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locafion in the coming frame. The new position of the target is determined as the mean location of
the predicted candidates (EAP: expected a posterior) if a dynamic model is employed or the
location of the maximum matching value (MAP: maximum a posterior) when a motion model is
used.

The MAP methods are considered as deierministic tracking since a pradient descent
algorithm, e.g., 2 mean-shift algorithm, is commonly used to find the maximum, and the EAP
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one of the child nodes of said each parent node based
on a posterior probability evaluated by Bayes rule.
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set a new corresponding object to said each child node.
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Type-1 CBR: a facility for the public in the scens;

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



The OHR . Hb is a sinple and efficient variant of the
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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 ch— 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 distmctlve 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 characterize 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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The second term in the sum is the weight of the principal color ¢*;,,; in the PCR of R,
ie., P(E* y il n) = p"b 7Py~ The first term is the likelihood based on the partition evidence of
principal color ¢ p.;. It is evaluated from the PCRs of R'; and R{x) as '

P(Tffgél,ﬁ = P: min {I’a-l i zﬁfcm 8 PE }
hl,i ppecy
(8a)
Then there is

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

b k=1 el (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
Ly = w,log Pr{HR)Hi 1 -+{1—w) log Po(TdTh)
(11ia)

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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duration in the video signal). The times of observing the i-th type-1 CBR during the period are

accumulated as

‘ ik
zg:,lc = Z HTg, (:{’1»1. )
=D

(158)
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
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e i Sid F,

Sy = Ei:g; z Yog Po{Te3 |Tia) - tora (i )
=D

{19a)

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
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Combining (21a), (14a}, and (23a), the log posterior probability of that x is an exposed
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Qi) = Li() + Tog P(Rig )
(24a)
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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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product. The color distance in (3) is then applied to
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the total probability, the likelihood of the object O .. in the region R ; can be defined as

PRI, = Z PR ELIPLERIOR ) o

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,



followi ng, the likelihoods are first defined based on
the original and nornalized PCRs of the tracked
object and a region. This is the extended to the
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canf’@ﬁ‘lﬁéfwwev{ S s-Che (b bight Hf—tnhe pmed(t}alt )eb?or
e ," for it appedr ance, 250‘08/ 8046

PCT/ SG2007/ 000206 24 f mSmP (7) Using the PCRs
T Subgfutiog ) ani @dato () yisdg T | for the region R,
the Iikelihood, | if) c&in be conputed according to
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conmponent c'" 1 E ) = oninf1, S(emcln)Sn = E
mn {4(c’ nrtz)sL} sn s1 a-1 (8) Substituting (7) Shd
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If the region R" , only contains a single object, the likelihood based on the normalized
PCRs is more accurate than that based on the original PCRs. However, if 0", is one of the
objects in the group R”, , the likelihood on original PCRs is better. Hence, the scale-invariant
likelihood of observing a given object O™ ,_; in the region R', is defined as,
PHEJOR ) = max{ P(R7|O,) PR OFL00) 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. -



and 2 _ { 1. (c;", s ) } .1} be the normalized PCR
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PCRs is nore accurate than that based on the origina
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the group R', , the likelihood on original PCRs is
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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
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DAG can thus be denoted as n x:. n'0,f :vial)- ' 4P
PG, _,{rtU}g=i, {nt }"=t, yq The objects in a
wB?ﬁtﬁﬁB%%de no are denot ed as {ox t }~.,,P=t Pc'rfse%ohmoozoﬁ
=1 then the node is a single object, otherwwse It iIs
a group of Af,,, objects. The object oa'f" is one of
t he objects {O)/or}ml . TRé objects in a child node
rig, which nmay be newly generated objects or objects
t r aciked ok comEtal ﬁa&eﬂﬁ addodhild feiekeis a2 grapk, aglé soteeshreasnodss represent
R
sequeptial Thpeyfroay eoatshéo ot The@robteadk é%?oweasatewp%} ssaﬁ o sub-

pro‘t;lt!i]t% &H&r[n%@tan& fo@%fz e B&%e Esﬁi@ﬁlﬁcnk Broddsh hdighk eRR BM@SE& a parent
di fferent fs.in the (garent

modtigeoag PR ENE AFeD i+ BE REGOrHIbBRR R 0t o e SRy e
objedik agaiated th @th &Fid hodeepr esent t he set of Obj ects in. the
parent noges of graph G i _e., {{ot" "7} "=t
}r Aen the probability of the states for all
ﬂmexstsrep.oke@cbﬂdj obetts it qach pregenofi F-assientsiete dpnekld|ngdes based on
thE {euQest I&&&Maﬁ%ﬁw t]'_)et-éj F‘Z{e % Ip@ametertt ec@: ﬁés&nbﬁnl:@e “:SS ER ofthe
and Lg lg,t}_élne nunber of
“%Fé(ﬂ%?‘ﬁﬁ”—t & ?11 ){ﬂ:c b J&° PRISEO RERE 3§ Rl iRtk
foﬂm{q&l{)&"casﬁﬁefex@ﬁ&%ﬁgraph such that (~z) =arg
maxP( O-04, cl Cc-t) 16 t () WO 2008/ 008046
PCTI SG20Q/7/.0 21 [fi ere are several parent and
Pdﬁ*ﬁ(l;'eomo‘ges) Oﬁfg(%gﬁ pﬁ )gﬁ ‘*Sbme parent node
represent groups, (16) is still a nontrivi aI (7
pr obI em The exanpl e enbodi ment sol ves tne pr obI emlv
whtrn\0*, selqliBhi [.a kredheapskef tinvis crise” ol A7 o= e b = 11,20
m%%&%&e’s §f e %Wf aRRF % ambel y. ﬁ \t‘Y\Q‘h§b€|@rassl§ﬂm&ut
probl e ssignaent and | ocat i og)s aﬂ%s.b . som
for ghe %ﬁﬁi‘tsﬂf’ec%esﬂa% gﬁ%“%%%#‘ “efét““ttt SEian
of BO6Gects Gn AR eortfpohdife Gflil halenddies whi I e the fine
| ocation process deternmnes the new states of the
ects a et ¢h. child node. Assignment: In
@Jgis cHap ?%‘*ua k‘é%'@bj ects in each parent node js
assi gned to its child nodes based on the Iargest (18)

He%%k’ %EELQJ cold: b ltﬂet cﬁarsel-tﬁt:im?g }Q@&ntegg B Q&nﬂﬁ %&l&{ades
escri pnl ng t

assignment of the tracke e
(et i SEPFH B B ESE JHH GenerriEh U SELR DB PP
objedts @ ABS tegdRENT

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)
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If the ith praph contains one parent node and one child node, and the parent node is associated
with one object, the graph represents the mmple case of isolated object tracking. Let the graph
be G = {n} 5}, B}, the object ia the parent sode be Of2), and the child node nt represent
the region RF, then the object OF, is updated as ¢ i 7! (e, O, aod o] have the same
id number). Its state becomes & = (B, v}) with b} = Bf and o} = 1. In addition, its PCR is
epdated as T} = TF to follow the gradual variation of the object.

If the #th graph only contains one parent node which has ao child nodes. then the previous

objects in the parent node are assumed to have disappeared in the cement frame. Tracking is

t=rminated for these objects.
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nurrbers of confl guratl on To make the



objects and child nodes, Eg. (18) is a nontrivial
probl em of optinmal problemtractable, a sequenti al
solution is proposed based on their PCRs and the

wlSRkiodo®d ati ons anong the objects. In eachpgiRebor00206
the cl ose and non-occl uded objects have richer

visible information than _the distant or occl uded

obj ects. This neans that 3% occl uded obj ect | ess

affects the tracking of the objects occluding it.
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W ouasly sassl necg LG B VI L Lrd DELRECANEL JrBIAN lilhe
I%%i’“‘xi?‘f‘ﬁrb\é & oﬁ%ﬁ? io?_?{’jo(%s %fﬂﬁlq., n Jg;il'%enmt he f; _
steiLevd-Obrsibs tited 0By frem iEFERABS; Ghmatitle PP YT ¢ dyije simated
eval uated on PCR, Agsuming that.a. chi node r4 a
s G fhaoor Sprieatinl €t FORDRE ST 1 S CBR FRE o
valideles {of L}i‘j; , aftOpl@red inla Hst. m@ HaEhtipn. T ﬁg’ﬁE@l ser fof Atk yregions
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probB{iiBY (26)) iR edalunted besbnt G- thupe P@facf andppater distance between the
bounding boxes. Let &, and B be the bounding boxes of o) and R associated with the child
node nf, x™ and x¥ be their centers, and dy, 2nd dp be their diagonal lengthes. respectively.
311 J
Then, the shape simiarity between twe boxes (center aligned) i defined as m, = %’Etz—%’
whese 71" denotes the intersection and *1J™ denofes fhe union. The center distance between two
boxes 15 defined as mg = e"hﬂiﬁﬁi with & = (dn + di) /2. The prior probability 1s defined as
P(d™ = gif? |} = 0.5{m, + mq). The object o], is assipned to the chiid node al™ according

to Eq. (23).



(rn-1)_R -El""51 =q)4e_1 The sequential solution to
Eq. (18) using Eq. (23) is conputed in two steps.
First. the objects {oi'? 11 nmr=in the parent node

wﬁi}oo@foﬁ‘soiﬁgrted in alist according to their YigisBb®7/000206
parts iterative process is then performed from

the nost visible to the |least visible object. In each
iteration, the object inmdthe top of the list is
assigned to one of the child nodes according to (23).
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where {0P}20% 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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(28)
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



obj ect between the two consecutive franes is assuned
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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



bel ong to the object. The nean-shift procedure
object ot, otherwse all the Pixels of color c) r t
~Ixt; fa} _ ~) is termnated once 2 is satisfied, or
W(;E@smwmm nunber of iterations is reachegctRchddz000206
the exanple). The new | ocation of object al is the
boundi ng box bt = $Yr}7) «centered at x;, . Let Tb(n
- 1) =jsb, {E=((.1b. %% }j-1) be the PCR of the
part of region R'(n - 1) within the bounding box bt,
where sb is the sjz tehe~paLt; and,t he. si gnificance
i s ¥ "68”"‘:'?“1“"’%,%*"?’8‘59”&?‘{ ,(%(f;,g?’? & )?MT‘% i kel i hood
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/Yi~tIn- t) as r,' = P‘(T~(n - 1)12't) according to
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R ' - Er=r == IL g,:t. - 1) - dt. This operation is
done BRI RE ™ (x) to w. (x). For a pixel x E bt
o W_ABX): Bsifh 8N BXc/Eldhbden))T aerréiagroaispai n t he
significance of cx in both PP and Tb(n- 1) as s (c )
= 5( q.302Syandeathisubligfpimation-of@!"( Som the P& my™ ( 30)
Let us define Ate(x) = mn(l,s (cx)(sb(cx)) The val ue
of Adcwor) focaoh éd eomgh BEr@d a5 - théd fobabi lity of x
bel ing.to. the opject or . ] feors
e GErBR e 8ok TR so R el BE R g ke dpe DEBILED ot
a naphelyectx) - -AMX) } (31) The conplete algorithm of
nul 14, ;00 6eloplel A0kt DR RAR£EbIL) "A'E:Pa@Rhé Satd @ PERIIL Sbject;
enbodi ment is summarized in Table 3. TABLE 3 THE
SUMVARR/e PRIESMIE FHEPE TEET "992ACKI NG ALGORI THM
| nput ;5 ¢ql LB n g (), ADGLdS SEREDY Cbhd iR BRa:Sihk bhjects
Prepré%g'ggriq?{lgeﬁg%ﬁ%dfélt”%)%raphs (@)1 =1, ... Lo)J;
oneRigkday bsydilows:. Lo, do: WO 2008/ 008046 PCT/ S&G2007/ 000206
34 ASS:\A%I}.%?%@E%EME%J% I;‘]a lgcafzr;eeg}t usgzg%) Y (5}3)," n Gp =1,

1.3.1.2: exclude the visual evidence of o] at the location in R} using (31)

1.3.2: if the likelihood of observing an object in the region is less than 0.1, set the object
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 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



a.1l: f n"P has no child node, the objects init are
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node in the DAGis processed. In the |ocation phase,
assi gned) 8] eerespangding ablecisHif| the AaBowderegio geEbUtinEgo said
eaclb&rére YR ard Qorfell QCC%ﬁf?n?grt@tebtﬁﬂat&f depfBih kai &f fndoom t he
tracked object due to segmentation errors, snhall
obj ect s B eogemapding elieqt irung e dewaiplsis pasissed fgpe of the
chil ndded besakBlacRpartiisdpeared. To prevent the I03|ng of
smal |l or heavily occl uded objects in,a géou

recor ds Of VErgRpEYrEdhe %?E}F%@t COITEFRQGIRS, PLipch S r%med from the

visal @fiPSsochenvigh mr@k@hmﬁode§mﬁet ected, it is corrpar ed
w th dlsa gﬁare ects ac ordi

o 205 antPaPLIRS e if SfishEEREE TR 47 doh edrapendine
objeby fecissiphieg all tc&tﬁspdtgm‘g/lobjecﬂseo the st oorangre oiikierodésse a

new, o e [ at Ln.the ex d nt. _
seg%ﬁ %g f?ﬁj, V“'?l &121 nlgg? Q%‘Hfslg IOH@g@ner%)%nR)%n{hﬁg 3%]rer%ti assigned
thelkmowmbgeestm lahd the vipuglf centeadof SEmlron@mawpi haﬁedl an thiyeecond image.

At sgegygﬁg@{ t%ir° rgat%JIR gﬁhdgxfor&te hm O%\év%d(g %1(%@ QéHe eﬁo'ﬁﬁmg %{a]'écg%ast@%ged thereto,

In the scene |
adapt tad s@msmmd@g objeety pre, sorted according to estimated depth in said

each child node in said second image;

¢) a means-shift calculation is applied to locate the corresponding object
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



Figure 5 shows a flow chart 500 illustrating a nethod

of multi-object tracking in a video signal in the

exanpl e enbodi nent. At step 502, first and second

woesRbiee | mages of two consecutive franes widdIR7000206

vi deo signal respectively are received, at |east one

of the first and second segnented images i ncluding

one or nore foreground re¢grons, each foreground

regi on corresponding to one or nore objects to be

t r ackedstephte) $d gparb @drated e oer efunareaging dentle ¢f thg eprespending
ob_le%{s xhﬁuce{tlgé )C?I?JS ﬁ%%ﬁ%&@% £ Qbrr&FdnQing regiBH & RRY QB child

nted 1 nage and zero to nore

nodehlld nodes in the second segnent ed i mages, each DAG

including at |east one parent or child node At step

506, for each parent no v il

nod & a%tj’bl‘f‘;ﬁgc’ig 19788 B Sgﬁ ebsja%% S8 in “F? e gge}g r‘%ﬁlﬁ
objece gbwi be abrbibed intd g hadcgsvaurﬁ grag@lh th reemng rigelgroand updating
techﬁﬁaéseﬂmag%%g g{eqﬂg kQw&sd bRl Qﬁj thq %Egﬂlénﬂed" f&n%!rcﬁné itﬁa%&s On the

cor respondi ng obj ect aV|€%
otheg dipndy it} Q& FEFIGHEES, tl% oRgEn SFPapiseie PRAYPEICHUGH °“bfhes‘-%ﬁ“8‘m‘>’
objRRGHNHE ) bnet@sl &dudé)ths&:v&ﬂl@pﬁﬂé oftfidiipd Horegfoutidbjeas STHgnehld

cor r espondi ) renD ed from.t Y, |,
malgs (o, bt o ﬁ‘g‘(‘é“"‘!; SAE L OO g“““aﬂ“d e !é%é‘%b‘f %%@Ple
emtofin@fitea ildyer exckidg algorithn s dcsignsmt@r@als |Sﬂﬁ@0netef|cﬂb}?<3fefthf?¢€é even
ﬁ'eqﬁ&'% %&ﬁ:@%&%ﬂgn thg gb}@& tsértg ﬁEw:?gS ik Q'ed?é?l 1§"kdenuﬁed as movmdg object

cor respondi ng ects to the two or nor e chi |

and Agacied éba 5OEne pwct gavéqvg@iﬁor*@mneo%c Happ ﬁ@mmﬁwenb ﬁ‘ée siationary

obj & RAABRPAR Gliﬂﬂ ea&mommngsewmmmtxmﬁemmmlmm@ oBjects, 8.2, &

R e A
movifglebjdeaivickioe sndGiadipnanpobiectiorckies fo thitarget obips iy preferably smooth

ass spondi ng obj ects are

““h %gggg%%%ﬁﬁﬁﬁge?%ﬁgégﬁﬁgggﬁgdepth in said each

chlwnn@d@vqchsf@lﬁlW%%c@ﬁétﬁyﬁﬂ‘ges"eéﬁ g frappe pls2 g pisval, the

appSaRdnes!VAhidAbe iR cﬁ ik @ichi0; dn@0 alrbuch hecqoic @f panet Agemplate
ob ect .. havin | owest id ea

g e e HPE oL HE T R B P TG PRt
or LG toRIdBG thoRk 8f hémldaﬁoeai eid den t
théﬂizﬂéﬁﬂ F{Eﬁﬁ?&ﬁg) &nedﬁ%dgted 3|sual ceﬁ?ﬁnt ofrbnms
curfeRteidnRE at @ekked by %&’ﬁ@aﬁ\@l shjpcobjpcking algsrithiivigel objbat duay stheped
vi sual data_ associated with said each .child node; aqpme

mojgs, HSGSIRTPE GRS FEH PSS BBTITE * L g RIIFE Gy
spafil ﬁltérge&{oﬂg% thJBo%s(iﬁot %pd' S BR& i B tebt8Pis R s@ﬂoﬂaﬂ%b_] ect in the

correspondi ng objects | ocating all corresponding
examble egibediment.an dlsr w@slpbrvmbn@meegb% ROLGHMIENg F» d8EH a&HPmmes

corrréspgmdmg tc about 1 second. To track the stationary object in e.g. a busy site in which the

object may be occluded frequently by moving foreground objects, a layer representation based on
the object’s template image is built. The layer representation of the detected stationary object is
defined as

L:' = {Al T {dj }_;—e—-r > {dg };‘w-rd by {d; };q_f . H {Sk }:;-—1—?, } ﬂb}



When an object stops noving and stays in the sane
position in the scene for a while, the object would
be absorbed into the background gradually with
wB%bhalobddgs Packground updating - techni ques. That,seB@&PRBo0206
the object would be lost in the segnented foreground
imges. On the other hand, in e.g. crowd scenes, if
one can separate the novi ngy objects fromthe
stationary objects in t he scene one can reduce the
over] appi ng, of e.f.or |
woul " Epﬁ"a b heglniureérél © Offth eac q?an a? ES Zgggsﬁﬁféfmcml
CoﬁMRéﬁ%ﬁts&z@:b@@R} of the Bﬂjﬁzt Q&S@ i‘rvhcbﬁﬁe mnwiseietccted as a stationary

ob_]fqt aﬁ'ﬁt 1§’ttg? ) algtf)}%ler t{) J%tﬁr ouonh eef\e}stnlﬁa I %f %%%E%&EQ ugeg n

det&:ﬁﬁé He b@&Sas a\éyiﬁdihaiyh)a} eﬁb i £ BltheSkfodnse m&awmmwdein the template 47
objected is identified as noving object and tracked

andtjte Ban¥DYi(s)gfoothé ectespondigigion @l 4ord; tih e idifferehes resesimpbasveen
enbodi rrent the stationary objects include not only

thesbmskbativanBamdsi A, (s swbjl g6t &r et regiprsof thteimpldte. Whti &l ‘@%@ﬂy
living objects, e,g. a standing or S|tt|ng per son.

megimeé the lebisdt fpinep C@b‘fsé@ftdgigrﬁ%ﬁ}ﬂn%g’é Eamal (S) - @RfbS: 15 an estimated
sSwi tching between noyvj nﬁr@s bj ect tracki

suis s BTG UL e FoRTG Fody TRRRER a*?es&s? 4 i g, mos
cur%ﬁ@f‘r&Fe@ mdrc&gié@ tihhe d%tsrbf RACENRN LM el izhy esltlﬂmﬁﬂg%tates

exa ment Wien an obj ect stops noving and
ﬁo@tﬂﬁyﬁsﬂl‘i’aﬁﬂﬁ fycatidayrrPofraiil bofesaib WS- si gnal, the
appead. cﬁ@%@sy\{ﬁﬁlica;ttb anhet atchemobjieatstaviag toyipe ezahd yhew Wil dften

thro a se of fr ane -
et et S e P B PSR G LR Lo
tneameemtswmmatmweu dpl reovefxgbvbmtmdtﬁadt@@ stftignary IEMU@O‘B@ ghjects
epce of . boungdi n boxe 0 £
Se?a‘ﬁ Fh@c PHORISSEOORTTT SRS ?a arr%%&cggbjt%cﬁ g%%‘%ﬁég{jg&%bv?% be
theQBloE 6 2 ﬁ)feg%{ﬁid%ma bhosde iebbﬂbﬂ ifh tesai0 hjee€ tAckading todpesthn e,

nmovi ng, e bho S will. overl ap each ot her.
theyppba 8 'gec? gﬁ%‘i‘?ﬁ‘%ﬁ“%ﬁé HRI8 20, if the spatial

intersection of all the boxes is not enpty, the

object is detected as a st aé(k object in the

exanpl e enbodi nent. Iadstde enbodi nent, but (2b)

not limting, Tb is set as 10Pff¥anes, corresponding

to about 1 second. To track the stationary object in

. abus!y site in which the EHect may be oc&%qh
fr eq@@ﬁm(sf by parmpr Abiripef GPedhediifairgsjedwe Serrgsapigley (P of the
c L= a
badh GBI R Bk A GaBRER e b Eﬁ%f%%%%ﬁ*‘%‘?ﬂ e ™
pixsl fttheoinagey Falhaectypd qf feaﬂeé iargdk wigclf regords the princigal feajpre vectors
> |ldc J;=~-Ta' Jda~~~~dISIka-,(Ib)

an e‘&%@?%ﬁ‘sg% PCT/ SG2007/ 000206 37 where A is the
tenpl ate i mage of the object maintained at tine t,

T,. is the Principal I sentati on (PCR) of

t he obj ect stored mgﬁ?ﬁwg’u@b@g’ﬁ&\gs detected as a (30)

st at i onar 0 t.. Tht e lpSe

bas égdb"glf %5’55{) @ﬁ GRS rP%aﬁgﬁyo%? hbgfog%}‘ n@e bgéc & und
(l’J (ﬂ)) l%?ed a)%t h\Shsdr o B tﬁQE‘eaﬁﬁa @ and @’tﬁ RA&Ys BPEREtes &life M,

erence nmeasure between'the tenplate A

moémjeqﬁéaﬁfe&tﬁé RBotoks 4t $) BEAIS (HRuRasaeRoRginegs r egi on of
he di fference neasure between



t he consecutive franmes II1_i(s) and 1,(s) for the
region of the tenplate, dp is the visibility neasure
of the object fromthe corresponding region in the

wb b@FBosols (S) . and sk is an estimted st at ecekchddSooozo6
stationary object at tinme k. Measures in Td nost
current frames and states in z,. nost current franes
are recorded. The detail s3®f cal cul ati on of these
nmeasures and estimating st ates fromthese neasures
for each layer object f gescri bed below. In
e.g. a busy public sit p‘f;l_f re are sone objects
staying in the scef{g)=t l]é)gwﬂﬂ |Bften nerge with B
novi ng obj ects and the inesglt...iy), 3 high conplexity
for object tracking. In separatl ng the layer or
stationary objects from noving objects and track the

stationary and, novi ng_obj ect S, ¢ at el € e sorted i

S SRR IR e

trackin L et = | o used as
deSCF@F’égﬁr‘f?gﬁ”gtH PEPRRE 59 ﬁh 'ﬁluer%‘gl %I?]nlg§fthéﬁ R4 91]&3%3 iﬁrmged.
pnnéoigaf QLA &le’ﬂréé Qﬁ'f@aﬁm&s%r@ used tuh &}ew&ﬁﬁ;ﬂ&hlhbddynsﬂf Thieare 2

bel ong |n he backgr I S -

specggl ﬁabx;e ((:gg) a 8 5fewﬁr§ r(%adpe(ne 7 B)texrg)grﬁi % fure k g)l} ﬁ% 0 |§r? o%ﬁ),

resp&cﬂ@elyp Bindd6d hah, doRa kil gadR@pfeasendra stitdnfo( $ER)bagkgropfgparts and

coloxg%gié(c %gcpe%%agx-rr%%éep ug%kﬁl gi;pg %ﬁ%m@ 'b?ﬁ:%é:roﬁn% p(gx%e @hrga@tgbles are used to

learDh& Rssi QI prindPali fEERGS. of Fo nhr@aﬁhs foyybebagkgrqi@ét"ﬁlilmem & Eabl e
whi ch records the princi feature vectors

and T &) r T tealpi wtioris caﬁf (B&.G, g @ gom tht{ Bal{t Bﬁior ffagle( "Fl)c}g\*ﬂ%_le?t vector
(3b bui | t the |
is ﬁrd)Ba'@:jl I°§tla18?d 5% eé‘g’ﬁgl ‘??ém b Srﬁ %%‘E %ﬁ guggemf ptE)
d ¢ ds.
ec T @%? aSGe UE? 'déé {](ﬁ ég'gts gi.hvﬁ lel:vols f@Lach I:?cﬁo c&ﬂfadﬁ&ﬁ vV an

-red $tics of the M  nost frequent

f eatyLniass of e dixelbechania Sackgr(in)l poiphtahmerehirfeme cam be
components WD 2008/ 008046 PCT/ SG2007/ 000206 38 P
calenlpledas) g () = P ib = 1 (v~ | b) (4b) v

=(v1ll,...,vm) where D, is the dinmension of the
vector v. The S,'(!) in the # i\pjle are sorted in
descendi ng ordér with reégpect=to the value p',. (5b)

Hence, the first N, el enents Mre used as princi pal
features. Three types of features are used in the
exanpl e enbodi nent. They are a ectral_feature

( cottere) N, (&) sptatitatkefovad poies (Igk & mn;iOWaFche&tefeéﬁb&r ipy the
feature (color co-occurrence respe

previos Fpme ghb M o dhegampre POl Shtip S RPN bt e PR
of s? ltnc?ctn 7 R%%Hg»rep ﬁﬂgo %B@%c?&qnovﬁ@ leQEpr§iRd SG&HIAE ENCE

res are suita dynami c ackground parts.
Three tables are used to |earn the possible

princi pal features o 1§ hr ee types(d gnpthe
background. Theyla ! p?ﬁ( and Pf@'f)ﬁﬁ, p(©) @)
respectively. The probabilities p(e|/) and plel f) can be calculated T'Vith Ganssian

kernels. Let ¢, be the color of point X in the template A within the window ¥, . Then

ple!ll) canbe calculated as



and T7, (s). The color vector isc = (R G , B,)

fromthe i nput color frame. The gradient vector is

e=(g,,,9y) obtained by Sobel operator. The col or
woQospshs ence vector is cc = (R_" G_i, BpcTisB2007000206

G,B,) with 32 levels for each col or conponent. The

probability of the pixel gé:om ng a background poi nt

at the current frane can b cal cul ated as p(b) = NM

(b) (5b) Ms where NN(b) is the background points in

a small window Wcentered at s in the previous

frame, and M is the oi wifihi n t he
wi ndow. Simlarly, ﬁg‘m? g«laa’g{f ?’t [ @Yﬁxof) s bel ongi ng(7b)
to the layer (stati onery) obj ect or novi,ng fjreground

obJ LYC)| =

OD1 ik Bl i9he o e THELR 3000l YO Gt e
probabilities p(cll) and p(c |I f) can be cal cul at ed

indihtiol tHeatiRalifavolsesragitisl vettar regRotivelyt Aygincied €JI beQfie A Bf 2 p(:int
inthe tenplate A, . -' within the window W Then p(c

X 1m)heé’~alrﬁoweW c anddnbatesion aEmeiRefonEPod gbjaws from the last frame 7, (s).

Thepf LSRN PPl D =maxikk(cx -cykix-s))

ere ussi an kernels can be witten
as kg (v) = exp - v Zwith g-c or s 2cg indicating
the kernel for colo or sp tlﬁl ector respectively.
Again, let ex beﬂﬁ )B'é?‘nts X in the (8b)
wi ndow Wand in the reg| on of novi ng foreground
objects fromthe last frane |, _, (s). The

pr ohi@Btibss tah bP cdlculatedi s Can be calcul ated as p(c |
f)=max{k, (cl -c)k,(x-s)} (8b) YE~ The priors can be
calculated as p(l) = N 1) and p(f) ="'(f) (9b) M b

where N, (1) and Néb) B @ th? ﬂum@@f) of points ob
belonglngtothela{er 70] 56 meng obj ects (9b)
within the wi ndow Win the previ ous ‘frame. Conparing
Equ (2b) and (6b), |t can be found that p(c) has

bec i t
i kel eh 0 6@)0 m‘%) W, O 4 g : ﬁ.lg'ltbt o&g)a%ﬁ gbr%%m t%cr.ﬁd }a%rer ogyrect and
mo@ﬁlé &fedets within the window W; in the previous frame.

Comparing Equ (2b) and (6b), it can be found that p(e) has become a common

normalization factor. Hence, the likelihoods of § belonging to background, the layer object, or

the moving object can be defined as
p(ble)=ple|b)p®), p'[e)= ple|Np(),and p'(fic)= ple| f)p(f)  (10D)

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.



t he novi ng object can be defined as p' (b |

c)=p(cab)p(b),p" (I'1c)=p(cll)p(l),andp’ (fI c)=p(cl

f)p(f) (10b) respectively. The pixel s would be
woSisah@s according to the greatest I|ikelihoggrxabdéooozos

The mask for the noving objects is used as the input

for noving object tracking. Stationary objects nmay

al so be involved in severa&® changes and interactions

with other objects through the sequence. For a

nonml theVdxGn10 RinSsifment, liveBtesLar@usedl nd&e@me thle NdyeA obetd, Mty are:

motfgsgsn OCFIPWY{E’”%‘% ég’?z’e_%e%}gd%{ge tmormfzg%ym% thtg Es egtl%a%c% a%cordmg
to vaRou@chags ypagutes fromp smﬁ@enmvf mfgt 13@&1 ﬁﬁmeDu ri n g
tr cki t he stati.onay
e& &b 'L% ﬁdi"{é‘a I, tﬁlapl?tﬁ ét[ {sén_pl g t s layer o%éecp I g %1&%311(;2 %&t&rg‘en the
tem| %mﬁgﬁmﬂﬂaﬂs%ﬁb&vﬁm& e errbodl rrent WO

008/ 008046 PCT/ SG007/ 000206 40 In the exanple
enbodi nent, five states are used to describe the

| ayer object, the M . d,
renoved, inneﬁ{smi{‘ﬁ? d sﬂ?st“‘art %s\%l 2{‘(9) %Il'ﬁ}g state {idb)

estimated accordi to various® ﬁ%ﬁe measures from
a short sequence of nost recent franmes. Let s be a
point in tenplate 4 (s), of the ith layer object. The
di f¥tereeligeishibe eashold Iae:orﬂinertplimw mwive Ehewuhe diffbrefioe aprasure

at s can_ be eval uat -1, (s) 1/ Thd,
beryaep e fegplate apd garient H‘E (C°I§‘1 g‘yﬂ ]}ﬁﬁrk?é%%a%e where Thd

is the threshold according to |rmge noi se. Then, the

di fference neasure between the tenplate and current

frame for the layer obj&et—i3 dighined as i dl' SA (12b)

seA, ~ where SAis the siz&s the tenpl ate.

Simlarly, for a point s in the tenplate A "~ (s), the

di fference between consecutive franes at the point

s @e@sra;fsqgs%oma@hdﬁatal ,(S)-1_I(s)~~Thd, if

(s)-1 (s)l <772d (13b) otherwise The

d | fS:ﬁﬂ-&m:br aHs U ie teadmpden Acenthe diffeiene bftvagmesgnstayfivet fhames

| ayer. obje is defined as A sY,d,(s) (14b) S 'The
atﬂ%.ﬁPPFlb’FE‘ﬁJE‘éeﬁ%‘“’asures are calculated on col or vectors.

I f the changes over the region of the tenplate are

caused by notion gf theo ect [t f v if the

di fferences g )ang - \ﬁaﬂﬂ szﬁé&e :tlﬁfgﬂ%‘& bi |'i t ¥13b)

(visibility nEasufle dP) of the otherwise

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



object in the current frane based on PCR would still
be high since the PCRis a global representation not
related to spatial information. On the other hand, if
wo BRispbnoes are caused by occlusion of ot hegr/sc207/000206
objects, the visibility of the layer object in the
current franme would be low. Let WO 2008/ 008046
PCT/ SG2007/ 000206 41 T, 41be the PCR of the |ayer
object in r, that was stored when the object was
detected as a statiognary objec -~ JRER
I, e o ROR 196 g AT B L Lty e B fifeet vaP afitd
_the _curr fra t beetiliokd by tHRESHIE Dfin the
Stam?aﬁé“qﬁé’iré?‘?gfajbé&enﬁ%{g eq%euggg%?é?gﬂﬁh%gyeval uat ea@ as
currei® fma: TREn the visibility: theasdWb6fhiayer igjedt & the pusteniQan bgyavalypied as
object in I, , d be a regi.on

S)o an OR he ¢ 184 region i .
£, ~ G MoremuTatg st Zh. badh SHFn froBaBt P biegon n 1
observing OM in O ' can, be.cogput ) s
Acco@@g'taBzayesgqx_lﬁ:(v@IF pEbabF_-S ofﬁ_rmqg. i (11%)091’? A E&)\Q d

omt he

definition of PCR the significance of cmfor On |
P(E, (OM) = prﬁ(DPkﬁ?;,“)=§ag(Q2H1€;)ﬁ(€elf?»h%od of (13t)
observing On in O, acédrding to the evi denc[e_zl of ¢, -
+ Frlyd R SmidonEPCR N sidnifRance iof £ fort O,)'=is FHOERHPD e P
n ft?16b) where p<l ~n is the significance of c',

and thd 1RERHoRE 0B @R (T, in O laedordB(gdnpe padentferf Suldset of the
principal colors fr omlo, §hich/}\matche »
. p~, ,n can . culs | I RK L dy j“,c,.n~n:Er(16)
Sack" 'sC(e;, P?&’ l%bv ?Aﬁgﬁ\?ﬁg’?gf i Py rreaSlfP”g becomes |
NPrin=PM | Qi) _ -Emnk' P.aln_,(18b), ;Pm.1= i
t heheeh an gés theamificense Phc,a e SEreesBdlie %r@eé(&fﬂ ﬂs &ﬁﬁ%bss %/t\gf fe
current Tranes (i.e. image frames fromlt_r (x) to

princlpal o)o}s A bY ahiehi mallo v, py, t4r DFGRIAASTEF | y set to 10
frames in the exanple enbodinment, the states of the
tracked | ayer object apg, est iEﬁfed by heuristic rule®
in the exanple enbodi nént =Rt 1: notionless: |f

bot h df ag}ﬂ d are eIc((;ér/ivest hrough the sequence, it is
o NPE eIy BRFECBeCOBS | ided: f both d' and d,’

turn to noderate_or hi and tid {}r% oxg}through 18b
t he sequence, aspmméléj(oggo»t ér;,e:g(%gl i)fﬂh‘ obj ect's (180)
over |l apping the region of the tenplate A as ..

de a6 Sinfd Aeasitaenbosodi seqpelne o8 §: BPSt SUBH! ABPFHGS Mmaee

obj ects in a npyi bj ect tracking .alaQr id NMeames in the
framgp fomet;-, Ehedo | Iaa//xé? %'éi’g']agg °7'S’ occ I'"“‘ulgjgg]1 ; v _
example embodiment, the states of the tracked layer object are estimated by heuristic rules in the
example embodiment:

Rule 1+ motionless: I both df and d/ are low through the sequence, it is motionless;
Rule 2+ occluded: I both d/ and @/ tum to moderate or high and d? turns low through

. - t
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;
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If both df and di turn to high and d' turns | ow, and
then d° turns |ow through the sequence with no
W(ﬁ'ﬂ)&/ﬁ(ﬁﬁ&bj ect overlapping the region of theptesphRiMn206
the layer object is renoved; Rule 4: inner-notion:
If both dIl and di turn to noderate and then d' turns
| ow through the sequence42while dP keeps being high,
this nmeans the | ayer object has changed its pose or
moved part of its body but still st {6 S M| £ s
st Ble 3ngueg X o gbtaﬂ‘ygf Lég?]%hé‘%hatnﬁfﬁ){%d keeps bei‘ng
jow TRAS & LruefidnflRo lfrﬁ:@iﬁ%obj&%\@ﬂapﬁing the kdgfon opsine tetbplate, the layer
sequence, as well as there is a shift of the |ayer
objegiirapavedsit hi s nmeans the | ayer object starts movi ng
0810« THE- RAHATEBHS 4f Ghd ldH uinlib &fodade adétien nd.nechs low
accorél ng to a know ed'ge base of human perceived )
throSf T elnfenddERRINES katBlbedy Hya thisahéaontht fagen abisall hapiclrengpd 1ts
videos in the exanple enbodinment. In the exanple
poseatiToekd penefits bedy bnictill Bleysithersng, for the above rul es,
the difference sures 0 300 i@ Voli T4/ keeps
t h&e dr ¥4 @eens H{dlf?%o‘%zg‘% ‘%“hé?ndzgre g?‘ oderate if they
i bl #e sel@n@D as Wil &5ihere AGhifloEYhe BYE obibqhhis fcdnh thy layer
befngﬁlgh ar gierest'?&aﬁ 0%375. The visibility neasure dP is
objectGtaFts POYIRE YD | ess than 0.6, otherwise, it is high,
Thenspagkstes of tehalpears ditrined acatdig|tas dooviydse Reeiof fgran

the _expandi ng foregro X 8bs RSB o Gkl IERAESAmple
percgied ff’g’a'gtécrrp e%r?“egSAénﬁ%l éfmgjﬁtgdmn.ur_r‘pelr of expanded e difference
emtpiliehis Ini e bramglerenthdmeS0ne ot lennet BREE P9 L5, the disren
"shift", of the .obj i 4 €6y 4k ofMhddbrafRE they are within
meaﬁ'ﬁ‘ﬁrf%rﬂfaat“g&}ctaﬁealf’wffg%’s?f)eﬁmef’g%ﬁ%% T omospecriafi c _eyar
851 Gl b Wiat i DS A GisibiligNMasure d) is low ifitis
(O'Zg’%gfm rgeﬂrl}e? a%fln@hqgﬁ%ﬁeesﬁol ds may be r elqui red in )
tessChhdal (B4, @fferv8sER G Hight Thantkaae: Wabed sbift it halculates| ey dpgking the
know edge base. To track_the |ayer. obj
exppnglye Sareaound PRsle al@*)&a%]’%‘n%@ﬁb%d‘i“’%fﬁ??w thilt thyq‘g‘rgﬁer%’ fppanded
LS. MRl ntaips Bl <120 the&ahinv af BtobleRtss Bdtectaelt will be
p“‘%soisé%rgerv%aﬁﬁgﬁ?o f_g}gei f%ﬁ]@af fected by other obj ett Sedifle 1%
appsciatd hat fre spine aidagysior sreeiff caPdtse S8t G BACH I Ay er ’
2 RBCLE hE thrishSls BEE bE Qe0icad . diffdpwe viepodinicnt wid| 4s bajpd on the
appreci ated that other values may be used in ~
relepiinf knopleRge Withodi nents. 1 f one state has more than 3 .
S UPTOfdcE fhelidyer afeat motesotmghyfin tivedampitopmbopigent, the layer model is
correspondi n : O L anunekidsReBdddn otifer objects in the
m%‘@‘l’”f’%?r?egac?géolrgﬂ ?@Bﬁgﬁe&gg Jj éqt ius confirnmed as_ bei NG i
scohid) ThoMloass: re@nswnstiy geeyer ot (& TprarorEtpdt Hovee it W
tenplate inmage, If the object |s ® i REeHBE th
be sppeRNe! DA BT B atah i ab AL # 65 A 1aehb dan
3 @?Joas;tthé Bakhie confiriedit Fdr ahe covichondion Salee the Hellqwdngoprndpdns 1s
| the object is occluded, no updating wll be
PerfP¥ormed. 1f the obj ect is classified as . . . 4.
St alftherhuye ohject i lvenfispeastoeie PIOTPRest P SHATRLPRAEGOLE PY
the%ﬁgirﬁ | @Ghe OMdolts R BAIE: Yol aitle modrinesipostate, Wiy RERNage
ma )

and oSt on Lk ﬁl%l%rx?p te*?yfﬂ% object is occluded, no updating

2l

of the object in the current fame will replace
will be performed. If the object is classified as start-moving, the object will be iransformed as a

moving object with the same ID and corresponding PCR, mask, and position for tracking by a
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tracking algorithm The |ayer representation of the
object will be deleted. If the object is detected as

wh SiRNGHs the object will be transforned as acsgao07/000206
di sappeared object and its layer representation wll

be destroyed. Wth these operations, the target
obj ect noving around, stay¥tng sonmewhere for a while,
and novi ng agai n can be tracked continuously and

mow‘tsn% %g%c% ‘§r§clk¥1 orifnR TR 1a r&ﬂﬁ%e&&ﬁ&m tfe &ij@éﬂﬁillrﬁérﬂelewﬁ tihthe
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ohiorettecR A e AP PGB S 450 it P
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som%whgrﬁ fg 2 Vg?r}f n%f)ev%ngcatge a C{gll’}] blg etra%@rggllxtﬁ &‘155?%% @Ed[ﬂ{l slf‘by

a tracked
comghipgtht etmvlebg:b@heeng with the rarips pRjest tragkiag @f@{g%dﬁfﬂbed for the

exm%,ﬁ AMRSqinAl. Step 604, a tenplate inmage of the
tationary object is er ated base one _qf.
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stat1[o¥8t eé]n R track%r% rgo% 1%“/'09 %Q.F§ ﬁéqpéﬂ%d Qﬁnr@ Rite deb¥rib®P&GAmple

e's ates nPatesfor t he otylect
emigdiments Al m‘n tide GiER. fhhef s@pfegwf templates for the objects are cstimated with fuzzy

reasoning. The template for one object may shift between five states: motionless, interior motion,

occluded, starting moving, and removed. When a template for an objest is detected as starting to



reasoni ng. The tenplate for one object may shift
between five states: notionless, interior notion,
occl uded, starting noving, and renoved. Wien a

woSHRbsls for an object is detected as st a”'P@Qfsb?onmozoﬁ
2008/ 008046 PCT/ S&20071000206 44 nove, the tenpla

for the object will be deleted and the object will be
shifted as a noving objecad4 and then tracked by the
novi ng obj ect tracking nodule 702. In the event

movesﬁl ?egxpk}ger}ﬂrr[ﬁ)e oLf) gf\% deddrdis & Ing oﬁ]&g Gl RRRE s Q Mok R bij&:
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fferent instantiati
R A A T s S LS
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spati o-tenporal evol uti on, of oté%det S, states
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stateBMRNhevwc@ndiBehs defnhan edthasen® es@vps antinea Whsue spegiéfr fmie igfeaghed,
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or nore tate and then one state ca
prevtonasm if soroe méhwemp mozst hatdefor e #ath e EFIRATG RFRENiafjop can be
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G; I g{@’ Mahas Satis R astor howes ﬁﬁr\é@ﬁﬁ@gﬁﬁstat&shﬁd IEf i 813 set of edges
pridit and natural for semantic description; (2)

repr&amng & rraesatbind. Onaedmbleekd B3N 89(is drspihedindiigire & A0y eawobject
is m‘ﬁlateg %rgees%(a}e ‘JO’Q g&rfrrxazf]_l tgyevfez{t&)g@ﬁhgg @&gﬁ%ﬁﬁﬁallsﬁiéethe FSM 800 1§

inite Machi ne, each specifi
tmlsevtesw t@éﬁnwta@ paSSY w@ﬁtn@oprweh%q TR T AT R L YN the' next

intedmeliiate Beate, e, st @1€30%,; ThefeSoatt isean&e tha bueliftet@mdiate state for the FSM
rep resentln the states .an

800 06 B WERPATIE RE R e te'“%e‘*iz[“g&"F flo Gfond R s

“EnBQ05 e A Schiiitibni are Ricgand &8 theAuyeSman) Egee’é@ eveptds triggered.

initiated to be state "0" 802 for all the events
defined. This is the initial state. The FSM 800 i s




truly started only when sone conditions are nmet and
the active node tran‘sits to the next internediate
state, i.e., state "1" 804. There can be nore than
w@bfshiilosy nedi ate state for the FSM 800 of agrRv:edb 000206
dependi ng on the conpl eX|ty of an event. The FSM 800
reaches the final state "End"406 when all the
conditions are net and tHeén the correspondi ng
specific event is triggered. WO 2008/ 008046
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%gr EEE%%@“{@% @g&g&round obj ec - Box:
boumhm gidlwxs etbeitbe 1?%018'@1@@60 SUpEEnE afoo ‘ﬁfﬁa‘é‘ﬁ‘m rame;

Sbi&Fimd: h{%{lcété%u%ngtdi%bpﬂmaﬁmywmmrsmm frame: -
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cked
movirRepvayiBdisres apetly 9P Qﬁ"éfsfﬂ 150{” f’ q O?mﬁ%&e‘%h Cat es
howvhsmﬁgytahaeaam eiiin [BY isfaiee dleudagrpdwtef oggesing; “when overlapping
Group i ndi cat es whether the object is an isol at ed

‘“thé’ &5or merged with others; - Visibility a_measur
Wi t Motior: @, chsuienwittemiteld indfrarey g demseegy 1%?519r eGP ﬁﬁ%ﬂ‘mm
obj verlapping wth others; - Mtion: a neasure W|th|n

0, 1] indicates the re Sl or %h
St 701 ameiryprocBye b gL B el bl B siove
inT@Yant detection in the exanple inplenmentation i s
?TII; g\.\gpa \éalnn %eo%gg%ngodsgy (%I&ﬁ 7(%]; 7‘60‘4 %?Fi&&fr@@)lié K6 capability to
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dzsa;r)peegrgxgcg STooJchlngetlng gl;'i;s m—ﬁrst—out (FIFO) stack is built to contain the track records
of N frames. Opaee are the track records of the previous N-th frame and the triggered event s
delayed by N frames. As such, in the example implementation it is possible to ‘look forward’ to
check the case of disappearance of an object, with N =30 in the example implementation. With a

processing rate of § frames/sec or above, this represents a delay of less than 4 seconds. It will be



frame, one preferably determ nes whether it is

tenporarily lost or whether there is a genuine

di sappearance. To achieve this, a first-in-first-out
wé?&uﬁ@%so&é ack is built to contain the track pe¢RESSHT000206

of Nfranmes. O,ackd are the track records of the

previous N-th frame and the triggered event is

del ayed by N franes. As s¥6h, in the exanple

inplenentation it is possible to look forward to
appERREK alhD GieCRES @b v RRARRE ALANE Ahddhecdtoy0bl @dotionMa! Miftdfent
] 30 I'n the exanple inplenmentation. Wth a processing
impleentatighs. 8 fr anes/ sec or above, this represents a

delayer@f Dkieadnt han 4 seconds. It will be WO

2008/ 008046 -PCTI SG200 7.1 .46 [ £CIBL&G: & Bained
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: e scene (hoyl around_ of « | DG, §QNEMDAI,E0: £
i R e | T BT SPol T ou T A OGP g yene s
wigdeRNter it is continuously incremented as new frames

are_com.n in._\VWen it > TLoertng , the FSMtransits
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initigtize® Bir@ath ReCaHEcn Vino e tetcieedsdbieri i revogrined hea gersa therFSM
trangig .-[0 grate “M, Wi {i‘ﬁingi:ia%sla%era&r%ﬁd i@ Lﬂoﬁﬁg a:img{d o?fﬁ&rki t interior

obj ect. en the tracked object is r_e(;ognl sed as a.
motjges Bo secondhiaterogNiatetsiaterpd the ESYds 'SY ahactringicateqp prtpn becoming and
stayinB Yia G b SonfleRah st e hele Sre TRY bdlditidhisToi Rk @insii@Siom state “M”

significant interior motion. The second internediate
tostigeate of the FSMis "S', which indicates a person

bec awi pgitian df theficiyh B@s sdt aliangs, comparedinfiic ptegiowdiamen| ess.

There are two. cogtgi tions f?r the transition from

st attde mfoT PRfLoR PLIRPEEL 7 < L nosi ti on of the person

dogs «BRts€ AN LoGRIP A &tiduBusty iBorBhdek Q) Fewd F:3F are coming in.
The interior notion of the person.m <

Wherr T { PPESWOTEE ot 9% R ERRUIRS! i@fﬂaﬁ%’\é{ SRRt
persgx?yy dfe{egcg&? %xﬁﬁ;ﬁes &P @&&ciioﬁls- person include a sleeping or faint person. It will be
appreciated that similar condictions can be used to detete e.g. a vehicle staying overtime in a zone
for short stopping, in wiich case the object of interest is changed to vehicle instead of person.
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



When t>Ts e,, the FSMtransits fromstate "S" to
state "UP", indicating that an unconsci ous person is
det ect ed. Exanpl es of unconsci ous person include a

woh6RRbRg or faint person. It will be appregic#isedoroonzos
that simlar condictions can be used to detetc e.g. a
vehicle staying overtinme in a zone for short
stopping, in which case t#%e object of interest is
changed to vehicle instead of person. Unattended

is est%ﬂsfeﬁtbet%énecﬁéﬁv@ Bbiddld. ThEFVD Erar@ﬁs feh stReCINTTT b ete EXtaivp?.én
I mpl emrentation I nvol ves two ect%
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decl ge noving object, and it stays static, a deposited
6”6% ect is detected and the ownership WO 2008/ 008046
PCThSERG0WN000206 47 is established between the two
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deposited object is detected and the omnersh|p i's
est abl i shed between the two objects. The
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wever, when the object disappears an
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. the 5&@(@; kydtein/ B0 SC@ndyct thheneFSNOT ﬁhaws!mp@ efbodimetie state
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The application program is typically supplied to the user of the computer system 200
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



The conputer nodule 902 in the exanple includes a
processor 918, a Random Access Menory (RAM 920 and
a Read Only Menory (ROM) 922. The conputer nodul e

902 al so includes a nunber of |nput/CQutput
WO HOEPEt%es, for exanple I/ O interface 924 tg&éf%%oomoozoﬁ

di splay 908, and I/O interface 926 to the keyboard
904. The conponents of thg conputer nodule 902

typically communi cate via an interconnected bus 928
and in a manner known to the Eerson.skil
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a person skilled in the art that numerous variations
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19(7):780-785, 1997. 49 CLAIMS 1. A nethod of
i -object tracking in a video signal; the nethod
CLgﬁ“%r|S|ng the steps of: receiving flrst and second
- segent edmitiag et mafti-dhiMat aackdeCinta wided dignak Sheomethbie comprising
the |deg signal respectively, at |east one of the first
A4S %5econd segnented i mages including one or nore
f oregivingnfikst angisonsd semudntel omegps olitveb camgéconve frames of the video
[Les o di r r. ;
senfORGREARRG Dbl S8 BF o8 oy LS BInE Sy ek AR gne o
morf (Bcvregremml reglommc@h feregmtnd mgide sorFasparkdiasfip prg orgeqrprebic@sito be
srackdpde and zero to nore child nodes in the second
segmented images, each DAG including at |east one
parseniating olsi drdmasErectsA Y Earis @%«%h HorngsEe Oh A garent

nodb@ RE £fP E%&tﬂeh mRQOES: zefD toSBbrt IR hitRs &P [H-RSRRR AL HBknted
obj ects of f or egr ound reglon contributing to

imagesi epch By ﬁalluélﬁg At BRI IE 80¥s%mat ed depth in
saifgr dabi Sdredt BGSiavihly tR6 i @BIeRYild A&legOr r espondi ng
obj ect haV|ng t he Iome%ﬁTq§%th to OEF of the, K ch %I'
nodes of® $AMER ©5CATFRAPEIRE UL, Ofdhe é%%ﬂgegéorw% pting to
saidGAEH ]?dlﬂént abdelDeoraing tcg@ﬁﬁha‘i@:@ ﬂép@ls poadifig nabgaect from t h e
VI Sua ta.associ at ed
Vorati 15 g By e ey GRGEPRGTE FRireatiR gape Rt e
dﬂ@ﬁo&b@fﬁﬁdﬂﬁﬁpﬁaﬁmﬁg: objects for a33|gn|ng aI

correspo 1 n ect to th % re ch o
and t her f oroq%ngc%ws ?c ntﬁxg L the asmﬁne c1rresp0nd1n ogjegceﬁs"dm the

visuabdatesspaikdigitiodjdote chﬂ@n@he@dt hereto, update a
state a h i I
on't he. SSAG b2 AT o PR By O uigtal 08 Urihe cpRSREhaine
objagts fmpaseiguiog riksprsspindgizebjeeis tetha §%¢ grieete chibkedes; d)
sort.iiagst he correspondi ng objects according to
estimated depth in said ech child node in said
s edenerch ghidfbnodg hawipg Pyly pe sorFRspenglingtibject aigasd thpptonupdate a

statd fhd tﬁ&@ﬂs&l EbRere OF Jaeeﬁ&eragjeagoam dAGhe seB&}dhﬁQ dhe | onest
depth in said each child node; t) datlng the state

angfmt #eh gliki perde baprseiio Oéfn%(‘émleﬁf@a@@ﬁ olygts BeigBTdRTEC:

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;

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.



obj ect based on the second inmage; g) renoving the

updat ed vi sual content of the | ocated correspondi ng

object fromthe visual data associated with said
w636i306doikd d node; and iterating steps €) to @rTisk2007/000206

order of increasing depth of the correspondi ng

objects for locating all corresponding objects in a

correspondi ng regi on of s d each child node. WD

2008/ 008046 PCT/ SG2007/ 000206 50 2. The nethod as

claimed in claim1, wherein step a) conprises

calculating visible porti.on f the respective -
c & r es goadeHyd GBj Cé"d:‘fl‘g{)i“hd?ﬁ‘e ’f"iﬂl’egefn fe[?Pag)e&{md’ “der cla‘\l/c_'é‘laltlng
visible/\ortichs tof ARt REbedPyRt RBrespondihe objes & the st doree &p BHHE 1Ee
. objects. .3. The .ne lLoged in claiml1l, wherein
"St’mé‘ffﬁaepﬁ'}s Oégﬂ%?sp%cgge %a"té]%.g’é’ﬁﬁi‘ﬁ%‘l’t?%"ge correspondi ng obj ect
having the | owest depth to one of the child nodes of
Sajg S B R&H8 QIE claﬁ‘l‘kg(in Eﬁg@@, \Qiiihrtﬁrll ﬂ%gﬁfd_lff@ﬁses assigning the
probability eval uate ayes e... 4 t
corregiogiite QLIPS TaYiEg Fheé?w?%g%& Ropnaf e Sals, %’P‘Fsg‘?f R B piteh
node@ﬁ&b@bh};bs*teyior srobdbilay edivsted BaBess rud.-e i s based on
princi ple colour representations (PCRs) of the
correspondi ng object and said one child node . - babil
r espectTheahsthodsas Thimedeinhglamad WhariRdhe RnPEEPHPPLeo™y
| evah}&téﬁf@ R a9dsCRUE ks HHIRT drS BBndiRERYIoRY rdphentatioBUGPCRs) of the
content of the assigned correspondi ng object fromthe
corregpasiat obist SNLF LR AP FHPSAIT- one ohi I d node

based on PCRs of the assigned correspondi ng object

and said on hild.n . esp L: Bomoli&: ARbhedthe
as>cl aiﬂ?&%O%cﬁsfyaW%fﬁv%%ﬁzf E&ér% I\ég{%)@ conpr i seg . g .Z
visual abwerlt af iha gssigneddicepopding pliers from thendsup fqciplpd with sai

one G TEPORH RO FecSuskiBel REr@BGRANE objERgEd b derahilénode
e estinmated depths of the respective correspondi ng
respgivet s. 7. The nethod as clainmed in claimi1, wherein
step e) conprises applying the neans-shift
cal cul atjon to |locate.t.he,corr j QRbBiles MaMLIREN
t h& | ont% ma‘&%‘} As Chamged;in claeaclh%@%?ﬁgﬁér%gige ,baggéd n, &
visilg¢ portibys afeint resgeciife @ierionding okiethinghs FrEPTS E1EH F‘bg?“"e the
estirfRPRBADbAne RoctiRBrabotdie dpesespondi ng obj ect in
e second 1 nage. 8. The nethod as clained in claim
1, wherein step g) conprises renoving the updated
vi sual  eRNiembd of clhitRd lipeained, eiordie stpw Addomprists] applying the

fromthe vjsual data associatedi. With Saj.d.8aeBedhid shid
meapWt GAEHHI0B 10 FERE t@? “Phe (jng'cgt &d cor ?%s pondi ng _
eactolljild @bdelntedsai gladycknires lof piteln ofieach peifsita FAjEY FOMBPICHEf I &
od as cl.al ed. [ inClabd®ihagef Urther conprising
PCIQ?%F? Nl %pro aé%%’g dat a
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 f_:orresponding 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



i ncluding the updated status and visual content of

each correspondi ng object for a series of 51

consecutive frames and detecting an event in the

- video signal based on the stored tracking data. 10.

The method as clainmed in claim11, further conprising

the step of for each parentsitnode having no child

node, deleting the correspondi ng object. 11. The

nmet.hod. as_cl ai . in _clai urt her, C | S .
conZFu R G ulink o Gl Th e il fiB0 RIPYL Bl Fackine
datanode, assigning all corresponding objects to said

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

further conprising the step of: for each child node

haviPng rde oihee spdniticddn dpiret furgssagmeiding e séqpef:

ChaGk ELOR hode HiGin@ b €hild hodle HeRARPER L EitkspMithd dbjd2ot |

set a new correspondi ng object to said each child

node. 13. The nmethod as clained in claim1l, further

CONMI i SiTRE neltBd 8 BRinRE in £19in E3GkheEfinkFishodie: Bp\irng

only one correspondi ng. obj ect assigned thereto, . ,

updét @eh pent apds havingpnly WgHrild pofteetrrisgine el corespending objects
to s&i@bhESanddsng obj ect fromthe visual data associ ated

with said each child node. 14. A nulti-object

tracking nodule for nmulti-object tracking in a video

si gnal ; Ththethoodutlein@dipelhiai hdurtHeamsprisog tieatai ofi Ng

first .secand segnent ed | es. of two .consecutive

{1 At BB PERe G GERR PuRar PRESRIH wufrd GPERader Shetner
the oject Of didapgeafeids skl ifund, ssecovdecaegpopding dbjectagesd each child node.

i ncluding one or nore foreground regions, each

foreground region corresponding to one or nore
obj18ct s The nisthot radkietd imelaws L. flonthey emenrmininiee wepecior

morg, gsjcﬁ %gﬁc{a gocécl%lzﬁlnigconw @@&rﬁ@ﬁ?@ég _fogjréctza(égign rth%ielépdate

parent nodes I n e filrst Seg d | mage an Zzero
the pipie@nd hishal comes of said phecawsrmding sbigrrdtme thei viragledsta associated

wittfa& eBAGildehdidi ng at | east one parent or child node;
and the neans for generating, for each parent node

having two or nore child nodes, a) sorting the
cori4es pagiuvigo)it 8GtBn@nditie thomeBadsd rh&e0R a video signal;
contributing to said each parent node according to

the WeflGERERTISY8pt h in said first i mge; b) assigning the
COIh@s PN ichFingljrachd Bavhd gghrltted Oiupsd ofdepicbnseaution €rames of
of, the  chil ode i parent node; .5

the }’1&%%}% re&"“\?ﬁ‘éﬁ%@‘? %8%:08% ?1! the E?sggndgggolng ﬁeé%nented imgges ?rzcluding
oneCAT hesploregidngd ekgiest ehidhofordgh@md teg@ora kortkapendagsocomt @dmore
Objg&sttgbgggcq(e(%ne child node; and
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;



iterating steps b) to c) in order of increasing depth
of the corresponding objects for assigning al
correspondi ng objects to the two or nore child nodes;
and then, for each child node having only one
correspondi ng obj ect assigned thereto, wupdating a
state and the visual conte® of said one object based
on the second i mage; for each child node having two

or Nor e ¢ A RFRONAELNY cORER OF $hedRSib-AUCDrbiRh&hO obiddt from the

. sorting the carrespondi ng objects according to
visugldafapstsiptedapithsaidpne shiffl 2dr: anghi | d node in said
second @GR sRps PR ¥ RUoerTBARRreahd e®R|of YUhAtdRRponding
.to locate tqg correaﬁonglng ggéect havi ng t he | owest
objegis Sens RRIRR G EnERE CHISHR IPdDe YO qf pRfst F‘H% oSS st at e
a qu& E}eg,\/ﬂoﬁ tizh cﬁiﬁl{]hﬁcﬁlﬁ thadhg bikig ochoc@icesbndiag b_Ej&ﬁQBﬁgi;ﬂ&g thereto,
obj ec a an e second i nage; renovi ng .t he
wpa s e R e e SO e ol ahted o B eSie s
objfectach £hildmotihleavitiggwalor thatecoassoadiag etgean dskigseditibreto,
each child nodg: and iterating Steps .0 i L
or deor - of® FrlRehe RS pld i 2L ERe Kl gbftn in soid con
childhjdeat saif eacohdiomiee:ng al | correspondi ng objects in a

corresp %E‘ %ngw%% 'll}%gjlg]sggkuf? AL QuSaGH +f EHthg thl! Q:ggﬁp%ﬁgdringo‘obj ect

data st ned aving stored thereon conpu
havigp the lonesh deptiom saidgeehrdpdd inpdp: a conputer systemto

execut e ;a uﬁ@d&ing Ghe brat@Ulnkii hOREBEI cdnteRE 5F BR ToBud Y4 A€ P onding
_signal; " the nethod conprising the steps of.
objeclassd prige sacprd Mg second segmented i mages of two

consecutsh ¥endvid e uplarddBsval d8fent DF FRALHESRESIMELY object
at | east one of the first and second segnented i mages

from the visil fgtagecBied widrsaidrathedid apds: #yi ons, each

f or egr ouRhtinE YieP eC &F EEEPORIE BY irdcRaGiNE defth BItRe corresponding

,objecis to be tracged; eneratin? one or por _ .
oIt g L re P BRSO CHAGR f OB PoMT BRI gaid cach ohild
nodparent nodes in the first segnented i nage and zero

to nore child nodes in the second segnented i nages,

each DAG including at | east one parent or child node;
andsf or fedeta pangnmmediosiehdving sigretl viberosn pan@ite hiokiel means for

. .nhodes rting. t orr ngi bjects. of th N
e S oy ehilR e AR L ERREBEL IR SRGPEL Bl ) Wi sienas
the motiied ewomisdigrie teps@Et i mat ed depth in said first

t e pREEIIAR P L ER EEROE P GnRA R R e video
signabeppepyaintat freeteone B8 thecfjrstr andrpotang segnpinieddinagesrindpdingéne or
mork ?&e@%&&&@@%sﬁ? QJCBQ&QQB%mgigij&?éSPJI{dQ@ tb Be 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;



vi sual data associated wth said one child node; and
iterating steps b) to c) in order of increasing depth

of the corresponding objects for assigning al
correspondi ng objects to the two or nore child nodes;
and then for each child node having only one
correspondi ng object assigmed thereto, update a

state and the visual content of said one object based

on the second.inma node hay.i

o tror o CL ORI AR I, SO SR IaTEREP LR bight rom the

visugDdatd 436hcidnel vaiar saRisime mh‘hﬂd@deh;néct s ac cording to
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objécn forossitEng hibcamspcaﬂing nbierty taobg et or nivaw gl robes; | owest
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an@'gﬁe vi sual content of the |ocated correspondi ng
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ron1 e vi sual "data associ ated sa
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