying each contextual background region as belonging to one of the contextual
background representation types;

determining an orientation histogram representation (OHR), a principle colour
representation (PCR), or both, of each background region;

receiving a current image of the scene in the video signal;

determining whether respective pixels in image regions of the current image spatially
corresponding to the background regions are occluded or exposed; and

setting different learning rates for the adaptive background subtraction for pixels that

are occluded and for pixels that are exposed respectively.



