1 Method And System For Multi-QObject Tracking FIELD

OF I NVENTI ON The present invention relates broadly to

met hod and system for multi-object tracking in a

video signal, in particular a video signal captured

by a fixed canera, and to a data storage nedi um

havi ng stored thereon conputer code neans for

instructing a conputer systemto execute. a nethod

for multi-object tracking in a video signal.
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f) updating the state and the visual content of the located corresponding
obiect based on the second image; _
g) removing the updated visual content of the located corresponding object

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



objects for locating all corresponding objects in a
correspondi ng region of said each child node. In
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updating for adaptive background subtraction in the
exanpl e enbodi nent. Figure 3 shows a series of inages
and histograns illustrating principle colour
representation (PCR) in the exanpl e enbodi nent.
Figure 4 shows a schematic drawing illustrating
directed acyclic graphs (DA®) for regions in ,
consecutive franes in the exanple enbodi nent. Figure
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according to their depth order. A two-phase
nmean-shift al gorithm based on PCR is derived for

| ocating objects. When an object is located, its
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ods obserV|ng them Different. contextua
backgr ound reglons may have different appearance
f eatryf @StincHRMBAKBRN Ik bfectS (1@HbAs GARE cibiplCntbodinent are classified
features, while others nmay have honbgeneous col or
intgy g GBI ons.  The exanpl e enbodi ment enpl oys
O i agpat CRR: lcilityifstoRgihane iReersesent ati on (OHR) to
descri be the strHcturaI features of a region and
Pri fePpalbRErse MR RWE R on (PCR) to describe the
di stOohtaxttdl desciiyftord are daadidped ol charscterizethe Bistindiee 4ppeardnedsiof CBRs

and evalnate 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



CBR in the enpty scene I(x), and G x) and Q(x) be the
gradi ent and orientation i mages of |(x),

respectively. If the orientation values are quantized
into 12 bins each covering 30, the orientation

hi stogram for kb is defined as a(k) _ arr~(Gr))
(X)) gets (la) where PTI @ is a binary function on
the threshold T and SkO is a delta function defined

st%%mmr R&S&er{tc)raon Torky tKdesorfdethd @hctirak fehtutes (02 @)reglaﬂ"'ﬁld(}ilﬁ:cqpal

a sinple and efficient variant of the r
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slig i ft of object osl nni n
resTeeRyEBIT T orenon SRS are CRE BR3P R FBOR  Cahe fsntaion
hist8 hﬁﬁﬁgg“uﬁh&ﬁagR for Rb is defined as Tri (3a)
ere p; is the size of Rb, ck; is the k-th nost
si gnidiiigand” ealiotgpiioR)b and pk, is its significance
val ue. The=gi gni ficance value is conputed by r ze (1®
(4a) S(cl, c2) is a delta function. It equals to
whewherdver (Lo h binantifeictiorce thig ﬂxfeshql,@)" an@::@sﬁﬂldbléarfumqfiamdeﬁaed as
smal | thresgo dﬁ%kigémﬁ$ is 0. The color
di st ancecus L +||k2|| (5a) where
<e,.> denotes 't ot product [2, 3]. The principal 23
col ?ﬁ d@ﬁlr{r%@ NE0Lidplknd eﬁ'&ﬁnt vaQkk 66hl Fobae ?&;@l%%%to? 58€TT1] for
accordi ng to err signi ficance val ues
realfimeprodesses étnbbﬁémsgwe fpsillomingfioshanges gnd Shghfa*@ qf Shiget gesition.
thegp %&Sg b ?eg{oﬁgé'bq 7] tz&@oﬂ/ﬁﬁu R R EHRSedidieean BObBAned, The PCR

satl’s E principal -colors in PCR cover nore than 95%
ﬁﬁ@bmﬁkﬁmﬂ@&WIR b. PCRis thus efficient to describe

| arge: r : _fgt'nctive colors. Atype-1 CBRin
the g’aﬁ%{ ng%ﬁgéﬁ” is associated.with a facility3a)
exl 35 s e b BELIVE (B AP TSI A f UOE S ) bR is is

ina PCR are use aracteri z¢
signiﬁgaeelvamBFIhelsgtnﬁ%nc@yah@es tdm@utedtbh type-1 CBR in the

scene Séﬁﬁfnt xtual descriptors are Hbi and T bl.

A tyﬁ%“l just. two states: occluded (occupied)

or not. “THe Iikelihood of observing a 14 type-1 CBR#a)
t {

C o n?(é: g)a gelgr}uncpg om%l.lais ©§ Qa}hglpthe §6’1919ﬁ)3%£1c4 cﬂ@ . €) is smaller than

escripi the re
a small threshold £, othermse it is 0. The color distance used here is

d{i&l?ﬂgﬁ =1-

2y tg
feaj® +fleei®

, (5a)
where <e, o> denotes the dot product [2, 3]. The Iiﬁncipal color components E¥ ; are

sorted in descendent order according to their significance values p*; . The first N; components

which satisfy * Ticart 2 0.05p; 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 distinctive colors. - 7

A type-1 CBR in the example embodiment is associated with a facility which has a
distinctive structure 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. Its contextual descriptors are H' 55 and
7' 31. A type-1 CBR has just two states: occluded (occupied) or not. The likelihood of observing a



R, (x) fromthe corresponding position of R bl in the
current franme 14x) are H, and T, The Ilikelihood of
R bl being exposed can be eval uated by matchi ng

R (x) to R bl. Based on OHR, the nmatching of R (Xx)
and R bi is defined as PL(Hal tr) _ ? C H3%a

1'"HHFi 2+ 11 Hr (6a) If R Wl and R (x) are simlar,
PL(H IR Db 1) is close to 1, otherwise, it is close to

tprl Cz%]Rlls evilﬁ’dteh 0?1 tﬁe &hdl? %’e%loﬁ) é"% &:s}e tﬁe%nteﬁual de&ﬁpt&rs%@ql-g'regon

R(x) rﬂm wgeftp@nctmgepqsawl@f Rt hemttbi alrn'em 3%“&?() dro 4, Hy ppgl 7. The

11ke1-1h&fd &ﬁ(&()}m XQBHEH B@xﬂe‘%valudte‘d hasatchBe R (x) to®) ;. Based on OHR, the
JP(Et “abil) p_1 (7a) The second termin

P(Tt1P.
ma‘i"h‘éggﬁﬁiﬁxb@dt%“\ﬂ@ﬁ@ﬁ?s of the princi pal col or ek .bv;
.in the PCR of aR;Hblﬁ i.e., P(EK bi, r bi) =pkb
1, 1pBd HelHT ST A, rmis the Ii keI | hood based on
the partition e*\ﬂ dehce of princi pal col or ek bi' e (62

i d f
p(rhct ) PR 8 o gl st dl
h \T =L -1 11 (9
géiﬂggmf -A 2‘:‘:m.fglxél?%%flﬁtmﬂ]rBﬁdﬁsl ar vay . I\Io\(/v ?%e

5 —é‘ ﬁé%%’%ﬁbll E'CtR) I} % gggl) nee

g' oF ¥ ;
Assum ng hat c6 ors hd the gradients are
i ndependent .and different weights are used, the |og

I|ke4 d %erp blattlrretlsLbIt:W.
Fal
| og PI- 1?4(( %“f% FBE(’?tIT&' (11a) |
| | ()
The second term in the sum is the weight of the principal color ¢ 5.,; in the PCR of R’ bls
ie., P(E* s0,i|T 31) = P's 1/Pss. The first term is the likelihood based on the partition evidence of

I

principal color ¢ 5, Tt is evaluated from the PCRs of R’ ;; and R{x) as

m=1

M .
PETIEL 9 = p% i {m o9 Slch %}&}

(8a)
Then there is _
s f
F*mli“ﬁﬂ E 1ein {1%1 i Z 5(&@11@ ,)Pt }
BLA YT : (93)

P(T 4,|T)) can be obtained in a similar way. Now the matching of R' 4 and R(x) based on
PCR is defined as

PoiTlTHh) = min{ P(T, [Th ), P51 T} (103)

Assummg that colors and the gradients are independent and different weights are used,
the log likelihood of observing R's; at time ¢ is

L3 = wy log Py (B B+ (1-w.) Tog Po(T3fTR

(11a)

where @, = 0.6 is chosen empiricaily.

The type-2 CBRs in the example embodiment are large homogeneous regions. Only the
PCR descriptor is used for each of them. Usually only part of a type-2 CBR is occluded when a
foreground cbject overlaps it. The likelihood of observing a type-2 CBR is evaluated loc-



where co, = 0.6 is chosen enpirically. The type-2
CBRs in the exanpl e enbodi nent are | arge honbgeneous
regions. Only the PCR descriptor is used for each of
them Usually only part of a type-2 CBR is occluded
when a foreground object overlaps it. The |ikelihood
of obserV|ng a type-2 CBR i¥ eval uated loc 15 ally:
Let 2'j, {p 1 el {Et2:, (caZS Pb2,a)} -1j be the

the 2 g:BR,:EZ se 14 (x) is a small
ﬁwg%‘gl@ “ ?aTt %@** ei' '83 5 wi ndow The |ike
x {2t %fTh(x)J H(I's(s) I M)
- Eﬁﬂ [R(X)! is the size
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e i s a Bool ean function
deflned as B( 1n( 4, 30 fierwlw ¢ ,ss &(14
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x in the current f“F'é% bel ongs to R b2is Lia(r) (29
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type e exanple enbo consists of its

For adEhe silf, é}tﬁ;gee 1 CBR R bl, the
' appe’%ﬁ‘[’i%@gcgze dl, tﬁ%@fﬂ{ned as Ma(R b 1) (11 by (13a)

Tbl). The spatial nodel of Rib, is defined as its
bo u"ﬁhh lnghlbrbhocam@t thheixelerin g leﬁnhﬁamet betongs tR(Risb 1)

;I§ Xi z To adapt to |ighting changes from day
to nfgkt =Be&ifes e active appearance nodel Ma(R b,

1), a nodel base which contains up to Kb appearance( 2)
Mo deheSappéarice blodél st useetl CBRen theckeisplé embadnenbassstasfdts OHR

d.,in ment active IS
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7', Uihe emtricBippiboiatiges difinthe iCBRmdfedonaukthe bate poifit, RatM(R's 1)
_(EISM (141) [M (A)IlI- K',L Kj,_Natural |ighting
chiahd¥s slowly and smoothly. Let D be a time duration

of 3o tadaph tartighying shangest fram W fongighti besidprethe aglig| appearance model
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Natural lighting changes slowly and smoothly. Let D be a time duration of 3 to 5 minutes,
not limiting, in the example embodiment (i.c. a long duration compared with the frame
duration in the video signal). The times of observing the i-th type-1 CBR during the period are
accumulated as

75 =3 mr, (I3) |
telt (154)
and the average of the likelihood values is
51 zw Z Ltzu@?‘m zﬁ
B g : (16a)
where L 1 > Ty means K 5, is visible at time £. If sufficient samples of B ;) have been

observed during the previous (last) duration (e.g., Z'¥ 5 /D > 25%) and the average likelihood
value is approaching the threshold 77, (e.g., f;’lp < 0.87%,), a new appearance of R' ;; may be

observed. In the coming duration, a new appearance model M° , (R} ) = {H™ 5y, T"" 4 } is



feD (15a) and the average of the Iikelihood val ues

is "S1. =.,c ELbl1 LI (I" 1) hl fen (16a) where L"'

bl > TL, neans R bl is visible at tine t. If

sufficient sanples of R bl have been observed J

during the previous (last) duration (e.g., ZP bl /D

> 25% and the average |ikel6i hood value is _

approaching the threshold TLI (e.g., Lap < O. 8TL ), a
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homaggneomedet 8k gnemployetheo devhgeh tha dppersanye maghonty of the type-2
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S0 Mg (o) ple 2 roiingrefd B G STl PR e St

moMB(fcR']ﬁa)attlmd‘tls{X PgA- x~_~nfi R~~ ~ K The m)del sin
t he nodel base are | earned increnent aIIy t hrough the
time gﬁméﬁﬂl% First, at each tine step t, the
bi nary i e vaf observed parts for R b2 is generat e((il7a) :
as V" b2 (x) =,UM(L","b2 (x)). The overl appi ng
r at inberd et Waedanst imrseotinnsmdj ‘Pamtaps andn. tThe lmpatthatatio is, the more

PaEIotds o APt i essalins of e Biset P B e gffend of ot

dutdfidr) the tilBeofl cBegidiig thdarge adirt o A' 5 dutitpehapried is

Zif =% wra(g3})
il

(18a)
and the average similarity value between the observed parts and its active model can be
computed as
égg = 3;*3 E:{gz} BTy (%23

.L_—;i}

(192)
where (?_’,,iz” |7,.) is calculated according to (10a) with normalized PCRs and T =

75% is used. Like the operation for type-1 CBRs, if sufficient samples have been observed during



parts of R b2 are exposed and | ess pixels of other
obj ects woul d be involved. At the end of each
duration, the tines of observing the large part of R
b2 during the period is fF-D (18a) and the average
simlarity val ue between the observed parts and its
active nmodel can be conput®d as 2 .eD (19a) where
PL(Tbz ~Tbz) is calculated according to (10a) with
the 4% qﬁllah@neé cPGRS, ﬁ@ @ ICEg‘and71§e/ OabePagd S@ftlarilyl ¥efbuel B@pproaching the
operation for ty i f sufficient sanples have
thrdsheddh 7o s er \Bef ﬂuBT@)g 2 b@w apiiverahagtoddlubAtL (Brv) s gegerated/ from the
h2 ID > 259 and the_aver e simlarity value .is
CurEeB Y BHOR] Iﬁ&let%‘ag% Hpdatpy eﬂﬂ? low ip the teg sonseeytigerflusgtions, the
actide earaRP BRHA REEbITRsiRled N thére (s Bodd) in e bgenefidtiedodercdtgh to
~the current duration, |f_ the, avera}%e simlarity

the pgy geRearanes mMadgh 4 ne (ve) (e SmLaty i reer fimnder ghd Wﬂé fused to
repB6d ¢ CacBRPRAIANO AL the Wictide RBddl &Il a6 &éblacbci bY R Gevk Snodel.
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al ready full, the | dest. S)ne is then replaced by the

new Bpgeh.(x eI ') he the CBRs of a scene.

G ven a com ng frap-ﬁ"l?‘(x) and a local region R, (x)20a)

centered at x he po terl or robahi | ity of :

o O B Sreoe AR bRty B crnsEl Bos B e loe
podrfriaf pepDablliROE)R (x)Henping @R "ifi do alrdni frameR(B,i{ defiped 5 t he

same for every pixel in an inmage. Then the | og

post ef{irpi)) pﬂg&ga'@mijﬁgg)eﬂ@g@(@?@r’;bel onging to Rib in

the current franme |I,(x) is defined as W R =logP(. 1 @la)

( X) Tﬁé(ijositidﬁ%f %bgﬁ dBZ{llsaé)]readgr@t@lﬁﬁbct bP its @patial ltnl?f{m3 The prior

| ready_ det erm ned its s&g &ﬁ nodel . %
proa?hﬂefy P(ff)ar Bba: r thy peyenrang Q)Otlregﬂlie & gpQ?é‘ie’E“?"d?P ability is
eqlﬁ%ngto%eh 64 MiteSiBood Bh@a positiog, 1|eQ@‘ ‘posLerRQf blg)’@hﬂﬁlfbﬂﬂ’){l A rate

of ?ccgldedqt@les ﬁver?:chétofﬁ%%%fol( O&B' | )Gi djﬁi}.s use% F({r%:i 1,%98%1% 15'0?0h1puted

asrate of occluded tines over recent franes for each
type-1 CBR.is used. For Rlb , the rate is conmputed
as rahi=86E + (h—ﬁﬁ}ﬁ@mf@mé}( (22a) where /3 is a .
snooth factor and /] ‘0.5 is chosen. A high rate :
val were gliosendoth fhytod amde(?dl. £ chosen. A high rate value (close to 1) indicates

that R’ has been occluded in recent frames.

From the spatial model U7 4,(x) of the i-th type-2 CBR Ry, the prior probability of a pixel
x belonging to the region R', can be defined as
P('Riﬁix) ]Rg* }2 Z ’{ggﬁ(sj
seRefx]
(23a)
- Combining (21a), (14a), and (23a), the log posterior probability of that x is an exposed
point of Ry, is '

Qi) = L2 (x) + log P{RE,|x)
(24a)



that Ri b, has been occluded in recent frames. From

the spatial nodel U b2(X) of the i-th type-2 CBR Rb2,

the prior probability of a pixel x belonging to the
region Rib 2 can be defined as PA 21X)- = IRs x) ~ (s)
(23a) Conbining (21a), (l4a), and (23a), the | og
posterior probability of th X is an exposed point

of Rb2is az (x) =Lt 2 (x) +log P(RLjr) (24a) 18

A T atge of o&&@émﬁg o%rnf@&npf{ﬁﬁes E&ER 1x£1rf@1nas,h -@@R is used.
pi xel for each type-2 CBR is used. First,

Flri-tots’u‘set ropigt ﬁbpog%e %ﬁ&%?tffédaoul&hﬂffoa%aaﬁhfd@% Plxgln%% OPGESBR 1s

corBiri &l onQhie Bedl ¥RBHAMESR (x5, LeCAME iHeBshoidn bheixd|O6skInging to Ry in
nelg?borhood R (x). Let rl be the proportion of

theppigRitogopd I°8Rlifiy to R b2 in the nei ghborhood region
i.e., i 'R (XEEZ f % |El (25a) and r2 be the
propoFrTgﬁx@f Skd pi xels of Rh2 in R (x)
accordi ng t 0“TH posterlor estimates, i.e., R (x) ~ (25a)

RECE U AN ARG OB R YT R

estipiaxeslieof R b2 is confirmed if the najorlty of t he
pi xel s within |ts nelghborhood are of R b2 and | ess

of tp;nLaEe_ N the current frame. Now the
rate 1s Bdwp ? =f ~~
(=) ~"(i-.~) (F~i" 4" ) PRS"X(l-tea) (27a) where T2

= T3 175 iShRsen a!; @héhh? 1@%@&1@4&2351‘013%,@%@11}&@&9&@! &R, is
to the result a contextual |nter€retat|on

confgmpi i TR OF R e AP cHebor B e R of them ar

obivel BRI BurrSi e, NORS Rtcti@nx@ipd e enbodi ment ;
Normal |earning rate to exposed background pixels

W t heismpd ¥ and ati-pne:, i~ l@wilaedrning rate to occl uded
background pi xel s; (27a)

where T, = 75% is chosen in the example embodiment.

According to the result a contextual interpretation, three learning rates can be applied at
each pixel for different situationé in the example embodiment;

Normal learning rate to exposed background pixels with small variations;

Low learning rate to occluded background pixels;

High learning rate to exposed background pixels with significant changes.

An hﬁage of controi code C(x) is used, where the value of C(x}is 0, 1, 2, or 3 where the
low, normal, or high learning rate is applied respectively at the pixel (here O is for normal
learning rate for non-context pixels used for display). First, for the pixels not associated with any
contextual background region, C{x) = 0 is set. The rest of C(x) is determined according to the
results of contextual interpretation. For a pixel x within the i-th type-1 CBR Ry, if rr Mo 2 0.7
that means the CBR is bemg blocked by a foreground object, C{x) = 1 is set. Otherwise, if /(x) is
detected as a background point by background subtraction, C{x) = 2 is set since the CBR is
- exposed and no significant appearance change is found, but if /(x) is detected as a foreground
pdint by background subtraction, a high rate should be applied since it is detected as an exposed
CBR point with significant appearance change, i.e., C{x) = 2. For a pixel of the i-th type-2 CBR
R, if 7 45 () 2 0.7 that means the patch of the CBR is being occluded by a foreground object,
C(x) = 1 is set. Otherwise, if I(x) is detected as a background point by background subtraction,
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ABS net hods, the performance of adaptive background
subtraction on situations of conplex foreground
activities can be inproved significantly. Table I MG
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global color features of an individual object can provide a relatively stable and constant way for
object appearance description. This can also lead to a better discrimination of multiple target
objects in the scene.

In video surveillance, an object of interest (e.g., a person, vehicle, luggage, etc.) may

render a few dominant colors which only span a small portion of the entire color space. Let the _



appear ance- based nmulti-object tracking. In a video
surveil l ance system object tracking may be applied
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In the example embodiments, using N = 50 in (5) lead to satisfactory results for almost aft

the regions containing one or a group of objects.



group, W(x) may not be equal to 1. If necessary,

ot her wei ght functions can be used, e.g. Gaussian
kernel to suppress the noise around the object's

boundary [5]. S(cl, c2) equals to 1 when el = e2,

otherwwse it is equal 0. However, in the exanple

embodi ment a col or di stance2d s used which is not

sensitive to noise and illum nation changes d(ci
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Since a region of one or a few objects manifests only
a few dominant colors, it is possible to find a
smal | nunber Nto approxiﬂHﬁH}Ihe col or features of

the regi |- 96(5)

In the egg%é%ééﬁﬁﬁﬁf éﬁ%E&%%ﬁﬂh ﬁﬁhm%%o | ead

1 d rgatol Sfaa dic@ix!s ehinltichofuatingor®S bf @t tegioh R (xo d@x e, (x),
cgntaj nin e or a group of objects. 23 Fig. 3
shéﬁga?W$% ggnples of PCRs where one imge 300

29 ontrah AS okyviy - 1S ebratuedi(i(R Ey). Bdals), ands ahat het s, Frageo to 4;

2 contains
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308, 310 respectively) are summari zed in Table 2.

" TABLE 2 THE ALGORI THM TO GENERATE PCR FOR REG ON R',

(X) Thd aiMrofQbjeSaABKiAE tcpm@e&ts a Whdkbd aajéoh 5} tb@wﬁdngwmalmcordmg

to 5% Qﬁgrfogg ggpegrglgcleo%o I§chle ¢ this, ITLe )flkglhood og )‘gl)e congltlonaf) pllaaablhty of

observing the tracked object in a region of the current frame, has to be evaluated. In the

following, the likelihoods are first defined based on the original and normalized PCRs of the
tracked object and a region. This is the extended to the scale-invariant likelihood.

Let O" ., be the mth tracked object described by its PCR

i
T2y = s { B = (G }}*—3} obtained previously when the torched object was an

isolated object, and R, be the nth foreground region detected at time . According to the law of
the total probability, the likelihood of the object O™ .| in the fegion R, can be defined as

LY
P(RYOT) =3 P(RE|ER) P(EL|OF,)
=1 : _ (6)
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',, |O0" ._,) is the conditional probability of the
evidence E, given the object O ;. Using the PCR I'™ ,_; of the object O™ ,_, the conditional
probability P(E', |O™ ._,) can be defined as the weight of the principal color ¢ ,, for its

appeararnce,



2) Fromi =0to M 1: conpute d(l,(x), c.). If

d(l,(x), d.)<¢c, thens'" (- s', +1. Go to 4; 3)

O herwi se, set Enwith c?' =l,(x)ands n= 1. Set M\FM+1; ;

4) Sorting {EO. 1 " i-1 in T", in descending order

according to the significance value s'. 5) After

finishing the scanning, sel#ct the fi rst N el enents

to formthe PCR of R', (x) The ai mof object tracking

is to allocate @ tracked object in the comng frane

accor &g Chb=i-fs previ ous appearance. To achi eve

th| s, the likelfood, or the conditional probability?

abs et ed Ct i ' f e e

CurIl’Je n%E'F C%%Tt h’abOfr R kbecé @2[" J aﬂ%l% g‘n fﬁr ﬁ‘l?%éé?orl]l}? . ,%hlgqlkehhood_
Pt Eow n the |jkelih f e

(??]e o}m allgnbael Comﬁa{eﬁoarcﬁ%ﬁ)ﬁgg ?ja[b%?s glhﬁi %g / r acgqge qalgep color
compgpett,and a region. This is the extended to the )

scal e-i nvari ant |Ik%4lh00d et d" beth nthtra ked

?’fﬁ%%ﬁif%%i%r e sl S ol
' i sol ated obj ect? 'and R’ be the nth oreground (8)

treg ?fﬂﬁ&gg(?%%ggﬁﬁm{’ 6%&6(13 Accor di ng to the | aw of

e likelihood of the object

o th def P( 1O
G RS L Gy ™ Tom 15 1ne
P

li kel i hood of tRaFlthe obj'stt O 1 pearing in the )
region R' , based on the partition evidence P. , n(g
P( Eftis ibfed'that the ahovi Skdlheodd Drislevaluated hnder b assithptioy thef the size

Vﬂrfg@%t qfaﬂYJ éﬂ)ﬁz@&? O’EJFE%%%‘%F éft: h é%%ﬁ%é s targ e;t%;elz %{ﬁgﬁdoﬁ Qarh i1 be
afpredSEtsIFiresp dpbtion of kelihoodbesee o K nefiaisRecPCRs sy in the

ngﬁ,lleggﬁ{bogjneﬁthgetprl nci pal color ¢' mfor its
appearance, 24 | P, ([7 1) _ a s~ (7) Using the

—?”iﬁcasﬂﬁm = (e} 150 hee bbheatliztd PCR amﬁmecw?:f v&m @nh:e 58 /8.

IO? (FfE" ;tg%?kbelt%hoodm g %1 Ifé = 5 /5,

oﬁpu aceh err srgni cance
TheHéeldand boel mthewnpbﬁéﬁﬁﬁs'bemm@( ' r) —m n 1, {
6(crma Ln) Sv. rgin Bn, > , 1) Substituting
7 Qo
R SN S
gzl ’ (10)

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 O, | 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,
FHRY|O,) = max{ PLRZ|OFL,), PLRZ| 07143} an
Heuristically, if the region R is a single object, the Iikelihood computed from

normalized PCRs appears more reliable. However, if O, is one of the objects in a group R,

the likelihood from un-normalized PCRs appears better since the object is smaller than the group.

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



P(XIOtl) - $an , min &s ' A:sv: CmS .. i=] Il 5

11111 (9) It is noted that the above |ikelihood (9)

i s eval uated under the assunption that the size

variation of the object is small. However, if the

size change is large the |ikelihood value wll be

affected. Therefore, a defidfition of |ikelihood based

on the normalized PCRs is used in the exanple

embglédBMkingli€® Viddo suMRBlafceSimsat Snalnitning o/ Gniqud identifickiion (id) for

{E~ = (cam_s; ). }. 1} be the nornalized 5% R of the
eac]a)@fgé‘b?b_] st anddﬁ@n%mg its %r@—depgndergipps;m(gls B %e i(}en% dVhep gultiple target
obj R FEhdnAE theFdeRnd Qparkitd Erofreghe @AbtIRY inM piblie site, dScking ond hdividual

likelihood based on the orpalized ECRS q%cone bal
objept 5 5 fgen 1 Bdegndptyppatess MUGEDplefrfpeKini Pang b JOumlted g peelo
MaximQinl A/PSRFbLEIMIS) drobiemgbeillaly iexcked objaes. [Wikkethd oo chtdilaseghound

on the .n li.zed P i s nore accur at .ha ha
eI BAVGR PR STl TG SERHe Tnbefial) hdHgbat MaP
protiém tclivebe dphjogintagly decdrh@sagiras tipo fbproblerhh @ssignkeitiahd daton. Using
or.i gi nal, PCRs is  het ) A - [
the iy G of s i By anHE Sl B YDA AP} cxample
emipogigients uRS sequergialhofutiosdo tese tRF {ubproblpms] ps detailed below.

:1n§x{E( g )x P( 'L 0 1/1 11:5[ Heuristic, I'I-;i, af) _
Te O b gy e B S PEB Bt { b OF Prea iy e o) =ad
@%@wg@?ﬁ][ e RemAEbE .gf ber proftieas @ liiabl-el. The
VL ... IS . Cla - ‘ ,
N
Lt iraren thee potyjoec terbassostrapdedsr Ot-hard strs QYyriodips canppufogrpiajed as

1 AR REOY h 38518i0s Wirh BPLAIRASHERAM pdfleidNiESE tWO
cases I n the exanple enbodi nent. 2 CbJe01 tracki ng

0L V] D i esal ms at mai ntaining a unique
EFdé%%%%???%?%%%F%g?g?gr each target object and (12)
providing its tinme-dependent positions in the scene.
Wk reverei| dbieph evarlap opest anotpds] thoytcgnsfof bayigasknd] 3 iferegéentetgpcts. With
e RRhRLGiohd RO g&{‘ QhoBREd by balicdPil %&u&{ﬁ%ﬁ{lﬁ) I FKd Dplified
one I ndrvidual " object is no |onger an i ndependent
process. Multi-object tracking can be formul ated as a
| obal Maximum A Posterior (MAP) problemfor all the
ﬂﬁé%@ﬂﬁ%ﬁT%%Fsﬁwiﬁ%ﬂihe segnment ed foreground (13)
regi ons provided by background subtraction, in the
wigxahpirekahibgeis fok | HerghokatitbR R pk 6D Ifom baprebes fame. If
I OX] I e . m r.ohl i e 4
e s L
regiepastpiraPliers Pammps ndifre caven Bt BeFIF Kenf Hgh feree mio
a b ebigPReich I@@g‘,emliﬁe cnrvent frame. Also, the objects in a group region (e.g.,
R} ) in the previous frame may separate to several regions m the cusrent frame. For real-time

33 W7 W

processing with moderate or high frame rate of mmage acquisition, the imer-frene movemenis of
targef objects are nsually small. This implies that there 15 always an overlap beiween the regions
of the same object in the consecutive frames. Explosting such 2 relation, the problem {13} can

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



enbodi nents uses sequential solutions to these two
subprobl ens, as detailed below Let ft-u (os }tea be
the set of tracked target objects in the previous
frame I't_1(x), and O _t = {ity r}:~ i be the set of
state paraneters descri bi n%@i heir positions at tine t
- L The task of nmulti obj tracking is to estimte
"the states Ot of tracked objects in the current frarre

A bYW S RRSRL AR ATl bt o
andPhét ot omsiiviRP)n s thilloaioe onev.flet the esioss &m@ araTietard Gmrfﬂi
ﬁ'ﬁltﬁ begti at@%% tgé ga;d%:! g;{d)@e Naidhe o la%;(e&l’ﬁnﬁ ﬁé&m 6%@[) and \MRERI4 layer.

severa j ects overlap one another: rlgfy cannot be
The e derensonsie epeife rrercBitschs Toprt Hi-tlonedt B AEFviovs fame

L %gl B Shelhifd ek Bbnsi @yﬁo@giie@@fmgaﬁ@m nE* S ubih BR Ghd@N frame
can be sinplified as = argnaxP(G IR, C-t

L(iz}- ts);p;gase E13)and \ﬂjea&eﬁiatpéz tﬁdaiake@uabpeﬁwb@ev{aﬁm mﬂ@mﬁr@m&

the.re [ evi frame.

%Eg’f %’eﬁ‘g‘*’“{" %{y %fz%s one osybj ect (e &

1) i L n |soI at ed Obj ect, otherw se the
!fﬁeg{ ) e;}eg‘| Sfr)%u@f)l Qbj ects bel onging to different
reg 8’n§ Tt he previous frame may nmerge into a neW(14)

grp )y region (e_g., lit) in the current frane

mgﬁ Betthert or 2 gk Gup ey ﬂt?nm(’éﬁ%m hﬁ‘ﬁmﬁ qvﬁla?h‘% dicected
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current frame. For r ess n
ol o oy 95 P gt I ey B B A Bremgte ofjgets
me ﬂi@ecrmiefm ﬁm&tsemlms;feﬁfm thmegeﬂh@bmm fon e TD/sGrodre sieﬁne&

s Fot hesal IBin 88 5 %@%&emmg&g Pan, Ry L Bode i
VM3€I1 t g, e sane o Mg
mmeemi ¢fiiae feg:eawe E)&piio@d hy t@iﬁcﬂ?dﬁ qrfeﬁ%‘ff%ﬁﬁ {riflgat where
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aCy&%e gﬁ%% B, e;@%slquhe ethe Qi 18k A6k Bt 8BS Mioted
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G 45 és_lé n%%;}} ‘f%i ghigclign ?ﬁ%ﬁﬂl’“gfg’gé‘%g%%g‘?ﬂ%ﬁ% %e%%—l Yt

IF QRN SECibi ¥ nfdealeSinkit obfed Xotheptich it g(a@m@ o M3Q 5ijbdtdl Che bbiect

o e gt S een P Pl %8 R 82 M s

. ocadtted Gbictl & dbject Wocked fonSts falre: zp:afsem desopelr as gliagl? Fﬁ&} After
child Laver The r Q0Sdeshns Qf Th th
gLEF'ﬁ’é’“’f)sfﬂgsake}r#% oY %eage?ﬁg%iggpn%ﬂigg e previous ?%3“1 oy e the set
of| ttacked yarget ahdrﬂtshéhﬁ:dm#fa fpmger consi sts of nodes
denoting the regions {Ptktx in the current frane
Eire thegppos Brkl iicen difierentgpCe. Hi objeeth el PREH 1pdgy @6?@ graph

cah e 8P ﬁﬁ%eﬁﬁ&ﬁf‘ peline Qﬁl&eﬁggxhg r]@efr@@ n refr@&SREEd dev 6t dbjects i the
then the dlrectlonal i nk, flned

to, ca
papegt popies qfferph Cr i £21 D {tﬁf"’é’wt e Tl 0 ﬁgﬁw of the states for
all the tracked objects in image I,{x} becomes

L
P8R, Ot By ) = | AN

$=1 (15)
where B, = (e, @E") and Lg is the nomber of DAGs. According to (15), (13} can be
decomposed as finding 3 (©})* for each graph such that :

R e rexir g, 2
(&) —mg%é’fﬂ’(@}ii% N Y 16



(14) This inplies that there is a |linme only when the
two regi ons have sonme overlap- A directed acyclic

graph (DAG is fornmed by a set of nodes in which

every node connects to one or nore nodes in the same
group- A set of DAGs (graphs) can be generated. An
exanpl e of graphs for two €onsecutive fianes is
illustrated in Figured4. The notations for the DAGs

ar epdrdd pe geveaﬁpirah b ANGHiLd %@Jes hh \Aﬁﬂaﬁh hPRIhe fahBt RRIESRPresent

nodes are denoted as {rar,} ere_each node veal
ropRsp (168 Bl adipatriyil Pfﬁ@emeﬁheoeﬁémql? eqbgdiment solveg fhe praflem in two

seqdtibidsipe 4R &ale & Min@ STHE MkoblehS is| deﬂﬁﬁi’o&:d e@)@@)ﬁlnﬁfb@ﬁ adWvo sub-

prorﬂ%%g eézéylgnfrﬁs ent Sﬁ%ﬂ%@?%@%gﬁ'@&gagl y nsegninﬂnt {p{c%#s %ﬂnsskgns eac obgectt Pn aparent
noc[ej tajoi(e 6} itsrchild fddes while th TRe GlohtRa tpSockR datepdific@ibe MA@atédiof the
bi ted lé gip} t p=x-If M, =1 then the
OJﬁ%ﬁBéSIg‘? 50‘??1}1%!‘ 2965 ect ot hervvi se it is a group of
I\/prﬁgigmhﬁ ‘The Obj ect a "f is one of the objects

E,gti%f-}@ .. The, 0 :ects in a Chlfwdg n%de tt?g%%hqo%,yaﬁedﬁn

ﬁhdi&o@alsceﬁﬁmwﬁﬁmy mmmﬁgm@mmm of the

X t?h hi act the chi | d.nod

I sing; a ) e ohj & i) nodes.
“%fk@g ‘g?ﬁjsd i-étfi“g‘ = }‘-*“Th§§/e are Qfﬁre%% piie asigame
Torr gk Y ctabegepr=sbj ®&cts in the current frame. Since
there is no I|nk bet ween- dlfferent DAGs, the objects

t can be tracked
Fﬁ%@;éﬁ ﬁtg ﬁfg@eﬁ% @’ﬂgé*a hs- Let Or represent
the set of Obj BCts in the parent nodes of graph G ,(17)
-e-, 0," 1 ={{y }ter r=x te Then the probablllty of

WEMSI at{@:gj }5 [ aﬁlthe m&m&;mmm}% etdst] I Fr{ab“e ??1 $
Sp e Nigg
m%é%ldﬂﬁ%% %f"ﬁ?‘g I =X Es(%%){ here: é‘{Elr5 E’?%’?t m‘w
for thEtryoke) ohenid {Eﬁl bestihe nf Uprberenc et reonlscio e Treef E@gﬁmﬁﬁm

f@é%m&mwe&&s&mmng&%%sed as finding a
(E)t~)* for each graph such that ( a)* =argmayP(

?t~G ; OE 7-_‘%?3 (16) 27 If there are several
Wﬁéﬁtﬁzmﬁﬁﬁlﬁ b, 9h) a graph, and sone parent ,
nodes reb’r esent groups, (16) is still a nontrivial (18)

pr QQI em The exanpl e enbodi nent solves the problemin

Hemss swgtentsidredss Siecoppoimcss pyantiess pisems prghich child nodes

(rRERR BMNGh;S.c 08 QBRARE FriBPR OXEABL hY 88 deWhoSiHbls of ihe tmcked
probl ens; _assjignment and | ocation. The coarse

G%%H@Fh‘?éﬁ’lldﬁﬁfﬁ%%ss assi gns each object in a parent
nod; g one of its child nodes while the fine
| ocaff0ii™process determnes the new states of the

In this step, the new states of the wacked objects sssigned to each child node {eg., tegion
Rf} are determined. Let &% = {op™¥) ﬁi:—l be the objects assipned to the child node m?
from its pareni nodes. That s, ﬁl?i ' iz a subset of (%_; according to the sssignment parameters
(B9 = (BN, .-, (B4}, After the assignment, objects in each child node can be tracked
independently of objects tn the other child nodes Hence, the postenor probabilsty of the new
states for the tracked objects m the graph 7 can be evaluated as

By o )
P(81G, 0, 8] ) = [] P(EIIn", 0. 83%)

= | (19)



obj ects assigned to each child node. Assignnent: In
this step, the tracked objects in each parent node is
assigned to its child nodes based on the I|argest
posterior probability Let be the paraneter vector

descri bing the assignnent of the r to the child

nodes ra~l} _ The posterior2brobability of the
assignnent d objects Ot 9--1 for graph G can be :
O Ij ﬁd as EP 25016 Iaﬁ@, 8& 15 ihe @Qf %rﬁmx@a(atg{oargﬁefﬁrﬁ fur obiects @:"‘

rldfl (17) where Q 1 } ~r=n are
mt?%efﬁ%@§§d§@@§}ﬂééftesﬂhfﬂﬁ“ﬁb & hildger 12" & PPt fai 4 1}
are the child nodes of n~ . The paraneter vectur is

(Rt (t@eg i,ca nmant for the
tgr%\ckE@ec |n Y~P is chosen such that ;g

it results in the beat observation of the objects in
t heMalbirabgssporsdiing ghus Pe¢asnen dinding Higtsojuonafor Bgsaflg) k(2@ in the

exall fe Ribbdimbht. FuBler se)que(n%xﬁ)soluﬁﬁ{s Gorq8) GAN2BLLLANSH 8 £ used and

e coarse tracking paraneters indicating in which
des@mﬁeﬁéelﬁ‘@des (regions) the objects are observed

%%S‘x@%ééhﬁgqfe%?%é il UfegRRC DB MR 111 PR3 e Sl voves
detettpl aistep?, hrehne Bt sndy aitepas t{?%hkle&ebﬁ?aéc’i &e the set of

2RSS fred h&@ﬁﬂs@fﬂzﬂqﬁe Mm@@t@%&ﬂtﬁe L6kecOfi® frames. If
determ ned Lets = t he_obj ect s ass'u%ﬁ@?abjm

tﬁ%lﬁttﬁ@ e B d’l“’i‘ 6% 9 %@gt Yl hErircRd ga go
OthSwisétmul-Shidt SaBSE il e p%rﬁrrimﬂﬁﬁ:&ﬂﬁ!z n@qt; C{Iﬁ}l’xeﬁ a"f*ﬁé For tracking

nnent ters
T LN CEWE EROIN (R ¥ -
oni tRdepent prtioy aof dopl :em@sllum IEelnee 6§§h gte chuﬂﬁéi ﬁn@désabjwf The

L1100 & v e S
%Eov%ctgﬁﬁ}%rﬁ% {)gge ‘In e*’? raph C1 can&gﬁ%ge%%m
postfer ardtvBas f&shwzh@drx@ue Hesgribopy(igrferth ppgipadn e progg.0) 28

(3! is the set of previous state

er
fTra\é%"%%%lf’tg%?bJF%tf objects OO in nil_ From (19).
|I@ﬁﬁ§ﬂa Rehph RE::sDRjEChI§ ohd il Qo L. Q{}"nﬂdﬁ il 2 Aevt Sbiect appears snd

ak%gds ed as ( i fhs 2 1'5;2&’ t_n:sf mm%esn?u);(ﬁpggale lth% nog “’Al rﬂprﬁeenti& the rsgipn Rk
then the BCR and bounding box of o} are set as T! = TF and b} = BF Since o} is an isolated
object, it 1s not ecﬂudfeé by any other objects. The dapth state s set as o} = P(RFol) =1 &’s
21D state parameter vector is ] = _zéﬂyv}).

If the ith graph contains one parent node and ene child node, and the parent node s associated
with one object, the graph fﬁpﬁé@ﬁtﬂé the simple case of isolsied obgect tracking. Let the sraph
be (4 = (nl,nd I}, the obiect in the parent node be O, and the child node n] represent
the region BF, then the object OF, ie updated as o) in my (Le., O, and o} have the seme
id mumber). Tts state becomes 8 = (b, v with 5% = BF and ¥} = 1. In addition, #ts PCR is
updated as 7' = T to follow the gradual variation of the object.

If the #th graph ooly contams one parent node which has no chuld nodes, then the previons
objects in the parent node are assumed fo have dissppeared in the current frame. Tracking is

sermingted for these objects.



GnM19 (20) Ml ti-object tracking thus becones
finding the solutions for Eqs. (18) and (20) in the
exanpl e enbodi nent. Further sequential solutions for
(18) and (20) based on PCR are used and descri bed
bel ow. Assuming that {i n are the foreground regions
and {B }i are their boundiﬁﬁ’boxes detected at tine
t, then their PCRs can be obtained as {Ts} t- Let
Ih&%%ﬁim&@ﬁcﬂﬁ@msﬁigﬁﬁh directed acyclic graphes ( DAGs)
for_the fore und regions betwee the |ve
f amlafst ¢ fth gra(p é:optgmsb %}u&p%n@r% Jng r§ rtoperatmns of
asﬁéﬂﬁr@ltfaﬁtﬁlo&brbﬁﬁrﬂl L) ﬂetforbﬁd thh aefedwary cﬁ:ﬂ:mpﬁ@ﬂ (ﬂ‘tlﬁd)peratlons for one

e kT AR PP O a5 e B30 0 igpited below.

tramw@mmmﬂnntlple objects |n a group t he posterior

ility of th Jnew. sk, ate f ectr
8 Bt htin QRO AT o™ posl o AR REREd cbfcs, and
Ar’lg’ at{ni)ri&r# i 1I-1@r1§e:hﬂc2ﬁt@e$ t%tnepaf@t msiedt&sfm @a@ e child node,

T it}
‘%?’*5%2 BESbiet! B ¢ 2 Rilnd € Eigt? %%mﬁr’e%r  finfog mbers of
oljpag g [childpieddst B ﬁisaﬁd npgiriygl gophdem EV%P% To make the

pH8BEIHaBENN 2 ikdgBerfl@REBEPAS hubidatt Ba&dt&ﬁ el POBP and I th ¥ ations
| sol ated Cbjects If the |t graph consists of only
W BHIPE=node (i C. (sal'")), a new object
Iap pmr%gh ?I%gp theSclbdd 'aflrL Al gc@ﬂd@lsob%ts DveGieni $1£}1%1@ i¥&iMtion than

oset e node nl represents the region
theRistant ph@qlumeobl@@r& Higmpag rﬂtﬂf A OWC%PbJ est leay efesis ttheatéackmg of

ey el Bk B DGR p e e B Bt s s

aﬂwﬂhﬁw gt pry-. bestheabisets éa‘@r}w @@ra)quméﬁ% g ordered accosding
Mz% dosreB ags@aettet tHefobfeR6m % ,pg@ La@t;ﬂhwefh

cont ai ns one parent node one child node,
aspiat ey rbelEmids ST Gl OOk ¢ o e g desion
E%mepresents the sinple case of |solated oi eCly,
Ry’ deeR isgpostence probeliny plsHenntsat fof obiecridia s Y et 35, compged as
obj ect in the, par ent node be O ; and the child
node enr esent e th ntth pbj ect Chs is
upda{’@ﬁgi 6%7& %eg lré}:‘f@xr %2%1 61‘3* e the sanme -
id nunber) - |tsstMekmcmmsEﬁ Uad, at) with @1
= B.and uk = 1- ,aqdltlo ths PCR i s updated as .
where 5 (ot Kby Ffie— BB P &ann; et <ipd
b?]éae phek igt;srt:g:rs%@t&a 3@& Hef&ﬁ rautng lt Iﬁﬁe QRehRESMenR eelaf ﬁ%b@éﬂiq_l} are
as no, chi nodes en.the p evr ec in
. S st ol PP i 28 et PLGH o s isher
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hﬂﬁmmﬂmhuﬁgﬁaﬁﬁh@toperat|ons of assignnment and
| ocation will be perforned. In the foll ow ng

descr(@t i:@,rrﬁ;btgz the DPET, Jt TR F0F NPNEFT = ¢u ) PER = 6l021) )



graph, for the sake of notational convenience the
index i for the graph G is omtted bel ow
Assignnent: Let ra. be apar ent node inthe gr
aphC Oai :{Ot a} (r)r be the associated
objects, and +to'l {n? : L. =1}fi be its child
nodes- |f the parent node h#& nmore than one child
node, the assignnment of objects t_a is determ ned by

%gréeﬁa% Rl D k REAEBEDSe0he WOBESLS. i e

nontrivia r obl &
regypt it%féﬁﬁcg@pfat}f BIRV0 Weé tthrsts. plilsiheesmyond f&fm 1 fhe prios

gnsbgﬁﬁr&ao? le_ a %@t L@%ﬂeﬁbus%ee@m Oy aem@gﬂeﬁv@e@ﬂcme Q2R on

hei ¢ he de ﬂr;el at'i ons 8%
P‘C@bﬁe@tﬂéﬂg fha% aéh%%ﬂf@lmwﬁr D eerEsereobha R dR- bt 41 qaddm, be the
Pz:,@cl@meeg $nd@ver eeiaer mﬁ& @casegmmﬁrffmtm@&sg Aaﬁg;amhm the objects
st ant or occ ects hi s means tu%ﬁ
{ﬂe@}wmﬂfdﬁfe@crﬂdﬁ r- ér%re’@% ES-Yeroge R HEUBly scepding t e
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where {ﬂ?}iﬁl are sorted in descendent order according to thewr 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 algorithin based on PCR. When an object is
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withj=1, - - - N, where  indicates a current step of mean-shift iteration.

In the second stage, the hew position of the object 0" is generated as the weighted

average of the gravity centers
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The complete algorithm of multi-object tracking based on PCR in the example

embodiment is summarized in Table 3.

TABLE 3
THE SUMMARY OF THE MULTI-OBJECT TRACKING ALGORITHM
Input: color image I(x) and segmented image S(x);
Preprocessing: generate graphs {G,,i=1, ... L3}l
ForG,, i=1,... Lz, do:
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del @i@fhince: if an object disappeared for more than 50 frames, delete the object.

End

The algerithm 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 phasé, assigned objects in each child node are
tracked. To be robust to the separation of small parts from the tracked object due to segmentation
errors, small objects in a group with likelihood values less than 0.1 are set as disappeared. To
prevent the losing of small or heavily occluded objects in a group, the records of disappeared

objects are kept for 50 frames. When a new object is detected, it is compared with disappeared
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d) the corresponding objects are sorted according to estimated depth in said
each child node in said second image;

¢) a means-shift calcolation is applied to locate the corresponding object
haviﬁg 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;

2) the updated visual content of the located corresponding object is removed

from the visual data associated with said each child node; and
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child nodes in the second segnented i mages, each DAG
including at |east one parent or child node. At step
506 wHt@kn &;@&hst@a n@Ring @mﬂ@aﬁ avth® ganteWositon intieac@R ifdrd: whne the

nod es orr obj.e of the fore
o B At enl f ger SO e SRl Syl aite HRIGRLRY Maaing
tecﬁlﬁdideﬁdf hachesnsl ilrgbieot esdtld haloetdlnd:m:)tegmermedsﬁre@oﬁmd gbages. On the
oo o SR S SRR R A P Y

€S 0
objeac n tirascenyt oneode redgde the wiedyming ©d multipke forkgrold akgssts gitagwould

mak "theS X Qqn% &g%a%pj 1§cﬁgldua§ era.gﬁo%@dmt)lr ol%bﬁsp eIn Mfe (ﬁ@llbrsbg@teﬁmnple

aSSOClI a one C st eps
embydimens, 4 tageratrasking mlgoriuy is giesigned te §s¢kn§at@ém [pbjgets ttiyeugh even

freG @t GTRAGE! G8en %@bﬁ%&t%’wﬁt? fnoﬁﬁ% NG eRlid identified as moving object

rres ing objects to the Two of nore child nodes.
andxtra@@cb% 50@ying glPJefé Hagkingrdlgosthin die the £TA0RIe ATaflinge the stationary

obfeQ¥ fn@lﬁw btﬂ)g st REHivAS Shisdeslt altdBEIBIOnotdRIEAUR I3 ob] ects, e.g. a
state and the visual content. of said one oﬁLect base

stapding RAesEBE REeT mige the Aying PRIpFIS T8y moys aglify g pyifcng between
mdVRGbfAaMiaBiEnd ¥ %mﬂf@f 6560 ErhRER TR @regdDdg&t § preferably smooth
a55|%ﬁgd thereto,h E ﬁ% %respondlng obj ects are
widigp chgeetd gty fythe grage PEGYepth in said each
chi IvheRogeobjedt Salsdns@GONd itdyRde 2 ®nedinmedrselshivideo signal, the
AL LA o AARA A At
imm@dE the bhjedt baisat ta repreantisuch e stetianarg lobjea it thaiexampletenbodiment.
Iocategﬁggirespondlng object are updated based on

t he L&k beergrequagye efifoundingdtoses of itie iy ragksd 1okiset ipfhe 7, most
. the ] ocat ed espondi ng .obj e nov. fromth
e Bt HEL B A B P S P et dbs, BET v Gopved
' mo?!fﬁlg, St SRHARY bbes il B¥cPap bRh dthed Fbia Rlcd@d 1e8bth parameter 7, , if the
I ncreasi ng depth of the correspondi ng objects for

* spatiaCiatersagioabd allcthaarboa&pmnmi ﬁmgtydbq ehgdcsis defectedeo n stetipendbieg in the

exredt W s21d L2 SI L9 BR%C but not Timiting, 7, s set as 10 frames,

corresponding to 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

g={a ) e s (1)



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

exi sting background updating techniques. That nmeans

t he obj ect would be | ost |n the segnent ed foreground

i mges. On the other hand,3%in e.g. crowd scenes, if

one can separate the noving objects fromthe

stat I Onak d —_

ovarteBOa e o8 P e b e BB T PR ik A HE tkl¥Pincipa
Colwlﬂegreséﬁﬁ%z@ (P'Iﬂ{)tdf ﬂfz%bj&@t dre@Bdh theﬂdijé(:t ddaliet@adia€h stationary

nore robust. In t ri bed, e
oSt it P bR e g BRI ofd e e in
detdchi e gt ] E%Mna‘?ﬁbtﬁ&t St 19 [HRWER BV Reasirt BAWER he template 4/
occC u3|ons Wen the object starts noving, the

andqu eated bystob %QBIITJSF i E%giﬂﬁVdf ng ,Ql] S ede diftsdhed Madele Between

by a noving obj ect i ng algorlthn1 In the exanpl e

the SHROGH VB Bhmest e (St Al AT Sr ﬂﬁh’b?@ﬂ 8t tho¢d , N1 isQRd Visibility
static non-1iVving objécts but also inclu not’i onl ess

medslicéioP he QBje8GLomh thE cliresfondifil ARbh AYhe Frai ut GSP glnﬂ’ 8] $Odh. estimated
Since the living objects may nove again, the

stat® ¥ th€ QhtRdGark 8508 Nimd VD Widighredth @G tmdst @erkit MGmaeyvihd states in 7, most

stationary object tracking for the target object is
curyentefiaea lateyrogumirdt Bhe detailh of erlakrsing ef Beseingrapirstapd jefimalieg states
froift ﬁ%@h&sﬁ%ﬁa@?ﬂ}a leﬁ&: RB:B&d beiOPs NOVI ng and

stays i-n scene in frame of a video signal, the

ap pbmaﬁ@@swmw11@ﬁlt%ﬁ there 4rp someshphicsts sfaging yipihe AFens, tagrari ll often

meltgg WH% F%ﬁﬁ&? Qﬁﬁh@ies&ltr iBAB%eh OmpRIB/ B Sbject ARERg.Ah separating
is used to repr esent such a St ati onar

the é@’ﬁr‘e@tstﬁﬁﬂn% ebilealFan B0 R BYPGRINC, Taplsthe s@tiongry and moving objects

sepRElOl %a?l{ 1@&&98%{%& Qezesnodnide il trﬁdkﬁfg e 9k BCY (s) be
h current “frames as tracked by a noving

the @bjoe6ta fofe@ﬁiahmgoual i) deirégdion oflith tdsﬂn;ﬂate) byeget Adearging tcoPgedan rule,

et ol BE Pl TORGCHORG ARat et B i1 the spal) a

intersection of all the boxes |s not enpty, the

object is detected as a statio| [ )object in the

exanpl e enbodi nent. | p(#|be= enbodi nent, but (2b)

not limting, Tb is set as 10 ®anes, corresponding

to about 1 second. To track the stationary object in
~e.g. a busy site in which the object may be occluded

f r egh@nt(y| Hycamby obiginfdofir @y theuingicipl JF@@I@&@ Rearelf@;a@pn (PER) of the

representation based on the object's t i ma

 backgOuE e PR F3 @Pchb i S8 HAEIEOHT B U REDEG: G S be s
p1x§Lt (ﬁi[tﬁeo%ﬁé’ ngka‘éﬁ ?ypk of fegﬁf'e' Q%le@ﬁn&gﬁf&o;dé}t&é'b‘rtmgirpal(fee{t%@ vectors
MﬂﬁmH$M@ﬁ@ﬁAS |s t he tenplate i mmge of the object

mai ntained at tine t, T is the Principal Colour

Representati on (PCR) of the object stored when the

obj ect was detected as(sa=3pab), {m@W F object. That is, (3b)

the tenplate image is based at |east’ on the |ast

fragenel, ¥ige $€abieRC te Useitbdi probablitityeatt & rgldnfieg ebjteciackground

as a stationary object. df is the difference neasure
(P} weedd dnhbe besegphitineof Aye?featandv tuink S{ @Rmeortly th stptidior of the M,

the corresponding region of A/, df is the difference
mmﬁmm‘rﬁfeb@teweaus at §, Each S. (i) contains three components



t he consecutive franes 17_1(s) and li (s) for the
region of the tenplate, dp is the visibility neasure
of the object fromthe corresponding region in the
franme 11(s), and sk is an estimated state of the
stationary object at tinme k. Measures in rd nost
current frames and states i$f zs nost current franes
are recorded. The details of calculation of these
nmeasures and estimating tate Lronlthese nmeasur es
for each |ayer object wl Prpe's 8% cribed below. In
e.g. a busy public Sitks waFHQWeﬂére sone obj ects (4b)
staying in the scene, th Y v ‘J qftpn nmerge with
movi ng objects and the result’ Hn & hi gh conpl exity
for object tracking. In separating the |ayer or
stationary objects from noving. objects and track the -
St abhonaPy inid FDIFNY BHNGHET SeBr (@) g Teeble are sorted in
- exanpl e enbodi nent can greatly_enhance obj ect
despcpnd@g,qq@r midrrespe@tto dhe=value (pg) THgace, theeflish|Nor elgmenis are used as

f d t foith te
pringzeel Rty T g%ﬁpeés?r}aﬁiﬁﬁra{ 38 SPLR o ety PGP eGpent pigey ere o
speoBd] Iﬁatn%dcﬁimg,l a"sgattad)fe‘aﬂnﬂ: (Bﬂ(hklg} enthaltemporpl(fisatiire C()OIC‘F c@-()ﬁ:uirence)

resp )arC I Q
res?%fg&%z’ fer %)thlel%Fce a(frur e e1 %gtgesae n%% ati S%ableb@i:%% et 0““‘5 pafls and
COlbmk@cmn@ fedfine dPFRitaltle Gadinapiixeickgremd setk. Tkyee tables are used to

o ey e %ﬁgiptflﬁ%g T e e )
anm{%? 'f]}e Sl dseic for 1sa{) :l’; Cbpﬁ) i’rglﬁlgjié?@suygo({fgrq{(aﬁse ﬁ{%%ra(dé%l vector

is | =gg" ) \Maﬁfn@d Poy Gkl i §petfé?& Imrrh%ﬂ)rpw%%éﬂcky ve&or is

biging to the background ( P, based on the
cea@e! @g;mq,pfet Bg WRRdMERIMorRch cSlor édiﬂpohﬁfﬁor ds the
stafi’stics of M, nost frequent feature vectors

at he Eabdbilly of( uh@_pxzcelnltewmg thaderccohponten s @8entPtagie can be
r) S(z) =Pt; e =PS (v, | b) (4b) v, =
CMFﬂi%ﬂw vm ) where D, is the dinension of the
vector v. The S (i) in the table are sorted in
descendi ng order with respectﬂﬁggthe val ue p~ .
Hence, the first N,, el epéhit-s used as pr|n0|pal (5b)
features. Three types of feat uMes are used in the
exanpl e enbodi nent. They are a spectral feature
(color), a spatial feature (gradient), and a tenpora
f eatsicre §E6) & the backgound poiaie)in a sel pacdow &, yeentdrrdag s in the
them color and gradient features are stable for '
pregioas framdy awk §f, del the npabtrof aeidts wibinghe wodeye imtastycée probabilities

at ur.es suj tabl e faqr d nam c. back und arts.
of SRS Rl dat S REE) P PR B LeDar
principal features of the three types for the
background They are T S &5 Te (s),

p(l]e) = 2E10PE) PP and pif 1) = %’1@ (6b)

respectively. The probabilities p(c|l) and p(e| f) can be calculated with Gaussian

kernels. Let ¢ be the color of point x in the template 4 within the window ,. Then

p(c|l) canbe calculated as



and T, (s). The color vector is c = (R G B,) from
the input color franme. The gradient vector is e =
(gz,q9,) obtained by Sobel operator. The col or
co-occurrence vector is cc
=(R _,,G_1,Bt_1,R,G,B,) with 32 levels for each
col or conponent. The probab'?ghty of the pixel
becom ng a background point at the current frane can
be calculated as P(b) = NWo) (5b) M where NN(b) is
the background points in as | wi ndow W, centered
at s in the previouspfal&repa ﬁdcxl\ﬁc)l’fss(xt—ﬁé} nunber of (7b)
points within the wi ndow. Slrﬁlarly, t he
probabilities of s belonging to the |ay
( st abdrotier g}ausmtq katelo cam’uwwngenf or égwbandeE l vatheg=c or s
P(I 1 © Ac | OP(l) and P(.f | ¢c) = Ac
(6b) p(c) jp respectively. The probabi | |t|es
mqungélr@eﬁv@b of color of gplia arectel retprE ey fgﬁa%“h e@,u §3hy ﬁolor ofa point
ne e t.he oIor of 0|n
x G B ot e PR O Mgt i e M st e 1.
Th&b;? t%ﬁ %&qﬁwﬁ?be’@]wﬁ{egasll) = ITHX{kk (cx - ¢c)k, (x -
where the Gaussian kernels can be
witten as kg (v) = exp - v Z with g=c or s 26g
i ndi cating the ker eI for c paty al vector,
respectively. Agai |Jf)étm Tf%é?(g g}r of a point
X in the wi ndow W and in the regi on of noving
foreground objects fromthe last frame I, _, (s). The
Pr obadirokstodn B @iclilafel a€@an be cal cul at ed as p(c | '
f)=max{kk(cx -c)k, (x-s)} (8b) The priors can be
cal culated as p(l) = Ns (1) and p(f) =N (f) (9b)
My My where Ns(1)  and are th er of points
bel onging to the | &8 N PARY= W(‘jﬂﬁﬁg obj ect s (9b)
within the wi ndow Win t'he previous frane. Conparing
Equ (2b) and (6b), it can be found that p(c) has
becone a common nornalization factor. Hence, the
| i keh¢thobdb ot ¥, (el &n dhermber @fa@wgrbﬁlﬂnamgﬁm@ellwépbject and
obj ect, or

movmg objects within the window W, in the previous frame.

(8b)

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

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

the moving object can be defined as
poley=ple|b)p®). p'(|e)=plc|Dp().and p'(f | e} = p(e| f)p(f)  (10b)

respectively. The pixel 8 would be assigned according to the greatest likelihood value. The mask
for the moving objects is used as the input for moving object trackiﬁg.

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.



the noving object can be defined as p "(b I ¢c) = p(c

I b)p(b), p'(12 1 ¢c) =p(c |l I)p(l), and p'(f'I c) =

p(c I f)p(f) (lob) respectively. The pixel s would

be assigned according to the greatest |ikelihood

val ue. The mask for the noving objects is used as

the input for noving object*@racking. Stationary

obj ects may al so be involved in several changes and

i nt e actek WhidAin@ht) @ive stated 86 Liedith d@dGRe thhRuyer object, they are:
mos' ki ggc? tded, g'irzﬁc?yé{’: ?rgﬁl-%z\é%ﬂng @%@ta?’%%&vglgg ﬂg%%faee g%gimated according
to VaBHBR\RAgbyieRtBefom b sleatssqueltd bf @odt redtii @aply ect, the

obj ect may change pose or nove bodyparts, or start

moviedg Bgapeint iniemmge v Bolaf iy thiaves phiestofsrdiffiapjcr bgtveen the

t obj ect' s. st ates re estimated and the tenpl ate ~
w“ﬁg&ﬁgghﬁﬁﬁ?%%ﬂ%%é é@%‘ﬁﬁgﬁgﬁ&min t he exanpl e

enbodi nent. 40 In the exanple enbodi nent, five
‘states are -used to describe the | ayer object, they

are: notionl ess odlef shted () Bmov éid 4 (5 (o, on, and 1y
start-novi ng. T%%_ fate is estimfeey@ccording to

vari ous change neasures froma short sequence of nost
recent frames. Let s be a point in tenplate 4,(s), of

~the jth |ayer object, The difference befween the
t enPsit & arly e @[ﬁﬂi‘ theceppijego Jnage Rlss- %&e“e\%ﬂ Udrele dgeasure

e R R s M e SRS B S ding 0

i mage noi se. Then, the difference neasure between

the tenplate and current frane for the layer object

is defined as d, =r d, 'd/s)-Didly) S. seA; where SA (i2b)

Is the size of the tenplate?«&imlarly, for a point s

in the tenplate 4 (s), the difference between

consecutive frames at the point is evaluated as

dd( Shay/(53 ks the sibed Pt/ sdiglte.i £ I7, () -1, _, (5)I<Thd (13b)

T, otherw se The difference nmeasure between

cons@alily, ¥& afpoii® Sn fheteniphee 4ok e the diffeetite hebwade tor@dtiaSrames

do = 1d (s) (14b) "SA seA, The difference neasures
at thy poig 49 ¥alndede on col or vectors. |f the changes over

the region of the tenplate are caused by notion of

the object itself, weven if the differences dl and di

woul d be | ar gg,,(s)t_h{sfi,ﬁsbsil,hi(sl)|i/f7%i,(\i'ﬁ|$(§)i—ll]_t(y)|ﬂﬁhisur e

[ l . .

d ') of the , otherwise

A

(13b)

The difference measure between consecutive frames for the layer object is defined as
1 .
d;=—->.d,s) (14b)
SA 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 df and d/ would be large, the visibility (visibility measure d ;) of the

object in the cwrent 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 franme based on PCR would stil
be high since the PCRis a global representation not
related to spatial information. On the other hand, if
t he changes are caused by occlusion of other
objects, the visibility of the | ayer object in the
current frame would be |low4lLet 41 T, be the PCR of
t he Iayer object in L; that was stored when the

e RE LR DAL 3R 12 2 SAL LBRR R B 30 d%;med as a

region overla pe
ur, t i :
Sfat‘*na@ 0‘316&0?“% Fio P aer BT Rl ) e?de%’t ‘*h% E%“P‘ate 4 in the
cur@MethAial Ehknabe viﬁi_bﬂ@ iéadyre of the Taydr. obW ia theadutre whidbe eviaktited as
/0" be an object in It }&s) and be a region in
d, T (@) |T)-Adwopdiiowrilst Ehy &8 rapbischin frnh?é 35 dPabs 4 ﬁeglyn i L)
obserV|ng On 1l in On can be conputed as N P(Q, on)
Accordigln Baycsiay Rvethe orpbybility sipbservip i t HeCd e héhCPrP@hedc?F
PCR t he S|gn|f|cance of ¢, for O is P(E | O ')
pmJp,"” , and H(UQ|(DT1I§&|E]P(XDC{ EﬁﬁP((BDsa‘\‘/) ng On 1 in (i5b)
Cb accordi ng to t he” evi denge of c;,,

" Phrorhe RBiog it Fok Gnudpfencr rl%"rf{&rrln?ﬁwes 5&%« oS A
an(%g b&%ﬁoﬁh IQrg? S%]rtl]l?lg %‘Ibsﬁgo %Ecqu fﬁ]‘cg Eﬂe%&d& ?ﬁg’e%r s fr om

= 1Pn (17b) k:c, c(an) W t he VISIbL!Ity

neasure beconeB((B| &) =i, S Win@,1p 1, i n{pm  (16b)
p (18b) P. + Wth the change neaéhres in a short

sequ %C SJFEI'}]S ﬁlﬁ Slgm%tcgtn%%g{ & n om Ehe)'i%eg? (e %,e'i t‘gpﬁgqs the subset of the

fra eva1ua
with Td nornmally set ta 10 fra exanple
priggisbenlorptiem Q, h‘@h‘%}t%i‘t@bcnofpemhéa ‘raziyer obj ect

are estimted by heuristic rul n the exanpl e
enbodi ment: Rule 1: nDtIBﬁL€SSE§ both d/ and di are(l7b)
| ow t hrough the sequence it “sCebtionl ess; Rule 2:

OCCINg%%%wJﬂLmP ;d" turn to rmderate or high

and urns rou t he sequence, as well as

there are noving gbje = IapeigﬁP he regi on of

the tenplate A" g@r %@@é?ﬁ1ie ep@@Endlng (18b)
boxes of such noving objects |n "a nDV|ng obj ect

t r agkihn@e cRn@® fickdares applshad sequdiee bayemonkjpeai fiates (ie. image

occl uded; 42
frames from 1,_, (x) to [, (x)) evaluated above, with 14 normally set to 10 frames in the

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

. Rule 1: motionless: If both d/ and d! are low through the sequence, it is motionless;
Rule 2: occluded: If both d and d/ tum to moderate or high and d? turns low through

the sequence, as well as there are moving objects overlapping the region of the template 4, as

determined from the bounding boxes of such moving objects in a moving object fracking

algorithm applied, the layer object is occluded;



Rule 3: renoved: If both d/ and dc' turn to high and
d" turns low, and then d' turns |ow through the
sequence with no novi ng object overlapping the region
of the tenplate, the layer object is renoved; Rule
4: inner-notion: If both d/ and d' turn to noderate
and then de' turns | ow th#ﬁhgh t he sequence, while
dp keeps being high, this means the | ayer object has

DR e Reea R 2! SRR Bl 12, BN D BLL ! toros
low Moﬂgﬂﬂéjseﬁl%ﬁ&cwlhﬁid'}govmdﬁf et cﬁrerlaérﬁﬂg £h¥ rdRARS the l@@ﬂlﬁl‘zﬁe the layer

h™t hrough the sequence, as we as there is
ObJ%lSF?mQYPdthe | ayer object, this means the Iayer
01 8L 4SHALLAIY IGRYR! th. JNGRAE HIRLEL: Sanlt Qhert D rurps 1w

rul’'es are determn acéor ing to a knowl edge bas®e of
thrd RREGCLNERAd gz obifip ARAMHRYafile R Rk Bhged its
omre vF deos Tnot he exanpl e enbodi nent
post BEmEXaPRL 6 i BEBHunBiMtstayDtitrenot [imiting, for t he .
above rules, the difference neasures for d/ and dc}
ar eRdtle\‘fv {14t miheng: &F oth dsnd Haruro %keepii@}ngén@c@fes and d;, keeps
erate if they are thin
beigy S DGNEN e RO A &&re i i of reer e meﬁé#g? layer
omﬁﬁaﬁuﬁﬁnﬂgaganIOM/lf it is Iess than 0.6, otherw se, -
ng% hl 1 E) ure i C tto:) a?c% vae u asteeo human
&rsc ee‘?(‘ %\ﬁf& “’PB @F%dﬁ% hit XRECSF DAY
_ pertd’nﬁ:d bsatmaeir Memﬁngsheﬁldt MMOA from kdal-wodd nuiddoe rin Cthe example
emE?cglgenq,?% ’[hf,r.J E: em%f)hlfanrﬁlgteg . 1 %gg%)éﬁe)rt tg%: hlgo rlll l ﬁ-} ldflfference
mel@res PRI &Gl aztf Gada TbRat thdyQike 168 memwzd ans dd dMoIper Iﬂfth@ are within
caneras, e.g. caneras with unstable signals,
(0.25D.us}t ﬁﬁﬁ’ﬁey@fe Hidhaf théy £6 e tiBarmBY5. tDEe \ﬁﬁlﬁﬂiﬂyrn&dsmd]d’ is low ifitis
di fferent enmbodi ment and as based on the rel evant
lesk thoni0gd gibervascit isThigh.r Bhekmaaiae lofistape ofift éxctalqwipted by checking the

r ohust | in, th xanpl e enbodi nt h e
e e TR SO o DT Eae DRPH fiorlGH TG o expanded
plxglgjlseﬁifgex\’\‘[htallﬂ Qb P hNImpib Q4 Cfle BYiPt f8he ORERH SetdclRdl M&ill be
scene.” The five nost recent states for each | ayer
apRsfsiadast thftr@r somp) videes frup Spegidig. cameiRl e caperasyith mﬂ@le signals,

adjaﬁﬂ&ﬁ%@seefwsms QL8 rdgairddes AR e Qb5 @Eheitnd as based on the
ferent enbodinents. |If one state has nore than 3

Td@@ﬁ&@?ﬂégepﬁﬁ state is confirmed. -For the

cor ;l‘@%@&kﬂﬁé &Qer&ﬁﬁktlemor"e hﬁbuﬁt@l fnahd éi@mplB f@ﬂbd}dh@eﬂt Sheb layer model is
per. | f e la .ect . an eing .
ol iy e o el BB S BDFG e P SR oF Bt n e
sceh€ Mk BV e mbiRGent stakes ilQa@PlRE bbjt& (F oYL 2RErdaE BOVRE, it will
in the inner-notion state, the new image of the
be afiyreteditat othe velucsrlambeﬂlawan vlnfﬂeltemreepb@mentt Along etrfgIbat more than
e . .
3 Au%{g(%{og the d;’tﬁflp %(1 gg)t? qll'les @C SO %l %teé\;ﬁﬁel kolllg@mg updating is
Im@ﬁnnml movi ng, the object will be transforned as a
Eﬂﬁe R O6fectid E&ﬁhﬂ@ a%%@iﬁﬁ &n@néms Q%ﬁ)&ﬁ RPGGHRTs fBrmed to

pOSItIOﬂ or trac:lng C a
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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 8 frames/sec or above, this represents a delay of less than 4 seconds. It will be
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Unattended Object Detection
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another large moving object, and it stays static, a deposited object is detected and the ownership
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i nterconnected bus 928 and in a manner known to the

apRiRAtERN plkiahl g€l rkdll tah@ doahreeantin afst exediRnappl e afrb&Bsor 918.
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1. A nmethod of stationary dﬁiect tracking in a video

signal, the nethod conprising the steps of.
ciggivey mning that a tracked noving object has becone

stationary over a sequence of franes; generating a

tenpl ate i mage of the stationary object based on at

| east one of the franes of the sequence; tracking a

state of .the_ stationary ohj.ect based on a co

o Lot ArBrUDS Ry iy, UL ERERE AR 1AM DPAh e method
(mmﬁﬂ@@yﬁ¢gq3bf and swi tching to a noving object

' Ec,tr g %e mn% i:r qc:eg %&?&go } as%bl;ogx%{ sete}t}%nlarfg d)tvgrsa %iaquence of
fragieqr t nnvrng state. 2. The nethod as claimed in claim

16 e [ '

e %j@%‘hﬁ tEJHSxa%t lg}%@%;lﬁ% ngnghﬂg &%ﬁe@h%g(? on a??eggta%n% of the

fﬁheas$h®ﬂQU@¢6the frames of the sequence for the

tr a&h&&gﬁg U REbf th staﬂ&ﬁﬁ?}&@gas@@oﬁg %ﬂﬁﬂsrmoﬁr]@rer@ﬂa@e image

wher el n e trac e state conprises ste

Wﬂmﬂcuﬂ@ﬁé@ﬁﬁﬁfﬂ@Vékﬁﬁggﬂf@ﬂfference measur e betmeen

t he s&ﬁéﬁﬁ}lfg% 8 nlVRGObRAGrRKking Qrgaﬁtﬁﬁlqraﬂr ragmrls gbied 1H nfth@ Qate of
current ranme; determ mtq,rg a secon ference

Qﬁ%%mﬁ%OE§@Wk%ﬁﬂW@§$é%%$ m@ﬁ@%é@ﬁondlng regions in
the current frame and a preceding frame; deternining

a vrsrblllty nmeasure of the stationary object from
t he2cor r $8pBHilPNg cIFEdh cl" e @ﬁ@PéM1g%$@ﬂﬁgoQﬂmtmanm

1m§§éﬁs BRLoofl 1rﬁ§geQiaﬁlvﬂﬂﬁh h Borﬁidﬁigmoi& thefaele@it dné bfthe frames of the
ﬁr ng. o %qostate further conprises determ ning
Smﬁﬁ%? gt %ﬁﬁ*ﬁ PY¢%acked nmovi ng obj ect overl aps the
correspondi ng reglon in the current frame. 5. The

g? t gg gt%gdeae;ﬂl sI ¢ aln%e (::I'lal’ﬂl Ierre]:mt % ?-acﬁg.gl Mie state

conpr ses he st
comprises steps of:

determining a first difference measure between the template image and a
corresponding region in the current frame; '
| determining a second difference measure between respective corresponding regions
in the current frame and a preceding frame;
determining a visibility measure of the stationary object from the corresponding

region in the current frame.

4. The method as claimed in claim 18, wherein the tracking of the state further
comprises determining whether another tracked moving object overlaps the corresponding

region in the current frame.

5. The method as claimed in claim 19, wherein the tracking of the state further

comprises the steps oft



determining a notionless state if the first and
second difference neasures are below a first
t hreshol d val ue over a sequence of tiP current
frames; determ ning an occluded state if the first
and second difference neasures each exceed a second
t hreshol d val ue and the vis?%ility neasure falls

- below a third threshold val ue over the sequence of

t i Pd&éHoifid a lo@bMess sARAS aRatrand tatkpberoiy intgsutljaRCielow a
he correspondi ion in the current

over| aps .t n re
fh#?%ﬁ%ﬁPE@Féwﬁ@ﬁgﬁﬁmﬁOféﬁﬁgﬁﬁﬁ Rte if the first and
S eC giidmtdiief B RAGRATRESIE iR Fird asdschdtid tdiffirdn¥e meX%GRE ach BReed a

B S e e sk b RS e

seqidiRe Wi § dirrkitt Yani¥B,adid ra@othe| dadked ehdwigt dbgect BNeFlgbs the corresponding
t hreshol d val ue over the sequence of 'cP current

regiop i e CUngAdTHG: ¢ r acked novi ng obj ect overl aps the
cor i@spoind NeenfoRe ke liMtht Higst atdl becaidt différamee ;measures each initially

def er m ni n,jnner-noti state.l.f the firs n
exc§h B el i, BNl thondh b Syttt byt s ey e first
thrahal d nadud dnd dshdditdlity adcamirafaids eloanthd thed sesbseld vaud éver e squence
measure. then falls elow the first threshold . value .
of T AP AN B 190 '{f"’h%a%‘?‘ég ﬁt’lf’éecé BB"\‘}%PSa‘E? SO ponding region in the
curtehit @aike0l d val ue; and determ ning the start noving

stafe Liudng fiest and secopd gLflarence fRASULes. o ies cach
exceed and -t emai N above the second threshold value |

 initgatlgl ekdved thesedind ithrysholdasilie ené ee elitsseammnd difreicn sicadosviben falls
- f I, f ri.
R TN eS8 USSR B
st atiétamining tbbjlatmovieg stan d theefirki@dd ssond| dififamende inpasereséxaged and

reng)aﬁl ab gis&mtlm:e\éflcﬁél pzihllé ¥ tﬁ@e@ﬁﬁiﬁﬁ nileﬁsuréjgyzc%dmaﬂﬁQmajns above
ased on principle colour representation. 7. The
therfeurthoiirestwl doingdswre cbvemihe begivencd 8 T \iveens iflameh @nd a spatialaghidt of the

ra3esonadi ff:erence neasures are determined based on a
ﬁ%o%ﬁeagg %ase of human percei ved semanti c neani ngs,

an evaluation fromreal -world videos, or both. 8. A

syskem f e qhiRat ad ERRIHING LBind 18] dBCred! dRAisiblME measure is

systen1conpr|5Ln%: means for determning that a
deteinypsdhasadniprigeiphscatour wESSHEESHe st ati onary over a

sequence of franmes; neans for generating a tenplate )

i mage of _the stationary object based on at |east one

of the fT%’EEﬂS‘B‘? a3 Hlaimed 4y éi‘i‘l:"é 18 n fhgy “F‘r‘ﬁ‘élé?‘i?&g gifference
mesdudds@redfetdriiBied badetl 0N a kifovalbj g Ghscdd S@d arDper &eive:d RRA4IHS @Ranings,

o el AR IS A 2o crLene, e ol e
obj ect tracking algorithmusing a sane object IDif

8. A system for object tracking in a video signal, the system comprising:

means for determining that a tracked moving object has become stationary over a
sequence of frames;

means for generating a template image of the stationary object based on at least one
of the frames of the sequence;

means for tracking a state of the stationary object based on a comparison of the

' template image with a current frame of the video signal; and



the state of the stationary object is determ ned as a
start noving state. 9. A data storage nedi um havi ng
stored thereon conputer code neans for instructing a
conputer systemto execute a method of object

tracking in a video signal,_the method conprising

the steps of: determ ning tﬁht a tracked noving

obj ect has becone stationary over a sequence of

f r apR&is fHeeicRbl RPa ﬁ;oﬁﬁ@'@bﬁ&tﬁraicﬂﬁg ng&ﬁthhlhﬁm‘gta%tﬂn@ BBt D if

obj e based on .at ast .o frames of the
thessga%%gﬁ‘& statiopagy PZPJﬁ“gt l%geé?’élf% a8t a?% “’é’f’ DEBifary obj ect
based on a conparison of the tenplate imge Wwth a
swi t

(r:rg\r“ ﬁgt Oéj Lgage? st?ntagf% Erlleﬁlbuné%gwgig i Ered’ gwrean coglgﬁggxl‘ n%de %1teans for
instriB:ting at doenpsteasysteof to exbrmtesd atethod af ybjedsjtecking ; a Vldeo signal, the
melSh SbAbREY RSt sTEart moving state.

determining that a tracked moving object has become stationary over a sequence of
- frames; ' ‘
generating a template image of the stationary objéct bas‘edr on at least one of the
- frames of the se’quenée; |
tracking a state of the stationary object based on a comparison of the template image
w1th a current frame of the video signal; and

' sw1tch1ng to a moving object tracklng algorlthm using a same object 1D if the state of

the stationary object is deterimined as a start moving state.



