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the system can also be implemented as & combination of hardware and software modules.

The distinctive background objects (regions) in the example embodiment are classified
into two categories:

Type-1 CBR: a facility for the public in the scene;

Type-2 CBR: a large homogenous region.

Contexiual descriptors are developed to characterize the distinctive appearances of CBRs
and evaluate the likelihoods of observing them. Different contextual background regions may
have different appearance features. Some manifest significant structural features, while others

may have homogeneous color distributions. The example embodiment employs Orientation
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a small threshold &, otherwise, it is 0. The color dlstance used here is

L ep, >

d(er,Ca) =1 “TelE + eal? )

where <e@> denoies the dot product {2, 3]. The principal color components E* ; are

sorted in descendent order according to their significance values p%; . The first N; compopents

which satisfy Tﬁc— 7z é,'gﬁp‘ are used as the PCR of the region R', , which means the
principal colors in PCR cover more than 95% colors from R’ . PCR is thus efficient to describe
large regions of dlstmctlve colors.

A type-1 CBR in the example embodiment is associated with a facility which has a
distinctive strocture and colors in the image. Both OHR and PCR are used to character?ze the
type-1 CBR. Let R’,; be the i-th type~-1 CBR in the scene. Tts contextual descriptors are A 5 and
7' 41 A type-1 CBR has just two states: occluded (occupied) or not. The iikelihood of observing a
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in the curfent frane beI ongs to R 62 is L {x)
=| ofEHFR =)L REYEL 48d%.+The appear ance rmodel of a
type-1 CBRT n the exanpl e enbodi nent consi sts of i(fs
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P(Tefgél,ﬁ = P£1 min {I’u i Z“;‘Cm A }
= (82)

Then there is

PfrfETglj ! Z min {p&l 2 Z 6(“:?1 i Cr )p! }

ba vy rml (93}
P(T' ;1| T;) can be obtained in a similar way. Now the matching of R 5 and R{x) based on
PCR is defined as

P(TIT ) = min{ P(TefTH ) PIT3 T} (102)

Assuming that colors and the gradients are independent and different weights are used,

the log likelihood of observing R, at time ¢ is

Léli = w, log P {HyHj ) +({1—ws) log Po(TilTh)
(11a)

where w, = 0.6 is chosen empirically.
The type-2 CBRs in the example embodiment are Jarge homogeneous regions. Only the

PCR descriptor is used for each of them. Usually only part of a type-2 CBR ig occluded when a
foreground object overlaps it. The likelihood of observing a type-2 CBR is evaluated loc-
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and the average of the likelihood values is
o 1 i i
Ly =23z ), B praa (ha)
" o % o (16a)

where [ 5, > Ty, means R’  is visible at time ¢. If sufficient samples of R’ ;4 have been

observed during the previous (last) duration (e.g., Z% o /D > 25%) and the average likelihood
value is approaching the threshold 77 {(e.g., E;{’ < 0.87%;), a new appearance of R, may be

observed. In the coming duration, a new appearance model M“ , (R )= {H" p, T} Is



been observed according to the |ikelihood val ues.
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and the average similarity value between the observed parts and its active model can be

computed as

B = e T og Pl Tia) - om0l
W e (192)
a

where P, (7,5 |T,,) is calculated according to (10a) with normalized PCRs and Ty =
75% is used. Like the operation for type-1 CBRes, if sufficient samples have been observed during



P( IR (x)) = P(R(x)IRL)z" (Rsjx) (R (,c)) (20a) The
prior probability P(R (X)) is the same for every

pi xel in an image. Then the log posterior
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as % @Z}N) ,_ ‘bel tﬁ,ﬁéﬁié 01‘} a_écgﬁezéﬁrln g gc?fxﬂ):% ﬁ&%n}%x) anlag local region

21a), (23a), the log
foé F%?Ef'a%l. Hn;f (xéyfthetmatmk psroéabaw @W@@e@ngnm mrsﬁm b2 is

~a28§(§% Las (Rta fix) (24a) WO

20087E0 0 ab i 206 18 A rate of occl uded
times over recent franes at each pixel for each (20a)
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prolqtyb@b'e?(ﬁa () isdisfbr tapesdijonian@( ptherwise. Then, the log posterior probability is
equivalent to the log likelihood at the position, i.e., 0%y = L' ) (R{x" 41 )) = LY 4 for R 4. A rate

of occluded times over recent frames for each type-1 CBR is used. For R, ;, the rate is computed

as

rg;,: = Br;,?—l + {1 - 3}‘:1 “ﬁﬂ'fm(@;f)) (22 )
a

where f is a smooth factor and £ = 0.5 is chosen. A high rate value (close to 1) indicates
that R';; has been occluded in recent frames.
From the spatial model.U 1(x) of the i-th type-2 CBR R, the prior probability of  pixel
x belonging to the region R'; can be defined as
1 .
P{R}, ) = IR
( fo} ;R{;{x)l ﬁ;ﬁ{xl 6-(5)
{23a)
Combining (21a), (14a}, and (23a), the log posterior probability of that x is an exposed
point of R, is
Qe () = L35 () + log PR, [x)
(24a)
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N
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= ®)

In the example embodiments, using N'= 50 in (5) lead to satisfactory results for almost all

the regions containing one or a group of objects.
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4}0 eSdrﬁ}%CIE‘ag" 0, ik Q’*l, i &Ehendn)g d?tﬁeil EcZorHEg }oF?ﬁd:_srgnif@nce Va)lue(s’@)

ere _eac

5)0 bf‘%% tﬁ“@““g th%sﬁbﬂéigﬁ ﬁ?iléci’ f{rﬁ1 N efemeat"?d i UtHé"P(“bﬂ ol qggn ttre

the partition evidence E. and P(E " 10 |sthe
conditional probability of the evi dence E' m gi ven
t he object O ,. Using the PCR T "' of the ObA ect

, _ The aitohd objew tetkingriato allma@@dwkeﬂwe%c‘éhe oquggng i

to ifs %V‘Bgs gﬁ;eérgﬁg BS adhlRGe VMR, Q{&t likefihdbd) €or ifid Elﬁltiqﬁ&{al pobbility of
its. appear ance, WO 2008/ 06023}(3)4% b n In the
obsopting BTGOSO » SEon(ol e Hme G g% FEBh
follobving, ﬁﬁfhkﬁihﬁo@bsjrseﬂist &aﬁnamhséﬂ on, thé origitdhend e@m@ined??CRs of the
trac]feH | keé ! hognq Th1s|? 1(5 the ?(‘Dencﬁaﬁ‘[b t?eescglg mﬂ{aﬁgm@l%&f ding to
&GHTT f‘cance val ues of the sane col or
COI’IpDnGm’t ¢’ ", beP( JHeE' mt) Hragkiedh{ 10bjegt gﬁsgnl?ea nyysn it giCR
m n {4ic nrt z)sL} SN s!1 a-1 (8)

T% = {8 18 = [ smbi | btained previously when the torched object was an

melafcordmg

isolated object, and R" , be the ath foreground region detected at time & According to the law of
the total probability, the likelihood of the object O .. in the region R ; can be defined as

X
PUR|OR,) = PURF|ELYP(ERIOR )

where each P(R" , |E',, ) is the likelihood of that the object O™ ,_ | appearing in the region
R" , based on the partition evidence E. . and P(E, |0" - \) is the conditional probability of the
evidence E', given the object 0" . . Using the PCR T ™ _, of the object O™ .}, the conditional
probability P(E', |0™ .- 1) can be defined as the weight of the prncipal color ¢, for its

appearance,



Substituting (7) and (8) into (6) yields Il P( "1
~r)=ern{ s{4~,d(cr'c4) S( ini=11 j=1 11111
(9) It is noted that the above likelihood (9) is
w8Yasiadossd under the assunption that the sizecrscao07/000206
variation of the object is small. However, if the
size change is large the |ikelihood value will be
affected. Therefore, a def#hition of |ikelihood based
on the normalized PCRs is used in the exanple
enbodiment . Leg Tt ={ 1, {ER_ (c;,r, sn} }nmot be
t he ngﬁﬁﬁﬂkﬂéﬂ;PCR of the object O 1, where s. =
s/s,r,, and 2 _{ 1. (c;", s ) } .1} be the 7
Nor g@hd REACRCR" 0f of i€ obje@ioon Bnd Wi tthr ddRgibk Re) ,ithodelihood
based on the normalized PCRs becones P( 1O 1) _ E
PR el ean pe cbihpied=icc@dihg (13 Oheir Isfenifibi@ed egh@nofRihe , samal oplor
cont ai;ns a single object, the Iikelihood based on the

COORSralTzed PCRs is nore accurate than that based on

the original PCRs, ‘#owever, yf ", {1 ¥s one ofythe
obj BOBELI zngER;,ci}siﬂﬁe;gwée ishoocfi(en <bied Ji nal
PCRs is betterl Femce, the dcal’d-invarizaht g
l'i kel i hood of observing a given object (0"'a,_ in the
r egubpiitgng (D godd@¥ipta &) vig¥is P (Ryj ot 1) =nrax{P(" Yl OS
1),P(R1Q 1)f 4(14) uristicallyy if the region R
i s a BRI ebiedt mit e&lﬂ&%@@ﬂicomut ed from
normal i zed P *appeans mere reliable. However, if@)
Ont is one of the objects in a group R, the
| i KielsinbledtiatftiicaivveikeliboaigP) iz ediuRERederpizesusipiimtthapthe size
. NCe ; . 40 :
BRI ABE ol Rt IR | Dy (AL
affegigd dgerpiare hefiniipmefilikelbpwsidasesen the nymebrgd BIRGBGMéIn the
exalpitlemballnt. 000206 25 oj ect tracking in video

_surveillance ains at maintaining a unique . )
Thdefh { £ edeh, oh) i e thorormagedPERapfglerobistBhit whntin = Su/Sm.
an@7OV 0 N LtS i e deRendenti-ROSIH bORS ekt FAHBGENLS: /s,
When nul tiple target. objects frequently nerge and
Tﬁ%@ﬁ?@%ﬁém?ﬁGﬁﬁ%ﬁ%“%ﬁﬁﬁﬁgksPﬁ”%@%ublLc site, tracking
one individual wxobject iss no |l onger an independent
proceBgryidb| it L N0t gfg;'ng Gkding:) be fornul ated as a
gl obal Maxi numiyA Pgst efdior (MAP)J probl em for all &B?
tracked objects. Wth the segnmented foreground
r egiif Gregeg i :chelt chytaibaz kiggle avebt. Jheblikelitnoil based pinthe permalized

PCIEAR 'ERJree ac%m? Sﬁa.g‘gl%g Pr%&{a o {hg %ﬁ%mMERE %E{%%lbeg,% Q)a,r_] 1 E Sne of the

appr oxi nat e osed as Two su
objeetssin grengrerty Rincdthé Gledihdodon doginpigP CRshie bester. Aigiqsathe geglegnvariant

a5 ks ' P d. 4 ' i kel i hood
llkegiﬁ&ﬁtgf%}%%r@{;%ggxé% éﬁ%%t éf'&r}_l III &gregﬁ.‘yﬁ R‘fis%&ﬁgd !3§, el1rhoo

unc

PHRZIOPR, ) = max{ P(RE|OT,), PURE| O3} 1

Heuristically, if the region R is a single object, the likelihood computed from
normalized PCRs appears more reliable. However, if O is one of the objects in a group R/,

the likelibood from wn-normaltized PCRs appears betier since the object is smalier than the group.

Equ (11) can provide a suitable measurement for these two cases in the example embodiment. -



enbodi nents uses sequential solutions to these two
subprobl ens, as detailed below Let G i ={Q"-" 1
}'r; -i' be the set of tracked target objects in the
w?%ﬁ)\ﬂo&‘d& frame Ir_t (x), and E3E_r = {fin} pp¥c24%000206
e set of state paraneters describing their
positions at tinet - 1. The task of nulti-object
tracking is to estinate td%e states 8, of tracked
objects in the current frame 1;(x) given their
previ : ; s dduminteditG Sinajue RekBficition T r
canj%:g&%%lgrﬁ%eg%egg&gﬁsl@?%e Maxi.mum %Pogl:l eghor (Rt é@d
each tasge] obiect 29 Progiding s tiEe-geRandsal RETRIIE st eoncy, Ve TP

objec?sgﬂfeq{&@y(xﬁé@ HdGepatatdrori oretandther @:n_@pubﬁw@nuzgme pug] gijzzvidual
. 0obj ects over] ap,one another .. : k rheubfed bal
objech & Wﬁ%ﬁé’ﬁ&é ?%ﬁ%%%%?‘%ﬁ@%‘é’g%nd r eai ons Rgg ad
Maxifu@ Aok coteriot€ld ABY prbllek §r oft theiirasksoPigeit YGH the Segiented jprggoun
- si nmlsf B bR Scalble Gnbbdifiad -the gleal MAP
mgm?élg%%dgndxﬁp?ﬁgﬁe t?ﬁue tracked ob'lect_s ar emil,[r;all 41@&i Using
problers ghroeeppresmately ecoppeii 850 STPBTPISTE 2 RRE A7 O Y 5
the ;h-ig@ipa’l:tcolaf rebﬁgzln%ﬁor( €0B) andRjhe ta}godﬁf@limwﬁ@n ghe example
object (e g.,. t. | 100k Esd ow.
emb%‘i#@?sﬁfeé éeqﬁﬂlgal S?ig%%n%{r? ﬂﬂ%é%’@g“r %’ge ﬂ%ﬂoj eect’s becfwongi ng
t0odi Hf @re i rie ghaasiinrked e piviscu S brevienes fray Lot hand
L DEW Or oup; %ﬁggm?a@m{eg-&mbmea Bosikib 6 Rk €011 The
“fifake A'sO, the ob] ects In a _group region &g- iy frame
rasRof3yuti-pbitchacking 4 o AR Spetaira P CIFAFAFR T SEVET Al
Ig{ﬁﬁ@é&@ﬁiﬂp&?&&e&pﬁéﬁaﬁ&ﬂﬁodﬁﬁ &R and-@iiesr®al. ThiF pm beffam:mlated a8
processi W t erat.e Lgb frane gate of inmage
beFHTS f‘ir%gﬁ‘“:ﬁ"fﬂ ' nefnéi?atuﬁtgfntgph%g nents of target
,0bj ects uspal | mal | . This inplies that there is
i %"‘gﬁé‘&”é*&a’b‘%‘éiv\een the regions of the samgi2)
object in the consecutive franes. E;;cﬁ\lsoi ti n{g@such a.
Whe k@rbhlofjectt hreigr oblaamihet, 18Y canngi be eckid as idenendaic IR G
arb using dire ¢ AGYGhdS Gy BB R (A Dbe. (VD can be simplified
: 5%8%50 804 'Pgﬁg@a%07100 06 26 The directed
asgcyclic graphes (DAGs) for the regions detected in
t he consec(gtw"zv%fr s la-i (x) and li(i) are
St e EFECER Tn“eHeF ol owi ng way. Let the regions (13
fromthe previous and current frangs Ee enot.ed .as I
whtsh éhe fradkeb otgantt {581 }ielh e A tev ey g = t R P8 PEHE™ 258
e e e hok b B R LA
Tegtomig} RO E'gjfcﬁéf}?ﬂgrgﬁaa cZ"ﬁe c%%&cf‘#aygr_ consi sts. of
a M0 dems Geivot(c-ag e tregimen &abn Aliethe ghrdne FFYgeson (o8-
Rg'r‘ééel%%%r%qﬁgt he m%’ﬁw ousdaasﬁ‘aﬁ%%r r entjﬁfce a Qiidror rexh e
processipe Tl yedegpte of high pap e O WS SSANTOR 113%’?‘%%‘3&’&“’?”3?"8 of
tarkRk Ebj&cRrdiRuAate bhdle Ghia dnplies the heR s stwayRio) evgrlap between the regions
of fae same object in the consecutive frames. Exploiting such = relation, the problem (I3} can

be further decomposed by using directed acyclic graphs (DAGS).




tsr = 0, otherwise (14) This inplies that there is a

link only when the two regi ons have sone overlap. A

directed acyclic graph (DAG is forned by a set of

WBQ 8R0dolk Whi ch every node connects to one OpciRES07/000206

es I n the sane group. A set of DAG» (graphs) can

be generated. An exanple of graphs for two

consecutive frames is ill2strated in Figured4. The

not ati ons for the DAGs are defined as follows. For

Thertipptd v B e g@ﬁ%ﬂ %m&ﬁg,'god 888 s JENOL Ak Bnd ROTHF

resents one o
and @Y 0N Sonfthucidd in thef follcarrwet wsrreLect Hielregionn Hem U rE"HRNHE SEES

fran}eh ﬂe fend & mEACHANOAS el HORHRSBR: Snthﬁe it Iy
i ons DAG can th s be denot ed, as; n frame
‘E‘herpa@niffwev f:o&mfta of nodoy pepresgu@ e regﬁri "11 { e prfqa)us ranyq
T, 0200 e Qﬁﬁcsayenmasszeatemm @ea@nﬂéﬁdﬁe e BscufrE% Frpene
}~.,,P=t If Ai, =1 then the node _is a sin %I . o
Liobjuertss Rt et Vi gee e it gnd Freaions 3t APV LR SEFE! FIRE

respggﬁsﬁ‘ftthen%@ directibsal QREHGE h@D appaclesiefd@ar }m 1 . The
objects in a child node riqg, which may be newy
genear at(@d, okfjje¢ts or objects tracked fromits parent
NOUeS omak& denoted as (o~'''}riR=1. After pr oces§1i4?g
al I graphs, the objects in the child nodes are
Thi %951;9%9%@5 il Qintd mﬁﬁt @mTzE@#mafﬁcds hevesete oofilag.riadkend
target objecfs in the current el of Sor
sl SPROUCTEETBF PR U TR PR ) GEfe® Frit por
noRREERE sBE(eEpOf seTd Ty iErapheiont e me%%eﬁl example of graphs
for S CRERASL &A%ﬁ 9 sl Al e A Soiadeh MDA Meec&ﬁm!
the ects in. the parent nodes h
55 fbn@& FC@@ Z{b{@fph thqp?‘am mfdeﬁ ?ﬂ?._ enoie ﬁs QtJhé W t-re arb IJIG q&,
rep&genﬁ Rg. ot @d &gmz{sqm; 1@”{‘ iddabd dhild kaeles Ubfim?lf@;m W;T‘zsmg’éﬂ
cach b R b%cﬁ%ﬁs of B L Rgiol (pOf! vl bad R Pgne@.}mam e o
¢, tzlxeﬂd’in,ﬁ‘bé 3 DAGs W@e’fr maﬁgfe’ﬁfélm{@f@) are H*%fj‘ 363 wl
If %ﬁ,,cg RS jﬁﬁ 8% if k w&@t @bolse f&m ea@rbfgfaziphsgum object
(z _ar ¢ r be newly
o DB B AP B g0 TRO00Z0" T3 1 oy e By be aevy
ceENea lobjectD ad @hitkts ametted:ﬁeﬂwts noth goden age ‘&P‘éﬁhﬁs {an »g emédter

arent, noge ?ﬁ%tdnlcgﬁ&&% edrddBdd ok SOBEE | Irhed are the set
pm[geﬁ?%* gpﬁ E“Fé’b ém The exanpl er enbodi ment 1soI ves the

of prchitsl terastiohieq g ﬁles‘%’a‘i‘j'éﬁ?‘?’% steps fromcoarse to fine.

Ine Broblem ] 5. eCqmRosSsh APRE BSLRh a2 of W graph
can be tracked independently of the other graphs. Let ¢, reprasent the set of objects in the
parent nodes of graph Gy, ke, Qi = o }M"” 1 }N" ¥. Then the probability of the states for
all the tracked objects in image Iy{x) becomes

2

P8R O, M)_ﬁP(eﬂa Leh )

where 8, = (&}, - ., 08¢} and Lg is the nmnber of DAGs. According to (15), (13) can be
decomposed as finding a (©1)* for each graph such that

L1 . . \] § 14
(a;) “mg%?}:'(etlcﬁog_neawl) 16)



probl ens: assignnent and | ocation. The coarse
assi gnnment process assigns each object in a parent
node to one of its child nodes while the fine
wb%@ﬁob@@s process deternines the new states Q'Eﬂs@;‘é‘oowooozoﬁ
obj ects assigned to each child node. Assignnent I'n
this step, the tracked objects in each parent node IS
assigned to its child nodéé based on the | ar gest
posterior probability. Let e be the paraneter vector
destCihérb b ge\IeﬁEpa‘ﬂ&ﬁ hginaiidhoded intalpgaph,t and edoedpacinj waltssreprdsent
Lo } Contb O RECHGRED ek M
grougy: ( Hiés Cﬂ@sﬁ m’ﬁ%n pmlglm nd ﬁ% ecag E‘g[{tggl(’?sess%% °
sequiigsial stéps(fBe qqarsﬁ ¢ Gae: \he moalfm&ti%wmmsef} af(pwynat%er ‘é"’(‘f“b‘
pro Bf&ﬂs &anmen; an@fo@atfan thE E@P&K @ngﬁﬂﬁleﬁb&sghasﬁléé@ éRh Bﬁjeoﬂﬁtdl perent
modpoL g of Forfild Baron Tt g oeor woi Eppae e RS St of e
objeetsas)n@e-&h@eable&ﬂdaﬁtﬁl gtment. for the tacked Obj ects
fa, . b |ts chosen such that it results in the best
obse?‘%f“tll of the objects in the corresponding
ﬁ}ﬁg&wp‘mck@mm 81 ol FRAentwriyisaR{Byl to its child nodes based on
dzéfiarcreétl n&;ﬁgr p?ab%ﬂkw Rl @ l{e kﬁ%mrazﬁﬁ& Qe d:?scz%ﬁ!& ﬂﬁ%ssigmnem of the

consi dered “as coarse A ara ters
ki obisttt Hep |“h‘ht7\ﬁ1i“@tf’°é‘ﬁ| rdim g@spgtetg ity pf fhe assigmment
o PR Gl Scal bexplaged wed Wi t hout concer ni ng the exact new
posi tions of the tracked objects in the child

ons LocatTon . .| Rt hi e t he new states of
ft‘ﬁ*g@ FracRed otfg';‘ﬁ”’agsqw gt o each child node
(e.g., reqi on" I1k) are determ ned- Let (%= {o; (7

1 4}, ate i be the objects assngwed to the chjld nodg
whFd OF) = {BPBHY .4 swepiaeriasitcd phides én ol spd b”z i e = 1ol
&t& ofhie. h@g&&t&t& kot 2 64 Jaege?ss i @mﬂmm@%ﬁm&m

SRS
t)* = -
f«éré e I o i e s e sk icrepien

of ihh clege 6l &8 bdnyesrehdiabibtld baied, thatihe ot her chil d nodes.
Hence, the posterior probability of the new states

Qr the tr d..ap ect tn the graph G can be
{é\/)a ‘%?kﬁg Fii {? O‘ rr ~i J = Hp(eM, pia e2 )l
& (19) V\D 2008/ 008046 PCT/ SG007/ 000206 28 wher 1%

B8 8¢ can £ r@un%de%%s%e doisd ﬁ%&x@geﬁarﬁemgrxﬁﬂda&&gsm%thﬁﬁl%hﬁd nedes

pararrete or objects Qa 1.n rzlg. From (19
(regippshilE ﬁ@ettweesfee@t Fifhgpt conserEpg fig SRAsHESY posttie "?) of the wacked

ohiRtPheES@dd Rfions.

Location:

In this step, the new stales of the tracked objects assigned fo each child node (e.g., region
RE) are determined. Let O3 = {o[" ], be the objects assigned to the child pode e
from its parent nades. That is. t’.’l iz 2 subset of C};’_i according to the assignment parsmesers
(B = (B, -+, (BE4)%). After the ‘assignment, objects in each child mode can be wacked
independently of objects in the other child nodes. Hence, the posterior probability of the new
states for the fracked objects in the graph Gy can be evaluated as

Nig
PG, O, 0f )= H Pleltint, O, 64 .
(19)



(9TA) =argmadYP(O{ ~xxi,',F3?1) (20) Milti-object
tracki ng thus becones finding the solutions for Egs.
(18) and (20) in the exanple enbodiment. Further

woS6emosel solutions for (18) and (20) basescoRcRER00206
are used and described below. Assum ng that {Rat}' Nl

are the foreground regions and {Bt }'% are their
boundi ng boxes detected & tine t, then their PCRs
can be obtai ned as {Tk}Z=1. Let {Cf} &1 be the set of
where é§ ¢ &gid ll')C il @iphg%m(sg'%@w&@ Giatk R@ehOtegr oynd O)F
§ bet'wéen the ‘consecuti ve franes. edo there is
oD s e pHoct DR RREs Pt SPREDE cct i |
be tracked as an isolated object O herw se,
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o et R W al BRI o B e o
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Assignnent: Let ng be a parent node in the graph G 1
= {at t} be the associated objects, and A( QP) =
{rnT, : t,,i = 1}ter be its child nodes. If the

pode has nore than one child node, %R&sar007/000206
nggﬁﬁghsr?éﬁt of objects Ot is determ ned by Eq. (18).

However, with varying nunbers of confi-guration. To
make t he obj ects and chi |4P nodes, Eq. (18) is a
nontrivial problemof optinmal problemtractable, a

T,_ag gﬂ;@@bj&gwg@@hl s proposed based on their PCRs
t he depth rel ati

o o G riim P PR E AR b P o, U8 PRRRbay of
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ects the trac the objects occluding it.
Henssigempt: assi gnnent can be sol ved sequentially from
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boxes 15 defined as ma = & _cﬁr_ with & = (dn + di) /2. The prior probability 1s defined as
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Then, the shape similarity between two boxes (center aligned) = defined as my, =
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whese {o?}fjj are sorted in descendent order according to their visible sizes.

The sequential solution to the problem Eq. (20) and Eq. (26) contains two steps. In the
first step, the visible parts of the objects in the node are estimated, and the objects are sorted
according to their visible sizes. In the second step, an iterative process is applied to locate the

objects one-by-one in the region with a mean-shift algorithm based on PCR. When an object is
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withj=1, - - - N, where r indicates a current step of mean-shift iteration.

In the second stage, the new position of the object o"; is generated as the weighted

average of the gravity centers
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Tet us define Aw(x) = min{l, Sa{ce)/s(cx]). The value of Aw(x) can be considered as the
probability of x belonging to the object of. Heace, the updating of the weight image can be

performed as

wp{x) = max{0, wp_3{x) — Hewlx)}

(GD
The complete algorithm of multi-object tracking based on PCR in the exaraple

embodiment is summarized in Table 3.

TABLE 3
THE SUMMARY OF THE MULTI-OBJECT TRACKING ALGORITEM
Input: color image I{x) and segmented image S{x);
Preprocessing: generate graphs {G,,i=1,... Lg}
ForG, i=1I...Lg,do



a.1l: f n"P has no child node, the objects init are

deleted; a.2: if na P has only one child node n" ,

all the objects init are assigned toni'4 ; a.3: f
wé‘%uo@o&@fﬁ mul tiple child nodes; a.3.1: sort pBgsG2007/000206

objects (o, t) My in no'P , and then assign them

one-by-one fromthe first to the |ast as foll ows:

a.3.1.1: assign o;" i to tHe child node n"ay"
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node, update the state and PCR of the object; 1.3:

i f aailitalphe rebipketid sHies; assi gned to the node: 13.1:

sort the objects (0) \(¥ in the node using (27), and
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For BB BRC L Bl g P e e Y BBRDe AL BB RS, Do
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nodg. it D& G BsiPAR SRS RMe, ublitd hEsidiOgAPCARS P oG,

assnjgrjed objects in ea%{w %EI%TE node are tracked. To

be roHuetirlegederreeyErat’? 6 "8¥ smal | parts fromthe

tracked; qbj, 664y 0le 9 m%ﬁ?%a@%i@gﬂ),e&nﬁg{eﬁ loc&EBk bhjects

objects’in a group W t'R |ikelihood val ues | ess than
onddpybnatsgoidet: as di sappeared. To prevent the |osing of

smal | or _heavily occ).uded obj.ects j oup, the

recor ds O [afREE A4 EE lﬁ%fee%t”s‘mgldé?y ﬁ%ﬁy) for 50

franes. n a new obj ect. i I red
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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

as

errors, small objects in a group with likelihood values less than 0.1 are sct 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



video signal in the exanple enbodi nent. At step 502,
first and second segnented i mages of two consecutive
frames of the video signal respectively are received,
at | east one of the first and second segnented ,
I mages including one or nore foreground regions, each
foreground region correspdhding to one or nore
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I. .
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contributing tqQ sai par ent q%ﬁ‘
ac doFR Aghee %QPW&&%&O% 8}5‘?‘1‘?*‘1‘1& asla?tam# P @Plﬂr @Tetfa%)ﬂg in a
viddoREmEIOR HIRSRangicnghheBihRel Ahap B, e ahOVRsHd Beptiicd Bnages of

assi gned to onge, of. the hil d .nodes of .sai d,each
o SERBTHEYR FABES B 08 VigF AT CORTUNEY are EHUetGileape of the firs
and G&Johé S@Mteﬂgnﬂ@seiﬁilumﬁg peNovedrel foprdithe regiting Uath faégound

.associ ated wth sai node; te
e SSTPRBE LD Bt T PG ABRCIOR T Baeh QAL g Mo frected
acydiorgrgdp gDAGaare @bpeeatd fdr arroagshgripagnanddes in the first segmented
mm%io gj{dez%%qtg %Ig)rtg?h%:aj ngg%qﬁn i % %)%d ts%‘neﬁl{ed RL&s ’%IQJ)D/A ]gﬁg%qgcgﬁdm g at
least omer qum) edehi oidp et Sttals@fig fresgacht We@étngde ythatteo gr more child
gltate and the visual content of said one object based
o6 the second i mage. At step 510, for each child )
node haw iy ¢omssronding rabicetsraf dbp Sregragndotspiee cgntributing to said
eactPpatHA6E FOSHRY Qecogi)angtta%stﬁggté@&%ng L] ﬁ%?irﬁa"g& S ar e

sorted according to estimted depth in sajid

chi | d ndvéeiarrempadispelisrd hpviag e lgyeshdpiyiy §SS§%‘F4 fo one of the

chil8 abded bBldiP&ch pardRRblied to | ocate the correspondi ng
obj ect havi ng the | gwest depth in said each child
t

node; f)°) #ABUECQPEAR e ﬁ@gmdsqs’afﬁspea pARIehfs fepgved from the
Visﬂall?]d?a@é ﬁgodiddﬁé’d_'ﬁiﬂp@mﬂcbﬂa@hﬁcbmﬁlé; ardl e updat ed based o P

t he secon ge; the .up Vi sua ntent o .

the T oogitay b S hreen o BURL B intle By B GBSt sipnanding
ob_}éCi:ﬁUIaéss@ﬁhgalaS(ﬁ‘&Gj)cﬂﬁ&@ objeth tsihi dw&eauhore bhilddhodede; and

10 ORBL SRR LRI R B R 10 e
thereof nmﬁmmsiatn gnd thb Jvmals:ohmnt d)fosaait ang ngEbﬂ ba@@rcmetbp evdndgnage.

t

At s?%al dbel% %E d3h %hl?doxg dd€ %?\9 opgjr ﬁ% Sn)(greggogﬁﬁk 99@&& st%ﬁéé tgereto

same posd) ﬁhmmespomﬁneg objetie afegrorigd egtiotding toestimasgy] dapth in said
eaclVO ddnoﬁ& ahsrhed Hgggeo t he background gradually with

n

exi sting ack rou dati ng
e)a means -shift calculatxon 1s applied to locate the corresponding object

nod

having the lowest depth in said each child node;

f) the state and the visual content of the located corresponding object are
updated based on the second image;

g) the updated visual content of the Jocated corresponding object is removed

from the visual data associated with said each child node; and



techni ques. That neans the object would be [ost in

the segnented foreground i nages. On the other hand,

in e.g. crowd scenes, if one can separate the noving

woORhRGhsusE rom the stationary objects in the gaRe2007/000206

one can reduce the overl apping of nultiple foreground

objects. This would nmake _the tracking of each

i ndi vi dual easi er and mor &%robust. In the described

exanpl e enbodi nent, a layer tracking algorithmis

desi gnesegse) tir gicdee stt:ratedmnaltdyr dhpeessiog dentlo gfythe ¢owepponding

| Hing réPidrSofMaid &8k child

my%%gﬂgﬁa&mgﬁchﬁk ?wgﬁgﬁtggcﬂg%ﬁﬁb gbject and
nodPracked by. a nDV|ng obj ect tracking algorithmin the

exanpl e enbodi nent, the stationary obj ects include

not_only static non- I|V|n ec | s I

ITDtW]E)eﬁ F% g@ecr ?t%s ﬁbowgg Jaré ag(gm(%hcl SANE pos:%?ﬁ mgh sgene q& a%?le the
objegi twbildh e plsoded inidSihe Gecketvend mﬁm@y oith stiting rm%grﬁy% updating
tech%%gé s rhal PianS Wet 0% LN RELIRE M tlrgg¥étrﬁgte@ Rir&sdund [r@e%gd '@ﬁ the

stationary object tracklng t.he target qbj
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I'n the exa nbodi nent.” Let %%{g
andé;l@@}@é ﬁﬁerwxn@emm.uﬁv@%&ig@wf ing thpexample Ptﬂh - 6‘tﬁ Sagiprary
objdeR ifcifde Ad? oAl Siktic rﬁ)huitfrlﬁQ bbjdctsdiESsoaifeiukie mok@itsdIiving ohieuts, kY. 2
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VEr
moiaY otgecsielcing ed skaemgitsho’q;mt teavEing for By targqt b’rutxh és prgfprabltf &fpooth
vnth%)c%&%gggl %thé!glmgﬂa%mp%tl S not enpt Y, t he

ecte stationary object in {he
ex aW@%Utf%WOWWW@Y%%ﬁﬁtEéS Aphvidep, gigual, the

appBiPdncd Vahfdn@ theUB] ekiSis Sleal®bsmkil @A Sequee lof &s:p@neu tagplate
t o about seco the st tlonar eﬂmgl

image @)fﬂleé’bﬁﬁté%}m%dit?éepfeﬁe“v@‘lﬁdb‘ft“%ﬁ Y OB e%fh *HEY Tbe occ ué ed
fregy gﬁ?ﬁ Y . mén&goffbg %Qm ok Blgfrﬁikecﬁob!]é@ﬁ/]ﬂ fthe 7, most
repre “&t1 on based on e object's tenplate i mage

curle® foddtek tas trddied b;ayiaﬁovﬁ@p&me ﬂﬁoatng catgmmthmt Fethel eb}ecttthesd stopped
statlonary object_is _ defin

mox{ua}g, the ur@mlg daxep ar&ll gverlgp elaah othey. | I?or a selt tﬁ%équﬁt _pgrametei | ﬁ)lf the
spa é{oQ 08046 EPQE/ 1%995& QRQBRE is RBibc¥hRR@tafnary objebiiRthe

ate inmage of the object maintained at tine t
exaﬂipie mochlh@t Finithrc¢pmble cOBPGmALRBD FESENEE iToris PPER)D frmes

ored n.t 4 th
ccrﬂ;ipg? oufc’ 5) BTcgnc% \?,n %ﬁ tple stz%%ﬁg B@g@ﬁﬁ éjg taeo%%?rgg e ‘%‘Fwﬁc e
objdil:ameﬂbeatdﬁtbéﬁtqu@ﬂlﬁbh@dms fortgrcatnéotaﬁcmt ﬂeyeswtﬁtﬁﬁ%oq}%‘é
the o ect’%i %Jr%fa# iR i GuiR DR GlyeASprsesthifth 0P (18 idte R s@Gbnaredtfiect is
ference neasure between the tenplate A

dﬁ%ﬁﬁmthe frame 1,(s) for the corresponding region of

A, d is the dlfference nmeasure between the

consecuti ve |(s) d}\l (s) fo t he region

of the tEnfp r{mip, ’t}lga- 3{2§ QJ,L{i;t}ge_r asure of thélb)

obj ect frontthe correspondlng region in the frame I|i

(s) , and sk is an estimted state of the stationary

object at tinme k. Measures in Td m)st current frames
and states in z,. nost




current franes are recorded. The details of

cal cul ation of these neasures and estimting states

fromthese neasures for each |ayer object will be
wo8sRhhded below. In e.g. a busy public si te,PCITfSGEQﬁfgﬁ,ZM

are some objects staying in the scene, they wil

often nerge with noving objects and the result in a

hi gh conplexity for object3tracking. In separating

the | ayer or st ati onary obj ects from noving obj ects

and track.t

S ep‘gli‘eéﬁ é{ >}s ttﬂcf hegp e i mﬁ%ro\f 12N ob) F{D I{Ea%ea Q{ f8L 5 T IS the Principal

&Xanpl e enbodiment can gr eatt
Coﬁﬂhﬁeﬁﬁ‘e@mﬁﬁbﬁ@tﬂ bRkt bﬂj@:t ped wh&n&he &hjeet Was c(e&):tedb& a {tdvionary

of a fore roun

o P R TR R By AP R B B o e s

detlFRDRO biljdct 3 aQfatiddasy opRENE tae:}hemsrgardnga rthasirleetiac ke tophte 4’
is p(bl ¢c) =p(cl b)p(b) (2b) p(e) where p(c | b)

andAA frinm: Dk@st)aﬂomd cdorespondidperedon ofcd/pad! iFthadiffersnce measure befween
Repr esentati on (PFR) of the background. The PFR at
theaamoyiv@imds S/ EPdnd 6 (Sh & dlet regipry ef th teriplaiek 6 déufkﬁ visibility
Let s (x, y) be a pixel of the inmage. For ea

megsyrgef t}?ﬁ objeci frumehe qgresapsidmavrashn the Egmaé; ®n émb Pi ﬁé‘P ﬁ%‘lmated
feature vectors and their statistics g d% o+ most

statp gfjipptatiopagy phige; aytime F Mpgsures i 7y Ryt Bpes gnd YT 7 &
r&e Erl 88 rafég‘gcomé@ BaPigkhitYor QhiciSarBe bOMe Rkadulls tth€ estimating states

gr oun b) ) based on_the observation of the
fromé@sm%aswéwa@ 135'5‘(‘%’;30?"@3 b7 SO at i stics of the
M InrmcSta vhdyambenite, fieatd ae svae b@m sabinSin FasknShey (il) often

S

tnellajbb or(séh@nm"quia#w :ﬁihm momrsgmbj)ectmr@dﬂhe Mationte ﬂ@i REYiRg ‘é’ﬁf“"’ts
vect igtrgeg b
Se?a‘ﬁte ng'g %r‘fﬁ%%dr ar vvlgf‘%ﬂ% eeng%)hé%:?ﬁ?%@% eg\?}% . (8) be
thel?ﬁlﬁg 66 a Efk@m&ﬂd"@tm i, thee}egﬂﬁ 6t /8 tahatt Riagle. aﬁs:co(;mhg mdiapa;ﬁan rule,
Thr e atures are used in the
é’f(@ﬁlﬁ# %%%’Wﬁﬂ?ﬂéﬁlg%qgib“‘? WA hectral feature
(color), a spatial feature (gradient), and a tenporal
feature (color co-occurrencgl,, §spect|vely Anong
them color and gr adwéhtc)fxe@l—hégé‘are stable for (2b)
static background parts and & }or co-occurrence
features are suitable for dynam c background parts.
Three tables are used to |earn the possible ER) of h
pri FBerp (e ) pe pedbtagred fRm ﬂferﬁ"é’é‘f’i’lypﬁ@?ef%?mfeﬁ‘@“o” (PFR) of the
baaﬁ} QK O4Dger INEW, e is lised, 8 SharacttfRed B9 backgr@{ﬂ@ K s =(8)y) bea
col'or "vector s ¢ = (R" G , B,) fromthe input
pixeldfakie fagirEor chttetygr edeatmt, avady wirich reeprdstiiegprincigyl Yfeature vectors
Sobel operator. The color co-occurrence
m@tgeiﬁst&l%&icsgys - (R Ire) I, B, _,, R G,,B,) With 32
| evel s for each col or conponent. The probability of

%Pgrrgl )égln Bgcom ng a Raczk{%g(%m%&%sw at the current (3b)

is built, where p’(b) is the learned probability of 8 belonging to the background
(P.(b)) based on the observation of the feature v and Si() records the statistics of the M,

most frequent feature vectors at 8, Each 7 (@) contains three components



cal cul ated as p(b) = NM (b) (5b) Ms where NN(b) is
t he background points in a small w ndow Wcentered at
s in the previous frame, and M is the nunber of
W&Qdﬂgﬁ)%ﬂ thl n the w ndow. SI mlarl Y, t he PCT/SG2007/000206
pr oba ities of s belonging to the |ayer
(stationery) object or noving foreground object are
Al I C =P(c 11)P(1) and3®(f | c) = P(c I f)P(f)
(6b) P(c) P(c) respect i veI y. The probabilities
p(cll) and p(c I f) ca }r;? ulated wi th Gaussi an
kernels. Let ca be the é’e:lo Y point x in the
tenplate A . -' wis)rhe wWRowWb W Then p(c 1) c&t
be cal cul ated as WO 2008/ 9@51046‘, PLCTI S&2007/ 000206 39
p(cl 1) =max{ kk(cx -c)kJIx:$)} (7b) XeW vvhere t he
Gaussi an kernels-can be witten as kg (v) = exp - v Z

with g-c or s _ 2cqg i catin neI f g .

or Wbiiﬁtl?»alls e dpggnsion 8%8’6 JFf ?fe?ytrgAg af s tgbé?( ge {nﬁem

col or of a point in the | D s
deseg gt GFEE Gu 1 B e ST S F ?és?l pH&s BE kA,
pnn&%} feam%-r 0(21?33'3{ 'f«tzaYur&(sEe lxseﬁ )in (h@rbxbﬁa)lél ahsodingehe dhasare a

vl s Gl O ALk 1l s L F% §°9‘EIS%3C>=
resp%gu?r@y \Aﬂ?sﬁnh@théln{ dr(]})or | amiOarMidnt i)aatmezeam thide fou ﬂﬁ@;lgp

S arten & a e Use
colowo[-iﬁf;\%refm% éeagn%s s V&u%\%lb?e fo? %IE b?cﬁlgomﬁ%\ﬂtsng } ﬁ@sta? d to

e previous frane. Conpar.i Ig

leanE@élpds?ig prasoigal(FER)res df the ciles tiyes foolbmbhckdrernd (Fhey arpy g’gs) (s)
beconme a commpbn nornalization factor. Hence

and 7], ks | Thecoldsveotpr i§ dreff r@h%@ frogn tb%@kﬁ F?}afrf&met TF& g “gif&tr"e"“’f

obj ect, or_ the novj e i
 Ffitsiyort] & (VR 286 301 Sahae P i fet”
(f respect - uld be
é’%aenél Q%D?dgﬁ %iz‘{ Vgl\éaorgz}tﬁé@{)%m&lﬁel%@ﬁood val ue.

Th %@%isabﬂftpsf b 9zxmm&m@n@bbmgrsuud$oms gdhaginehidreim sen be
for nobving object tracking. Stationary objects may

caleglpledaspe i nyol ved in sever al changes and interactions
wi th ot her

N, ()
M

5

pb)= (5b)

where N,(b) is the background points in a small window W, centered at s in the
previous frame, and M is the number of points within the window. Similarly, the probabilities

of s belonging to the layer (stationery) object or moving foreground object are

ple]p(l) plel f)plf) 6b)
plle)=——"—= ) £ and p(fle)= o (

respectively. The probabilities p(e|/) and ple] f) can be calculated j.vith Gaussian
kernels. Let ¢, be the color of point X in the template A within the window ¥, . Then

ple!ll) canbe calculated as



obj ects through the sequence. For a non-living
object, it may e.g. undergo illum nation changes, be
occl uded and renoved by ot her objects. For a living
wobkb&mbsosé he obj ect may change pose or  NDVeE per/sG2007/000206
bodyparts, or start noving again. During tracking the
stationary object, the objg t's states are estinated
and the tenpl ate i nage updated correspondently in the
exanpl e enbodi ment. WO 2008/ 008046 PCT/ SG2007/ 000206
40 In the exanpl e enbodi nent, five states are used to
descri be the | ayer obj - y,ar ey .mfli onl ess,
occl uded, renoved, i?&@?iﬁg%?%#% a giéggﬁt-nnving. (7}
The state is estimted according to variou; change
me f | f S ecEnt
Lo e Sl (B0 nt €5 ﬁﬁﬁgﬁﬁ?éﬁa%w(h S e v
object. The difference between the tenplate”and a
indizeting efaticerhél dbrR0lat or Spatisiivedier, stativaly exbamsSledk/Sbe the color of a point
==114(s)-1,(s)lI/Thd, ifj4 (s)-1,(s)I<77id (1 Ib) 1,
x ipfheavingow & wensin thy Frgion of meang fhriegratig ob ccsclieont B¢ lag) feme 1,1 (5).
i .Noi Then, .t di fference neasure between
T“iﬁégﬁgﬁgﬁ§ﬁ£>gﬁ e%ﬁ?@%ﬁﬁsfrane for the | ayer object
is defined as i dl' SA seA ~ where SA is the size
of the tenplate. Sim.larly, for point s in the .
tenplate A" (s)}dfﬂtyﬂﬂﬁf%ﬁégégﬁﬂéf en consecut i ve ®®
frames at the point is evaluated as d~(s)=
(1,(S)-1_I1(s)~~Thd, if Il,(s)-1,_,(s)l <772d (13b)
ot EHewise can B Caldisfckias ence measure between consecutive
frames for the |ayer object is defined as A sY,d, (s)
(14b) S The difference nmeasures are cal cul ated on
color vectors. If the op@nges qvew . (fle regi on of the
tenpl ate are causé&gﬁy;qoﬁﬁgﬁﬁgy_tﬁé object itself, (9b)
even if the differences df and di woul d be |arge, the
visibility (visibility measure dP) of the object in

t hewig er hgd?)tpés{ ?Jg@gb%?g%arﬁ{]nbg—% \éﬁ%l b%lo?éini(ﬁlqéo tﬁ)ee}a?éé l%gitecét Cfmd

since t representa not

motif SHRAE bthin HRHHIIB Y OR the Previoieraeher hand, if the
changes are caused by occlusion of other objects,

t heComipgitidy Eqit (2bphnd (6b),| inyer bolijued tthat rp(théaschrcoment common

nor e, B2 08 T O o T RE P ARG e obict o

the mbyiegdbjdctean pe diadd awas st ored when the obj ect was
detected as a

pble)=p(e|B)p®), p'dic)y= ple|Dp),and p'(fic}= ple} )p(f)  (10b)

respectively. The pixel s would be assipned according to the greatest lkelihood valne. The mask
for the moving objects is used as the input for moving object iracking.

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.



stationary object, and T,.' be the PCR fromthe
regi on overl apped by the tenplate A .' in the
current frame. Then the visibility measure of the

wo3dBhe@ly ect in the current can be eval uat egcagc2078H00206
= P(T,." IT,.). Mre particular, Let Or be an object

inl, ,(s), and OR be a r%‘%ion inls). According to
Bayesi an | aw, the probabil4ty of observing OM in O"

can be conputed as NP(O' 10.'-') =LP(O | E.)P(EE
10. fn-the) exbrhftd kmbdak, e sistef drflided andesdibPER laytdject, they are:

significance of cmfor On .is P(E ( = pm | P .
ot SR PR bGP B R 03 TR e ® B Theording
to viréout ¢henge wicekarys Gok skt sequetse Pr@st tecefnfjamesri n~1, Pc.

in/P nt J= Pm P J. . e RS =N S e
kP g OB e g L EpREdnt ol o
temiae A 4 Srrbdd Bad R $8%kn Rf evhikBedap r | N Cc i p a |l colors
rromO, which mtche,, . p~ ,n can be

cal culated as Pk (17b) pcA~-n = E n Sack" sC(e;, )

Now the visibilit S co L, =PM |
Qi) _ -Em nld;(sp;%ﬁ&?lgwl/ﬁgfn fﬁ’?(g\}v PﬁBﬁ}g&change {11b)
neasures in a shorlb sequence of° st current
frames (i.e. image franmes fromlt_r (x) to 1,(X))
eval uated above, with Td nornmally set to 10 franes in
t hewheex &iypisethe tibvatklinesrording e imtgtroise.oFhet ke tiffarskae dueasure
| ayer object are estimated by heurjsti.c rules in the
betysen g feEPRHBB SRR fé'e% RBEREHIBRRS | £ poth df
and d' are low through the sequence, it is
notionless; Rule 2: occl u?ed: If both d and d,’
turn to noderate or higti=apeddij(Hurns | ow through (12b)
the sequence, as well as thete are novi ng objects
over |l apping the region of the tenplate A as
determ ned fromthe boundi ng boxes of such noving
obj@gesSf{i R 1R sPP¥ tRdegiitect tracking al gorithm
applied,” the |l ayer object is occluded; WO 2008/ 008046
PCTiSERR 6 OHAR G6in thé2eniRiie 435). the Aiffersnke betvednopiseqifivesiragies
di turn to high and d turns Iow, and then d' turns
at the gt RPBUIEHY #he sequence with no noving obj ect
over | apping the region of the tenplate, the layer
object is renoved;, Rule 4:,,inne(_: ign; 4 f _both dl
and di turn oo éf%t‘é—!éﬂ]érﬁheﬁlg&fgfl@<I73W (13b)
t hrough the s"ec?lrfg ce, while dP k&eysgsdei ng high, this
nmeans the |ayer object has changed its

The difference measure between consecutive frames for the layer object is defined as
& =3 ds) (14b)
S A sedf
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 7 would be large, the visibility (visibility measure d ;} 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



pose or noved part of its body but still stays there;
Rule 5: start noving. |If both df and df turn and
keeps bei ng noderate, and dp keeps being high
wbBéRleHlad he sequence, as well as there is apglpistboodhoozos
the layer object, this nmeans the |ayer object starts
nmovi ng again. The paraneters for the rules are
determ ned according to dtknow edge base of hunman
per cei ved semanti ¢ meani ngs and an eval uati on from
real -world videgs in

R S e SR
StatIO]irla;‘lef ?el;% agt‘f :bfgfékger 016 'I%gl%gt&ﬁ §ve{'19ﬂ'pe¢§l by @RderEblat@£ th aw

ey are of noderate if
currert BG¥e. AEn Wk LiRibilty rﬁ@stﬁéof the Ty pbjeah éh thireyyrenirean h¢ gfaluptpd as
they are larger than 0.75. The V[I s(l bi lcf bybea%%ldﬁﬁlf’f))
|I§TI[$W Mbrejpprtipular, ep &5 PHEHCOFTER ot e Se, Tt
gh. The neasure of shape shi ft; i Sy Qy
Accoxﬂh’@é&%ﬁ'@lqﬂh@ the ohthdith ey %?Fvér&ré ' %pl%é %%ﬁdg t he
boundary of the tenpl atev A ,nlljmber of 15b)
expanded pi erKQ.b(?JéF@P(Q hgnlpfgg%%ff the tenpl at &
size, the "shift" of thé&'object is detected. It wil/| .
begARR £ lidned pthate figifiane®f v deos, LfIIS dTtES peg DE

cameras, e.g. caneras W th unstabl e signals,
und ERKMEOBEobfvirde NEL i I08 Skl bmﬁey eviengecy G ied i n
di fferent enbodi nent and as ba reI evant
know edge basgq L%ﬁﬁ h % mb%gqtc (i6b)
1y i ?ﬁe’* ﬂe‘é}%g\ pt t A

robustly in mpl e“’efr§ e I"ayer rmdel

is maintained to adapt to real var,i ati ons
objmat p, BioutsHERTY ob¢is o &g Iwnénhgt SErLE st of e
scene. e five nost recent states for each |ayer
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representmg the transitions. One example of a FSM 800 is described in Figure 8. Any new object

is initiated to be state “0” 802 for all the events defined. This is the initial state. The FSM 800 is
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“End”406 when all the conditions are met and then the corresponding specific event is triggered.
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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



It will be appreciated by a person skilled in the art
t hat nunmerous variations and/or nodifications nay be
made to the present invention as shown in the

woBslohdo§s €moodi ments - wi thout departing fromchRe2007/000206
spirit or scope of the invention as broadly

descri bed. The present enbodinents are, therefore,
to be considered in all r&spects to be illustrative
and not restrictive. References [1] D. Lowe.
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The components of the computer moduie 902 typically communicate via an
interconnected bus 928 and in a manner known to the person skilled in the relevant art.

The application program is typically supplied to the user of the computer system 900
encoded on a data storage medium such as a CD-ROM or flash memory carrier and read

utilising a corresponding data storage medijum drive of a data storage device 930. The



i mages, each DAG including at | east one parent or
child node; and for each parent node having two or
nore child nodes, a) sorting the correspondi ng
objects of the foreground region contributin
W‘%é‘%"ﬁ’”‘@ﬁ@h parent node according to esti mat eﬁgﬁég%"ﬁ”f‘"ﬁz“
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eval uated by Bayes rule is based on principle col our

representations (PCRs) of the correspondi ng object

and said one child node respectively. 5. The nethod

as clainmed in claim1, wherein step c) conprises

renoving the visual content of the assigned

correspondi ng object from ¢4be vi sual data associ at ed

with said one child node based on PCRs of the

| gned correspondi ng obj ect and said one child node

CLgﬁéﬁectlvely 6. The nethod as clained in claim1,

- wher ei n Astnefhodl pf eopstjse srackideCinlaatidevgsignal; Shebinethod comprising
the gortlons of the respective correspondi ng objects in

econd image to derive the estimted depths of

t heecree&r@ﬁz'sﬁ and seamnd egmmnwidrigagﬂsjoé ot scongecuivreframedswb the video
mgnalsreregtnm%{, alt E:asqfneoglngks qy%}egélgisgcu a t I%‘l?gl’l eﬁqFB% %galtldrll%g one or
morg (Bcvrpgswagmlgs esh éoregrhand mgion hardspundang tol et ¢r mgre abipds to be
wacB@Ch child node based on gravity centres of pixels of

each principle colour conponents in a PCR of the

corgerapbrdinsgerobpEcdirpiyd taecliserenty (Pivdge forgzerorige more parent
nod%nﬁg fift® sé‘énﬁ'ngg th%k 'cﬁ{d@em th m¥B R Rodel @0 t18)second se ented

conprises renovin updat ed_vi sual content of t
imagescepch PACOIEIEdiBS ﬁ@?ﬁ@owaﬁ’é‘f oFhYfnedreand sual dat a

as §6Cdak Bent WoddhaSig@we athoehthlidnsieele based on PCRs

of the | ocated correspo dlqg oggﬁgt and sgld each

child nddETHRsHEcPIearsiin Ol ot ed cpeiprheguibpting to
saidCadt pardnt nbdédcbiRling @ @litmSic gersih Mdaﬁgiritﬁﬁﬁé@ ng data

Ie(gg lh N g Io EJ? gtgs&eymlgjtﬁg tcgrgeisé%} tlr}uggqb?en ?\é/vlﬂrfsgg@ &c?“(f)egtlge%h t%fone of the

child @ode offdid/ech pasmsioand detecting an event in the

\#hge?mmhgnal v?n%sae 9151(1)3 corlr;]]teex%:tlsotf %eez%sfg%ea kl n%ongmo o}ojg%toﬁ'om the
visuahdntsiseqiandd wmsm cpéd enmle; adde havi ng no ch| | d

node, d r Iy t T

met hod glse:ﬁaglrlgg%ép %) Q(Q %?quf%d ?gnc? Jélrﬁg éig th;lol%stlheh tagrrei'?}éondlng
ow@n%&r@$@nm@nﬂeaﬁﬁmpdngmbwﬂ@ﬁéhhavi%gn@ﬁpvkbhémthlId

nodg %dﬂ§ﬁ5|gning all correspondi ng objects to said

one child node. 12. The nmethod as clainmed in claiml,

f urfpheach cbitnads ibaging Rely vpe gorgsporgie abigshassianqddhereigeupdate a

statbm tﬁtgvﬁ@al EQtdr@ SPANAINRGHRB] G AR GB&H ilBgS: et o,
check whether the object is disappeared, and if_ not,

setforeash ghildgiofe Bporedviegr H@jreewef%m%lag abIEdE #sigRsd thereto,
node. 1§ sorfihe tRRbhePoREnCbéMRE chriling 1o bdinkicdfddpih i@Eaid ech
r|S|n the step of: for each child node having

GO
child apde ig 384 EHPPEEMSRdi ng obj ect assi gned t her et o,
updat e el) hz@p@ln%t £ madads-Wifs kalcuood entiodafe ai drof@ending object

mwﬁﬁ % g, @ hf0§]%%@n15Qe vi sual data associ at ed

f) updating the state and the visual content of the located corresponding

object based on the second image;

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

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

node.



14. A nmulti-object tracking nodule for multi-object
tracking in a video signal; the nodule conprising:
nmeans for receiving first and second segnented i nages
w8bodsisosPnsecutive frames of the video si gnglysc2007/000206

respectively, at least one of the first and second
segnmented i nmages including one or nore foreground

regi ons, each foreground %0egi on corresponding to one

or nore objects to be tracked; neans for generating
one of nore directed acyclic graphs (DACB) for zero

or nore parent nodes, jn the first

arfd zerlbe msthep e FMFdInHTYHES! |Wefef{e5t§pgg)g qmésﬁ&% D

vmbie s o@@i‘ehre%alven@kmﬁbon@n@bbjb@agt thg rfestpa}a%fo éertve the
generating, for each

"St’mﬁtﬁf] g?ﬂms gg‘@ r??g\emve & %H&“%‘r%{]eg child nodes, a)

sorting the oorrespondlng obj ects of the foreground

regio 3 199 n,%emog lé% |cﬁg?etd3n gﬁaﬁ d, ®Redin Ay BNdontpees assigning the

according to estimate [ ai
correaposiiiga PhigetthAwng Hiey! %‘%f‘ﬁbﬂf‘é’gﬁfa 85 OE@F ﬁf'fv“"r‘%gs #hsgﬁg%%@em
nmh@&ﬁﬂhnﬁ@oﬁ%ﬁﬂ@bbﬂhﬁy@ﬂhﬂhdbﬂBdﬁﬁﬂ¢f sai d each parent

node; 52 «c¢) renoving a visual content of the

assi gned correspondi ng object fromthe visual d qi
as4oci dfbedmsthadhas glatinegnia elpim 8 Whereg BhHa PEBHY: Prr? ability

. evaliitedP @a ds0rfd. id %asgﬁd&{ Qlflctéw GbRAS rdpepseiepivhs GPCReof the
corr spon or assi n|ng al

COTTESRANE BE ,sbuﬁ‘alawgsaaio?r@et'%ds‘t%e YW or nore child nodes:
and then for each Chl|d node havi ng only one

Co te r?% d as e %Sélgrgeld Q‘%E‘ %{39 C) CW@H rﬁﬂoﬂng the

te a Vi sua content of said one ob%fct ba 4
visuﬂ raortthe obthe assitnedremgresponding ekieds Femitheipiabiata iy ko

one 8{11 dr}lgﬁeebag%r S SSBQNH IR0k Q Pl GhiSespsiTing RBEct tah® bd aye aﬁ)td node
I'ng the correspondi ng objects according to
rﬂ?@@ﬂ@ﬂated depth in said ech child node in said

second i nmage; e) applying a means-shift cal cul ation

to Ioc e the correspaond bl &tk Vi NGniphises | careistn

doft b 1 esaro &t HERRATG B g MBSt %‘%t : "tphesséat e
visitd dortithe ofltm,l&lspecm rmtesp@ﬁdmm ebJF“éFC‘&tt ’é‘?ﬁ%Fﬂj Hye the

esmgal%%ietfegtapgﬁﬁgre A oREpNEhd RO, ) T eerVl ng the

Vi sua content of the | ocated correspondi ng
objeot fromthe visual data associated with said
eagh Chirhéimaﬁéteas aﬁlid:tetihte eiaim howist@psterey) toonpyipesi applying the

order of |ncre th 0 deoth in said
ool CCH R 6 BRI ST Be b SHsf RS BRGYRE deoth i sa
eaclCEHild @8Ok d e gre\gtyonntgafs of gixefs eheagh gtmqpée cqllqya &OmpaRenta in a

PCFg(%Iége S Og&?écvmtﬂéééb&ﬂﬁagr ed thereon conputer

8. The method as claimed in claim 1, wherein step g) comprises removing the
updated visual content of the located corresponding object from the visual data associated
with said each child node based on PCRs of the located eorresponding object and said each

child node respectively.

S. The method as claimed in claim 1, further comprising storing tracking data

including the updated status and visual content of each corresponding object for a series of



instructing a conputer systemto execute a nethod of
mul ti-object tracking in a video signal; the nethod
conprising the steps of. receiving first and second
- segnment ed i nages of two consecutive frames of the
video signal respectively, at |east one of the first
and second segnented i mages$1i ncl udi ng one or nore
foreground regi ons, each foreground region
cons?egﬁt{vg%? r?g gtgcéét%ctlgn%n evglq?rrle g} Q.Etll E@fﬂt basg&[s on Lhe%fob%ggz}ckmg
dmd(n zero or nore parent nodes in the flrst segnent ed
i mage and zero to nore child nodes in the second
segnented inages, each DAG including at | east one
parlént dhe aiihiod andaiged anelaifol. festhehcqparising thedR® Havi ng
t V"%Perac &n ﬁ@de‘ }Qvﬂlg A8 ShilPlods UelekiRPinb Q&ré&?&{dﬁ?g%ﬁ&{ ng
objects o foreground region contributing to
sai d each parent node according to estinmated depth in

said. fi et B8 cikincassLigini ﬂqmﬁc&ﬂrﬁﬁgm&%m
obj ect having the | owest depth to one of the «child

nod@seash PaEt dodekayingAnbnenef 3&% nodggassigning all Gorrgsgonding objects
to sMll shkadhileapdeent of the assigned correspondi ng obj ect
fromthe visual data associated with said one child
node; and iterating steps b) to c) in order of
inqaeasﬁmgnﬂ&ﬁﬂhsamﬁkh@1damrEsmﬁmdhngxmﬁ@kmnﬁﬁnﬁbr

ni all corres ondln ts tat
O P sat Y SRR PP Rl dRend ohB. sk npene

the aijbey isait@ppared esyd it sgt Digveatreasailign eldedthesadt guch child node.

update a state and the visual content of said one

obj ect based on the second i nage; for each child node

havidng tThe methodes daiomdie sipontifmpeobjrarisme dasitgrdd

th t gt j.ec

acgglf%:ﬁg}r]] ésg%do ﬁ(g% I?aﬁa ?y dgt%tr {]&éﬁﬁgﬂhg gbj@ﬁ a%gi%&d Jheretg update
the ptategad diswa coment iofrsjé onfego nging @bjgctrfgathgwgipﬁuﬁ}t data associated

witFalLULRLLiRMolO | ocate the correspondi ng object
having the | owest depth in said each child node; f)

updating the state and the visual content of the

| ociat ed &Wu!tﬁ%éﬁ@ diaBling ‘ﬁﬁdﬁ}@tforbﬁﬁﬁd)bfh@t trh&irge@andideo signal;
renovi ng the updated visual content of the

'meFﬁéa?EﬂmﬁﬁFﬁespondlng object fromthe visual data-:
as Sh&nate fecdiving fEaiagd eashd @dghqleﬁkem Bekpes eMthoicbmealtivaames of

the FFY SO bt Bor ens Bt BELE a5 PR dpentaiel e
one0f3] M6t SfoteRroand eegiaspendi fogeor@gd aagmf camisporgiphtochis 6 more
obj er(]:%qg be tracked;
means for generating one or more directed acyclic graphs (DAGs) for zero or more
parent nodes in the first segmented image and zero {o more child nodes in the second
segmented images, each DAG including at least one parent or child node; and
the means for generating, for each parent node baving two or more child nodes,
a) sorting the corresponding objects of the foreground region contributing to
said each parent node according to estimated depth in said first image;
b) assigning the corresponding object having the lowest depth to one of the

child nodes of said each parent node;
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ABSTRACT A nethod and system for nulti-object

tracking in a video signal. The nmethod conprises the

steps of receiving first and second segnmented inages

of two consecutive franmes of the video signa

respectively, at |least onedf the first and second

segnented i mages i ncluding one or nore foreground

regi ons ¢y RN ideOl GONPUOHeH 89 1R asEihdEREHbhMA: bHeQHFom the
. or nore_objects to be tracked; generating one or
visugiflaa agpqci fthasifcqne child nde=andDAGS) for zero or nore

parent ReABss spd BEtd by & 060 BE McResihdRGRh R Gh B6Rshdhding
nore chil.d gfdes in the secon segnent ed i mages,

objegts for aspeniph cmesRynding chiges to ‘é“ﬁ)a‘?ré‘i‘f’cre HHA$H node:
anand eeneREbach amﬁ:hﬁorﬁle nedee bay Ioﬁ@cdrm@pdhﬁmgﬁbﬁct?abil%ﬂéd thereto,
sSort. t he corr.es ts o t he
waflREt e S SO A% Bt h TR b
noder eaclcdmdlmge hzﬁm'%sﬁ?vb wamed: wepiponding sigeds dskipsdd thereto,
i mage; ni.n S i ng object .havi.ng.
t oo F o DborfED R pbl R RRIR S SRR B nfihid ech
dméamhlpanémmambm@gec) renoving a visual content of the

assi gne%)e ggéwgﬁ‘,%psal hﬁPJcﬁﬁ{ﬂgn gd“k}c WL Suak ngx?cﬁx?g object

associ at one C d T eera
havigg gydowgst deptichn shid caehodild nede: i ncreasi ng dept h of the

corresp r n I o]
obj et o o R L Mol REp i haine

objegilased:aii thelseseRfEina%i ng only one corr espondi ng object

assi gneg) thgsvetcOthe WPERLLviduad battibhr 3 the! 108138 S@lponding object
cont ent of sai d one object based on the secong

fron thg yisualidgpe aé%’&ﬁ"eél’f‘i"'lhcfa‘ﬂ&a‘%‘ *adreds 8% or nore
corres thBﬁiﬂuﬁg sRb} eris gRss bivedr u{chﬁglﬁg QeptH ot SRY Ed,rnagpondmg
the c esp?len gﬁ- b] accordlsg (g est | mat e
ObJeaféprh A e i dd PROSAEBEAC Swﬁgeéch child
node€) applying a nmeans-shift calculation to |ocate the
correspondi ng object having the | owest depth in said

each child node; f) updating the state and the visua
conﬁentAoﬂmhhawmgcakQMmcmﬁm@sgondhhge@bp@ﬁmn@asﬁdrmﬁnsﬁn

1nsﬂluh§1%gea o tetr %@n to@xe(! r\{let%gd Bp ultl—o%ge%‘{ @ac%ﬂn‘g 3 g v&dﬁo signal;

ocated corres on rom
the mpthodbongatsmgdbssensatted with sai d each Chl | d node;

a”%ﬁﬁv%ﬁgaﬁw&d%@o% s@Qmeg]&ﬁt%a A Phe ?ou?écuh%cfrﬁﬁe%'o@ @re video

) correspon g objects 1or ocatlng al
Sl%bmﬁl@spm}ﬁduah@aﬁmne@f &ej fiystaand seeand seavelingeg imegrsgnclgding one or

more %rggrgérﬁnegigﬁi gacﬁ(f%grogﬁ(ﬁ’egign corresponding to one or more objects to be
tracked;
generating one or more directed acyclic graphs (DAGs) for zero or more parent
nodes in the first segmented image and zero to more child nodes in the second segmented
images, each DAG including at least one parent or child node; and
for each parent node having two or more child nodes,
a) sorting the corresponding objects of the foreground region contributing to
said each parent node according to estimated depth in said first image;
b) assigning the corresponding object having the lowest depth to one of the

child nodes of said each parent node;
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¢) removing a visual content of the assigned corresponding object from the
visual data associated with said one child node; and
iterating steps b) to c¢) in order of increasing depth of the corresponding
objects for assigning all corresponding objects to the two or more child nodes;
and then
for each child node having only one corresponding object assigned thereto, update a
state and the visual content of said one object based on the second image;
for each child node having two or more corresponding objects assigned thereto,
~ d) sorting the corresponding objects according to estimated depth in said ech
child node in said second image;
e) applying a means-shift calculation to locate the corresponding object
having the lowest depth in said each child node;
f) updating the state and the visual content of the located corresponding
object based on the second image;
¢) removing the updated visual content of the located corresponding object
from the visnal data associated with said each child node; and
iterating steps €) to g) in order of increasing depth of the corresponding
objects for locating all corresponding objects in a corresponding region of said each child

node.





