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Met hod for Detecting Desired Objects in a Highly
Dynam ¢ Environnent by a Mnitoring System Background

wofhodshe2ddmvent i on The invention relates to a nBaTASGRINEY00191

system and a nethod for detecting at |east one object
in an environnment by the nonitoring system A
surveill ance systemis commonly installed in places

Mo e BEEF G PeureiiOuEre s ok imaiC PRopmens by,

Mbfitethg SydtéANCe system caneras, video caneras or
ot her sensing devices are often used to capture inmges

or vi deos of the envi ronnents, and usually an operator
the captured i mages or videos to

:% g@ﬁﬁ@@ﬁﬁtan or the activities occurring in the
envi ronnents. For exanple a surveillance system nay
he .i nst.al | d in a building to-npnit r the resence of

PRI TS eﬁest A& RRIPHRS gYStey Rigp ping a4 least one

objHcY Bl dnl ADEEnSNS b MRS rihp 8¥stdn). €d toO rm_m tor the
activities of a sw nmng pool” The real-tine imges or

V|deos of the sw mm ng pooI provided by t he

nce system ni tored ers who, -
u PO nglgaltcg S?ennéY a1 %@mﬁﬁg n‘g]fldd\?wceﬁ o raS gglgfsd gﬁ'?c s qijil other
pubc pea to nmitos &fiitiRs béduegnpindhdse eﬁﬂ.ﬁ)nﬁﬂﬁis ©0tha $&ivillance
any swinmers in distress. Automated surveill ance

SYSFEMCSREICES e VI RR, RAMSHERS PT OEheR sansRa AP sss A efiehaised irfapaimages
oFQfHeBQ&ftﬁ@EﬂMoHn@ﬁts'a‘ﬂd%@uﬁf}\éhr %gﬁ))g ape EBZ;B gtcaf)tared

not necessary for a person’to ure
lﬁmﬁﬁesvmbowmdedgwhndmmﬂemnﬁmﬂundavstandmamgunhummmnmmmﬁs
the activities in the environnment. In such an

aut omat ed surveillance system inmages or videos of the

Rf’l viai]@mﬁrmrveﬂhhw weteymdyie: iaanltydas adufdips aCR6Sies thy/prasence

SSIn l e |n a conputer, for
ot Iisﬁ‘g 15«@& ﬁbﬁneﬁteggwn %@ SRl aBrfHem mycbe installed
16l 2loBRér tBE a&fvﬂtﬂa@ oF k FinRRINg pbsl. MRIr&-tRkEimages or videos of the

swimming pool provided by the surveillance system may be monitored by a person who,.

upon detecting any possible drowning or accidents in the pool, can send a lifeguard to the

pool to assist any swimmers in distress.

Automated surveillance systems are developed to automatlcally understand and monitor
activities in an environment. Therefore, it is not necessary for a person to analyze the
captured images or videos in order to understand and monitor the activities in the

environment.

In such an automated surveillance system, images or videos of the environment captured
by the cameras are processed by a processing unit, for example in a computer, for
detecting desired objects in the environment. The detection of desired objects, which are

known as foreground objects, is performed using the background subtraction method [2].
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known as foreground objects, is perforned using the

background subtraction nmethod [2].Li the background
weubisriazwion net hod, a representati on of the backgcewwsdoo191

scene of the environnment is built, and current inmages

of the environnent are subsequently conpared with the

representation of the background scene to determ ne

t he foyeground objects. Dependi ng.on e, application
ot ekt P e ot oadid & e ey i tbe i HBoue] sgne o the
dnQirEieth & bR 288 LorréRYmBRs bf AekAdirdithddfard shbsRGikdnlY compared
algorithmto nonitor the activities of the foregroun

Wi} Ge represypiation of the bagkewyad seene trdetgrminedhe frtayeundradjects.
ﬁega%ﬁcﬁng bn 3 aﬁgl‘(éaﬁgﬂ g?@l‘e aufSRGfhd %h%ﬂ%{uai-}ée %ﬁ%% Ketoupd
scene TS represented by a pixel value, 'such’as
foregionad okjects nakbe tiacked weing anckihg algosthid foutdrdior B atfivties of
tgifel val ue_over tinme. The distribution of the pixe

A OHFAOICISe s normal Iy represented using a
probability distribution such as a Normal distribution

or a Gaussian distribution. Al the distributions of
Tl form ngenyesentatiompiibs badkgronad beenk gf auenyirosmens, ¢ash pixchef the
representati.on of the backaround scene (.background.
R B Yt ip Bt PR AR VA R SR i B SitBfninance, and
thediseibendosf thepiatl tahe dvactge.oThsldiseibiton & thopireGalues over
current iymages are conpared with the representation of
tipeals Baralygenrepcated weing g pahahidity distgibutionyfuch gpa Normal

FHMAh DL R AL A GIBR A A1l B qgh@auﬁo{u{ffgf}]lggé ; QUL of the

obj ect's. - The existing autonmatic surve st ens
baekanejindisecrzfome the eerreschiatiomaltthg backgrbuad btena (hackground models)

thod. i s itable for detecting foreground
%3J%%§§O$%&§Lﬁéitironnent having a static or a

sl ow changi ng background. However, when the background
‘of the environne hanges .drastically or contains
&5’ TERAREFHTAtoR 8?@‘@%@#‘?"6‘4 Seqngps é’i‘é‘ﬁ%lcénﬁq}émﬁgfs are compared

Wil the fdpk@Bniior dAId bdck @R S8hdTEhd theRORts of 1A8 cEMpAisbA Fre
autonafic surveill ance systens becone ineffective in

thyeshelder fhgyobipia thofosegrenmddbissisect s. Therefore, it is
desirable to provide a nethod for detecting foreground

obj ects effectively
The existing automatic surveillance systems using the above-described background

subtraction method is more suitable for detecting foreground objects in an environment
having a static or a slow-changing background. However, when the background of the
environment changes drastically or contains large dynamic noise portion, for example
due to reflection of light from a swimming pool, the existing automatic surveillance

systems become ineffective in detecting the foreground objects.

Therefore, it is desirable to provide a method for detecting foreground objects effectively
in an environment even when the background of the environment changes drastically or

contains large dynamic noise portion.
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in an environnment even when the background of the
envi ronnent changes drastically or contains |arge

wdapaEnzomoi se portion. Sunmary of the | nventi oRCTIS62005/000191

invention relates to a nonitoring systemand a net hod
for detecting at | east one object in an environnent,
in particular in a highly dynam c environnment, by the
énnﬂtor%p stem according to the features of the
URRR e e . preferred embodi ments of the
invention are defined in the dependent clainms. In the

met hod of detecting the at |east one object in the
Theinvestiam rlateicle maindgring systea inshasmethedh for deteptingst legpteone

. ¢ ] ; ' y )
obIBOE 4l eob Bt ih BEEN n: P BB O B pl OBy the
ndnitofieg syent archrigngsty shecfentuiih @f theﬁg@ﬁemhwlﬁiﬁg. Geaferes]
can _bpe an e of visjan sensors that convert a
EDediTERRS AL t@ V%}ﬂ@&ﬂeoci?gi@ﬁiﬂ e depsedsiflai®t 0 a two
di mensi onal i mage such as the normal visible |ight

spectrumor the infra-red spectrum Based on the inage
Iy thetrhethedof detastiemthe atleast one objestén Brckyiraummit acraghing ® the

.generat ed. The.backgr.ound. i ma ich.conprises a .
R g ek SR

devict) sptixd a dnfeekor aatiddorasier:) BEthe aichit6HnSdyelem. STHeGMARS

usi ng at,leas% one feature of the pixels in the pixe
CRNBERE derice (@B Da 2Ry RT R visign Aengors that senvepiasestin ofdhe i s
AEE6EL GRc oo HB ot Wi HlonRfinARY b o8 pERRRMA 6l light
spesirugrar theingfa-red $pectnanBasad vatheamagnef the envit@nohent, at least one

vi ati.on_val ues of | .data clusters.of the . .

bR A el Rl Sk SRR B0 TR B, Rusi dolbpiges a plrality of
pbat rdivided inff pirel beker ki datigpikblebl ek kKigeasu 66k data cluster is formed

<hRA B b AR BT B “Theenate’ Brancct
phx@l1 FIRBP A Recrived Bs 4 Ra BRGHANOVARinoP RS VA& dnd 2 s%%ﬁﬁ!rd

pi xel of the subsequent inmage is conpared with the

 deietionyirem theyneandmlust Agolention of alh ieraeapivalaies widogsaderd deviation

vhidEs AFKAELURerb gptﬂg ba&gﬁcjuﬁﬁ &mgé.esfgfﬁ@éa}’égyesentation of the

" background.

After generating the background representation, a subsequent image is taken by the
monitoring system. Each pixel of the subsequent image is compared with the
background. Specifically, each pixel of the subsequent image is compared with the data
distribution of a corresponding pixel block of the background image. A first discrepancy
value is generated as a result of this comparison. Depending on an estimated degree of
movement of a local region defined by a local search window, the pixel of the subsequent
image is further compared with the data distribution of at least another pixel block which
is adjacent to the pixel block of the background image corresponding to the pixel. A
second discrepancy value is generated as a result of this comparison with the other pixel

block.
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value is generated as a result of this conparison.
Dependi ng on an estimated degree of novenent of a
woOao@l1220gi on defined by a | ocal search w ndowpCrise2005/000191

pi xel of the subsequent image is further conpared with
the data distribution of at |east another pixel block
which is adjacent to the pixel block of the background

i mage corresponding to the pixel. A second discrepancy
value is generated as a result of this conmparison wth

. Bdved oh HRIfirkd 8 lseddh@ alcBpard vale, the kel FihefBs®@eRMage is

di screpancy val ue, the pixel of the subsequent” i nage

4%61'@@%66 Aorbgither 8 bixkeenind aixehonyrioragrand iyl xAfterall the pixels in
%s eq‘ﬁ%nt Fna\géeveh@%}{e&3 %rg#le ea? g}tgnél)r%gg %%B‘undﬁ% 8 foreground pixel,

eblamkg tap rod t]mrsuhsélmsma gna:gmml gipieraedd, with thierpirtels dfake l@ﬁafyhlﬁp
dwth the p s of the

bse 1 t el
R e ather Baneearndac e f ek o g PO e s fresgpund
Mi‘ﬁlrtﬁélﬁﬁa@' &) are Hﬁﬁ(eﬁ %‘fb%taqgrewuﬁg BQ}é@tdeicg? %_e 'thected

the binary nap are marked to form a foregroun

ahfificted ip gheteanuirenat pecgrding ocheventionhe envi r onnent
according to the invention. It should be noted that

the i mage of the environnent may be an inmage directly
Ioﬂioald&dnofterdlﬁaﬂth@mﬁagﬁﬁf fhe efviramentieRy bé aiBnt dirb@ly obtained

o obt ai ned fro e video canera, or a two
“ﬁglﬁe%“ﬁ‘ar oF 37¢ger %? Qﬁ‘éﬁ videe obigingd fromithe ¥1dag camgra, or a two
divBRidhl ¥hagk @ﬁb’f&%&' SR Sonvd Rl dsTRGRy \?\%ﬂ QisfhVde 1mage

i ncludes the at | east one object, I's called t
off Srecayvisomrdent anvdndes énebabhﬁj o€l nlj ectTWblcgeswﬂad dut foreground and

BOGEIERHAE, PR bREERA b Ss OB Yt et

aﬁmﬁmmmmMMEMEﬁmrgﬁmmr@mm&ﬁ.block is used to form one
data cluster. Each data cluster formed is also called
a honmogeneous region in the pixel block. The pixels of

Bable fdafek 8 1B Pikels iR SR L HB] BIRBRIs 126d fPfbfin bR&#at? Bﬁster ‘Each data
f eat ure, and each of these features can be used to

%Feﬁf%ﬁ’é éelep ellede Bpmegenpaygiresion in thapixchhinek. Hieqstels of the
%&J M? Bn oMeg‘mré ﬁ%cp géﬁ:ﬂ 9f Hl%g ef’e - c?%an be
a respectl oun node

[ st ribution, 1S a
usdd toHerm one data cluster or region in each plxel block. Each data cluster or region,

o8

which is being modeled as a respective data distribution, is a background model of the
background of the environment. Therefore, the background comprises a plurality of
background models (at least one model in each pixel block of the background image) for

describing the background of the environment.

After all the background models for all the pixel blocks of the background image have
been formed, the method according to the invention proceeds with the detection of the at

least one foreground object.

The block size of the pixel blocks of the background image depends on the desired
resolution of the background models for representing the background image. A high



10

15

20

25

30

background of the environnent. Therefore, the

background conprises a plurality of background nodel s
wolavosliez®s one nodel in each pixel block of theCcT/SG2005/000191

background i mage) for describing the background of the

environnent. After all the background nodels for al

t he pixel bl ocks of the background i mage have been

tho ordi n to th ent i
rﬁ?OilE@él&é O oA P A 1o FFPRing L bieKeropn Saree reauires o
1hi@e Qﬂlﬁl@éiﬂﬁ ol Blotks ihHie: hilR&kutd i2RgOf Thib fesBitx®@la dla@Tber of
of the bac gﬁound I mage depends on _the desired

nixalyin peclbpixelf bleckeofithe hagkerawnsl imsge| Somvsrsele plass easeliutien of the

o S e e

dfpigkbloelgin tigssbaakgrangbinmgerEliis edsulod el ladye @.ﬁinseﬂ of pixe® in each
backgr ou i This results in a small nunber of
Qﬁé§&§gPE&@§ga&ﬁW¥Quqﬁ%mk of the background i mage.
Conversely, a low resolution of the background nodels

f or representln%pthe background i nage requires only a

A pighiresalyition of Bie barlesound|neasels forrepteserniting Iﬂg?rhmkm‘omndaglage has

S in [ unber, each xel
P AREER b Bk A AR Forgeafid St TEP e B
obh@uhﬁmkgcsmrriehtﬁﬁd ebrsgeharatingepe Baskigtduh@ niodels Baekehtdipite
q? gFQgs t he dva gg of a npre accurate detection
bapkeg JPasm andplse tesubsegugal wpdating, ef the batkermund modelads very
Hggui red for generating the background nodel s

representing the background i mage, and al so the
subsequent updating of the background nodels, is very

f foregrou bje
Pl T sl S Do R R TR o an
mimmﬁamkgbﬁ?lg?&@ﬁmmdekeﬂ&hﬂﬁﬁaﬁhﬁd&ﬁ&dbFﬁkbﬁS@R?S?ﬁﬁl
t he | Xe OCKS, a ence, e res ution o
bioeks 65?%%%‘8 é?sgﬁafm Pﬂ@ ga@%@%ﬁféﬂf Flﬁé’géﬁe bagkgropmd dmage. If
tied @zd’%ﬂ@xﬁﬁi}'&heﬁﬂc ofttRefok AR QBRets ARI/BE backBdHA®hre larFe the block

back ound are | arge, the block size of the pixe

si7e 9 s pistel bioskspichepaskaraundimsge shoond elsabe lirgsesq heigpdarge
sﬁ&hal B3befed: BF 88 pixel of the subsequent image can be captured.

Therefore, the desired block size of the pixel blocks of the background image should be
determined based on a trade-off between the available computation power and the desired

spatial movement of the pixel of the subsequent image to be captured.

As can be seen from above, the use of a region-based background modeling of the
background image according to the invention allows a low computational detection
algorithm to be implemented. Therefore, the method according to the invention can be
implemented in portable computer systems or devices that do not have a processor

capable of performing intensive computations.
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spatial novenent of the pixel of the subsequent inage
can be captured. Therefore, the desired block size of
woheospxmk bl ocks of the background i mage shoulkdTise2005/000191
determ ned based on a trade-off between the avail abl e
conmput ati on power and the desired spatial novenent of
the pixel of the subsequent inmage to be captured. As
can he.seen from abqve, t use of a, regi.on-base )
1%%8&@%%933& q?ﬁe&ég%’fﬁac ikgled ths o RasbR imagvdy EomgEe Rt Agly with
thObdcR@ohitvaBdd] pdp el AWBthdad 104¥ SRR ﬁﬁét&? 8t thd gheEb1bLan
algorithmto be |q§£enented._Therefore, t he net hod
carewpadingtorthe pixel ofthesubisesycatdmape biriglicewitin thedatkeground model
. L3S, Qhadevi h dg not have
og Q]irc)l%%tg é@%@r ¢ gp a% |b2‘%§f pe rlg Scrlj(rghge\r{?lé &ﬁﬁ? é%gllt 1?/1%& COLTEp Shding to
tlecopipel tod tHeanbsetierss aaged Aalossl sbﬁcmwirﬁld dwirhat beﬁi%@l & tcp%@f&inh ine the
of .the subsequent. image .is _conpared nat only with the
DIPRIAE, oe) bloghds)owhirle thepjxel AEths subsequsnt e dndp de
c6np&t@Mmof the pixel block corresponding to the pixe
of "t he subsequent inage, but also with the background
nodel of at |east one further pixel block which is
dj.acent to.fthe.pix bl.ock correspondi o th L xe
B L0RE eah Sl B iy & icoBE 22 B i Whekhob bt Bt e
co@Poiidingigik elrbilbdkeofiliebaakigrbend @fagallcwsedié sphitisBinovement of the
S). which the Eixel of the subsequent image is to

I k
pg@f{ﬁﬁ dherixglitlock talbe cersirsdr By sxfcrring the cpmpatisogiof fheeixel of
IR EAHER tmAdBRE G renflét Bnd %Lﬁgl%){%ﬁ%’l% g&ggﬁ&&ﬁ)&% Bickgég:agnd image, a

correspondi ng pi xel blo ckground 1 m
leggdr spatial meverpent phthepinet pariie abpturdde Sprlx e feaire hagthe hdvantage of

i.xel . bl ock t.0.be captured. By extendpng the .
G A 1oR B o BT SRl B AR ORI Fngect thep
nlogaméntémtherbaclggdaoidisach & skedowd. ock of the background

i mge, a larger spatial novenent of the pixel can be
captured. Such a feature has the advantage of having a

AsQWeRdh 1B, {¥ackirofdPSbidck YorRGpOREHIE Bbk@ﬂ%d%.iﬁi)ﬁl iR a Fdst II?%jxel block

foreground pixels due to novenent 1n the bach%rou

ok the hackgroynd doss: De taRoregeeperacnt in tha bkekisoumd, b pixet position
of B HESRARAS obRetn PheBbs R ik hil Arllfol Fh%&on®b8%H block

of the background image. By comparing the pixel corresponding to the background

object in the subsequent image with the second pixel block (adjacent to the first pixel
block) according to the invention, the spatial movement of the pixel corresponding to the
background object is captured. Therefore, said pixel of the background object due to

background movement is not wrongly classified as a foreground pixel.

Furthermore, the capturing of the spatial movement of a pixel of the subsequent image in
a corresponding pixel block and at least a further adjacent pixel block of the background
image according to the invention takes into account of background movement in the
environment, and hence, resulting in a high foreground detection rate and low false
detection of background pixels as foreground pixels. Therefore, the method according to

the invention is suitable to be used in both indoor as well as outdoor environment which
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of the background i mage. Due to sone novenent in the
background, the pixel position of the background

wohpesar2a9m t he subsequent i nage may correspondPCo/SE2005/000191
second pi xel bl ock of the background i mge. By

conparing e pixel

correspondi ng to the background

obj ect in the subsequent

imge with the second pi xel

bl ock (adjacent to the first pixel block) according to
heng dw%réﬁh%&r,ouﬁéweo%%&qhéppleﬁ@%%&whedﬁetb%acgpmg fothe
iBRNFi6S RAD AL shvinBR iR aGkahaHIdoeR] ect is captured.
Therefore, said pixel of the background object .due to
background novenent is not wongly classified as a

f [ kxel . F hermre, .the capturi of t.h
AR BBl AR IR, o R SRR TR %0 by o
daterBine eisnaimitien of 4djaceht ik blocR@Ywah whedShe pixELEfithefubsequent
.adj acent pixel hlock of the background inmage according

Pgee 18 &0 beamiaredrs defraynediirem aa eximatedratantanyetentof the

. . : o | i n a
B o e < e AR e BN o ESM o ot s
vafiddyaisidgteomingd fomeinsstmated degetvund npivembs .of THedraekgownd and
fthe ng%qutaccording to the invention is suitable to
YEEFEEUOPH ot h i ndoor as wel | as outdoor environnent
whi chhas a dynani ¢ background. One such application

for the method according to the invention is to detect
Acapringhs eenerally siwakingn ) thisembodiseest elmeghanisipig used that allows the

SSERPRTRRL BhaaPUEL BRAIS R gl 20 iy i

searc n%?OW use m ne
rgspecd Ito thie dadel ackgrbuinl antdi foregtdned pioxeherns. Thegizs v sehuedal search

i. i.s.to, b d.i ined fr.
R BT o S GRIR0 sk Br oS tarsrio i sy when
peiebsbigabe haxt fh@el TRGRIl dikanch th@@ﬁﬁ!cféﬁcg%f tHONREBR ko Sdpture
t he Iogg%dggarch w ndow i s determ ned from an

baderara SR SROVEFIHS A HEITticd Heh b EeRlminnerndearried
oh OB, BPIoRHufing AT F ROV YmedGRE géltdkré% ogalecflgﬁvﬁgrtnﬁ%t of

in this enbodi ment a mechanismis use
bagkgroupd apdpregpvall obisaiscOnepordible way todaytorpmiceilyy @inippte both,

. ' . dv:nami-cal | .t h h
1P SR EPR ikl oA HO B BBl el G 8 Soritn B o

disention lobtzired aftarmdtching a pixel to its corresponding background or foreground

model within the local search window. Then, such information will be propagated to the

following frame that varies the local search window when processing the said pixel.

According to an embodiment of the invention, the generation of the background image of

the environment includes determining the pixels representing the object in the

~ environment by applying a shades of intensity or color model to the image of the

environment, removing the information of the pixels representing the object, and filtering
the resultant image of the environment using a filtering scheme. This filtering scheme
which is applied on a number of past images, can be any suitable respective scheme such

as a temporal vector median filter, and is used to generate a clean background image
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wi ndow wi || then be updated and varied at different

positions in the i nage when processing the next frane.
wOohbes/12ed9% enhance the efficiency of the proceBeTiSG2005/000191

capt ure background and foreground novenents. As

menti oned, such a nmechani smcan be carried out

automatical ly by corrputi ng the rate of novenent and

nt .of hackgrou and. f round
i e SR o8 R STt PRERareth e g e
to@pbral danlefiltéradng t@hporEl e Fltednd direction of novement
i s based on the searching range and direction obtai ned
after matchi ng a pixel to its correspondi ng background
1 _Rdow. .
19 eﬁ&iﬁgglg Eié C{OE? %gjﬁtégfrsft%bﬁoﬁ%%f I og) ecafoe“de c{.l, \édﬁeﬁ,e a9aV¥1ppropnate
shaxld @wblog nfodalrre apietl tostheiimsge dfehé emra’onmem‘t@ Bolatatlopixels

oBERARTER o B Siset T8 oMl Pieéle LR bsePBHeH ssackeround
P2 IsgeR bt t{ﬁ%ﬂl@e BckéBEnBRYELLO ‘Fﬁ?&&:ﬂ}ﬂ& btSSimmer is to be

det erm ni ng e pixels re resentlngthe object In the
d@l?wteﬁ@mé\ﬁmsag 2ppl upingg celosisamiers, ogeneric elis colpr mode chmbe

eyl O r.enmovi n

R It ETAR by BP0 BRT P e RBI P eid B ghotor
cﬁmbtaea]l pigels vathroharatteristics sitEDe toothe tkia celdY Mo@élilltbe UshsidEred
a fllte |n schene hi s fllterlng schene which is
o8 S PG SIS HREHEE b SyiaRer. nhgeslor dnfprmpasion af the isolated pixels
coHbdpahdifg fPHEs R, kgﬁﬂa
ned%gn f%lter Egﬂggﬁgﬁusede§§5§g%§P§% earﬁiﬁ&&fn%eSS
backgr ound |nagemh|ch does not have any f or egr ound

S‘tﬁg%‘lggg% 1t ﬁ)é%gpé cffﬂ?ef ch/Ir!T G enst is ﬁﬁl ref u é’ﬁg 3 E.ft%rgalg scheme which is

ra ter and npor a
afmlﬁ:ﬁdmﬂli a’lglndn:r vhmassinages smfh ds mﬁeelﬁmpbml véctat @hediandiltet, h@ remove

be detected ate shade or .co
t‘fé u Eﬂ%’&ﬁ?@%@%ﬁnﬂ@ Eﬂﬁﬁgﬁ%f SHIBOGSA P ESRFFRIRE o Clean
baS@@ing ithhg RhKeHSlFVeeMRARMITE hOflIbRiSe! - These

isolated pixels will not be considered as backgr ound

pi x eCollprime asminfth munhen ef pixelugivss Aeasb pesiton Eprof the image
exanﬁloﬁlaéehe@o@c%%ggzﬁﬁvé’fnﬁlﬂbé}%f%%gt ed in a swmmng
pool using a or canera, a generic skin color nodel
can Berfmwcghmdlaﬁ;ﬂl‘appg {/i3h gperhiion geeseh se of Kinumber of

col or =PY a?ues%(r)]llécttled i mage captured by the col or

»  Using the output of the vector median filtering operation as the background pixel
for position (i,j).
+ Repeating the process for all positions (i,j) in the image to form one background

- frame.

In this way, the clean background image can be generated automatically at any time
without requiring any human intervention. The advantages of generating the background
image using a shade or color model to isolate the pixels of the object and filtering said

pixels using a temporal vector median filter as described above are that the generation of
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canera, all pixels with characteristics simlar to the

skin color nodel will be considered as skin pixels
woanrsazpondi ng to the swinmer. The col or i nf or RETISGR006/000191

the isolated pixels corresponding to the object is

then renmoved from the background formati on process.

Subsequently, the inage of the environnent is filtered

sing a filtering, scheme which js applied on a nunber

& 'bﬁ%aw?ﬂﬁ@%%scfﬁg he Rerirmed &t 4155 & LoVdR poipleBidy, apd can be

idpld@dntedt@silyenmove any residual information

representing the object. This process of generating

the cl ean background i mage can normally be summari zed

j ' i |l ectin set _of T nynber
Sl e PR Rt e Bl e op oy e
thimallpbg e berson Sfseniisihe ithige@bainvd fived thefimbged@siring device, and

' ect or dian filtering [13] operation o

erformn \ .
tg%fbﬂl%é%ttm’g% the Cﬂlaﬁﬁgﬁeﬁw%ﬂ%mxela Mt wigpble cplarrepresenting the

- BabRrOMd Who@ibr WRRIsHE E;%ﬂgl?re g‘ggciu%ﬂcé‘ dt{(\{l@ﬁ% E&Jt%g%g BhiyGfe as

t he  background pi xel t1on atrng
hankerpunsloweitout any fardgrgpodiobjectssTHis feqpiresadditmnaliedifpet tb ensure that
orm one. background franme. hi thi. .the clean, . .
e AR ot BHi mh S in e sohitert] vz Pt e puildipe the
Back@owddihedels. r equi ri ng any human intervention. The

advant ages of generating the background i mage using a
shade or color nodel to isolate the pixels of the

SRR AN eEdblogﬁfénPQf theifyeiti eE%gtﬂg‘%g%les?eg trog Q&t%ﬁg)?le% ngck of the

vector nedian filter as descr
tgekgsowtd imagoistipdatbhbisgd ontie deteagined backigeoupd pixelsrof theat

any tine. is lowin conplexity, and can be inpl enented
%£%§W?#”aﬁ¥%rnatively, the pixels corresponding to the
object in the environnent maybe isolated manually by a

er.son. ohservi ng the_i mage obtained fromthe inage
%&ﬁ?ia%q%yn gledl&?flafél_,ue &ﬁ%ﬂﬁ%ﬂd@f geYirtien fromg theaeangiabie ofthe data.
ddres 8r E&%ﬁ!p@le@tglﬁgk 52hd b¥ekehbuRd SHAdedRd EpaRdYy the background pixels

representing ]
in the subsequent Image corresponding to the pixel block of the background image. Such

updating of the data clusters in all the pixel blocks of the background image generates a
new/updated background image which adapts to changes in the background of the
environment. Such background changes, for example due to change of illumination
caused by blocking of sunlight by clouds, ripple movement of water, movement of

leaves, etc, are common in natural environment.

It is also possible, when updating the data clusters of the background image, to create
new data clusters in some of the pixel blocks of the background image. The creation of
~ such new data clusters allows background information which is not captured previously
to be incorporated. The creation of such new data 'clusters may be subjected to a criteria
of having the shade or color standard deviation to be below a predetermined value so as

to eliminate the possibility of creating new data clusters which are due to noise.
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background. Another way is to capture a sequence of
vi deos containing only the background w t hout any

woanwsgezamd obj ects. This requires additional e€TsGRIBO00191

ensure that there are no foreground objects present in
the considered environment when building the
background nodel s. According to an enbodi nent of the

. t h | ust ch xel bl ock _of
SRR TR i et i i i BB bpo prRkErond Smage may
silptinieed tRask %Qﬁa@grwnﬂqiusel of e @@oséqu%ﬁﬁﬁ:&h%@ beih FBQSsified to

Specifically, the nean value and the Standa

sely date icblﬁte#Sraétﬁf 2 predefemmingdtime  Suchidate clesters mlala s@reerSpmd to some

%@Eé}ﬂﬁd@& Kor ogdr% pI X%@Mggog%sngg%gr@&%ng% s

aomes;&mﬁmgdm suid barkpioandobiedts loattkalef b lmobaricgsduipty.

i mge. Such updating of the data clusters in all the

pi xel bl ocks of the background i nage generates a

SRWCHRAS £ BAGKALPEAY clu@ﬁ&ein‘ﬁﬁd ﬁgmqg@%&%ﬂlg Bf‘ﬁg%ﬁ%}gground
in the background of the environnent ack

iglaanege gdvemtﬁge@;sanpiaglt@jmg aclynimaingepreseniationiof thabacﬂ@round of

of oS t. b opds, rippl
SRR LAl S oSt BBl S phippnce
Whenlpmdeﬁﬁdlgtﬁélw‘tfsec[iﬁﬁfﬁhla td. is also possible, when
updating the data clusters of the background i nage, to
create new data clusters in sone of the pixel blocks

Acotdisy BAGDL RS0 liRAELS tgg RAl #1@11aRf m}}lﬁ%ﬁ Br &%ﬂ’ 8%1 Block

clusters all ows backgroun rrfatl on
of dhsthackgtoynddyiagerisivpdated being md@uwd reduesive liver mteqa:ﬂatmm scheme.
ne st el e ect ed

RO SR e Pt 6t bt ters or Katonan

fileyd rady also heusb® bel ow a predeterm ned value so as to

elimnate the possibility of creating new data

clusters which are due to noise.Sinmlarly, sone

A6billirighe adariifer emBSdifledt dMhERGE RN EE dih Qﬁl%te? bt &8 pixel block

background i mage may be elimnated If there I's no
Hgeleamonnd pmﬁsq Ohtﬁn@dq@ aspesifetimn @nd/ma@éhchn@ence of a specific

c&!l(ﬁﬁgﬁé tﬁ%e c}% oRtSH i QofedC lTﬂf’sta(f'l %rsﬂ dcei%sl% ro‘%l plxeq %Pock of

time. ata clusters nay correspon

the background image corresponding to the specific the and/or cond1t1on to be obtained

from the stored models, if necessary, when the system needs to be initialized or rebooted.
According to an embodiment of the invention, the subsequent image is divided into pixel
blocks of pixels. For each pixel block which comprises at least one foreground pixel, at
least one data cluster is formed based on at least one feature of the foreground pixel in the
pixel block. The data cluster of the pixel block of the subsequent image comprising the
foreground pixel is modeled as a data distribution having a mean value and a standard
deviation ﬁocn the mean value. When an object is to be detected in a next subsequent
image of the environment, each pixel of the next subsequent image is compared with the
data cluster of the pixel block of the subsequent image corresponding to said pixel, if
such a data cluster of the pixel block of the subsequent image corresponding to said pixel

exists, to determine if said pixel of the next subsequent image is a foreground pixel. -
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background objects being renoved fromthe environnent,

and hence, data clusters corresponding to said
woaalsgeznamd obj ects shoul d al so be renoved accecdiSoging000191

Such creation and renoval of data clusters in and from

t he pi xel blocks of the background i mage are

advant ageous in nmaintaining a dynam c representation

of the background of the environnent w thout having to

rebuil d the background representation at each instance

zyﬁggﬁgF enb%%?%%%@ﬁ%ﬁﬁgﬁg inven?gggg%ﬁﬁgQ%g%a cia%%er

gsfieratedh The wesl of heclotegrsfund o dbla dagtetarmihingrabehérshapidels effa next

usin .devi sed recursive linear .inter.polation scheme.

Hpicfec? RGET T et Ransb B Bh 1D RRn R et B ietound

fixed $represéstie AfgMAnfatibi Bicaraey oKadteme fokdgtRha oB:ﬁMt. Fh 88diR&n, the

used, According to a further enbodi ment of the ]

use oblorseerndmedels ceuses thermer obmisslastifyingeay foregenndpixelp of the
g ' . ific time and/or at

@ﬁg&g%@g%éﬂﬁ c% ofbggégg%g@?)ﬁ?e :l:s t?(?%g(lgtgl on of the

environnent is stored. This allows the data cluster of

C I xel bl.ock. of. t he background i e correspondi ng
‘%e%r?lﬁ’gfl"%eﬁé"&‘?lfl PES GrEReArf SPS LR TR8nhaYs bpen %&r%g&y |
cof@ Bk dRitls HHRITe@eidRaEdell the RRE 85HR hikels WD deRBsubYRhEMimage
needs to be initialized or rebooted. According to an

canrbe deterarnedsp be ighar hoekerquad pixelreorSotssroyodpixelsbrgemparing with
e . . | . c i
B e e ol lac P Bl SOl 0 Cind i ol

at |l east one data cluster is forned based on at | east
one feature,of .the.foreground pixel in the. pixel .
TR e T S pitel PP B SR a e dBr bBYe  fwespondiog
detdRERtkd 0Nthe pFRYBlOEIOHNhE SibREqIeReintaE, 8aiaH whill 8 Hetbi®nined
Vnggled as a data distribution hangg?a mean val ue and

clehit dbg breksonad pizel of aderegioandrpixal kyheing comperedaith the

u?%it&fﬁac:kéroﬁﬁﬁ REddQF ﬁfctcSHeé'an(g?E ?ﬁ&l ﬁUQéM%g%;gWﬂgge.

e envifronnent, each pix € next su
image is conpared with the data cluster of the pixe

MBlo B e h11% RURRSIMAY rol HRAE oA FRARINA St 20531kt image

comprising at least one foreground pixel based on more than one feature of the

foreground pixels. However, if the foreground object is assumed to be an object having a
generally uniform shade of intensity or color, one data cluster based.on the color feature
of the foreground pixels would be sufficient to describe the foreground pixels in each

pixel block.

It should be noted that it is possible not to have foreground models of the environment
generated for the subsequent image. In this case, all the pixels of the next subsequent
image are compared with the updated background models of the background image to

determine whether said pixels are background pixels or foreground pixels.
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such a data cluster of the pixel block of the
subsequent image corresponding to said pixel exists,
woaoddazomi ne i f said pixel of the next subseqRemSG2005/000191
image is a foreground pixel.In this enbodi nent of the
i nvention, foreground nodels of the environnment are
generated. The use of the foreground nodels for
i xel s of a pext. subsequent

det t h
Acﬁa%é?a? Iatqtg‘éheéﬁ SURBHRL R the sy ention. siFh PR! Afghe ReH Sigequent
iRYSdis Mriter @orgﬁa{r&ﬂ\(fﬁh‘ A Ric@hstdr TPh QAR hREl HIEE TR Alub &duent

accuracy of ected foreground object. In addition,
impge, lf§é0h)$ forr@gregxdoiamblmsm@@f thedaribarpitehblogk pfthe sibsequent

e Ml i LR AR B ] fhsﬁﬁ%rvm& $blggk of
thdwbicaueg rimugwts arijwénsmhe pﬁel Bleokt oﬁh@ﬁﬁweﬁt inBEg

have been det er.m_ned aring with the foreground
Cﬁ%%riepn dipgto saidpixels hqrémﬁrer(e adjapentnizel blogk(sy tphecqnsidered can
oL RS ERTSNS Pkt 1% LRSSl O, e
background nodel s of the background i mage. In this
i xel, of the nex

th
AR APt AP G e Lie R P D R P hage
withQB& fopdoréii rHetes 60U E Bl 1ehsiBASnciSdofnPh%el bIYEK df t@@subsequent

deternrned whether it is a background pixel or
imegeadpws adarge spatalgpovsatentofibepixelde bricentuefe Thm@rtmg of such
oL o TRl ofhe b BAIG T ROROLRG At Gredblbtntly
firegrbondmisicls as bakgropideikels| for &xanfpld, kdee tmhsmpmmf thmﬁg@round
Lis | east one foreground pixel based on nore
&ﬁ% gmg@g?%ﬁgmbf the foreground pixels. However, if
the foreground object is assuned to be an object
ing a generally uniform shade of intensity o

Aeerrérng 16 4 T ImERt o i iTersion. <9ah de CISDAL the ke dogks of the
oy R 8l B0 RN E SoltUletoRBroHd biaf] S padt DL, BE
dgrermpipedeiyragnernd)pixelsofilosrdxb bubsegtent imagawve f or egr ound
nodel s of the environnent generated for the subsequent
image. In this case, all the pixels of the next
Speuifa@iiyehé mean value and the standard deviation from the mean value of the data

cluster of the pixel block of the subsequent image having at least one foreground pixels
are updated by the foreground pixels in the next subsequent image corresponding to the
pixel block of the subsequent image. As mentioned above for the updating of
background models, such updating of the data clusters in the pixel blocks of the
subseguent hnage generates new/updated foreground models which adapt to changes to

the movement of the foreground obj'ects in the environment.

According to a further embodiment of the invention, the data cluster of the pixel blocks
of the subsequent image comprising at least one foreground pixel is updated using an
interpolation scheme such as the recursive linear interpolation scheme. Alternatively, the

foreground models representing the foreground of the environment are recalculated every

12
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i mage are conpared with the updated background nodel s

of the background i nage to determ ne whet her said
woiznsi1220a4 e background pi xel s or foreground PCT/SG2005/000191

pi xel s. According to a further enbodi ment of the

i nvention, each pixel of the next subsequent inage is

further conpared with the data cluster of a further

pi xel bl ock of th%U§¥bsequent ina?e, if such a )
H1B¢ R F TR dOaioRne s fstesteddn thetrurrenthst mipgesisi iamenThe recglpulation

Jf&@re?ﬂéﬁﬁ@ﬂkl@él& cddBgRrBxh&t i?vreél-‘?in%esth?c'é T i Her 8?].%}?%18 finvolved

pixel is a foreground pixel. The further pixe
ipfthet ieealenldsiva gl Eregrowedypodds sdjnall drike inghe tase pf harkgiolod k

f. the.s ue i.mage, correspaonding to _said pixel..
e P Fore R SRS R SR B st Rist et
adayts beargehanges fietle faregiotie rate of novenent of the
foreground object detected in the imge As already
expl ai ned above, the conparison of the pixel of the
D A B0l AP bl B e AR IR S B e
vialwe@d theel datamduster|od thpepisgd dlackbf thebeckentund fimbgeccopiex@inding to the

be,captured. The capturing, of .guch a | at.ge_spatial .
PR BBl yieR ahd e ddioB ot i PR URE Getiay of seid pxel of
the QbSdapetliMeSd ik YbiatheHOMRGbBIHEA BiffRInSe ASvaRRGK HeRWRAded by the
i xel s, for exanple, due to novenent of the foreground

simflad dgviptiqroofdheidastionsr dagasclusterof thi nigel blockof the background

. i - ' | r. of, the
iEHROP ke Bl AR AYRR Alhe, MGD GERA SHBIEC, Pl 16
nogaalized maué. oFlegroowsebndingdtatirs ofi gddipizdl ib dscfdatare dffie: pixels in

et.er,mi, ned .f.or.egr ound .pi xel s .of .t he, next subsequent
SRS PR De R Radtdn % i bl ¢REOSE andar o
deviation fromthe nean value of the data cluster of
t he pixel_ block of the subsequent inmge having at

&y, Biedifferpssin yrlge prtwernsthy mean yelue atithp fate ghister of the further

£ of , . ) _
P ?%E?%E%Pﬁéﬁ%&?fﬁé o Xl Y B ARl TR comesponding
to thagéxel pbtherswhise@ieatinzdge wad the valuk ef thp datréspgndifig feature of said

| updat f .the data clust
oA OROIe TR ee BUPTAA" 3 i Bthiod iRt By Brie S
divédddiydhd eshdant duyianion of thadelesstwhi dita aliset of e GXeIEISEL of the

t . . .
ba&ground image. Thus, the second discrepancy value is also a normalized value.

The generation of the first and second discrepancy values as the normalized values which
correspond to the difference in the value of the pixel of the subsequent image with their
respective mean value of the data clusters, and divided by the standard deviation of the
corresponding data cluster is a simple and low-complexity way of comparing the pixel

with the respective data clusters.
According to a further embodiment of the invention, the pixel of the subsequent image is

determined as a background pixel if the minimum value of the first and second

discrepancy values is smaller than a predetermined threshold. If said minimum value is

13
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t he novenent of the foreground objects in the
envi ronnent. According to a further enbodi nent of the

wonvenk2oom, the data cluster of the pixel bl ockeTsG2a08m00191

subsequent inage conprising at |east one foreground

pi xel is updated using an interpolation schene such as
the recursive linear interpolation schene.

Alternatively, the foreground nodels representing the
FreptEghanihg p@ﬁ@f@%ﬂ%@%ﬂ%ﬂﬁéﬁ@ pixgkofiibe gibseguentaeage is determined
LUGL LRI When any foreground is detected in the
currently processed franme. The recal cul ati on of

foreground nodels can be perfornmed in real-tinme since

he nunber af. pi.xel s involved in the.recalcul at.i,on.of
PetPae FHET oLt eI e iRt Sl igler G the pixel block
oF st REBEhdIRASE bA¥ed oh AR miRERkh R8I bf fhe Fedaed Bsdond discrepancy
generates a new updated representati on which adapts to
vahips emsarry dlant p hagkground pisgt isunediclagsifiedrag ia feregrouadhpixel, and hence,
i: Y ' the difference in value
r%%@ﬁg%ﬁ?t gﬁ%é%%£%%¥%@@%%9t g’data cluster of the
pi xel bl ock of the background i nage corresponding to

R TCROTIE N v
vifPdRa 1asteif M kel bldtR o? BicAaBiefodidi i@ EEREEd b ay Qs!'eir"fge ivtﬁlue of

then divided by the standard devi ation of the at |eas
op athegpredefiried selettonghip biavesh shel firkf] and lseavnd diserebarsl yalvenishch as

t%{]l%g(ﬁaﬁglitgg_qﬁ; te Hjtﬁeéf{r?éan?%%%{l%pancy val ue. Thus,

I'Ts r50ancy g normal i zed val ue. The
corresponding feature of said pixel is the feature of

t he pixels | he pi xel bl ock.of the background inage
ArSSrfesopgphivithe gt et B inveniigt spaypixel qbthe subsequent

' ilbdd i€ HREHee détBrmiaddus bRRINEbatiRBoliRI kel 3 & for8frolifriddtuding a

‘cluster of the further pixel block which is adjacent

fergher peedgienainedtharskolds whereingha feethenmedcioramined threshold has a
. . b .
dHRLLAS RS %g&th% greha@rﬁhé@{hr&aolh &he Hﬁ'ﬁl%f‘#ﬁ%ﬁéte%ﬂﬂg?%fegﬁjold

val ue o corresponding féatfure of sa
nofmallychas a s gagyehue thamglyepredetaintivédibasholthe Adiet all thechixels of the

ifference in value is then divided b he .st apdard : :

sHRSPT B Ry iRod B Bmbrt kP SRR Sumd pixes
bpdedein thd fetierqireddhemixred kigre chold] aifii@ge binkAtSap ishensaeond

disgrepancy X?hye is also a normalized val ue. . .
accordingly. A modified binary map is generated based on the further binary map, with
each element in the modified binary map corresponding to whether the number of
foreground pixels in a corresponding pixel block of the further binary map exceeds a
predefined value. The elements which are connected in the modified binary map and
corresponding to the number of foreground pixels in the pixel block of the further binary
map exceeding the predefined value are marked to form at least one foreground portion.
The foreground object in the binary map is determined to be the object detected in the
environment only if the foreground object corresponds to the foreground portion in the

modified binary map.
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The generation of the first and second di screpancy

val ues as the nornalized val ues which correspond to
woheosditd®er ence in the val ue of the pixel of tReT/SG2005/000191

subsequent inmage with their respective nean val ue of

the data clusters, and divided by the standard

devi ation of the corresponding data cluster is a

si npl e and | ow conpl exity way of conparing the pixe

Ipihigiyat ﬁiertheéélab@dw@ of aheanmﬁ@tlew@ bingEy: GRS q*fdoatslégr@smd and
féﬂé%xfoequ BReAL BRAly Alp iy @I biffy nﬁéész &é a3l bésQ& on

Image I's ete as a plxe
twb ptddetermmed‘rﬂmts}lalldw éh@ﬁreﬂﬁMmafckﬂhreahm‘ld snd:‘dnﬂ dfurther predetermined

et R ARt e A i Bt o BirShott BA BF frpereting
ﬂﬂwﬂﬁ%{ 8 RRK, b66E fghdntatifEoPthy €dre dgsuﬁmj&mﬁﬁ% QfHieved.

i mge is detern1ned as a foreground pi xel

&t thednnasy map anagialse comprisehieregtiysd gaisn es ¢ reageolnongly

FHOL B e e

usiag dmfudhaq:mhﬂam;ne& direshslddias lgse forbgramndambmcclsgipaneﬂ tb the

pi xel is not assi fied foreg r i xel, and
bH’éﬁé’@aP el ﬁfi?cbﬁaﬁ e thiesliold fras praliey PP @SSR
chidiB&HP %Iqexgﬁpl%%@ﬂgtalﬁ?éhef YalhsS &t RRrRASS @ke%r&uﬂd %Mﬁl the
t he plxe he subseguent |nage wth data clusSter of

prddetephined th;caheld &ty geheratingthg modrebd; hmg;ebasa@ ew therfurgher binary
n% eha qgre%r%‘luﬁlcf nolset g rfur%@t hFedugeg f 5 g e%leraﬁ1 usfhte @E%Jﬁentatlon

secon repancy va

ofithetfbregrondd aan I&rachjeeedma@tdmmhefomhpmdp st thp armd;ﬁed binary map.
val ues. According to a yet further enbodi ment of the
i nvention, each pixel of the subsequent inmage is

Acdbddiety, @%&Eéﬂnﬂﬁﬁé $fQytethep tHerIEfeﬁ;ﬁ)uE@ 6jREQH oBjeXEdetdRfed in

a foreground pixel using a furt predet erm ned
therpraipeinent ugins the modified ipsy meap rpyudlg ét bighpenstivity ithp dptgction

f
oty ld 40 S SO UL SIS o movemot
thedrackdgrbyndwmdogtoandebjestal ue t han t he predet erm ned

threshol d. After all the pixels of the subsequent
I mage have been determ ned as either background pixels

AREord@izag bl vinBodiinés of the invention, a motion frequency of each pixel of the
subsequent image is determined before comparing said pixel with the data cluster of the
corresponding pixel block of the background image. Based on the determined motion
frequency of the pixels of the subsequent image, pixels corresponding to an area of the
subsequent image which represents a noise portion, such as due to reflection from a light
source, are classified.. The classified pixels are subsequently filtered using a pseudo-
shade ﬁlfer to generate a pseudo-shade for the classified pixels based on an average shade
information of the classified pixels, excluding the value that represents the noise portion.
The motion frequency of a pixel measures the fluctuation of a value of the pixel over
time. Based on the motion frequency of the pixel, it can be determined if the pixel
correspond to a noise portion such as that caused by an area of reflection by a light

source.
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based on the further predeterm ned threshold, a
further binary map is generated accordingly. A

waonaisfiezd4 bi nary map i s generated based on therPCusSGha@s/000191

bi nary map, with each elenent in the nodified binary
map correspondi ng to whet her the nunber of foreground
pi xel s in a correspondi ng pixel block of the further
bi nary map exceeds a predefined value. The el enents
mhich are connected in the nodified binary nap and

e e C S
blyhrm watedeirfane dSuchirefteciormap vbedretthe foregrowatd dbjams tan@h&hce

or e fore ohject in the
shke iy A RS CraRionnd beria® Be ARG th S afdes g visile ight
sh&@ruBY chRNdERA, 2 Pdudolchlok fifter 19 L QA BN gﬁcﬁ& pseudo color filter
corresponds to the foreground portlon |n t

tohearsp oempsnondinite thpaeflaction frem thekigdisorsoe, ﬂ@ffordge)und obJ ect in

[ f bagk u
oA o B P BBl PRSP Y B APl pprage color
uhﬁonmtgonnﬁ}d)e pikeis Gaheat ﬁeﬁ&b GG, kxodpt tndite poIOE GVIEEHTs AiRLtolor of

predeterm ned threshold and the

h hol d
the e rbion oF BiPOIEDE oFiss o PR DYeh e Pl feagilo-color such
t]ya%kﬁée‘éolof\softtﬂcepﬁﬁlg dalsed Hﬂfﬂﬁ%ﬁé&ﬁ@ﬁ‘ﬂ‘}lsﬂof’éﬁeﬂn QT respect, 1t is

generating the binary map [ ow, a good segnent
ngfed thpg afr e@@r@m@lwclbpmm noan:r fehawhieesutice bkmmee m,ore

rise.foreground noj.se as a
oo RN IR Tea k3 SRR iy et SRR e
foreground plxels. The further bi nary map gener at ed
t f her rede erm ned threshold has | ess
Thre %ﬁw fﬁlﬁf’ ageo etnéo lﬁ’énb‘?’?fg? IVRRHPIAROYifles an
alldtibie ncBRinBI AR ehﬁUl@sStHQ fcﬁieéi‘@ﬁldaco vakbectNalerd MBRSER:

a stricter condition, for exanple having a higher
foraground ghigct gatemriniomnmeaivdiesiho nisglssosesponding to thi doreground

Fﬁggésgase ?ﬁgﬂ?%g¥h ﬁﬁg%gkhgglﬁ&ﬁqugféﬁﬁgund

n0|se is further reduced Thus “cl ean" and accurate
nt at i.on of h dund can be achi eved based
ASROHIRg 5P Ry ROl O BT B b FYRRFas i of itensity or

cdl@ﬁ@fdi’tdaﬁbﬂ of thb elasketiey dpmas RGOS TRINE predbfindd g e d
object is the object ected in

consecutive subsequent i 1mages The obtaining of the average shade or color information
over a predefined number of consecutive subsequent images takes into account the value
of the pixels over time, and hence, results in an accurate average shade or color

information of the pixels.

According to a furfher embodiment of the invention, the pixels of the subsequent image
corresponding to the pixels of a fast moving foreground object are classified based on the
determined motion frequency of the pixels of the subsequent image. The classified pixels
corresponding to the pixels of the fast moving foreground object are filtered using a mean

filter.
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the environnent using the nodified binary map results
in high sensitivity in the detection of foreground
wohjpesan2ms t he detected object and a | ow PCT/SG2005/000191
m s-cl assification of novenent in the background as
~foreground object. According to an enbodi ment of the
i nvention, a notion frequency of each pixel of the
_ subsequent image is determ ned before oonparr said
Tpp fiktpring aftthe pigcl spraespprdingio the fastaovies fsegernd cr%gecpremves
wRIREK 2 %set@&nk@ecgﬁg &’tuﬂg gje. Based on the deternined
notion trequency o e pi xels of the subsequent
i mge, pixels oorrespondrng to an area of the

AR B B R R BRI i oS BishRlohdc R teatue of
trffel Reid 6f ek pikbEbl6tesihd bRRgIBLIXEInfagd f foMHEE eéQMAta fuster in the

| tered using a pseudoshade filter to generate a

ripebbldek. sHegeldr deatprnef tieaitsls is etgblgi sud| doepnefehangg daastically due
d |
RO SR el LR PR BB BB, O 8 D01t on.

The not i on frequenoy of a prxel neasures the
uct uati on of | ue of. the |x over. tine, Bas
orﬂﬁ C Fpief gt Pr%sa Wess o fhemies iﬁfiér pixphbleckplithe biefground
eMifh B€BridHindsh Qe)&h?é%d @Ry h%lé‘%?gctﬁ& RoafPdsS6r dﬂ@&és i@ N
suo as that ' caused an area reflection by a
int¢nghty instbe pther mptr@nzbnqad@ the Visiblespewdrupe mayssodwnsedfor forming
ca artificial
Ryt i g bR B R R Blet o1y
obscure t he foreground obJeot ~and hence, nakes the

%.H&e tsrl 3 Emf %:o e\ciﬁgq%[}g]gj {(grgb%b 7 Jp?,d I a{g];r:o élnte& from a color
cﬁﬁéﬁ héi%h@&ted%@&ﬁ@d@mﬁﬁ’is% Iﬁﬂeﬁfaﬁénall de U SGhiraBY (GIBY Dﬂb Bdlor

t he gseudo color filter to the area corresponding

spase (FIELpR)hefosn dividing saié badkgipund w&@enwtﬂweplmhefg?f@uwablocks
Tﬁphﬁ%}en't go%éb%reﬁ%t Erﬁfe Iaﬂa@{;cﬂ@r $padL JR4Eh8aLE ?mdgﬂeﬁdent and

pseudo-c termnes an average co
camlﬁa)qomtedrindnpemdaeﬂp ithbbw l¢siag dnech sr@gmanha‘amohoom)apy In

t th
PFEET B O GRS g (ot colponi Seurl P e i g
chroila8ceddntbonbiet (RE. Ql%@ HeRhPoni Furthetmdrbahe COIOM coldk space

t he prxels caused by the reflection is renoved, i this
israblg e betterjpimig the loganthmlc response of the eye compared to the other color

spaces such as RGB or YUV color spaces. Thus, segmentation results obtained when

working on the CIELab color space are better than the other color spaces.

It should be noted that the background image obtained from a color camera can be
converted into other color spaces such as the Red Green Blue (RGB) color space, the
YUV (where Y is a luminance component and U and V are chrominance components)

color space and the Hue, Saturation and Intensity (HSI) color space.

According to an embodiment of the invention, at least a Gaussian distribution (i.e., a

single or multiple multivariate Gaussian Distribution(s)) is used to model the data
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noted that a reflective area will becone noisier if
the water surface becones nore di sturbed which can be

woamsad209i or exanpl e, by higher swi mri ng acti vPCTSE2005/000191

Therefore, the nethod according to this enbodi nent of

the invention provides an additional nechani sm which
enabl es the foreground to be detected, even though the
.or.eqroynd obj. e enters into an_area where the_ pixels

C{}W‘?@% a?cgl@lffﬁ@%l‘)ﬁg 0? the dgrketnrad ibpase (The Gayasian distrihution(s) is
6 Wil 1Y bh aef Cid

8] X &%ﬂ)@m ﬁfenv%ﬁxﬁelﬂ%ccﬁﬁgtlelgh%iggg ﬁl%c?] thS‘Dg ?da{pﬁ to

|'ight source. According to a further _ _
changep of & backigrouad.dnaljermstieechmboidimentss Hei data distribaticorin each

[’ FeN.0f the.classified pixels is_obtained, from
oift BLOERbF 01 52 el SR s bE b S B Ayl or o
Chphciahidistritufign of othbiesualse dggibatiagie or col or _

i nformati on over a predefined nunmber of consecutive

subsequent inages takes into account the val ue of the

[ ' r [ . t

ol b ook Bl i ore b B, B BBER e
dixiding df thg backgeound imhger intordgoate bkeks Bflow irecdnpletityl, amd also allow

t he pixel.s .t he. subs ent . i correspond 10 )
bR Sttt al SREOIRG RoRags boRG <5BF Boed Qe s possibl
t6€ dinkdeithd BakBAsRIine (6 a PREI-AITLNSRIPS K Batihe s H,@)&%Mnﬂ,f

t he pixels of the subsequent 1nage. The clasSifie

trgngrlag oy odles shapenin atherembodimeaiss of the fast moving
foreground object are filtered using a mean filter. The
filtering of the pixels corresponding to the fast

Avowentignédogaglipr,abethetiofd @actordiegtivibs inventidsi is @ble nodstect objatts in an

oS PR B0 0 SPIBEERe c

ifveatiod @ saitabldwe beuX&l ia a@fageficenPirdhent) | vilfeke BE bhdk@round is
ackground inmage for form ng the data cluster in the

faye Fhapetgidue erao vt of watel fr dstectnghysnang 4njexample would be
aebaRlaGwifidRES iRkt ARA TN AR kb iiof HE:ol An£RARG

[
_in external environment such as I'llum nation change.
inventidornglsode mendeld detsat othariobjects dm b emsdropmettiavingactatic
bg&ghggdpixel bl ock of the background

The invention further relates to the monitoring system for detecting at least one object in
an environment. The monitoring system comprises at least one camera or video camera
for taking a plurality of images of the environment. A processing unit is being adapted to
process and genérate a background image of the environment based on the image of the
environment, wherein the background image comprises a plurality of pixels, and to divide
the background image into a plurality of pixel blocks. A formation unit is being adapted
to form at least one data cluster of each pixel block based on at least one feature of the
background pixels in the pixel block, wherein the at least one cluster is modeled as a data
distribution having a mean value and a standard deviation from the mean value. A
comparison unit is being adapted to compare each pixel in each subsequent image from a

plurality of subsequent images of the environment with the at least one data cluster of the
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i mage, such as brightness, texture and any visible
spectrum features, or shades of intensity in the other
wepewstizeon besi des the visible spectrum may al BoOTS62005/000191
used for formng the data cluster in the pixel block
in alternative enbodi nents. In a further enbodi nent of
the invention, the background inmage obtained froma
ra is converted into the Conm ssion

|
Hcigﬁl %i%gt%ﬁjﬁdqadéﬁo@ demgg sostpaPquding)to saip PE6! Breeapraea first
di&dr&Haal) vaags, Qﬁdatoddoﬁi %lerég dgﬁ:&éi %%%Q%goﬂe%%clﬁﬁ&%f at least

the pldrality of er ent
ane e mxsl blbck b.‘%th@b@kamund) iroagesp gererasé a sond gisorepanay galue,

VERFRENA R B haf e SR tog R BE AP bl o oPRog o

daiﬂ’ﬁlﬂﬁn QedEQIRION tinit is WRingladeMe® Qi&?érﬁuﬂeswﬁéﬂféﬁ k4@ pAleP6I the
fromthe chrom nance conponent (i.e. a and

subtpgBerE image is rhaekgequad pixel eraforigrumg pivsl b%seé pa e frst

i
kb L 1 L o 1L RRE AT RS Vo M o
géhktateal lonarg pap @f the Ehbsequene gn@etbatadmm thedatérhinalHaakgrewhd

when Ki n e .Cl ELab, .col or . space ,are_ better than
RIS P Fotegr {Fﬁ%@ mear kDR gt 5 Hsmadeniad R caRnected
ﬂiﬁél%ﬁlrtﬁélﬁﬂmwm:ﬁcoﬁ%ﬁhﬁﬁ% té fh%maacge&inar u@e@sﬁ%rf@m?mezﬁﬁone
converted i nto other col or aces such as the Red

foyegroyn@obiect; REEpindbe afrleasp orqgrpemd@me(:ﬁ/m theaat Yeaptong object

] t and U and V are chrom nance
dg%%g%gﬁ}%segﬁco oer%lgspace and the Hue, Saturation and
Intensity (HSI) color space. According to an

ﬁqx”%flf' nent, of thhi?'i nvention, at |east a Gaussian
SB'I}PT‘%"‘H CelgWES single or nultiple multivariate
Gaussian Distribution(s)) is used to nodel the

dat adi stribution in each pixel block of the background

[pgigtive qrRodingats phhe dpveptiomure cxplpingd bdowprith refsropgelta the
&{ﬁn (;_[llf gnd of an environnment accurately, and is

al so”abl e adapt to changes of the background. In
alternative enbodi nents, the data distributi on in each

|xe | ock, of, t he backgroun n_be, nodel ed
S AL U e —
adcc&ﬁmgwan efbalimeitivE theShivéntibh.e di stributions.

Figure 2 shows a flow-chart of the method for detecting desired objects in an

environment according to an embodiment of the invention.

Figure 3 shows an example of a low-threshold binary map, a high-threshold binary map,
a parent binary map and the results of the foreground objects detected based on the low-
threshold binary map and the parent binary map usfng the adaptive thresholding process

according to an embodiment of the invention.
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The pi xel bl ocks of the background i nage are
preferably square pixel blocks. The dividing of the
woaalsgezoamd | mage i nto square bl ocks is | ow i NPCT/SG2005/000191
conplexity, and also allow an easy groupi ng of pixels
into each block. It should however be noted that it is
possible to divide the background inmage into a
lurality of pixel blocks having a hexagonal,

igureaip 4k sbow asympleled capstrag magen ol FramEps perl e & am to 8
1;{%."1:‘ o'y %éﬁﬁ? an?@l%{r'cgﬁesggﬁ&ngﬁg‘%?mco%?&%' She ddcRA according to
Invention is able to detect objects Tn an environnent
thainvergioa. dynam ¢ background. Therefore, the nethod
according to the invention is suitable to be used in

an aquatic environnment, where the background is always

FEHRBMEaNE 568 Wkow @ cHMYAIRA bet@lee e BmbESf stl@hfefs ddtkcted using the
humans. An exanpl e woul d be detecting swmmers in a_

methefhicaerdpgdp thetipveniion and the apfaelitwenbscelowdinmyrs ip thyevimming
I nventi on.. .S0 ed to detect other objects in
pgﬁyg’ﬁ%%o%ﬁn%%?ﬁhg% %%a%g'st atic background. The

invention further relates to the nonitoring systemfor
detectjng at | east ope object in an environpent. The
FigHe b shovrip W&ﬁ%@{ﬁ&%@éﬁﬂé@@ﬁ%@ °BhEoRdheFEmERing pool
A RiohRRRS lﬁ‘sil%que ERMHoA Acrdthgorths inbetion WROSRI WithduPEsing a
environment . processing unit 1s being adapted to
peewloemdrdiidr.gener at e a background i mage of the

. environnent based on the inmage of the environnent,
wherei n the background i nage conprises a plurality of
Rgute 7 shoveitle fegbimdishjédieddireddgeaoidiag itorthg énvention i the
plurality of pixel blocks. A formation unit is bein

s Qo i igittiTe SSRD NS HERE e o light Eomaie Water.
pi xel bl ock based on at | east one feature of the

background pixels in the pixel block, wherein the at_
Higiae 8 skves a¢omenasisont of the dettases! fasestovad ohjeats from thgswipming pool

u@ﬁxgtﬁégmgth&?é%o%/d% tﬁ‘é‘&v&tﬁh%ﬂ%&g%ﬂl%‘ﬁw lefbaf rom the
nean val ue. corparison unit Is I'ng adapted to
conpare each pixel in each subsequent imge froma

lLural ity of e t..i mages of  the. environnent with
IF%%‘@@‘T%‘&B%‘“%E@&Q‘#@%‘@&?@ of e IPH%‘HI’%?” block of the
background i nage corresponding to said pixel to

enerate- a first o o L
igure 1 shows a hardware setup of a monitoring system for monitoring a swimming pool

according to an embodiment of the invention.

Although the hardware setup in Fig.1 depicts the monitoring of a swimming pool, it
should be understood that the hardware setup of the monitoring system can also be used

for monitoring other kind of environment, such as inside a building.

The monitoring system 100 as shown in Fig.1 comprises a visible light camera 101 or a
video camera which is connected to a computer 102. The camera 101 is mounted at an
elevated position and at an angle tilted downwards to a swimming pool 103 such that it is

able at least to capture images corresponding to a portion of the swimming pool 103, and
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di screpancy val ue, and to conpare said pixel with the
at | east one data cluster of at | east one further

woizaesi12deck of the background i mage to gener aPeTAG2005/000191

second di screpancy val ue, wherein the at |east one

further pixel block is adjacent to the pixel block
corresponding to said pixel. A determnation unit is

bei ng adapted to deternine whether said pixel of the

the privifics therqimrmbds #lso pospikkady e mplupalivert cemerps (et shewwursg that
e e B Al o L ARBE Yo Bl Witn W e image
A dlzgrtvenintiog pehddht e a bi nary map of the subsequent

i mage based on the determ ned background pixels and

the foreground pixels. A marking unit is being adapted

THe ifagds camird blyekk dimeed FO1i dte hRBeBERY the B&Bputer 102 which is

corresponding to the background pixels to Torm at

argsteddp thefcgmery 94 ndhe bprapiter IRds adaptediie perforineths meghod
- 0hj [ ne -oby. det ect

o R UG BRG] 'yl BB o P e R

thd $wistniiag poed 168bodi nents of the invention are

expl ai ned below with reference to the drawings, in

whi ch Figure 1 shows a hardware setup of a nonitoring

THESARB A BF ddTRBink AdiRRE 0BjeBMIFTN M8 eRARINNRAE IR th N

.enbodi ment of the invention. Figure 2 shows a

ipvestion sspmmafizedia theeflow ghdrbas shewn in Figgredesi red obj ect s

in an environnment according to an enbodi nent of the

invention. Figure 3 shows an exanple of a

A sayutrdve ef mdgds bif videoyframgs, is aaptrgih by theeainetad O iimstely 2008 PBased

a parent pinary map and the results.of the foreground
B EPE e (AT B OB Ak BRSPS AR e
geihatbd B B B2 TR EBALY3, iRPbAdREBEnd g8 ARP LI 0 generate

thresholdhgﬁ process according to an enbodi ment of the

S

bpekesrnnd erpdelsgihielsarg gsaddo aepreeshthabaskeoied of the apitpnagnt.

d .
€rs, in

images of a swimmng pool from9 amto 8 pmon a

weekday and their correspondi ng foreground objects
Aspbnaudstime s tvhichoeprdienty thocurrent environment, is captured by the camera

101 in step 204. The subsequent image is compared with the background models in step
205, and the foreground objects in the subsequent image are determined in step 206 based
on the result of the comparison. The detected foreground objects are associated or

labeled, and are tracked in step 207.

In step 208, the pixels of the subsequent image corresponding to the background are
buffered and are used to update the background models which represent the background
of the environment. Similarly, the pixels of the subsequent image corresponding to the
foreground are used to form foreground models which represent the foreground of the

environment in step 209.

A next subsequent image is acquired by the camera 101 in step 204. The next subsequent

image is compared in step.205 with the foreground models which were generated
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the invention. Figures 5a to 5c show a conpari son
bet ween t he nunber of swi mers detected using the

worbisad2mecordi ng to the invention and the act rai/SG2005/000191

nunber of swimmers in the swimm ng pool for three
different video streans. Figure 6 shows a conparison
of detected foreground objects fromthe swi nm ng poo

dur.i ng ni ghttinme. ysing the nmethod according to the .
FTIBHREY 7150 208 20k e thssepndaodels %mﬁ%@a@&pgﬁﬁﬁprekuﬂy in step
208] foeleterhing Whforeghdt@WobicbR if MeBkQuBEqRkt 884 i 8leF OD8UThe

according to the invention in the sw nm ng pool during
dstegted fioregronnhphipas inghanexs subsequentimage aredrackedghstep 267, and the

. i e h et.eci ad
oI R BB e DR s el 08 SRERAY, e
foregioodd axelrod iegektsubfeguént\imagd @ ussddo updangtht fierepdund models
.met h 6 Det ai | ed Description of the Enbodi ments of the
1?5@%2 Ton Figure 1 shows a hardware setup of a
moni toring systemfor nonitoring a sw nmm ng poo
according to an enbodi nent of the invention. Although
Steps 204 itfdg%ﬂ ae sapeatpd fon amgther nextismbbaguenttimegaafiihd arvinogmert

ey ool , Jt.shoul d.be understopod.that th o
PP BB pplt SRRk e R il By giching
offsthel coraputermstiblyddshing a0tiop? cdthmandfroiAdiopea@dENt , such as
inside a building. The nonitoring system 100 as shown
in Fig.l conprises a visible light canera 101 or a

1Y 546 916, 3 BERIYBIGN chBp GRIMGCEIRS if L6t WRME B m1.|.91§er Jihe
canera 101 is nounted at an el evated position and at °
reffectivgpiaels (pixes wliislvewaespond to rafleatiomin thg spooiningG®ob wf the
Lt | east.t o capture |nmages .
chl e o8 £ pRliels BB ot TRk B commppmestip fier
farctib heasacire-prdceSingtshepree ircﬂ;ovéﬁpri]id nﬁbﬁﬁhﬁbﬁ SS%E&eg@uﬂ& ®hich
aplurality of camer not own) so that the I nages
a’aeaglf@tﬁéad%@ﬁ"e% Oﬁﬁ%‘r%f 4“%0 ifle %%%%g Vel syrace diemal
to formthe entire i mage of the sw nmm ng pool 103.
The method for detecting desired objects in an environment will now be described in

detail with reference to the swimming pool as the environment, and swimmer in the

swimming pool as the desired foreground objects to be detected.

Modeling the background of the environment

When the monitoring system is started up, an initialization process is performed, which
includes generating the background models for representing the background scene of the

environment, that is the swimming pool without the swimmers.

In the initialization process, a plurality of images of the swimming pool are captured by
the camera. It should be noted that the images captured by the camera comﬁrises image
pixels which are represented in the RGB (Red Green Blue) color space. The captured

images of the pool contain both moving and stationary swimmers as foreground, and
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The i mages captured by the canmera 101 are processed by
the conputer 102 which is connected to the canera 101.
woheoscemput er 102 is adapted to performthe mePoo8G2005/000191
according to the invention to detect desired objects,
which in this case are swnmers, in the sw nm ng poo
103. The nethod for detecting desired objects fromthe
envi ronnent according to the invention. s sunparized,
beRce, fRIPlTEREHAIE Asmadggou ot Fammingpealy hareierey
b!aEl&Q&ﬁld%a%és%?%estﬁﬂﬁﬁn poot BRIUS 86 obherdtéte camera 101
instep 201. Based on the captured i nages, the
correspondi ng background i mages of the environnment are

d i step 202 | n.sten 203, the. back .
TRRIGEER S e B8 R AT R AT B i cotor
nagdel 14 eppliddon tBpinese F tHeReilamedogicol v etfrmidtahe pixels of the

envi ronnent. A subsequent inage, which represents the
SWUFRETS @ RUG PIORERERE Steps Thaspleraforpptionef thadeisrmined pixels are

S .
R S AR BPhert SRR b} o BRRBA Gl Bt i model in
ticbC B tab color spee.sSildseqpestly, pixvhgeitlacdordectrisigd falling wihin the
206 .based.on the result .of. the conparjso Th
DR BRE D AR GbTLPiEcla B AL e AR OBy oe biskeand
fevachtioh @rdcesdcked in step 207. In step 208, the pixels
of the subsequent imge corresponding to the
background are buffered and are used to update the

P . f
T e A Bl g M2 o A SRLto! BT BB ¥Ry
resithsbepleninformaigm afdhe esipomais.ng to the foreground are
used to formforeground nodel s which repreéesent the
foreground of the environment in step 209. A next
LatllS B6| bk Bitrayt STRGPT vEctére @Bk pRE] AYpotitien FFNEIIRcED dvédrT RinéRr of
204. The next subsequent |1 mage is conpared in step. 205
fr the foreground nodel s which were

gener atedpreviously in step 209 and the background
nodel s whi ch re updated previously in step 208, to
Xet-epfri ne 1L.0& ;f or eground obj ects in the next ' ¢))
subsequent inage in step 206. The

‘clean”

wherein x,." ; is the color vector of the " image at position (7,j). The sampling rate that

determines the temporal interval between two X, ; is decided empirically after

considering a tradeoff between the duration needed for the initialization phase and the

efficiency to remove color information of the swimmer pixels.

Performing vector median filtering on X, ;, Vi, j generates a clean background image B;

as.

B ={y,, li=LuwN,j=1..N,}, O ®

23



10

15

20

25

detected foreground objects in the next subsequent

i mge are tracked in step 207, and the background
woizasi122a4 e used to update the background nodePeTiSB2005/000191

step 208. Siml rly , the foreground pixels of the

next subsequent inmage are used to update the

foreground nodels in step 209. Steps 204 to 209 are

repeated for anot her next subsequent image of the ]

retR Ve ISégi)PlaFlefamsysl?w thabackgrounhiages3id v, ; is obtained as:

nmoni toring process is halted, for exanple by sw tching

of f the conputer or by issuing a "stop" command from

an operator. Inrstep 210, a 'pseudo col or’
ﬁgﬁpE@ﬁevmyhmﬁi iﬁ@-ﬁ§i%ctivated when the nunber of (3)
refllective pixéhs (pi Xel s which correspond to
reflection in the swnmn g pool) of the current frane
exceeds a predeterm ned val ue. The ' pseudo-col or’

' ' ngt,igns, a re-pr sing.ste
TR0k B b R b 2 TP e BB B I B
" hi delan” or tially obsgured e_tio reflectidn
Fefsnrnle e Pha R bl Bante R VoS e il Fob T
detecting desired objects in an environnment will now
. be described in detail with reference to the sw nmm ng
Thedaclagodnddraaiesi {BopirenL., T jaae comierrsdinté thetGTBLSM\(TBHAigsion
pool as the desired foreground obj ects to be
Inetredted de MEWMditagy Lib)eohacjgeahadbyforiheg i £0nyEht
When the nonitoring systemis started up, an
Hagh tlean bachgioond pnageos's is dviget ihtr meds, nentokrlappingises square
generating the background nodels for representing the
et klpeks tdr ssanple.dbr edeh bagkgrouod fmege, B having &V, 0%, pixels, it can
SW nmm ng po.&_mﬁthout BP swimers. In the
ALty ahd zat(ion essi¥2gd plurality of imges of the
t%&#%ﬂ?%a%pJZk %%pghpEUJgd by the canmera. It should be
noted that the images captured by the canera conprises
I mage pixels which are represented in the RGB (Red

GBS S TR o T VB b
h%?%g q gwnlo%at hepcs, R g&%lg %f?a{cﬁﬁg%iePltoEﬁ? )%%"g#% 4 Ve clustered

ckground e SWwmm n or &,

to form a set of homogeneous regions {R;’b s Ry }

Each homogeneous region is assumed to be non-stationary for describing disturbance at
the background of the environment, and changes in illumination and color due to

different ambient conditions.

Each region £, Rf,b , can be modeled as a single Gaussian distribution, having a mean of:

g, = Vg, oot} @

and a standard deviation of

24



background i mages of the swi mm ng pool have to be
generated. The generation of the clean background
wonega209¢ perfornmed in three steps. A skin cobPor/sSceasloon1ot
is applied on the i mage of the sw mm ng pool to
determine the pixels of the swmmers in a
pre-processi ng step. The color information of the
determi ned pi xel s are subsequently renoved. This can
be perforned by first predefining a coarse skin node
|n t?p col or space. Subsequently, pixels with )
ﬂbharaﬁiérlstics falling within the predefined
nDdeI are classified as skin pixels, and are excl uded
fromthe background formati on process. The resultant

WHIREE [sSthé BinteRtiB ofithe REloRspRERAH Ble prekdbalty BE4IpikEL

filter to renove any resi dual col or |nfornat|on of the

x;y\m{xh;,rsx Bd:te}ﬁnjgtd»di amcambe esxprasbedcast or vectors of a

pl xel ~ at p05|t|on (ij) collected over nunber of

frames: X J =[XIJ W=Il,...,!], (1) wherein X\j |s t he

color vector of the tth i.mgge at ition (i1, The
sanmpl i ng ra)e 4 hat ; det er i §—t e npor al |nterva

&l ieen , & fter considering &)
tradeot'f Bétween XA dur at | pee¢ded for the

initialization phase *and 't he ef I ciency to renove
color information of the swi mmer pixels. Performng
vector nedian filtering on X J ,Vz, | generates a

cl ean background i nage B as:wherein NIxN2 is the pixe

v EO N Rn HAERDATKALPLE: doﬁmﬁm@aﬂw colot ﬁ;a@é’ir@' ned

: sequent background I'mages
irdeperglenter at ed by nmi nt ai ni ng an overlapplng slldlng
wi ndow t hat captures pixel vector X =J [t |,..T+lj..
~ The background franmes [B1l[I=\,...,T) are converted
ThB hlmsﬁehﬁg 61 tht pb:e(s(fﬂ) pathgited block Py inéd the hamogeneous regions can be
aéhleE\(f:eld 2P %m%% 'erarc %gl kS ggnes [lé]qg rfoern%/ dafta? cghq;ten g hLVlng Lluster

centers [y and standard deviations o, , with each data cluster corresponding to each

Rk’

. k
homogeneous region k, R, .

The clustering process on each P, , is initiated by assuming each pixel vector to be one

dominant data cluster. Smaller and more compact data clusters are formed in subsequent
" iterations through splitting the one data cluster (and subsequent splitting of the data

clusters) until the distance between the cluster centers of two closest data clusters is

smaller than a threshold or reaches a predetermined value. The initial background model

is established as:
. Ca,b = l.'uR,’f,, ,O-k:’b Jr 3 Vaab (7)
whereink = 1, ...,c.
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Each cl ean background image B', is divided into 1 X z2
non-over |l appi ng sxs square pixel blocks. For exanpl e,

woéanosgazie4 background i mage B\ havi ng 1XN2 pi xeP€T/SGR005/000191

can (N (N be seen that n = -- and ru =-- . s J s J
Consider Pab = [p ,...,pp ) as pixels collected froma
square pixel block at position (a,b), wherein \<a n
and 1< b n2. The pixels in each pixel block, Pab\/a,b,
are clustered to forma set of honpgeneous regions { ?

Since eadh ofbk com 'th 4 g&gﬁggl e %ﬁ%t 1t Frofoeh 81t= %Rgeand

non- st at1 onar descri ance at
backgr.ound. o the n onmne and changes |n

it FOATTIGH SSEoEs BF CERAoI CORPPSEnT —anbi ont
conditions. Each region k, i >6 , can be nodeled as a
single Gaussian distribution, having a nean of: and a

It%h@lﬂg ) QOQS Yﬂa@%%e%%&a%nc%?ﬂhg data C}ust%rs\f r %a%ﬁ g%lg%lﬁ#?o)e

i mensi on space,
paformefuxiaf ottief mednsisudh gs the Fuzzxf:—meahe [ldhend meﬁ-ﬁnift fi2]be
expressed as: with the assunption that the different
col or conponents of the col or space are independent.

TRO8atk hﬁ%ﬁ 3&&&&3 tége aRd %! Swihreagh pPiok eacthue& k120 £ the

Into t nmogeneo(i&+regi as can bé achleve
ﬁ(grc%fm& gnoﬁellg leSieRd %Qél%%o anSthL I%ﬁa_%k %tf 811 the pixel
er s navi ng uster ers s an

bldekd @piesns tI&FB‘ackgrwthc@atblﬂ tlfbaa‘nauelhm&it.er corr es po ndi ng
to each honogeneous region k, Rb .

The data clusters parameters u 2, and o &, with k£ = 1,...,c for all the clean images

background are subsequently determined, and all the corresponding data clusters can be
combined to obtain a more accurate representation of the background scene of the
environment compared to the representation of the background scene using only one
background image. These data cluster parameters obtained at a particular time of day
and/or at the occurrence of a certain condition of the environment can also be stored so

that these stored parameters can be recalled if necessary.

Foreground detection

After the representation of the background scene is formed, the detection of foreground

objects commences.

An image is captured by the camera of the monitor system subsequently (called the
subsequent image) and is sent to the computer for processing. The computer analyses the
image pixels of the subsequent and determines the pixels corresponding to the foreground

objects, in particular swimmers when monitoring a swimming pool.
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The clustering process on each P b is initiated by

assum ng each pi xel vector to be one dom nant data
wolost1e2094 Smal | er and nore conpact data cl ust ePETAGR005/000191

formed in subsequent iterations through splitting the

one data cluster (and subsequent splitting of the data

clusters) until the distance between the cluster

centers of two closest data clusters. is smaller than a .
The deteion et fpregraupd ehjecss Hpm dles WHFRIHENT Ipags ROIPTIES the comparing
(6r%§t¢1ﬁ£ Qﬁ&é&ﬂ&éﬁﬂ@& lﬁgd@mh ﬁne%&l%%dn%qﬁ‘&ieﬁsoftﬂé%akk% Bund

%/ wher el c. Since each co F
smnrpbwelmldlag éneers@ﬂmeﬂthte @oxbeansnnl epganaia 2 binammneape ind markmg
a et rn1ne rately for each
cgl?ﬂeSth éogﬁ%rgﬁned?ﬁl?{elf fo %’F{BS&‘ ote & 50 gl%?t%at t he obtai ni ng

of the data clusters for.each pixel block can be

performed using other neans such as the_ Fuzzy c¢-nean

ghypixelipd thﬁe@ahsegﬁwﬂmp@f conpprsecwith ceqhypd paskeryad arndels P§ the
ef blﬁa? ks ntdlr% 9kl bikel 88% gne follgwing! €ach pi xel

orn1 ackgrou el’'s for-the pixel block,
and all the background nodel s of all the pixel bl ocks
represent the b ckgrou scene of the environnment. The
ta cluste s‘p ,9“E&$f mt,b and R,b with k =1,
F Q& a 0 m ages background are (8)

Qe f
bseqﬂean ter@yped and all the corresponding
data clusters can be

wherein x, ; in this case is the pixel of the subsequent image at position (3,j). If the pixel

block has more than one background models, the above equation is repeatedly calculated

for all the background models in the pixel block.

After the pixel of the subsequent image is compared with the background model of the
pixel block corresponding to the pixel, the pixel is further compared with the background
model of other neighboring pixel blocks. The other neighboring pixel blocks which the
pixel of the subsequent image is compared with are defined within a local window having

dimension (2r + l)x (2r + 1) in units of pixel block. The comparison of the pixel of the

subsequent image with the corresponding pixel block and other neighboring pixel blocks

of the background scene can be represented as:

mm{l)( P I'uwabw Ot R i )} (9)

Computing Dm’“Vz ,Jj generates a difference or comparison image of the subsequent
image against the background scene. A large D > value often corresponds to a

foreground plxel and a small D " value often corresponds to a background pixel.
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conbined to obtain a nore accurate representation of

t he background scene of the environnent conpared to
woheosriepwesent ati on of the background scene usPa@/SGRINE/000191

one background i nage. These data cluster paraneters

obtained at a particular tine of day and/or at the

occurrence of a certain condition of the environnment

an al e stored so that these stored paraneters can
Thesieaoihe @aali window sat by Weﬁﬁﬁ &5 5%??&6(@&%%4%% eghmated
rdtd16F hGRERAENRS bRAReRlnd bSektas kAN HEeREsd éadft%én d®sktion of

the detection of foreground objects commences.
thersaayeh ¢an healstepmingd Hpm the e@m@{ad@rm@m@f meYimegt okhet em

bc%@%ﬁﬂ&S@E&y (cal l ed the subsequent inmage) and is sent
o°the conputer for processing. The conputer anal yses

the i mage pixels of the subsequent and determ nes the
i xel s corresponding to the_foregroundg objects, in.
Thedeipginias OEWCEEQP%“Q DieR aﬁifﬂf@%ﬁmﬁgﬂ_vﬁ%ﬁb tﬁw%equent image can
b& &ko&g@bf Bir&abIdRTY B dfffafe%g{n%ge dsiABh @bshold @ ddiBrate a binary

bsequent 1 nmage conprises the conparing (or natching)

miape subsequent inmage with the background nodels of the

background scene, thresholding the results of the

conpari son to generate a binary map, and marking

connggt ed fgoargground pi xels to formthe foreground
Aégkegfs. Edth pi,xel of the subsequent inmage is (10)
conpar ed ¥ ¥ach of background nodel s of - the pixe

bl ock corresponding to the pixel using the follow ng:

DX\nmR ,sR=_-i , (8 wherein x . inthis case is

whéRinPMX € detest d ixél b SRMRAY mapRYith 4F’s BAGHTs @dprésenting the
If the pixel block has nore than one background

bachgeuiad addfereghamd pegplatdspattivelyr epeat edl y cal cul at ed
for all the background nodels in the pixel bl ock.
After the pixel of the subsequent inmage is conpared

TG PPt R B FRHTNAS i Rl Z7UPEY frming thebinary
e PRERER MbivinikRRsBACHDH Q¥ BEtkground pixels as foreground pixels,

especially at lane dividers and shadow regions for a swimming pool environment, due to

background movement.

All connected foreground pixels in the binary map are marked to form foreground
objects. The foreground objects are the detected objects in the environment, i.e. detected
swimmers in the swimming pool environment. Individual or isolated foreground pixels

can be assumed to be foreground noise.

In order to increase the accuracy of foreground objects detection, an adaptive
thresholding process is used instead of a single threshold o for detecting foreground

objects.

The adaptive thresholding process combines the principle of thresholding-with-hysteresis,

denoising and connected component grouping for detection of foreground objects. The
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nodel of other nei ghboring pixel blocks. The other

nei ghbori ng pi xel bl ocks which the pixel of the
weubsagemmt i mage i s conpared with are defi nedPairiSbovsmo0191

| ocal wi ndow having dinmension (2r + |I)x (2r + 1) in

units of pixel block. The conparison of the pixel of

t he subsequent inmage with the correspondi ng pi xe

| ock .an ther nei ghborin i xel b].ocks.of the .
ot B oa et e s Podop i e maiaiohicy] sbfigs agshown in
Figw3)) . (9) Conputing D1 % generates a difference or

conparison i mage of the subsequent inmage agai nst the
background scene. A large D val ue often corresponds to

a ‘ .

RSNl 45 3008l P19 LB 1o

threghald Vilndaw E 8ih tessebilthaehs slv-diredhol 1686 thag ep@paied dots of

on the estimated rate of novenent of the background

fabgreotd noise. Héoviavek gizoodh skgineagtionnfithe fiereglbueldhijets Iuf also been
he gearch can he determn fromthe estimted

0&?#@ PFGWq@VgWﬁQQHgHWHXFmpﬁglbackground obj ect. The

determ ni ng of background pi xels and foreground pixels

of the subsequent inmage can be perforned b

A higkgrosheldhjsary epdPf & sneroiotagREaaRgn 4 O thessdivolachish o
enerate a bipar : erein +.denat e ixel 4n

RS O 5 IV bl bR P 30 5B ot

e R b R A e

s&ifentationof flerfoiegguadebjpétnd®dy map results in a | ow

m s-cl assification of background pixels as foreground

pi xel's, especially at |ane dividers and shadow regi ons

A pirerdt bSwy b Y010 @bnsrivict BANEE Bk thelhigh-ti@esbalikafiay fitdp 304. The
nmovenment. All connected foreground pixels in tﬂe .
PRICRER AT EPA08 hatd losEr resol e sqrpasest 9 ihrlow-threshold binary map

301 and the high threshold binary map 304. Each element in the parent binary map 305
correspond to a block of pixels in the high-threshold binary map 304, and is labeled “1” if

the number of foreground pixels in the pixel block of the high-threshold binary map 304
exceeds a predefined value. Otherwise, the element is labeled as “0”. Therefore; the
parent binary map 305 has very low foreground noise. The connected elements having

value “1” are marked to form connected foreground portions 306.

The low-threshold binary map 301 is compared with the parent binary map 305 to form to
generate the detected objects image 307. The foreground objects in the low-threshold
binary map 301 are determined to be the detected objects in the environment only if each
foreground object 303 corresponds to a connected foreground portion 306 in the parent

binary map 305.

Thus, the adaptive thresholding process has a high foreground detection sensitivity and a

low mis-classification error of classifying moving background as foreground.
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obj ects. The foreground objects are the detected
objects in the environnent, i.e. detected swmers in
woOheosseeanwi ng pool environment. Individual or PeoiSac@d/ 000191
foreground pi xel s can be assuned to be foreground
noi se. In order to increase the accuracy of foreground
obj ects detection, an adaptive thresholding process is
of a_single threshold a for detecting
regre JB5icEEE. The adaptive threshol di ng process
conbi nes the principl e of
t hreshol di ng-w t h-hysteresi s, denoi sing and connected
nftgr@md @plenfy i the sul@wm oeagefhayeohasy detgeted, the foreground
ct thr [ [ r §
elc{’es a% Re K pﬁe%gr?tgé %}ﬁﬁ) re é)?lﬂ? gmgslgs ﬁﬁg fonliat?q‘?_u f{}'cr)re ound
nibdek ik eivwilah fﬁﬁhl@f@orﬁhﬁg’iﬂia)ék@ﬁﬁmﬁﬁbddﬂs tayepreseat e bldd{gﬁgmd
equation (10) based on a low threshold value a . It
sgelis oS EhesIWHORMERE. t he | ow-t hr eshol d bi nary map
conprises lots of foreground noise. However, a good
segnentation of the foreground objects has also been
’Jalbtsabsevqubnit imdgees divided hrtes phiralith bfipixyl biegks, Bﬂiich ghould preferably

cgia% e e e T
1 ndgR coh@rikiapohd\érasde |f&e%ﬂoﬂﬂd HixoB &@ﬂcluit&ﬁor a region)

gh-t hreshol d bi nary map 304 has S|?n|f|cantl | ess
iy fsm@gd by plystevngthe ﬁfUng pizgls in ﬂha@X& Pleek lerform a foreground
ngo%ﬁﬂ‘r%? tr%és%@tbg thd Fb?e Qlrfd9h c%%t §hd g&’ta clisRALA e

I nary p structe ase
dha';cgibed hy e sieah dalbe fmnlpstmpbn%ﬂandT Shlzmdpaircbniatlm nkshouhdipe noted

a_|lower resol uti onpared to the .

P L CROR BF S SRS ok BB eiepeupiatlock
ifbtéddl Yy map 304. Each element in the parent binary map
305 correspond to a block of pixels in the

hi gh-threshol d binary map 304, and is |abeled "1" if
THR SO idlicll e SRLORR orbtly Sl Yh B cRlot hekliBieke of
the hrgh-threshold binary 'map 304 exceeds a predefined
dv@tmme tigx foeaanivwd pixelsdn dleaemtimags. | When the paxels' @ the next image

are fe eermgne% astforgground pixels, they will not be compared with the background

models of the background scene to avoid unnecessary processing overheads. For pixels

of the next image which are not determined as foreground pixels based on the foreground
models or which do not have any corresponding foreground models for comparison, they
are determined whether they are background or foreground pixels by comparing with the

background models of the background scene as described above.

The comparison between the pixels of the next image and the foreground models of the

subsequent image can be described as:
Df ={Df |i=1,.,M;j=1,..,N}, (11)

wherein M x N is the pixel dimension of the subsequent image.
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parent binary map 305 has very | ow foreground noise.
The connected el enents having value "1" are marked to
woéaniwieznmect ed foreground portions 306. The PCT/SG2005/000191
| ow-threshold binary map 301 is conpared with the
parent binary map 305 to formto generate the detected
obj ects image 307. The foreground objects in the
| ow-threshold binary map 301 are determ ned to be the
detected objects in the environment only if each
f or egr gund ' . 303 corresponds to a connected
P?%#ég%%ﬂﬁ%ﬂ%g%gﬁ%%§306 in the parent binary map 305.
Thus, the adaptive threshol ding process has a high
foreground detection sensitivity and a | ow
Dfis<&Assification error of classifying moving (12)
background as foreground. Model i ng of the Foreground
After the foreground objects in the subsequent inage
g R REER 8] S nce t0Rpl B FE O AE) PR s Mfegromd
piixels Aedordinglef Thovegiredimet dawrinihed asshigh corfalendefotemmdpixels are
form ng backgraound del s to represent .the backgrqu
AN e Rer S T oo SRS Bk e KAdge tesoltng
pdbdk d6drib&d soRepl ural ity of pixel blocks, which should
preferably correspond to the pixel blocks of the
background i mage. For each pixel block of the
'ﬂaggmﬁgﬂprising one or nore foreground

cruster (or a region) is fornmed by
clustering the foreground pixels in the pixel block to

0 a foregrqun del for representi.ng th
ThO AT A RIS SHen Hrg SN PG o adept i,
oel8SG ehPieshndhtA cHRBEs, Y&t dempRillGhMet& cHaBEsaIn} tAdidden block of
standard deviation. It should be noted that a set of

the s b plewdss ripplgimnysment of tater syrfaces €. can be forned in
each pi xel block instead. The foreground nodels are
used for conparing with the pixels of a next inmage to

Adtet the bickerdund phelsadtisusutisqaisns iragerare Hegemened, thedgekground

pi\J{c\QI% raltret bql%fe%di( glll us(e)cfl tg Qp%a[éetﬁé ba{cﬁgrggnd models by:

USBEQ%S%%%%%Q&

t“zta;,,, =(1- P)ﬂ;}i + Pﬂ;ib , ' (13)

o', =(1- p)a;?b + po’

L]
Rn,b R; b

(14)

wherein p =% is the learning factor for adapting to current changes, and T’ was defined

above as the number of “clean” background images collected for constructing the initial
background models. The above equations (13) and (14) is a recursive linear interpolation
scheme for continuously updating the background models which shares some similarities

as the updating scheme used in [5].
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are determ ned as foreground pixels, they will not be

conpared wth the background nodels of the background
weeersa2204 avoi d unnecessary processi ng over head#eT/SEe005/000191

pi xel s of the next image which are not determ ned as

foreground pi xel s based on the foreground nodels or

whi ch do not have any correspondi ng foreground nodel s

for conparison, they are determ ned whet her they are

Ihaddiiapne theabBity Fos thsgperberdiagspidinssio By BusRSQPIheredie erd destoy
a | f .
dRaCkGE Qgs ngﬂ%lrocunﬁ mc;cféfég ﬁﬁ?ﬁﬂ%s%gﬂ% 186 BRRgh dssat isbed

above. ari son betwee t he next
incogpeatettt mdigainor dygroisiackerdalidsepesentadion obthe dackground scene.
i an., be described as;.D.f = T\Frzml, .. .
rafk i SR G bR ERreTR Aol Sat bf 7 Brehclr e o
phREbEMDERREIRA 0 hikp&estill MelaHishitiutivhythe exibiiey daedbttibetion will
are classified as high confidence foreground pixels,

ba gliminated @leel fiamed as f oreground pi xel s accordingly.
Those pi xels not determ ned as high confidence

foreground pixels are determ ned as -either background
Oo¢atihg hew deata dibtiibhutiohs isessential titve eard g tpirajection rof abw badkggpund

yocess descri hed above, Updating. ackground.nodel s
oS BROR ORI HREHEROE GHTE (b DRiA Berhar-u00 Asng proecss. A
nb® AefaistShutiod Pd phRRulaPa a6 BaudPanQtHRRIonER \tkdaRAMBRYdAIN the

changes, for exanple illum nation changes due to

pivglsanictbis aokelagsified do smprexisfing dafadéstributiopl e novenent of
wat er surfaces, etc. After the background pixels of
t he subsequent image are determ ned, the background

The pesencabendise hey edrupathe statistibal propgrtiadfehé hew Batibgtion add

R g P o e T grn Bt B FerlaiEie RS BT bl
sthiBer it re@iine € VA8 TRASKAHALA dalid @Gt defifRl &dnf OF

constructing the initial
experiments.

Updating of foreground models

The foreground models representing the foreground of the environment are also updated
recursively to adapt to the movement of foreground objects, and the appearing and
disappearing of foreground objects from the environment. Specifically, the cluster
centers and the standard deviations of the foreground data distributions of the subsequent
image are updated based on the foréground pixels determined in a next image using
recursive linear interpolation scheme as shown in equation (13) and (14) above.
Alternatively, the foreground models representing the foreground of the environment are
recalculated every time when any foreground is detected in the currently processing
frame. Such recalculation of foreground model can be performed in real-time since the

number of pixels involved in the recalculation of foreground model is small.

Foreground pixels compensation and enhancement
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background nodels. The above equations (13) and (14)
is arecursive linear interpolation schene for
woanmisieeous! y updating the background nodel s WRCT8G2005/000191
shares sonme simlarities as the updating schene used
in [5].In addition, the ability for the nethod
according to the invention to create and destroy data
di stributions (background nodels) for representing the
background scene is incorporated to maintain a dynam c
W@&ll%gﬁlg i %erﬁﬁﬁﬁ%ﬁ@ beykd® Qre‘iiartfah? cgﬁm o4 2 3G8 BRas reflecting
Each data distribution of the bac ground is given a
light ferp arhgbtf SOTlircbr therdefection of h@qhéomrcmod pbicets bbesnreg difficult, as
q%¢55|f| % ngt %Pteg‘m ta di stribution, the
ﬂé g@“ﬁﬂ 33? ESEE RN be eI|n1nated after T
franmes. Creating new data dlstrlbutions IS essentia

for Iearnlng proj ection of new background objects

Sl pirels sAEbgprocasadn @ Bt Posersiag sten detorecqmaping such pixels with
ﬂ%%% ‘ii%ﬂe 198&%?&0 agt g%Jh%th‘éf Sifch bR 0.

In ticular a u33|an I'stribution, 1s created
bh&%ﬂmndpmﬁhﬁnﬁbmgmmn&@mdh is not classified to any

exi sting data distribution. The presence of noise may
corrupt the statistical property of the new

T ihtekisRbg 4@ polidRide!TRIce FREEIn d1e oNRW cithérh 1dn3 4 hsef td ﬁlter light

only created if the standard deviation of its col or

refleghionefromplighting spuenedi4lnBawowdr tbe nauddo deteetdhe we@emaxolp@zauon
aﬁ@@ oPfhe g&i&%{l@ dﬂéaﬁj h.ﬁufl]tg 'i?fs QSRR %ta.?:ir{gr LA A gk gjiar?ples spatial

regroun or egroun S represen
ahdlgsi§ me@l'w mnnhpaisaitelmﬁsmg/pmeiﬂ oEcdmanflagal fsmgrqmuddbb}dcts from a

rec ve apt venent . of for rou

B Bt 1 Ao it St P B B4 Cp RO objcts
uﬁ@ér%ﬂ{eomﬁn ©RjueGhfioh [FINTHes: gmmb gerepAB shbwalthade-off
the cluster centers and the standard deV|at|ons of t he

apepe s IeE ina deeion: pais perassios andristestion el pawanlaged fagets.
A%E@rdﬂm%qéth%qnm& tR@mthﬁloholS(ﬁg Eﬁlﬁg}jalﬂ' téﬁ &aﬁﬁfo%a%cﬁ?ﬂ'e used

In a I mage usi ng recufsive | near ter po ati1on

tecinaprpsasthe povets afthapputaliyeameaBiged rﬁ@temm)d ethenis.

According to the invention, each pixel of the subsequent image is first classified based on
the motion frequency of the pixel. The motion frequency of the pixel is the fluctuation of
the pixel value over time. Depending on the motion frequency of each pixel of the
subsequent image, the pixels of the subsequent image can be classified into three

categories below:

1. Pixels having low motion frequency. Pixels having low motion frequency
generally correspond to then background pixels.

2. Pixels having medium motion frequency. Pixels having medium motion
frequency generally correspond to the foreground pixels in the reflective area

and/or pixels under artificial lighting.

33



10

15

20

25

Al ternatively, the foreground nodels representing the

foreground of the environnment are recal cul ated every
woizos/12eom any foreground is detected in the cRCTSGRING/000191

processi ng frame. Such recal cul ati on of foreground

nodel can be performed in real-tine since the nunber

of pixels involved in the recal culation of foreground

model is snall. Foreground pixels conpensatjon and

enhanc aPisels fFvng kighmogin fisgueney.cBixels haviaphigh motien érequency
tial
A e R e

foreground objects becones difficult, as the

foregroupd pixels are not easi | detectabl e, Such

I;@t fejgsfxcyana e, e dhemduey (nfengity, caropinsmes sio) gf 8 pizgl at spatial
bef ore caonparing such pixels with_ the background

logatipm (.0 SoiT beonsesrbie lamey Tha et Eua ol dre xRl gt location

el background pixels or foreground pixels. In
(P”k)é g%ﬁ‘fansg art, a polarizing filter fixed in front

of the canera Iens is used to filter |ight reflection
fron1I| Qhting source [14]. However, the need to detect
he_l Eigent pol ari zation angle of the reflective (15)
IV@hMJ M's its use in static background. In other
exanples spatial analysis is used to conpensate

m ssi ng pixels of canouflaged foreground objects from

t gmporal information is
Vﬁggég%i e?%ﬁgh&%%%6%3&%86k%8 %% under time-varying .
illumnation [9]. These existing nethods generally
show a trade-of f anong fal se positive detection, noise

gpﬂe55|oﬁaah$ detection of canoufl aged targets 16)
Aecofodi ng oimervize’ met hod of the invention, both spatiaf
and tenporal information are used to conpensate the
pi xel s of the partially cannuflaged f oreground

@2@@ R S e
&h?re% % t he |er d&ﬁ |on frequency of
‘ﬁﬁg}%ﬁ“’e g%feh‘}éxﬁa ﬁ%’%eﬁ% Al £ apd PR n% LG e over

ti me. Depending on the notion frequency of each pixe
of t he subsequent image, the pixels of the subsequent
.garf/pe classified into three (17)

and 7'is determined from experiments.

The defined motion frequency is efficient in measuring information about the presence of
moving objects and dynamic background by measuring the total number of large

fluetuation of a pixel’s value over a temporal window centered around consecutive

frames.
After the pixels of the subsequent image are classified according to the three categories

defined above, appropriate filtering processes are performed on the pixels in each

category as below:
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categories below 1. Pixels having | ow notion
frequency. Pixels having | ow notion frequency

waqgemsriatdsyy correspond to then background pi xel BCTRG2005/000191

Pi xel s havi ng nedi um noti on frequency. Pixels having
medi um noti on frequency generally correspond to the
foreground pixels in the reflective area and/or pixels
under artificial lighting.3. Pixels having high notion
frequency. Pixels having high notion frequency

gene glly cgﬁgﬁspond to pixels of fast noving

f oregreund objécts or noise. Let f ~y ,f ~y N+l -f y
rhe i@l ued, @@Edpsi ty, chroninance, etc) of a pixel afl8)
spat{al |ocgtipn (x,y) for N+l consecutive franmes. The
mot i off”frequendy of the pixel at location (x,y) is
denoted as: whereinMis the sanpling rate of video

frames, and U, otherwi se wherein Dy is the frane

whddie kBN dahebutpitef pinxeah fiet, eeris feanut ofaghehd@salés  or

the frame difference of the pixel between frame i and
cohepetsatidgfilbernahd 1,.aed Tama threstwldiatiscnam et atbitanily at one third and

R s I R
PRRILE S0l REnEEERR) BlulRRE g ER WAl BYmAeasur i ng the total

nunber of large fluctuation of a pixel's value over a
t enporal wi ndow centered around consecutive framnes.

headliehrgif e Bibetn R0 MEETHLEE VAPRET) Rl window o

: 1 n n :
o ey A 09

=

Generally, # can be set at / to define a 3x3 window to remove undesirable noise.
The pseudo-color compensation filter is adapted to generate a “pseudo-color” for the
pixel of the subsequent image located in a compensated area, such as reflective area from

a light source.

Let W, , be a set of smoothed pixels for N+I successive frames and Vx,y e C, where C

is the set of pixels belonging to the compensated area, i.e.
y:&”uNSpSN} (20)

The output of the pseudo-color compensation filter, g, ,, is defined by:

gx,y = 'Rx,y b
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defi ned above, appropriate filtering processes are
perfornmed on the pixels in each category as

woebwdw22004y> >t VWX.v = &,y Ta < Tb , (18) JPETHG2005/000191
wherein sx | y is the output of a nean filter, g x vy
is the output of a pseudo-col or conpensation filter,
and Ta and Thb are thresholds which are set arbitrarily
at one third and two third of M respectively. No
filtering process is perfornmed on the background

I xel g t [ bl urri f t
St o R85O L RGP QL PR BE Moy riebiptoles et

AL el e bl S MR i S

undesi rabl e noi se. The pseudo-col or conpensati on
filter is adapted to generate a "pseudo-color” for the

T thesmigpingRook enyerment e Ragidotcalos compensatipnddis ryides golor
e%ﬁ(ﬁ?cio Zalfa‘ﬂﬂ eld fth@&&ﬂllﬁegléﬁ“%ﬁ%r a;b‘ﬁ?@graolr{}hl_ggier Ybfof of ﬂﬁ'jpixels

et of snoot I Xe uccessi ve
atrosn@msantvafiames excpt thehwehiee Glarsf whater sefteciidn. (Theglseudo-color

bel ongj.ng.to.t t ed = {50 =N .
CRpSPSUH SH insio BT Pbpube neet et ttpedn e
fifolnd th8hoolts shrfice andestahtin}ae ByloMbRhSbd 1R Yard 61D ESrefrotnd

average color of pixels in. Wy , except the color
'OhE@$P@H$ébY@@F¢5ﬁ£ﬂﬂﬁh1the | i ght source, for exanple
white color due to water reflection. In the sw nmm ng

pool environnment, the pseudo-col or conpensation filter
Aftep pictids-colot filterxpt themt hayrbeod pdskibility afhisclassifyng reflective

conpensati on grga, based t verage colpor. of the..
opriear & Bueeuud Shuaniro i Vel atte Bul oo ina
pe&lpbceadinyatpinid: afd Brkicnd ddbaidseudo-col or
conpensation filter is thus effective in renoving

effects of light reflections glistening
According to an embodiment of the invention, before determining the foreground object,

a portion-based verification procedure may be performed by considering the color
statistical properties of the reflective portion. Foreground object most often has a smaller
intensity value compared with the intensity of a reflective portion. A constraint on

determining foreground portions can therefore be imposed as:

Py<TIp,

wherein Py is the parameter of color distribution of portions, such as the mean of color
distribution of portions, standaid deviation of color distribution of portions or the average

means of different homogenous clusters in the color distribution of portions.

The foreground object is verified if the computed statistical parameter of the portion is

smaller than the given threshold 7. Otherwise, a detected reflective portion is removed.

Experimental results
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fromthe pool's surface and estimating the col or of

the occluded part of the foreground objects caused by
woavwsri2zmi| ecti on. After pseudo-col or filteri ngCTiASBR008/000191

may be a possibility of msclassifying reflective

portions as foreground. Such m sclassified reflective

portions could be processed in a post-processing step

after the foreground detection. According to an

enbodi nent of the invention, before determning the
e
sxshmiﬂngq)bclalTh@rsmﬁn tompriet ambavarle bf ectlicad cpoerss mounted around

Fore ject nost ofte S maller i.nfensit

thy oG EEB A PO, REOTSHE LR o PITEE Fiar oo Ffeaiméras
TROHE}138- ac&r&ﬁﬁ?fﬂ the iﬂ%ntﬂﬂl ReiQEdtn g'fé@g%%@&{] &§¥as incorporated
portions can tTherefore be inpose Pb<Tbh, wherein
irffha cempiter goanentest te thefamseasder ditesting Fuegromdatbiastsrirans fh,
such as th an_of color distribution of portions,
’%%gsﬁa%{’ %E%F%tca%lﬁ "45f col or distribution of portions

or the average nmeans of different hom)genous clusters

in the color djstribution of portl%gi eforeround
Tyl scal-time syBieiliRneseyRiemy FRRLER s GrRIMred LY epdy Gapsra at 4 frames per

I
L e o e b
comsprisenhé pikelsEkpdixi#t pixet lbck)esul t SA real -tine
surveill ance system has been set up for nonitoring an
out door A ynpic-sized swi nm ng pool. The system
Farpf(hseFigrd sh)etid Bk c@&é&élhﬁedletéaﬂm ESwimbhetsed t‘t&rpﬁ)dhﬂom 9
the pool such that the ntlre IS co d
amdpipaben § Menkdsy- hhs Fiere) daFisr arﬁrhléar}%s%{ mfg“ szﬁlf@f pigler to
dbfctdVentd Hélﬁéﬁé&)&dfcﬁéﬂe‘ﬂgéseéh&bﬂeré& REHFREAdiRin et 3s HES

I ' ncor por ated into a COITpUt er connected to the cameras

nfopringltet mighti Vgribus ehgHenging eybhts sech dssuntighheelieptinpds the morning,
L T =

thealetection of swimmer difficult as the background appears to be very noisy and

b

swimmers occasionally become invisible. Despite the challenges mentioned above, the

method according to the invention is able to perform in a satisfactory and robust mainer.

In Fig.4(b) it can be seen that the method according to the invention is able to detect a
swimmer on the left side once the simmer becomes visible. In Fig.4(c), the method
according to the invention is able to detect the swimmer within the reflective area. In
Fig.4(f) and Fig.4(g), the method according to the invention is able to detect swimmers in

a crowded situation, even if some of the swimmers are very small.

‘The method according to the invention is also evaluated objectively in terms of its
accuracy in detecting swimmers while maintaining low false foreground noise. Figure 5a
to Figure 5c shows the results obtained when applying the method on three selected video
streams with length of 2000 frames at different time intervals. The horizontal and
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waxdospxmk bl ock) .

second. Each inmage or franme size is 288x384, and the

pi xel bl ock of each frame conprises 16 pixels (i.e.

Figure 4(a) to Figure 4(h) sOosGRens/000191
consecutive detection of swmmers at the pool from9
amto 8 pmon a weekday. The Fig.4(a) to Fig.4(h) are
arranged i n chronol ogi cal order to depict events

happened and _chal | enges encountered at different tipe

verriead eved of Hig Shiorkie Af Frprasentiihegiime ipdex giishe pambeeg syignmers
d gggﬁ £ AUERaRS, i34 .%’ dTIf%fﬂn@ Shi BRvides méeacaar Rk of

SW i ng acti vit uring a Sw nmmng | esson,
spineREs peeseft, ajidsltnier562 slswm:tbwumMK@ﬁ swhmmets tletettedby & method.

A s 0 DR P AR et s

le@s%@dahsn bf‘@acﬁ?@’uﬁ&ﬂ@% BB rOMRIbbHRAY are mmedr@;t $atbols “o”

according to elnventlonls able to performin a
anhfX sregpactvglyand robust manner. In Fig.4(b) it can be
seen that the nmethod according to the invention is

able to detect a swmer on the |left side once the

Fiy. 3odepichecespasiowfshddvwimnling poof ddfing 3 wedkelayperedoading a total of
according to the invention is able tg. detect

1S ey e i e PRoe. tinge i, 1473 S hivesen

c@r&ﬂﬁl (18tketed NEniEBIb A AeREER 1Hie 98 204 shéWe if the Wid S that line
le"to detect swmrers in a crowded situation, even

502 fodlows closelyige S04 - 58086 of massydeteation is nwtidy dag toghe low
cordln j |
c% ag ytg? %\msané}g Stﬂ)tfi!hg P ogldg %g@@nslﬂg Et]les%e somg of the
sﬁvmmﬁéfer Eumltdr the mathot atcvrdigg toothe frevestéonf laws eginemdd %6 bsfalse
ure 5a tq Fi e 5¢c sho rresul.ts ob i ned when
e R S ekt h g R
%r B8R, Ofhefd0R, f EaRSsean thelt the ele@dld abéd¥ing to the invention
erval 5. The hori zontal andvertical axes of Fig.5a
mr@bmtgusbph@méb@mnaﬂ%backaﬁénd HESOAEE t he nunber of
swimers detected in each franme, respectively. The
l'ine 501 provides the actual nunber of sw mers
Fiy Sbsdhntvs thenesuli ofehsd2thed aseerdingtortbaripentivh obteinedeiugng a

detect nmet hod e nunber of, . f
Kareeson: LS iR onbhided et EpEha o flap S Fie 5o, as
M@W}hﬂiﬁeré BleSoReed] fncBiding@wviraieizaki grecuidl in@izs et Aldition, the

foreground obj ects) are marked by
presencg of more swilmmer ac):t1v1t1es causes greater wa Péxr‘TRlsturbance to the background.

There are a total of 8974 swimmers in the video sequence, and the method according to
the invention results in only 4.2130% of false negative and 0.1658% of false positive.
This is due to soine parts of the lane divider of the swimming pool being mis-classified as

foreground occasionally.

Fig.5c shows the result of the method according to the invention for detecting foreground
objects during nighttime. The method according to the invention achieves a 3.9186% of
false negative and a 5.7473% of false positive in the video sequence of 5359 swimmers.
A higher false positive than that in the daytime video sequence is mainly due to the

missing of swimmers when they are in the reflective area.
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and "x", respectively. Fig.5a depicts a scenario of

the swi mm ng pool during a weekday, recording a total
woR0@sE0%98W nrers i n the video sequence. AnDNGPCISGR005/000191

1473 swi mmers have been correctly detected, achieving

a detection rate of 98.20% as shown in the Fig.5a that

line 502 follows closely |ine 501. The 1.80% of m ss

detection is mainly due to the | ow contrast between

the sw mers and t he background, and the small size

FRREE 6 Bt LB o o e e a0 (bR it Ing
witttoat usineaihe pg:utlbrablot bengensaiondilter. sTlgd 218 mvf pLpitiuces 601 in Fig.6

ack un i ses f.or eground erefo [
B e BT RrFouonigts & Rbu i g sels <Fled bfihpdgtation
filfer, 208 vit37 10 thf8960PsHoRB tiebydeesdied f&%%lkﬂﬁ@ usyects 604 after the
novenents. Fig.5b shows the result of t nmet hod

paeusioragiongompenshidon filjes has beengbpliidned during a swi nmi ng
| esson. This is a nore conplicated scenari o conpared
to that of Fig.5a, as nore swmers are invol ved,
Agwhidedi figm Fig. 6nieis sliffibalt teedoerestiypddtrattipasts o€thelswimmers that were
addi.tjon, the_presence of SwW nmer, activitjes
FQ el A

ocglydedbygrater refloqiigper Mg mewsn%q#éh%laewmﬁﬁdiue to water
;E%fers%veﬁar@ro% fg‘?{lﬁhﬁ@& aSRI&rSMd &fs iWhdntBe ¥écd88.color

quence, he nethod according to the Tnvention
comparhsagon filtarmi¢ a}ppheé,m@detmotl af ﬁ@egn@tgvaitqutmrcwei @sgtically.
Pl BOSA B el dtBe b ST Fhoaad Mrsgn o
sﬁ&mﬁﬁﬁ&@ﬂﬁﬂﬁdﬂﬁ@mﬁamﬁmﬁbhy Fi g.5¢c shows the result of
t he met hod according to the invention for detecting -
foreground objects during nighttine. The nethod

&Y dbRensdhBtel AR Ji SEu1tOBE RE BieMb8 Bcdrding 188K EBenfic SRained

negative and a 5.7473% of fal se E05|t|ve in the video -

wwdendifferentshalbasmeeanditienssat njghk lyKigr, theirsBeqsion iardalge to water
PQE?#F] hjaﬁta Bl Ltgﬁf)fj%\‘éadg@ oMf V\’i‘aoto 3§ Eﬂﬁ %ﬁ?odn%eﬂ@a'ﬁé& éfead&{f%r time.

e n1ss W NTTer s ey are In
reflective area. Figure 6 dennnstrates a conparlson of

"Ithe resmﬁs gchgmgg Es%g {he %mthodt a%gorld{r]l\é %cp Ie ?trgve\%mn is aTso compared with
that obtained from using the well-known W4 system [6] as shown in Fig.8. The first row

of pictures 801 shows the captured images of the environment. The second row of
pictures 802 shows the segmentation of the foreground objects according to the method
of the invention. The third rows of pictures 803 shows the segmentation of the
foreground objects using the W4 system. As can be seen from Fig.8, the method
according to the invention is able to achieve better segmentation in terms of capability to

detect small swimmers and suppressing errors due to background dynamics.
An objective comparison of the error rate, i.e.

Error rate, ER = (100 x Error pixel count) / (Frame size),
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wi t hout using the pseudo-col or conpensation filter.

The 2nd row of pictures 601 in Fig.6 shows the
wdebwsanzd4 f or eground obj ects 602 wi t hout usi ngPCISG2005/000191

pseudo- col or conpensation filter, and the 3rd row of

pi ctures 603 shows the detected foreground objects 604

after the pseudo-col or conpensation filter has been

applied. As evident fromFig.6, it is difficult to

betgepe theinetleod acaerdingde the infentipe ardfhaV¥t systepufor thersegmentation

ons. Moreover, the novenent
r&@ﬁéﬁﬁﬁggg%gﬁgbﬁgg%EJ%§§5%o wat er ripples were wongly
classified as foreground regi ons. Wien the
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g I nvention
obt ai ned under different chall enging conditions at
night. In Fig.7, theskeflection area due to water
changes froma big patch of .spreaded-out area to a
smal I but concentrated area over tinme. The results

Aslvambasagn diommbakih & themkihdd acooding toghte mveiteon has dvedron
is also {ed with that obtained fromusing the

Sﬁ%ﬁ?ﬁéﬁr m&ﬁ %system [6] as shown in Fig.8. The first
row of pictures 801 shows the captured i mages of the
envi ronnent. The second row of pictures 802 shows the
segnent ati on of the foreground objects according to
the nethod of the invention. The third rows of
pi ctures 803 shows the segnentation of the foreground
objects using the Wi system As can be seen from
Fig.8, the nethod according to the invention is able
to achieve better segnentation hi terns of capability
to detect small swi nmers and suppressing errors due to
background dynam cs. An objective conparison of the
error rate, i.e. Error rate, ER = (100 x Error pixe
count) / (Frame size), between the nethod according to
the invention and the W system for the segnentation
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results of Fig.8 is shown in table lbelow Table 1 As

can be seen from Table 1, the nmethod according to the
wonvsnk2on has | ower segmentation error rate. TRET/SG2005/000191
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one i mage, the background inmage conprises a plurality
of pixels; dividing the background inmage into a
wobhosakewy of pixel blocks; formng at | east oReTMER@5/000191
cluster of each pixel block based on at |east one
feature of the background pixels in the pixel block,
wherein the at | east one cluster is nodeled as a data
istrihution having a nmean val ue and a standard
I5£496dF r om t he nean val ue: t aki ng a subsequent
i mage of the environnment; conparing each pixel of the
subsequent imge with the at | east one data cluster of
1t he pimethodyfopditewingtehleasiank gbigeiia ah pagwnownt spoaitorips
to sald pixel to.generate a first discrepancy val ue;
S}g’ger%glﬁ %g‘h%‘gf%’g%?s%e%’ of the subsequent image with the
at | e a0Rkastdaé Bnadews ey enOfrodhert 8@ &team @ dhimbfedapturing
pi.xel block of the background inmage to generate a
devdendhemenifaing s¥sfedal ue, wherein the at |east one

furt hefer n' gﬁi lekdh eﬁébagﬁgﬁgiéf@gk of &ekﬁﬁ%ﬂ b%'gg sig the gt least

corr@&spondfng to sali et erm ni ng whet
ompe nsige,ahe bivkgrouhd Bupge compriseg@ phwality lbépiglspund pi xel or

a foreground. pixel based.on the first. djscrepancy

val uireaiiee BR pP e BarkePl antiplal ot BEFER 2t ng o

bi nafoymitiyt Bastldne detdRER e 8Néach PBGELIOASKAe®bn bil6ast one feature
det erm ned background pi xels and the foreground

ofhg brekereund Piglskn the riwH iaskenhqspin dhesatlqpst one chsirgisymerled as
afh rd%ﬁ?&h%#l Avih®a gn té%f‘g HLPR dﬁf@@e‘vﬁﬁ%ﬂ ﬁfoﬂif ik Hean value;

'east one foregroun ect, erein the at |east one
f or egkimgradubdeeat imagetdf¢heanvirems¢ntone obj ect det ect ed

in the environnent. .2. The nethod far, detectin t

| castoRREnE G UGT . o s SBAGATOh HBIRE "SLCHF of et PR S flpsterof
thk,pitdl bidaR bf e BR¢kgEdung iR aFaktesidndiak to ik pixelio gehate a first
subsequent image with the at | east one data cluster of
disgrepansy velue pi xel bl ocks of the background i nage

def i pegh ANk AR piel OEBL sitRBEEH: WaBERNYh the at least one data cluster of

at least one further pixel block of the background image to generate a second discrepancy

value, wherein the at least one further pixel block is adjacent to the pixel block
corresponding to said pixel;

determining whether said pixel of the subsequent image is a background pixel or a
foreground pixel based on the first discrepancy value and the second discrepancy value;

generating a binary map of the subsequent image based on the determined
background pixels and the foreground pixels; and

marking connected pixels in the binary map corresponding to the foreground
pixels to form at least one foreground object, wherein the at least one foreground object is

the at least one object detected in the environment.

2. The method for detecting at least one object in an environment according to claim

1, further comprising:
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wherein the size of the |ocal search window is

deternm ned based on an estimated rate of novenment of a
woaalsgezoamd obj ect in the background i nage, an#Cwsec@sm000191

the direction of novenent of the |ocal search w ndow

is determ ned based on an estinated direction of

nmovenent of the background object. 3. The nethod for

det ecti ng . at | east ne opject In an envi ronrren
acco rCGPJH@nIf%S gﬁi?hO% ﬂ}ﬁfsugseqpqﬂt iBege \@Mﬁ 2kl ef one data cluster of

A6t 6 Mk BixROLIHAR oP %@a@kﬁ@iﬂd@ﬁﬁ?{@éﬂiﬂd bGthid 10841 sbfaPlvindow,

one object in the environnent omthe at | east one
i magevhstein e sizavil therlpesh tsearcdnhmd@»y i dréerminudtbesddray an estimated
or _col.or nodel

R R Bt R o Sl BRRS: R lnd i RABld infie SR O, 0

wiegeip itheedl&cui@mfeﬁ@mmeﬁgoﬂthv@loaﬂ sba&als wirloe i0 Bbtegtinedied on an
fi.ltering the resultant ina of the environnent using
egtimptet dEPGignoE owemenH ot ﬂ:teé%@%@‘i’%dd’b&‘@&ount a nunber of
previous inmages to renove any residual information of
the pixels representing the at | east one object,
X her élﬂny:nmlumirfht dateptinp et least ko chject in amgeimwhmeiteccording to claim
eny nmen 4. The method for detecting at |east one
lo?ﬂie&rﬁl\ %P“e*ﬁﬂ% ronment according to claim3, wherein
a t enfeRidiningahé pikclRROir&Pohdihd B thé &t 184 EInPShjédheh the environment
filtering scheme that takes Into account a nunber of
fome thesti keastipng é8ageof the enaironmpent faksn by thermonitegas afstahby
oBROIERL of ifhencl ) UELPRAAL 90 1flSh RELIAD thed] cast one

ject 1n an envifonnent accor to any of
cl ai memdvihgthé, mfbnnzttimarof dmrmxals;nep@semnhgthemg letabumrxatobject and
| east one at a ster each bl o af the
backJH6TRg °r‘r’%ﬁ‘j gﬁ’“‘t B R‘&r“&ﬁ‘ﬁ&cfﬁ?e}?% §‘51°m° that takes
iAle taBE dtin £ BurhBerlo preswas eaARE o eBYE anybresidtlg inTBiniRdn bOthe

detecting at |east one object in an environnent
PixckOiCHReRAing the 2 fegstopne hisF s herebp generating:fsq baskgromad image of
& Ustehmede each pixel block of the background inmage is

4. The method for detecting at least one object in an environment according to claim
3, wherein a temporal vector median filter is used as the filtering scheme that takes into

account a number of previous images to filter the resultant image of the environment.

5. The method for detecting at least one object in an environment according to any
one of claims 1 to 4, further comprising updating the at least one data cluster of each
pixel block of the background image based on the background pixels determined in the

subsequent image.
6. The method for detecting at least one object in an environment according to claim

5, wherein the at least one data cluster of each pixel block of the background image is

updated using a recursive linear interpolation scheme.
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updat ed using a recursive linear interpolation

schene. 7. The nethod for detecting at | east one object
wono@n2zm¥i ronnent according to any one of cl aPas/S62406/000191

6, wherein the at |east one data cluster of each pixel

bl ock of the background image at a predeterm ned tine

and/ or at the occurrence of a predeterm ned condition

of the environnent is stored. 8 The nethod for i
Tdet edihpmythad oedafectipnat lswt ens ohiprt manenyitoBmaRigecording to any

oAE %?Elgin{bgl 1%, IM¥ref e {]legslt @ﬁé@at'}cl{lg’ceg of chtil }]Si;aarblock of the

conprising: dividing the subsequent image into a
batkgraundtigagd atpi predetdphiet simezamd/of ot the acdurnenoeaif alpirasictermined

t he. .sub uent image which conprises at |east one
chﬁgﬁ?SﬁtﬁgeBW@ﬁen%SFW% at |east one data cluster
based on at | east one feature of the at |east one

foreg}round pi xel in the pixel block, wherein the at

§ eastlhgmethad for deteqtiag Aolgest ete elyect inyan envirosmentiageqrding to any
kNG @Hﬁ' .standard deviation fromthe

Oﬁgégava ulgg;?)abn ereeyﬁo achr%bi xel of a next subsequent

i magdividing drgzabeduat ithagehwtoatphirehistof pixel blatls; addust er

correspondi ng .to.the foreground pixel. of the pjixel

b1 0GROTRC RBY Rl dor Ror G Toabe WESh FomPRRcE B 65 gre
fOde¥Rhnd pixeP Fobmidgat URkEINEIdRR difstct BhsbdRis€leadt dn@feature of the at
foreground pixel. 9. The nmethod for detecting at | east

leaseonstfpreetound pixel iarihe piselrdonk, whersindheigf least enexdlyate is modeled

| 4 | & N .

o AR Rl BL o Bleah DO} o SHRAEEUSDIioh REE M Thean value

cor r edemidéedety pixel dfendxo subgequenidinpp &l confpaed fwdthttheat least one

i xel block of_.the supsequent .i , ILf !

Bl Gaste? s pORingyio e vearamd nixl 88 g it BloW pf g subsequent
iﬁnﬁ& dﬁ;ebﬁﬁaing% 8aidl Pixbh €f: ans?,! ¥Pdetd@dif ofid brel i§ Wisregrdend pixel.

imge is adjacent to the pixel block of the subsequent

i mage corresponding to said pixel. 10. The nethod for

odet er{yg Reaa fbf@e?éct@@gt 18Rk Sﬁéo .'ibt ﬂf‘aﬁéﬁ%ﬁﬂ%%&co ding to claim
according to claimg& or 9, ur ther conpri si ng upéat‘?ng
8t berain daclapixelofehaiaexasublsemientimage tsHurtreempicdwith thef at least

t he .supsequent i omprising at.lea one.
ob P PR eo e BT eR Pl BT Bixet lockcorhe
subsequent image, if any, to determine if said pixel is a foreground pixel, wherein the at
least one further pixel block of the subsequent image is adjacent to the pixel block of the

subsequent image corresponding to said pixel.

10.  The method for detecting at least one object in an environment according to claim
8 or 9, further comprising updating the at least one data cluster of the pixel blocks of the
subsequent image comprising at least one foreground pixel based on the foreground

pixels determined in the next subsequent image.

11.  The method for detecting at least one object in an environment according to claim

10, wherein the at least one data cluster of the pixel blocks of the subsequent image
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pi xel s determ ned in the next subsequent inage. 11.

The nmethod for detecting at | east one object in an
wenvisriemyent according to claim 10, wherein thecasG2005000191

| east one data cluster of the pixel blocks of the

subsequent i nmageconprising at |east one foreground

pi xel is updated using a recursive |linear

i nterpol ati on schene. 12. The method for detecting at .

‘ﬁOB’zREP’gg A eB%P’é%for‘?%’io‘ﬁﬂ IR i HAteA sigg & sicuTshty insatiftprpolation

solnf clains 1 to 11, wherein the first discrepancy

value is generated as a difference between the nean

val ue of the at |east one data cluster of the pixe

| oc . ' I ondi ng t.o the
13 oG R ARG LTRSS PN el el o
one of esinonidiorld, Weatinrtke fifst 8idérdpicy ehluofs deh@ated bS € aifRFdnce
the standard devi ati on of the at

bl U Bl i hieagone A uEr ofhe Bleebplopket te
PR EIHAYRGed TRYSpondRis td BR lla?ﬁlefs%se@geﬁnﬁﬁﬁd tﬂg@(ﬁhe gzialrlrl]e of

| east one Object” in an environment ac din
thecormghpanding fedtere of said dixd! efthe prsegpentdnage, iand divivedaly el

RS TR ATHPER iR 85 ek i o

imggeacent to the .pi xel block of the background inmage
corresponding to the pixel of the subsequent inage and
the val ue of the correspondi ng feature of said pixe

f t | ;. : . . A .
1g'evi ';I? F on ofa qt he eé:%’ﬂ?gtgg%pgﬁég&bg%c? ggﬁ)élﬁlg% EI%H%@%? %z&gg to claim
13i whdreiplthedecafd disveeraneskealuuin genanaigbas aldifferthee atwésndhe mean

for tecti at._least o bj,ect. i,n.an envi ronnment

w8k oF i end e B3 GG BT Wt iR BRDRERH: o e
piutbBleciuefithe bivkgmuhd iiglebffespetdiag tthb phlDs e shbRédieht image
a'gi t he rriogi mum of the first gl screpancy val ue and the

thsvalugi g}eéﬁgﬁ%’yn £ {ratyre oksoid pizsl of ghgsubsequent image and
IR @QAedahaitaRErd dvesiabethett REstlon8 dmh XBktePds thBBixe] block of the

subsequent image is determ ned as a foreground pixel.
background image.

14.  The method for detecting at least one object in an environment according to claim
13, wherein the pixel of the subsequent image is determined as a background pixel if the
minimum of the first discrepancy value and the second discrepancy value is smaller than
a predetermined threshold, else the pixel of the subsequent image is determined as a

foreground pixel.

15.  The method for detecting at least one object in an environment according to claim
14, further comprising:
determining a plurality of background pixels and foreground pixels based on the

pixels of the subsequent image using a further predetermined threshold, wherein the
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15. The nmethod for detecting at |east one object in an

envi ronnent according to claim 14, further conprising:
wdeb@srizaing a plurality of background pi xel s 2a@/SG2005/000191

foreground pi xel s based on the pixels of the

subsequent inmage using a further predeterm ned

t hreshol d, wherein thefurther predeterm ned t hreshol d

jﬂ%ﬁ a value t stricter condition for

s Pt Brssbratas b adlus ot ot P B SAAORHEN fome

d@feaﬁﬁﬁ@r )iRgldo bbk ﬁ%@%bﬁhd ma%ﬁm@&eaetéﬁﬁ%éah&af y

map bas on the background pi xel s  and foreground

pi xelgsneieingrarfiitear biparnigap hesef on thedrackgreunstrixels anstiforeground

I map based on
pbﬂaﬁse nﬂn %g gg}?eyfuﬂrrg%i)r%w”" %géhgg fcHyemaﬁt in the
nodi fgexmﬂathigmangdlﬁa?bmmm@mmﬂlsoﬂbtlhe ﬂﬁ&b?lﬁhﬁylﬁ%ppwmeh I each
fore xels in a pixe ock of the further
cfimeif i e od el bianims etfebporda o wheber ARy oo
t e
pERINIaGHRE Blo8HBIhS ﬁhrﬂle}Bﬁlag;}géﬁ%fcgecﬁ' g)u r% Ty hue;.

correspondlng to the nunb or egr
t he paxlghg gdnpedtedbélempns inuthe nedifizidibarayy map cexespentlimgto the

e BB 4 LB DRSS

peddiefindd valuetth €orki 1ddayt diRiFofegroatd bhiBotanieast one obj ect
detected in the environnent if the at | east one

f or egriEmRBIE et Leagipmedarsaound abiest in fhe binary map to bane at least
oBQBSjQétQi'éféQte@QMnb Qﬂvﬂdﬁxﬁeﬁfﬁ%ddtfléagtdo 'f%%%uﬁ@glﬂe&%orrgﬂ&ds

net hod for detecting at | east one Jec

vatinthe airleashenesforsgraing gottiondh thiemmakifiedttveargimapt he furt her

predeterm ned threshold has a | arger value than the
predeterm ned threshold. 17. The method for detecting

1at | E‘fas tnlefhbé fatfeteting 4t ladst @%\/dbj&ﬂﬁmtenaﬁ@ﬁﬁ%itfa&ohﬂngfbyclam
ne, of, ¢ ng to 16, t he onprisin efore

1S oWpeEriR fiy 2 ?ﬁpﬁ"rdf isfmiged e hel e a buner vRlegeanibe Bredsfermined

tdtshbppst one data cluster of the pixel block of the
background i nage corresponding to said pixel,.

our

17.  The method for detecting at least one object in an environment according to any
one of claims 1 to 16, further comprising:

before comparing each pixel of the subsequent image with the at least one data
cluster of the pixel block of the background image corresponding to said pixel,
determining a motion frequency of each pixel of the subsequent image;

classifying the pixels of the subsequent image corresponding to an area which
represents a noise portion based on the motion frequency of each pixel of the subsequent
image; and

filtering the classified pixels corresponding to the region which represents the
noise portion using a pseudo-shade filter, wherein the pseudo-shade filter is adapted to
generate a pseudo-shade for the classified pixels based on an average shade information

of the classified pixels, excluding the shade value which represents the noise portion.
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determ ning a notion frequency of each pixel of the
subsequent image; classifying the pixels of the

weubsagemmt | mage corresponding to an area whi e01/5G2005/000191

represents a noise portion based on the notion
frequency of each pixel of the subsequent inage; and
filtering the classified pixels corresponding to the

gi which, represents. the nojse.portiqn using a.. .
(62, cbheifet o RRERERAT hadion® EhiES: 8 8 s miinal e s to claim
15 whefpi ®e nbide HETi6H aldicdo RFRUEE: Bhiadeightdoutdae
classified pixels based on an average shade
i nformati on of the classified pixels, excluding the

ad ' r t > ' ' . .
B hom e Faiod L iR aPRAD oBe bl Bl hoddhoind B claim
Ehwiherinbe tveaggeshatengformatidreofithel dlassifted pétels it bbtained fem a

ortion is due to reflection froma Iight source. 19.
&ﬁ%etﬁlﬁﬁ?ﬂ‘%}gbew&@é%’s’?’% SEEUePLIAEeHne obj ect in an
envi ronment according to claim17, wherein the average
shade information of the classified pixels is obtained
30 om Theprethipdrfondateqiingistleassfone objse du an envivpimsetpgeonting to any
' : e for detecting at | east one
(%%F%gguyﬁﬁgﬁqgﬁ@gﬁ%ﬂﬁgwpgg§cording to any one of
cl ai rebasdifyingrhd Pixelswf theesubsguitiimagbgotlegmating td@rdetia of fast-
Iﬁixelﬁ)oflkge.s seguent i nmage corresp?nding to a
SgrBIoresro WW&&?%@J PRyihe GRatioR drephsnsy of gpsh pirehof thegibsequent
ifabd;@Ad f requency of each pixel of the subsequent

image; and filtering the classified pixels which
cor r d8isengithe clyssified piagls ovhicdf cofrasnondotei theregomed fastimgving

' ' plifer. 2 1. The nethod for
%ﬁ%ﬁ%@? %Hgggﬁggggggﬁgk%bject in an environnment

according to any one of clains 1 to 20, wherein a

anera or vi.deo,canera that is .sensitive to the .

T e oIS S QTRE B 0% bad ShiSs I trucnvrab@ort dorasding o any
oe ¥f €lims22to 20NwhéreinQAnfet ordede@ChinB@ Bt id &aSitivORBhe visible

pb{ect in_an environnment according to any
light spectrum is used as the image capturing device.

22.  The method for detecting at least one object in an environment according to any
one of claims 1 to 21, wherein color is used as the at least one feature of the background

pixels of each pixel block for forming the at least one data cluster.

23.  The method for detecting at least one object in an environment according to claim
22, further comprising converting the background image generated based on the at least
one image taken by the monitoring system into a Commission International de

L'Eclairage (CIE) Lab color space.
24.  The method for detecting at least one object in an environment according to any

one of claims 1 to 23, wherein at least a Gaussian distribution is determined as the data

distribution of the at least one data cluster in each pixel block.
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one of clainms 1 to 21, wherein color is used as the at
| east one feature of the background pixels of each

woizaesi12ideck for formng the at | east one dat aPCrSEL@s/000191

23. The nethod for detecting at |east one object in an
envi ronment according to claim 22, further conprising
converting the background i mage generated based on the
at | east one inage taken by the nonitoring systeminto

a Conmi ssion International de L' Eclairage (ClIE) Lab

250! orThepastieod 34 detdhingnieleBadné objecieh 6 tivi@naent RAGHIn@ A any

object.in an enyiron t according.to any one of

PP RE Al | 25 WHGE B Rackeroniss pass fesiyiled igfo a plurality of square
fixaibldcRytion is determned as the data distribution of
the at | east one data cluster in each pixel block.25.

The nmethod for detecting at | east one object in an

nvi renment cordin n ne of clains 1 to 24,
Bner dtA oo HEEH-lR ! Rrdbte %y pteliPhpenisSeording to any
opk bf elbintsyl ©f255 Gt thé ¥BliroRmestis an 2hatid BV iFIRMIRCNH e object
.detecting at |east one object in an environnment
15 8¢B#M-ng to any one of clainms 1 to 25, wherein the
environment is an aquatic environment and the object

is a human. 27. A nonitoring systemfor detecting at
Z7eastA mnuitarhigeystern foradeteeting atdeaseode oljdve innmrinRonfght, the
system copprises: at |east an image capturing device
n?%’r‘tof”é%f’yﬁ CPMIBEYity of i mages of the environment; a
pr oceslshdign dde dapiufifly asladet Bl ks RAGEES o HE. B BEhLAL €

a background i nage of the environmént based on the at
PEEmSSte | mage of the environnent, wherein the

backgr.aika 111%'@:%[90 | | f ibi.xel s, . .and
to di \E/) %;egt e ace E gr 0 E%tg@ﬁﬁa%sg%@ eéer uarﬂ;alc%%r §)/unodflmage of
thysi sterfroirhent logsed anftioy atdedstometimage dfthe envadapiestgwherefnahéen
bgékglro%%a Emgg%ecogl%%%esca{ plilsntaﬁ{y o(%fpix%?s(,: anf) tloxcﬁxlridg ’lhg %L(Lckground image
into a plurality of pixel blocks; :

a formation unit being adapted to form at least one data cluster of each pixel block
based on at least one feature of the background pixels in the pixel block, wherein the at
least one cluster is modeled as a data distribution having a mean value and a standard
deviation from the mean value;

a comparison unit being adapted to compare each pixel in each subsequent image
from a plurality of subsequent images of the environment with the at least one data
cluster of the pixel block of the background image corresponding to said pixel to generate
a first discrepancy value, and to compare said pixel with the at least one data cluster of at
least one further pixel block of the background image to generate a second discrepancy
value, wherein the at least one further pixel block is adjacent to the pixel block
corresponding to said pixel;

a determination unit being adapted to determine whether said pixel of the
subsequent image is a background pixel or a foreground pixel based on the first

discrepancy value and the second discrepancy value;
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based on at |east one feature of the background pixels

in the pixel block, wherein the at |east one cluster
woOo0sndzived as a data distribution having a meaaT8a2as/000191

and a standard deviation fromthe nean val ue; a

conpari son unit being adapted to conpare each pixel in

each subsequent image froma plurality of subsequent

i mges _of the envi.ronment with {he.at |east, _one data .

cl ustE G PHhE IS a%ﬁPf_sélf? PR AN G e Srgrguent image
basddcahedéerinddbaRErdul pifdls &l B8 REESHEPpikéls;Shd

di screpancy value, and to conpare saird pixel with the

at | éaarkiggEniheins adapdadep merk eannpeiedpixelnén thebirtaey map
Al BPEHRE RSO N R0 0 BEDEER) By i

5 tiiaatidestonsifuelroohd okjestss thejatileastbng objtdtalefeiced lin e @G¥ronment.
corresponding to said pixel; a determ nation unit
bei ng adapted to determ ne whether said pixel of the
subsequent inmage is a background pixel or a foreground
pi xel based on the first discrepancy value and the
second di screpancy val ue; a generation unit being
adapted to generate a binary map of the subsequent
I mage based on the determ ned background pixels and
the foreground pixels; and a marking unit being
adapted to mark connected pixels in the binary map
corresponding to the background pixels to form at
| east one foreground object, wherein the at | east one
foreground object is the at | east one object detected
in the environnent.
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