WD 2009/ 139723PCT/ S&2008/ 000188 1 Met hod and Device for Anal yzing Video
Signals CGenerated By a Moving Canera Field of the Invention The present

i nvent i onwoeb@iss72sn general to the field of inage processisageosaneisdO in
particular to the analysis of video signals which are generated by a noving
canmera. Background of the Invention 15 The use of inmage processing is found

are known MUt S Bpuich Y ARG AgBBI ARG LNl ARITERY a MBPNGT™ (0Crca

by one or nore fixed caneras. Basi c@anyertahe conmon way to anal yze a video
streamis by dividing it into a nunber of franes and fromthe conparison of
consecutive franmes while using change 20 detection algorithns, it is

possi blse to elimnate the background and to focus on changes occurring by a
not i on of certain object(s) as captured by the video stream The inportance
of a reliable conputerized system bei ng capabl e of identifying novenents,

I s by savi ower .g. no need to nonitor each canera), and by
over coni nd{}g‘dgggﬁ‘ﬁwl%é’ﬁbgggof human fatigue or human 25 errors. MNoreover,
sone of these systens are even capable of indicating novenents that are not

vi-sible to human eye. For exanple, GB 200507525 di scl oses a security
moni t or i nglheypresent myventicr selatesao g‘ammlstottbed‘ iedd bﬁ@nﬂa@puiﬂessm, andnot i on

from stati.onar bjects. | 30 i tion nano ec tured .in notion
beconal s 18 PRE3) Orthe s ef s sthals Wik A Y § iyies

di scl osur ganidig. Vi deo’ stream is first processed on a frarre by franme basis.
Each frame is subject to edge detection

Background of the Invention

15 The use of image processing is found to be extremely useful in surveillance -
and security cameras. Many methods are known in the art to detect motion
within a certain area that is covered by one or more fixed cameras. Basically
the common way to analyze a video streamis by dividing it into a number of
frames and from the comparison of consecutive frames while using change

20 detection algorithms, it is possible to eliminate the background and to focus on-
changes occurring by a motion of certain object(s) as captured by the video
stream. The importance of a reliable computerized system being capable of
identifying movements, is by saving manpower (e.g. no need to monitor each
camera), and by overcoming the challenges of human fatigue or human

25 ermors. Moreover, some of these systems are even capable of indicating

movements that are not visible to human eye.

For example, GB 200507525 discloses a security monitoring system that uses
video inputs to distinguish objects in motion from stationary objects. In
30 addition, when an object captured in motion becomes statibnary, the system
may set an alarm. According to this disclosure; the video stream is first
processed on a frame by frame basis. Each frame is subject to edge detection
processing, and then, groups of consecutive frames are compared to
determine which of the detected edges persist from frame to frame. Any



processing, and then, groups of consecutive franes are conpared to
determ ne which of the detected edges persist fromfranme to frame. Any WO
2009/ 139 MOROM/18E2008/ 000188 2 edges that do not persi sPCAaSE20lis®oEBS ed.

This renoves data related tQ novin Bjects in the scene, such as people.
us 200800#591990‘}‘@&%@8 Psf%ﬁ?@é% d_é%”ggﬁfaﬁ{‘- ﬁh?éﬁm%e‘_éﬁét%&ﬁéateﬂdoczrat)\éﬂ& ne if 5
it displ a)’ogog?c@?ﬁﬂ% é&gﬁb, gédﬁéﬁg??g%[y or has notion. Wen the video

segnent displays a scene wt , the segnment is further analyzed to
determne if the notion resulted fromcamera novenent, or from novenent of

he obj . _This_di,scl. f \ f
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camera, while the second type is.an unstable canera novenent. Al though both
types of rdisplayhassocapavith mofien: Hiensegmenbisifutberanalyzedito detesminasifeci fic

extract i ngSrm PN P o Bamieng ToBy it ¥ shar Py et b8 ey °"
created byhat FRYibe@nceaptured. hid dsdi@swre referdlte the BpescsMmovementssed due
to the fact that the noving canera produces changes all over the imge. One

of the fewhsufiist eaeibeing acentratied movementnptch as panningy tifinge FeoMingGci at ed

that Mol (Rt ob BAARA moyEieby Y he §ab1 <A, WilE 18 S oBpdY P oo
I mages of type ebjaecunstablet carféize Moveenérite Aithbegh batie ayper oft Micvelngentsnd ar ea

based on the object border. The border is determ ned through_ the use of
optical fIrglerdaigeniain exmem moneaehts thatatfect ppegifie framespthis disciesise ar ound

an obj ect ;ug it | C d?%? J: 4 ck _Then the
canera is 'ﬁéﬂgoﬁnigé\@é&é %gsglgﬁg'ﬁﬁgwﬁ# r%@%&r@ of rﬁagﬂé 20(:ri '? %@ﬁ%&be%t based
on t he objmevtihg objedt by amalyzingeandidebesteamesreatedrbyt a movingleametdowever, one of
t he Lor drawbacks of this solution is that it can only allow tracking of

certai'n objects when the objects' borders are well defined. 30 Summary of

the inventiH ndjot Hukde 8! ietcatieORl 85hsedf dLBEoPHRS it thBY ehé irRdvihg Provi de
a nmethod for detecting one or nore noving objects wthin a video signal

gener at ed cgwqarmodu@s&hmggs all over the image. One of the few publications that
make an attempt to solve problems associated with moving camera is US

2006078162. This publication discloses a systerh that includes a moveable
20 camera adapted to obtain a sequence of video images of an object and to
determine the object area and a background area based on the object border.
The border is determined through the use of optical flow estimations or
through a user drawing an object border around an object using a selection
device, such as a mouse or a joystick. Then the caméra is moved in order to
25 allow tracking of the specific object based on the object’s motion model and
the camera’s motion model. However, one of the major drawbacks of this
solution is that it can only allow tracking of certain objects when the objects’

borders are well defined.
30  Summary of the invention
It is therefore an object of the present invention to provide a method for

detecting one or more moving objects within a video signal generated by a

moving camera.



WD 2009/ 139723PCT/ S&2008/ 000188 3 Ot her objects of the invention will
becone apparent as the description of the invention proceeds. 5 According
to a firswoeowodbrrent of the invention, there is provi dedracaishoeiss or
detecting one or nore noving objects within a video signal generated by a
novi ng canera, the nethod conprising: (i) providing a video signal

conprisin Iy A rgapsp' L lurality
of consecg?t?'\?‘e) éa&rréaéhlf)gem%%ﬂﬁg W'“spg?é@%e, %ééﬂe%ei% Hggg"p?ﬂ; &qh?ural ity
of pi xel s inwentiongwdceedsai d first frame, and identifying in a pr ecedi ng

frame being a second frame, at least a second plurality of pixels conprised

in the first plurality of pixels; (iii) based on the at | east second

pl ural sty Alf]co&?mglté a ﬂ%?’éhitidﬁ ﬁi@ fiiée@v&iﬁiﬁén hﬁéﬁe i%cpwvid%‘é 4indhyg! s that

belong to t st frane; ating 'a shi ng 1ntensity val ue
for one orfondetecting phe qmm@iesmbmng\nhjeﬂis withitga vide sighakgenatated by ad,

wherein the Shifth{]eg I nt ensj t ﬁ val ue.i s based on said changes; (V)
gener at i nd"3"08&ABIET? e SRethGH GRRIRIISAG t he pi xels for which changes have

been identifi e pbagiRg Vihéo‘é‘?@éi’bom%n@iﬁ?o&%frrﬁ&%%E:Bnﬁéc&ﬁé?rtarﬁé’se

20l ocati on of the one Or nore t he pixe anges have been
i dentified, andii}for ane ofithe eturalityfafi copsenutives frama&albmg Iaeﬁrsbframe{ Vi)
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wherein a changgentifyifgCii Qf pdtedPigk fhfmeC BENg B Setdnd Farmé, at least a |
second plurality of pixels comprised in the first plurality of pixels;
(ii) based on the at least second plurality of pixels, identifyi.ng changes
that have occurred in p'ixeis that belong to the first frame;

15 (iv) calculating a shifting intensity value for one or more of the piXeIs for
which changes have been identified, wherein the shifting intensity value
is based on said changes;

(v) generating a vector for one or more of the pixels for which changes
have been identified, wherein the vector is associated with at least the

20 location of the one or more of the pixels for which changes have been
identified, and the calculated shifting intensity value thereof;

(vi) identifying at least one connected component which comprises at
least one group of pixels from among said at least second plurality of
pixels and wherein a change in each of the pixels comprised in the at

25 least one group of pixels is associated with a change in each of the
femaining pixels of said at least one group of pixels, and wherein the
pixels comprised in each of the at least one group has a distinctive
shifting intensity value thereby indicating a movement of the .at least
one connected component relative to background shifting caused by

30 the camera movement; and
(vii) detecting said one or more moving objec'ts- within the video signal
by associating the at least one connected component therewith.



25 | east one group of pixels is associated wth a change in each of the
remai ni ng pi xels of said at | east one group of pixels, and wherein the

pi xel s conpri®edeiza each of the at |east one group has acdiscRimsmbirse
shifting intensity value thereby indigating a novenent of the at |east one
connect ed EfniARnMOVIdaE2Era A HERG Meaid and dhroyghedluthedspscifieation caner a

novenent ; ?erjglafrH.is,i s (P H@Hotéa% 9?%?3 WhdrR thefP QQeIQRL@?ﬁoQVé%%M n the
na a

video sig y assocl ating the east one connected conponent therewth.
WD 2009/ 139ta@PaTthEG208ra0and 8t arddibaclkgrouhdtheimy) captueed'in dse diamake.her ei n
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ar ea/ back giepitidlyei the Ry dae th thé RfotionPofthe H8a Télafidly %o IR 8aRREa.Can be
either due to the notion of the canera relatively to the area or due to the

not i on of Thereforea anyl wefereace toomovementeofatherlpamsrarsychang whenrtbece to
novenment of the capera.such, as . n the backgrqund,.shifting is described as
bei g caudAP P TR SRRIRG & YTERGn s BRIDS SR dheihB e SRomPYeRER

under st oochiyhalcht ref@ienbe sHER e tiupdienstob8f fiati iNdmay B énteRiratdd @smovenent
bet ween the ‘canera and the background. 10 For the conveni ence of the

reader, i treferengderhedelativg mevemenddbatween thaecampgrai anst thenbagkaraendaner a

bei ng ;t,he tit . €Sl ti y.. to t r The t.er
D19 0he 4 e ob RS BRUE RL FonYEL Vi e BT R el " e
speci fi catagplicatish CALithE, carfietss DRirgP e Nehtetyt thait viabyés delaliveRr adrether
assigned to one or nore pixels which |ocation(s) in tw different franmes
i s/are knd¥@ekgmidyal ue of the shifting intensity indicates the change in
the pixel (s) location(s) between the two frames. 20 Accordi ng to another
preferred enbodi nent of the present invention the changes determned in
step (iii)ThHeademi gshifihgd iftensitya vaine2mast usédt hereimearmt throughobf eihes i n the
area captured, .t he i ng camnera, anot her enbodj nent . of the
ot cerls’ | RASRITCHON oRE G fovsss sudenpteBE G 019 paramriecrsiaped |~
essent i al Igs drdeBt st difell Whith \tatiBhts) ah it @feRint Haies is/are KIGWH I Ng L0
still another preferred enbodinent of the present iInvention, the nethod
provi ded fliha halue oofpithe eshiiting cimtensity sinsicatesi thet change ianthevixel(s) sai d
first and 0 L.t | xel s are associated with 30 frames that
respectivé$§&l9?1g%&ég@gpéh$|ﬁyﬁraﬁ}%'second frames, enabling to detect the
one or nore noving objects within the video signal.~ '

20 According to another preferred embodiment of the present invention the

changes determined in step (iii) had originated from a movement of the one or

more objects in the area captured by the moving camera.

By another embodiment of the present invention, the at least a second

25  plurality of pixels is essentially identical to the first plurality of pixels.

According to still another preférred embodiment of the present

invention, the method provided further comprises repeating steps (ii) to (vi)

_ and wherein said~ﬁrst and second pluralities of pixels are associated with
30 frames that respectively precede said first and second frames, enabling to

detect the one or more moving objects within the video signal.

In accordance with»yet another embodiment of the present invention, the

method provided further comprises a step of predicting shifting of background



WO 2009/ 139723PCT/ SG2008/ 000188 5 pi xel s and/ or novenent of said one or
nore novi ng objects wthin future franes, based on information derived from
a presentwbnasmeizand its one or nore preceding franmes. 5pcAGcaom@ion@ss o

anot her enbodi ment of this aspect of she invention, if the predicted
shifting dixela@Eng/oumpvsment ofi said ong @rempreamoving @ibjeais emithin (fotdrehei r
actual shigft] | ; : ' p nt of
he- cansr 19ES bked B Rl NG ERCROR, 4 12es R MGREERY B BB, s
45 t her ebynereusiesgdingerames.ng obj ect to change its profile, the method 10
provi ded by the present invention further conprises a step of

re-identifying the at | east one connected conponent by repeating steps (vi)

and (Vii ) .ar o ] ' a r ﬁg%qdfﬂafg ; nt
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novenent @redibtedosiifting dftbavkgrunavpirelsdbjaefiturel frarhe tisidiffereainesm theirused i n
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on a relative novenent identified befween the one group of pixels and the
background shifting. Thus, if for exanple one group of pixels has been

i dentified_ wher |1 of.th ixgls b | ng to,that arou [.e Ing

si mul tanegr&sq%(/‘oﬁ%%"?ﬁ thr @tﬁk %Qoﬁ]%ﬁ@bg&ﬁ%ergaqﬁ%oﬁﬁﬁf%ﬁgdg@ﬂqnmﬁe may

i ndi cate :;iﬂédiciel@!eshiiﬂl\ﬂgrkﬁf kg dundSpirelsedndibeof {he mbeemlehe bR éie BRe orhe step
of classifying the one or nore objects may be carried out by conparing the

novenght GROTEhEOYG Obiasts inefutbEpoman ihiysed: inaidestifving doe attlpast ar e
stati onaryebgh iy orgitei® FokP ARIYMY the-ffist plRaIR8NFREIs in the second
frame. For example, by knowing the location of the one or more moving object
in future frames it is possible to project that knowledge to preceding frame(s)
when that future frame becomes the present frame.
20 | _
According to yet another preferred embodiment of the invention, when the one
connected component comprises only one group of pixels, the method may
further comprise the step of:
classifying the one or more moving objects within the video signal
25 based on a relative movement identified between the one group of pixels and
the background shifting. '

Thus, if for example one group of pixels has been identified where all of the
pixels belonging to that group are moving simultaneously and differently from

30 the background movement, it may indicate that the moving object is a vehicle.

In the alternative, the step of classifying the one or more objects may be _
carried out by comparing the movement of the one connected component with

that of objects that are stationary relative to the background (i.e. the changes



WO 2009/ 139723PCT/ SG2008/ 000188 6 in these objects' |ocation, are the sane
as the changes in the |ocation of the background pixels), as there are
cases whewe 2069/138728asi er to classify a noving obj ect wheorsorpsressso a
background object rather than conductsng the conparison with background
pi xel s. 5 inihese ebigstsc location, ateethe: same asdhp<hangesdntbadogation as tgﬂvent i on,

the at le | 8 of
pi xel s, a%%tc{( ﬁ@%ﬁgﬁg%%&ﬁgggﬁﬁ%@%%ﬁfﬁgésﬂtelflgérglates%@og :rﬁé():kﬁggs‘i fying
t he one orobjestewhen i cognpergd dbsa vivddkigrournide objedt rattieynihlanacoraudting the a-
relative novenent 10 identified between the at |east two groups of pixels.
For exanplG@MRANISAN; WtHPAGKaroNdPEISson wai vi ng hi's hand while wal king, the
pi xel sgconprising the hand nmay be one group, the body of that person

anot her group, while the relative novenent between the two groups (as the
hand i s nminedtcdidaneeewith the stiihandtheb echbodiragntpobthedimvantiat, ithe atdeast t o

| assify that d 15 ' t(t . According t t th
crmhad monoNGt CORPEH GATPERSNL RAMABEeE B Jrhst bndrath AP seand the Carri o
out essenthghby proviletiomthbr EanE)?i%%tth@LStei&lS ggeélﬁssiﬁy‘iﬁé h&Ing ot Rpryi deo

signal is a live signal, but as those s | In the art may 20 appreciate,
t he sane meoviod ohjecisewithint thedivideoagignal iacpbrdimatiodaorelative mavemesitgnal . By

et I B BRI ol bl KRG, 40eb % BRI Srh cBRBRlE b oo
zzaﬁa?/ ;ls iogi g?’%rgggfs\g ra Bérsehtvaiihg sl haRE WHIRNRAIRING) ¢hé PPRlY BSmBAsiAgitRe t he
hand may be one group, the body of that person another group, while the
relative movement between the two groups (as the hand is moved differently
than the body) may provide a beﬁer means to classify that connected

15 component (the person).

According to yet another embodiment of the invention, the detection of the
moving objects is carried out essentially in a real time detection process.
Preferably, the video signal is a live signal, but as those skilled in the art may
20 appreciate, the same method mutateé mutandis may be implemented on any

~ video signal.

By still another embodiment of the invention the method is adapted to receive
data which comprises information related to the camera movement (e.g. its
25  velocity and/or direction) and incorporate the received data in the -analysis

process.

" In accordance with still -asvpect of the present invention there is provided a

computer-readable medium comprising instructions that perform. a method,

30 when executed by a processor, for establishing a computerized process for

| detecting one or more moving objects within a vid_ed signal generated by a
moving camera, which comprises:

(i) receiving a video signal comprising a plurality of consecutive frames;



In accordance with still aspect of the present invention there is provided
a conput er-readabl e nedi um conprising instructions' that performa nethod,
30 when ewecuiwedotzy a processor, for establishing a comporsGrasbo@s®cess
for detecting one or nore noving objects within a video signal generated by
a novi ng caner &) fRRiane ebifs iphuslity @f\cansesutivenframes, deings adira! fraBieri sing a
plurality of c¢ i, : : 9 / / 8 (ii)
for one of theggﬁeﬁﬁgéi%{?/i r%t; B([:Bg%hs co\fﬁlgégfé%rﬁnéé,gg{ﬁ ﬁg%ﬁ%?rfg?‘q%r gﬂé ‘

sel ecting a fiiiddntifying aihi aypricegdingeframepiming el sesohdheftarhe at Iéastna, and

identifying in a preceding frame, being a second frane, at |east a second
plurality of pisﬁﬁggg eﬁ%&gﬁ@'ﬁ coEPRsELin fgle el I?'FS?"BTOfSQ'&%P's; (iii)
based gqn the afj; | i e hetewit es that
have -ogcur red I('Hj g?iée‘f gﬁ? ﬁg% tl@%ﬁ%bé%d ? [%Jerglllt??isf? .ﬁ;é&%@ﬂf*@%@@ §§| ating a
shi fti ng i nt endihatyhavel ageuimed iompixels thab beloig toHbe firstdiaané;or whi ch changes

h b id 1fied [ th hi fti i nt it | is.b d
e e e b g b ekt ! 51 R0 o Bl d BB ¢ o
whi ch changes R gﬁ&f)qésdﬁé\\vé bt&didentifeeivihdrth fﬁ%@l‘ﬁﬁin? nteASiReVALgd Wi th .

at least the locati the one or nore of the pixels Tor whi'ch changes
have been i denis baset] onithiesehehangesul ated shifting intensity val ue thereof;

(vi) identifyi at | east one, connected conponent .Whi ¢ch conprises at 15
east ne. gr subIdEnsralRa o VErTaRE AGe Bh el praBe Pt ot vBRR <tRBes o

pi xel s and whehgid beehlidBasfied) virgbinahetveRtdt is@lsso6iafBy Wik &tildadthReat | east
one group of pixels is associated wwth a change in each of the renmaining

pi xel s of the #acatieanf thaons oumons optheepixelsHien witieh ehangaschavecbeen

ntensi vy val ubaede® fs bSER b8 RNy fofle eRBLLT oneconnected
conponent r el a(viy Rientifynag ledrieastcorsh thiinetged Tesnsbrient iWricts aomipfise®\etnent ;
and gw i) detecting the one or -nore noving objects within the video signal

by asddci ati ng'aast oRe gwaipr of pixelsoemmcarBANG JRE FHdRRS HRFaR Plyrality of

pixels and wherein a change in each of the pixels comprised in the at

least one group of pixels is associated with a change in each of the
remaining pixels of the.at least one group of pixels, and wherein the
pixels comprised in each of the at least one group has a distinctive
20 . shifting intensity value thereby indicating a movement of the at least
one connected component relative to background shifting caused by
the camera movement; and '
(vii) detecting the one or more moving objects within the video signal
by assbciating the at least one connected component thereWith.
25 The computer-readable medium comprising instructions that perform a
method may be for example é CD embedding software so that when it
is inserted in a computer and operated, enables the detectioh of the

one or more moving objects.

30 In accordance with still another embodiment of the present invention there is
provided a corhputer program product comprising a computer useable
~medium having computer readable program Code embodied therein for
detecting one or more moving objects within a video signal generated by a

moving camera, the computer program product comprising:



25 The conput er-readabl e nmedi um conprising instructions that performa

nmet hod may be for exanple a CD enbeddi ng software so that when it is

i nsert ed wo 200¢@oat er and operat ed, enabl es the det ect ipom/sahodsheoissne or
more novi ng objects. 30.1n accordanceswith still another enbodi ment of the
present i nvent i (bh compuer seadabie der@gear oeprde der mavgingmtie pmputenidri sing a

computer useabl g.ed LAY COMRHLRE o SANAR & BIRALAME ffesroT o

therein for detécting one o Vi I'n~a” video’ signal
gener ated by a (ifpsormgutermesdablé programpedde fopcagsiagithe edmputedoelestng: VWO
2009/ 139723PCT/ StCrQOOiB/ 000%)28‘_8 &)I%) c_g@)uter readabl e program code for
causi ng the cofptfstpPlurglity of pixgls pagRd 9 gnRof thanplurality 9T sopseaulivety of
consecytive fraapse i l.es i . ikhg the.
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plurality of caderdifytatveadt 4 seowsd Iphirality 2off pikels donaprisedaindafprecedingng t he

first plurali t¥ of pixels to ig?nti'f.y at | east a second plurality of pixels
conprised i n a'BeeeNG ArFELRRA 11881%g a second frane; (iii) computer
readabl e progr g q:?gﬁ fteF readshigg Fd%;‘?arﬁow &br L QusHRNEhS Y g9 the at

| east second pma it@uo? plaxe s,pc anges t atrlc%hav occurre ig?\ pi xel s

bel ongi ng t o t lideritify Stasptworathe gt Easpiseedrnd plyrality afopipelse chaegekatiiak pr ogr am

de f [ th t | cul at hifti i_nt it I f
one orlOror o of Mg Grckarl kel eriangtn it ehira i o B, Where the
shi fting i nt engivl YoorAbuRr ireabaBiRdpkifamt BESS fBPaniRiig Haé \donSolrBHYST

readabl e program code for causing the conputer to generate a vector for one

or nore of thecpicuate a shifting intensityrvpdue fenveneeemargaittheipixgls avhereher ei n
the vector is ociated with at |east the lgcat] of. i d one or. nore of
the pixels assohPADRS Uaueh bera, Hebfiteh, Wik, 158 shitad oty Vaiug s o

cal cul at ed shi blakBg UpdheAesd ghaddse t hereof; 20 (vi) conputer readable
program code for causing the conputer to identify at |east one connected

conporént whi clvk 6RFIRURS readable serogiam geasim for cauzingds the campHiAg e he at
| east second p:q%h@kétfaya fectBt 16F oﬁead"r%yéeéﬁh{% ﬁ&?%ﬂﬁhkﬂ &gﬁgﬂeghawe pi xel's
a I e

I
conprised in the east one group of piIxe S assocl at a change
in each of theb2Bnridentified)and whéeinthe hectar id aasdciated witl b ledstghecel s, and

wh i th i | s. i.sed i h the at | h
et Tnat i ve. hiiatieg Sedid 8\t riserbiithe mbekS pres aatedin Thatden Bt or ¢ ne

at | east one CHRDEHeRH BENFIRICAR HSd BhlcURtdPsRfNgAhRiHfty VI thBegfaused by .
t he canera novenent; and 30(vii) conputer readabl’e program code for causing

the c@fputer t¢vi) computer readable program code for causing the computer to

| identify at least one connected component which comprises at least

~ one group of pixels from among the at least second plurality of pixels

| and wherein a change in each of the pixels comprised in the at least

one group of pixels is associated with a change in each of the

25 remaining pixels of the at least one group of pixels, and wherein the

pixels comprised in each of the at least one group has a distinctive

shifting intensity value thereby indicating a movement of the at least

one connected component relative to background shifting caused by

the camera movement; and
30 . (vii) computer readable program code for causing the computer to
‘ detect the one or more moving objects within said video signal based

on the at least one connected component identified.

Brief description of figures



detect the one or nore noving objects within said video signal based on the
at | east one connected conponent identified. Brief description of figures

WO 2009/ x887%88AGI72$G2008/ 000188 9 For a nore conpl et e wodsGa0Bditeg of the
present invention, reference is made po the foll ow ng detail ed description
taken in conjunction wth the acconpanying drawi ngs wherein: 5 Figs. 1A to

1C -prese dif ¥28M) ' C i :
=il gst ra’?ﬁeosr éa @gﬂe:%rtnﬁc reprfozegg{latngﬁﬁzﬁpgﬁ@\‘%%etomglg g@%’? fe%rsac% S
- denonst r ahade tthethel fallovangl detated description ytakén pinx ebsjunatidrhevitlk dhel e

illTustrated in Fi 9 2. and Fig. 4 -illustrates another schematic
r epr esent &GCBMPEH 'QQH%‘@B‘@W&%%’P'@O wi th conpl ex novenent. Detail ed
p

Descri gti qfig®f1A fie1¢avenprédent d#'f(fﬁrénpé)iatrﬁﬁleé'ﬁ?lﬁféé BRIV etaarf’%%c;ipr esent

i nvention iS obtai ned when the | ow ng 15non-IImting
descripti I 4$_consi | | ' ] f The exanpl es
pr esent echiq%'?he fo|"ﬁ§\{/&§%§ %Sgg%gp%éﬁ gtsaén}dg%{s??é gf% @%’qgéﬂal’

- Fig. 3 - demonstrates the first and second plurality of pixels in the

example illustrated in Fig. 2; and

Fig. 4 - illustrates another schematic representation of a video signal

10  with complex movement.
Detailed Description of the Invention

A better understanding of the present invention is obtained when the following

15 . non-limiting detailed description is considered in conjunction with the figures.

The examples presented in thé following description demonstrate certain
ways of carrying out embodiments of the present invention, by which a video
signal generated by a moving camera is processed in order to detect one or

20 more moving objects within the video signal.

“Fig. 1 refers to three scenarios demonstrating the application of the “moving

camera” concept according to the present inven’tion, in which:

25 Fig. 1A illustrates two points of references 110 and 120. The first point of
reference 110 is located in camera 112, which 'is a stationary surveillance
camera as known in the prior art, whereas the other reference point, 120, is
located in one of the fixed objects comprised in the area captured by the

-camera, in this example, fence 122. The area béing captured further

30 comprises a tree 124, a rock 126 and a walking person 128. Since in this

example the relative movement between the two points of reference is zero,

there is no relative movement between the camera and 'the background,



ways of carrying out enbodi nents of the present invention, by which a video
signal generated by a noving canera is processed in order to detect one or
20 nore mwoi20@/Blj2ects within the video signal. Fig. 1pcefseneosiooonshree
scenarios denonstrating the applicatimn of the "noving canera” concept
accor di ng hemcerbispexaneple isra OAOT er, examplfivitich is poy encemppssed bxtthe t wo

poi nts of erﬁ' 10 and 120. The first point of reference 110 is
| ocat ed irﬁrgéol&n‘g?a I9?"Whi ch is a stationary surveillance canera as known

in the prior art, whereas the other reference point, 120, is |located in one
anera, in this

of the fixed. objects conprised in the_area captured by the-
exanpl e, ﬁ@ﬂ:d% ﬁ&erﬂ?@eg}g‘@}p B%'PF%OQ'E?&@P%.@ r"’l’}ﬁ’e?“%d: AUBhPE feIeeNget r ee
124, asr Ocl%oli%ﬁo@éigd%n\e%mrﬁgmz%ﬁf&ﬂ_ i$ 28bomd'6f difblakd §3@,X§H@'p%irw1ﬁ o
rel ative novenent between the two points of reference is zero, there is no
rel ati ve mefetemce 146tiedecatedeincanerad the dixedeobjectsycampdsed \WDthe area
2009/ 139720%'8 ur(ag %%/Ot g/c%?r?elrg,sinlt?‘qe example in rock 142. The area being captured

further comprises a tree 148, a walking person 146 and a driving car 144. In

this example there is a relative movement between the camera and the

10  background which results from the movement of the camera, hence this case
serves as an example of a moving camera which falls under the definition of a
moving camera of the present invention, and the method described by the

present invention allows detecting the two moving objects 144 and 146.

15 Fig. 1C illustrates two points of references 150 and 160, wherein the first,- 150
is located in camera 152 which is placed on a watching tower, and the latter,
160, is on a boat deck 166 which is included in the area captured by the
camera. Point of reference 160 is located in one of the fixed objects on the
deck, e.g., anchor 162. The area being captured further comprises two

20 lifebuoys 164, and two walking people 168. In this example there is relative
movement between the two points of reference caused by the motion of the
sailing boat, hence although the camera is position on top of the tower it
should be considered as a moving camera encompassed by the present
invention due to the relative motion existing between the camera and the boat.

25 Here again, by the method provided by the present invention, the moving
objects, i.e. the people 168 walking on the deck may be differentiated and be

detected separately from the moving boat.

In order to better understand the method provided by the present invention, let

- 30 us consider Fig .2 which presents-a schematic example of frames comprised
in a video signal that were generated by a moving camera, while reviewing
various steps of a method exercised in accordance with an embodiment of the

present invention.



hence this exanple is a prior art exanple which is not enconpassed by the
present invention. In Fig. 1B there are again points of reference 130 and
140. Poi nwoehowsdmsence 5 130 is located in canera 132 woirse200s/0801890r ne on
ai rplane 134, and point of reference m40 is |ocated in one of the fixed

obj ects cdpthestirgt stept ¢fthgrragthedpauvideo 1signahéis pemvisied, whightgamprisaspde i n
rock 142. Ar I f 0, IS tg.ee | ki ng
person 14@-@%8@618@#%531:3 %g“@%f%ﬁ% ) Iﬁﬁ% Wéegxgﬁé) Iegf ﬁ@? e[lcl 5 %%gg@@ee
movenent loetwprisestahpluraliterod Nuecdnsdutive foarnkgr Brantes\P1 04217 abudttated iom t he

nmovenent of the canerg, hence_ this case serves as an exanple o novi ng
canera whitki§ Figt ‘Iaéetﬂfg)érsomﬁe O(fiépiar{ﬁmﬁﬁ ‘Ef-’fmar'?%ﬁfrh %é(f%oaslﬂna[-hﬁh%resent
i nvent kon, ' ' j

ot oct P "TRASY iS1oREh CORSCAREDY A Wadith RO MRIDAINETH Afama B |,

poi nts of (226 Rrafesably3utarad r@@ssavilyy then friamesf anestaken = thatltbedineel i n

152 whj ch i I d t chi t dthe latter, 0, I
a boat de@RPTREERCRRCIS YR craren 17 0PREbal G An G, S8P IRFUHEI WA o Poi ni

of ref ere"l‘&l@q%@?&yio‘%hé% EShdRufiE fraindd) Mdreseér BRI mEthdd¥houREngesE. €. 9.,

anchor 162. e area being captured turther conprises two 20 |1febuoys 164,
and two walnkersjopdaplbeirig gstiicted lid @ givenpiumberdN ef frames, andvas willvikerent

bet we the two.points of reference caysed by .the notion of the sailing
poat . TendGtirtuiSRistenr Do iffet SEPEr mad s B VS resirmat whRe B Bt shou «
be consi dey glapchangBVivity tAgBbaineRBaaRRAal IfOMPatIne §& Ninprolee ke on due
to the relative notron existing between the canera and the boat. 25 Here

agai n, by acheragyohthe pralysigsaswis.t he present invention, the noving objects,
i.e. the people 168 wal king on the deck may be differentiated and be
detected separately fromthe noving boat. In order to better understand the
met hod pr ditieke thelly stepe apfires phiralitp \of Ipixests .confiriséd it oneossthégeplukality o2 whi ch
presents a schenatic exanple of franmes conprised in a video signal _that

vere dénercapsecutlyeframes @ir&ﬁé’m frame ds selactad Agd Pasecans BILERRY 6f a

W0 2000/ 138755 Bor RIBEOR BN TER S I pREIRY PREIEn 4 PRAFRERTE™ 27| Geo
si gnal i s bgingva decorwhframeconpri ses a plurality of consecutive franes. The

video signal of the Fig. 2 exanple conprises a plurality of N consecutive
frames. Franmes 210-217 illustrated in this Fig. are only sone of the franes

conpr i sed Lieh ushfowitR® ah Bstrary [éKbiSe fdfaf@fedl £; ;@M)naé?@)@iiﬁfﬁstt frafley and
describe the tinme evolution of a fall |ur;glball (226). Preferably but not

neces8@ri Tis flaga mdase maré coanyisesoattable (B20) ianwage (282}, viwenlaraps t wo
conseout | (4211 2r59. 2 o 12487, FRE STt Po Bt WSFB A HR Lelng
restrict epidets b fraen, eurdetheNiref pluraligsof pixels #shown bsliBe grey area in
Fig. 3A). Now let us consider its preceding frame, frame n=i-1 (213).
Because of the camera movement, some of the pixels from that first plurality
25  (of frame 214) still do not appear in frame n=i-1 (e.g. only a partial view of
lamp 224" is shown). Therefore, all the pixels that are shown in frame 214 and
can also be identified in frame n=i-1 (213) will be referred to as the second
plurality of pixels (the grey area shown in Fig. 3B), and frame 213 will be
referred to as the second frame.
30
In the next step, based on the second plurality of pixels, changes that have
occurred in pixels belonging to the first plurality of pixels and included in the
second plurality of pixels are identified. Thus, based on the second plurality of -



to further discussed, the video signal may be a Iivelbroadcast where the

) evmthtlrretomcl.ud—e addltl blo oo o
ﬁlplrjg%@ﬁ?@u 2% 3 of the analysi IEXR In ?ﬁilﬁg%&)@ 0 &SGE&@BOOM&
pl urality of pi er s conprised in one of the pI urality of 15 consecutive

rames being a first frane, is selected dkd a second plurality of pixels is

dentified fromanong the first plurality of pixels in a preceding frane,
hei ng a secondPefsafiee orent angs indvig.t 3ke then charigies rteatyhathodcogedfin fitied pReld =i

tabl e (220),
214) as our ftelohbing (HHB firsRPlurkl %fédie?é"&h &) GrelT E r fifi
A vase (222), two | anps (224 h324 dé,\é}% F'{Z’go"im*% %ggf -
nder st andi ng | et us sel ect aII the pi xels in frame n=i as the fi

olurality of piekes ass(ueiedtm tascmmegbwnaé@ﬁomh&hﬁverﬁé-)mf Valrfeta. YS;
onsoer "1 Bsbe 194ld v Sl o e G oL o

novenent, sone .
st:lll do not amyeraentmfthq aamem=p-te (eft. directiom, s ahed BadkgRund is¥hifld baR® 224

d can
s shown Th fore, all the pixels that are shown in frame 214 an
al so be ?dent??ﬁed inframe n =i-1 (213) will be referred to as the second

[ I's (the grey area shown in Fig. 3B), and frane 213 will be
PL,-][‘J ;?Ir Ietjyt gf aglo:( tﬁe nséetﬁb%?ﬂisgéﬁﬁ:odmn\l/ g %E@mgpﬁtéﬁsnﬁiglgf g?g‘,?ﬁﬁgte??or g of os?go? ﬂ o
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are identifi edlueriausg,palrmsder amsighbe i emoh ddentifisdapikélyin Qhe secoR€ RS2 8PS/ 000
pixels, and is calculated from the respective pixel's transition in its location. In our
example all pixels in the second plurality (i.e. included in the grey area of Fig. 3B),
except for the pixels comprising ball (226) will have the same shifting intensity value,
which in fact will be derived based on the velocity at which the camera is moved.
Since the ball is the only object that moved, the pixels associated therewith will have

different shifting intensity value.

Then, a vector is generated for one or more of the identified pixels. The vector is
associated with the location of the one or more of the identified pixels, and its
calculated shifting intensity value from the resgective-gi)iel's transition. For each pixel
in the first plurality (grey area in Fig. 3A) that have an analogous pixel in the second
plurality of pixels (grey area in Fig. 3B), a vector is generated, where such vectors
comprise data of the respective pixel's location at the first frame, and its shifting

intensity value that was calculated in the previous step. =

For the next step, one (or more) connected component is identified. The example
illustrated in Fig. 2 is a rather simple one in several aspects. There is only one
moving object (the ball), the ball movement is homogenous and this object (the ball)
does not include parts that move differently from one another. Therefore, this step in
the present example includes identifying only one group of pixels associated with a
connected component, as the ball pixels will be in

A AMENDED SHEET 9610612009



pi xels (the grey area in Fig; 38), the changes that had occurred in the
pi xel s belonging to the first plurality of pixels the grey area in Fig.
3A), are woensvf3hed. Let us assune that the changes ori gcmaicedsfooeusst he
movenent of the canera. U is easy seesin this exanple that nost of the
changes i ®Pnengroppx Einglly.atheemoningt olieetoienthie: bat, is @t@i@ﬂa by assoeigting ef t

directi Onﬁ%é‘gn[etb%{nn &ggr rie%tﬁlfgrfem to the right. For the next step
odi rent ,

of this e a shitting intensity value is calcul ated for one or
nore of the identified pixels based on the changes determ ned. The shifting

intensity vale,is a paraneter assigned for, each identified pixel in the
second pi MGEOAING dp 437 £BIR0dImERT f 108 | IBVATEORISIaPSNE IRCS TBRYBE: IUHER: xel s
transi ti onahBatilys i i r e Lyt c

ol aral Pty TepatetSmuRASS hitant UTIof A ey, ot Setarhlel B HECARE

pi xel s comppétitiongwieakhall 28fey tai framiear e i t-h €2 t3)as sthief fiish granme evieregs val ue,

which in f ill b [ based h | oci which th ‘a i

L e oG ReeL ger Bt L sy e carer |

therew th n‘féM brdea¥8 vilfhf the"diveSdiid 'bBst¥éBs§H%ét¥ﬁWd tph-mgﬁﬁg baft, YRELOr 1S
or e S. or S

gener at ed one or nore of the-identi p1 Xe e vec
associ at egprocads mhay Heooattinord cjuiteheasilye wherereveryofimerenewdinsti frarad ipi xel s,

and its cal cul ated shifti intensity value, fromthe res tive pixel's
FransiBi oRefied Sl bierefifoTame 1 chasopIcsH af PEY BRcranadanionds s
that have @@ padtilseYR4eritid 8bovd! the second plurality of pixels (grey area
in Fig. 3B), a vector s generated, where such vectors conprise data of the

respective pixel's location at the first frane, and its shifting intensity
val ue tha s . calculated in the previpus step, For the next st one (or
ror o) contEbt B TRYSBRERET (At Brbadineef ot g inertin Sheedh ¥ Ao, (2
I's a rat h@tﬁetﬁbﬁpgﬁ)vww ifirtisestv ebalprisesest step TBEFrelRtifg | theOBacKIBURG Obj ect -

(the ball), the ball novenent is honobgenous and this object (the bail) does
not i A&l ushifing asdithemawsrent afitbe onel gr MeEhMevinGAbiestLet TRgekIMAR, this .

Ssehci at eQUPRITnG ¥RARRR bf Ei BamneAaRL A PlnBh HaRE, LR Bhe N *C S
2009/ 1397 20803/ S2AiD8d ABES ard Zipplied do drame Fi Balan, ité Ipeeceting)frantgsect , i . e.

the ball, is detected by associatjng the one connected conpponent therewth.
Accor di ng Bt%egrpréﬁ’@o%‘{%ﬁ% w?owélanf@smq"aﬁ\tfﬁ gagk@roygd@ﬂ@gg Bd i@t her 5

r epeat ed i I XYoTI] 4hEO ; first
repetiti o@gﬁﬁgw ?fg%jgfoﬁg f?}gﬂ%@ﬁgﬁl@{%)thgsﬁ?ﬁé% Z'{arﬁér%nl%hﬁher eas
f rame20=i pRséibk Yo sledlute Hbetshiftingcomtheabackgrogrd dod of reiatignasy objedts we can

now P oo WA BT BRT AR A BN skt S 8, PRSP R IR oLl
frame is moving object (ball 226) in frame n=i+1. The predicted background shifting
and the predicted location of the moving objects may be used to optimize the
‘identiﬁcation in step (ii) when taking frame n=i+1 as the first frame. The
25 predicted ‘background shifting can further be used as an indication of a
change in the movement of the camera. For example, if the camera is
mounted on a vehicle that moves in a straight direction and all of a sudden the
vehicle takes a sharp turn, the actual background shifting will be substantially
different from the predicted one, and based on this difference one may derive
30 some conclusions Vregarding the camera movement. Certain changes in the
camera movement cause changes in the moving objects (e.g. from having the

front view of the moving object to having its side view).



10 defined and its preceding frame is considered as being the second frane,
for the process described above. Let us now consi der another enbodi nent of
t he i nvenwoaoey/sbeseby t he net hod provided further conpricsss26ssb@s of
predi cting the background 15 shifting4and the novenent of the one or nore
novi ng objAscexplaineduabea, uthe example Hustratediini hig. & sl @thgr simplified wher e

the first LS =i And, ri lied to
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220 ang v 222 I 4 0By O ? Vi ok - in frame
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straight direction and all a“sudden"the vehicle takes a sharp turn, the

act ual badhkegdeftidd addiitian, thevwpdrsomds waliéngita the rightiwhilerwaxing hisvhane

predi ¢ted one, .and hased.on this difference gne derive.30 so

Concl 405 odda difde it Bfakd Fabbsurnon 3B ThSah hoectine. Thd s aner a
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vi ew of the novi ?ﬁ object to having its side view. WO
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f r om 3Bondnevirg sbiastel (euparsanyand the kird. and Rgithesi onen of AggemoNesach of
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a 15 change remal t "one group of
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on the bi FATERPYIs Y exabgye deintion 7 HoFRMPIISES oecok Maje \dPues o ce
fﬁg”ﬁﬂ S,d %gé(l)@dy%%ié% BRI it 8RBIJikdI % al gtolip Sndichtbs d RRanddH thd At (431),

of the pixels associated with that group. In the bird example, the left wing is a

connected component having two groups of pixels (431' and 431"), the body

30 hasonly one group of pixels and the connected component of the right wing
also comprises two such groups of pixels (433" and 433"). Similar analysis

may be conducted for the walking person.



25 (432) and the bird's left wing (433). Each of the connected conponents
corresponds to the above definition as it conprises one or nore groups of
pi xel s, wherneossgrange i n one pixel in a group indi cat epca/scheusgeoisy t he
rest of the pixels associated with th& group. In the bird exanple, the

| eft wi ng Aecordipgrinean camkedimentof thavinventione the sngthodt pipvidsids fyrf®r'  and
431"), th 0. . u f Rixel t C ch: onponent
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be appreciated by those skilled in the art, the various enbodi nents of 15

t he preserfn falationshiprbetweendhe yadeus gipupsopumber of gieepgéetact i on of one or
nore novi ng objects or for non-real tinme analysis of video streans. It is
to be understood that the above description only includes sonme enbodi ments

of the i nvaiilobe apgrevtated byfthose tskillet linghe attl ¢he valiow embodinhetitsF ways of
carrying out the nmethods provjded by the present invention may be devi sed

by a ﬁér sdhe eresand inventipn aay be ﬁ?ﬂﬁiﬁ”tcf@gﬁaﬂ fing q’ﬁ"‘_@ﬁtﬁﬂw@f_ QHPEMKICt he
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It is to be understood that the above description only includes some
embodiments of the invention and serves for its illustration. Numerous other
20 ways of carrying out the methods provided by the present invention may be
devised by a person skilled in the art without departing from the scope of the
invention, and are thus encompassed by the present invention. For example,
it should be clear to any person skilled in the art that the steps defining the
method and process of the present invention may be carried out in a different
25 order, so that it should be understood that any such shifting of the order in
which the various steps are carried out is a rhatter of simple selection and can
be done without departing from the scope of the preseht invention; In addition,
the first and second frames referred to herein and through the specification
~and claims, may be in fact non-consecutive frames, but instead either -
30 representative frames or certain chosen frames (whether the choice is made
arbitrary or not), e.g. when the movement of the moving object is not a very
~ rapid one. Also, the iterative analysis explained hereinbefore does not have to
be restricted to the selection of the first frame so that all iterations are in



met hod and process of the present invention nmay be carried out in a
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certain chosen frames (whether the choice is made arbitrary or not), e.g.
when t he venment qf .t he novin bject, is.not a.very rapi.d one., Al so, the
iterative aIW@?%”C{e*'b\feJ\t'ﬂgd hﬁgr &ejﬁﬂe1d§§8"%‘isu?189 ﬁﬁv'zigf'gn%ggﬁt?gl?ai cted to
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2009/ 139723PCT/ S&2008/ 000188 16 respect of the first selected frane, and
di f f er ent exampis and\arpaohsvanded tubimithetseoperniithe iinverting. firaboeit benvent i on
has been %%%EFs'té’c?ad thiat fedtdres e'sg?'itgédq \CA/iti;jnerte%'plec‘?f:I to one embodiment may be

used with other embodiments and that not all embodiments of the invention

have all of the features shown in a particular figure. Variations of

10 embodiments described will occur to persons of the art. Furthermore, the
terms "comprise," "include," "have" and their conjugates, shall mean, when
used in the claims, "including but not necessarily limited to." The scope of the

invention is limited only by the foIIowing claims:
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frame, at | east a :ﬁecon i xel npri I n’ sal
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pai d 1ot Trame; of biteeil il ALY &ALl SR L oL, L e
changes have been 'lad%H‘E‘i”f’ieéd‘ P"Gﬁ'ﬁeﬂ‘é‘iquuéosﬂldﬁrsif@e.nt ensi ty val ue is based

bn sai d changes; (W }alganRgal infingineAthalubUonDHE 1 BloolRio s HlISBLXE! S, T o
Wwhi ch changes havq Ibe%n i_dent {h | % ‘%n sal
ht | east the |ocatoncof Mz %p'c‘i‘?s mlicgchanges hiavebaenrigantifis, wherehanges

have been i denti f itesishiftimglinteheityomlueud ladsed os baifl charges:nt ensi ty val ue fromthe
r espective pixel' gyt i |f | east one
Jv)iderBRtind 9%&%?&1& or mérg o} the%?xe S foy wlg& gﬁr('g?ss 3Pom anmong

connect ed conponent whi ch conpri ses at
said at | east secdfED HPG‘F‘&H ‘t"gﬁ'ﬂf‘ sﬁ'F’)l’éPtS" 'aﬁésqmdemthaileﬁlsmhg@catmneﬁch of

the pixels conpri stedorierorsairel ofthe bRaiS fordMhGhanHes Bhvedbaehl néedtnﬁedaﬁﬁd)ﬁb at ed

Wi th a change in %El&n o) sfnﬁﬁ Fn?éﬁ@ n‘|,r|1 X s of said at | east one group of
pi xel s, and wherei n the ef 3 eﬂ-ﬁ—é%@ﬁ-—#ﬂgﬁ@—%% ienbereghhe group
has a distinctive ‘éh'f’?’!tm@ Fh'pezﬁgnpwoomm tcimpoadnt vihidh mtpnsg; at lgmtenent of
sai d at | east On60ﬁ@§m6td£6|xeﬁw&%nd edidht Péﬁstts%cprﬁ:cglgfaﬁy g&gk ahdi ng

o ng ob opxs”or THPSPARG 2828k St <omier i i pions e et one
connect ed conponefiels frcassafiatagd with a dhangd inashch of thiedemgining pideRidNsdid apher ei n
the changes det er gaftefeigloupt & Rixklsi ind wherein the pixels comprised in each of the at

least one group has a distinctive shifting intensity value thereby indicating a
movement of said at least one connected component relative to background

shifting caused by the camera movement: and

(vii) detecting said one or more moving objects within said video signal by
associating the at least one connected component therewith.

2 A method according to claim 1, wherein the changes determined in step (iii)
originated from a movement of said one or more objects.

3. A method according to claim 2, further comprising repeating steps (ii) to (vi)
and wherein each of said pluralities of pixels is associated with a frame that
respectively precedes said first and second frames, thereby detecting said one or
more moving objects within said video signal.
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and/or movement of sald one or more moving objects within said at least one future
frame is used in identifying said at least second plurality of pixels from among said
first plurality of pixels in said second frame.

7. A method according to claim 3, wherein said one or more moving objects
comprising one connected component comprising one group of pixels, and wherein
said method further comprising the step of:

(viii) classifying said one or more moving objects within said video signal according to
a relative movement between said one group of pixels to the background shifting.

8. A method according to claim 3, wherein said one or more moving objects
comprises at least one connected component comprising at least two groups of
pixels, and wherein said method further comprising the step of:

(viii) classifying said one or more moving objects within said video signal according to
a relative movement detected between said at least two groups of pixels.

9. A method according to claim 1, characterized in that said one or more moving
objects are detected essentially in real time.

10. A method according to claim 1, wherein the method further comprising a step
of providing information related to the movement of sajd moving camera and utilizing

said information in the detecting process.

11. A computer-readable medium comprising instructions that perform a method,
when executed by a processor, for establishing a computerized process for detecting
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8, A nethod according to claim3, wherein said one or nore noving objects

npri-ses..at..l.east. one connected component conpri st two groups _
E pitxalesl; "29R8/2MEr ei n sai d net hod | ngMsﬁéM&iorrpr |P2-1I1Ir}gcté1®§ QQ 6P ScLenBog0 188
C ass;fyl ng said one or nore noving Obj gts wi thin said video signal
according to a relative novenent detected between said at |east two groups
of pixels. 9. A nethod according to claim1, characterized in that said one
Of NDre novi ngne)bnj @OieSMAVIRy Oifje@s WaBin eSHESY ighdl Yehdtate8 &y d inBling czlrﬁeraA net hod
according to F&njf rlS\é\@erel n the method further conprising a step of
providing inf orma OW'F&l ated to the movement of said novi ng camera and
utilizing said inf(Brengivingra videotsignabemecising g puralityes sonsetutive Aames;

conput er - r eadabl e ( C t S r hod,
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consecutive framed @ e°I°H‘§”§eCFEP§'f’ f'gs} B'?‘f@ 'W%P'é‘?ﬁl ng a first plurality of

pi xei s conpri sed i(ii) ased ohisaislt at leaateecond dluratigrif ipfxgis Nigentifyity Hzagadhag frame
being a second fr3pg, o %L"Lgﬁ’spt‘xe?s t@&%%;bﬂgﬂl éégaa*rst é of pixels conprised in

said first pluralit ase gf d at feast second
plurality of pixell® Cﬂ'@%ﬂgﬁwhﬁ@whﬁngwyabh he cespective mixe el s t hat
bel ong to said fi rfé‘rtonEroaH%re éffthe p&éléwwchraaaﬁgewb&ébé& |&éﬁ?ﬁélﬁ%¥rel ihal ue
o

fromthe respecti s tran for. _one or nore e pixels for
whi ch changes havghao%éfﬁpq 'B@H?'Wf"ia@'ﬁ s Wﬁ@ﬁ’ 80 foif ARANGR$f ti ng intensity value is
based on sai d charfgemnerafing a gemarfat driegoranare of e phxels forwhict cmges ﬁévet he

pi xel's for which ?Q?ﬂ;ﬂ@ﬁif Qﬁ‘é@a@&ﬁ%.h%&{:ﬂ %ag&claw&lﬁ 41831 ?ﬂe ?1"8 |tﬂ-| Qlel s for

associ ated with a ast t at’l nore o
whi ch changes havé'sRNePr imess ef the gtels fafavhichechanges teve beensertifiedignd theensi t y

val ue fromthe respeqatey ehifing Merity mijfrdm fh@ ré@étﬁfefgaxele(ﬁ‘é«%.t.b#%Fdofyl ng at
| east one connect?‘;{h fefol InnenttI |ch corg[) té}gt one rou of pixels
from anong sai d at ) east SR oReS ANGr&ITISP o‘f°"ﬁﬁ°9%“ B lga ¥hange in
each of the pixel Sne grapp iof pitelsrfrosmiaiory séie ab teastrsecgmdoplprabify qﬁlpixelssands
associated with amﬁ@:@fﬁ%Haﬂg@ﬂ@&cﬁ’Bf ﬁ\@ﬁmélg%hﬁﬂsggjrpé AtSedd o r%a%g.u | east

one group of pixels, and wherein t I Xe |se I n eac e at

| east one group hB¥e!S IHASSPiAtEH wWith as?naﬁs? H'geqcﬁt"énﬁ'!ﬁ fﬁy'amgwe!sn%frse@yat
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background shifti t n i tecting
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shifting caused by the camera movement; and

(vii) detecting said one or more moving objects within said video signal by
associating the at least one connected component therewith.

12. A computer program product comprising a computer useable medium having
computer readable program code embodied therein for detecting one or more moving
objects within a video signal generated by a moving camera, the computer program
product comprising:
(i) computer readable program code for causing the computer to receive a
video signal comprising a plurality of consecutive frames;
(ify computer readable program code for causing the computer to select a first
plufality of pixels comprised in one of the plurality of consecutive frames
being a first frame, and from among said first plurality of pixels to identify at
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12. A conputer program product conprising a conputer useable medi um havi ng—
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first plurality of e o j dentify at AVENDED SHEET.00' |east a second
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intensity val ue i shépiselwhperchanget KB BEES identhid), muhrarshmﬁ@%rbh&ypr ogram
code for causing r\/EI g)rrg?#aer to ener ate a vector for one or nore of the
pi xel s for which c VPe°"bsé' F%ﬂﬁtlfl ed, and wherein said vector is
associated with at(V)Icemptltet teedilde atogmm ofdeSari @uan@trmrcomnmrofgérb&t@hxel s
associ ated wi th changas: &fadd:r rh@%eof %eﬂxélsdﬁp%{ch %H?nggg(it&@geet%%gn%{'%;éed

shifting intensity value fromthe respect
(vi) conputer r eaaa%waefsméawmw@smat%w ?fdeatsmedmp@n efrsaidonedent i fy at

| east one connect edreafnpopids ayﬂaabiatbdmtmbhbﬁgés it hAvAden QRLIREEOARY RE Pi xel s
fromanong the at cé&ﬁa%d &%ggﬂte%sn IIug I' V}'her N2 Change in
t

each of the pixel S” conprise : § gnsiion thereof; o
associ ated w t h a(\Wremgeter readakll mrammdeehacausm tpe mrhmterftosmantfyeﬁt | east

one group of pi Xe|e§st oﬁ@@oﬁmfe@'d&nﬁgﬁerﬁwﬁh SorhHRE LEBLstiche gﬁﬁﬁ oPEnBé@' d at
u

| east one group has adlstlnctlves ifting intensity va ere
i ndi cating a novel®Re™SN9I thcatieastsgeand Rl 'Ebﬂh@&'%anwﬁﬁ@mphwréam ve to
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readabl e program ggdg cf,Q,{ Q%lclﬂ‘gf &Q%@Q@Rgggzenst& sg%aaqq%as?easf"%gﬂé) rfore

novi ng obj ects w thin sal eo si on sal
connect ed ¢ orrponem‘e? @@Htvyhpr%the pixe s comprised in each of said at least one group

has a distinctive shifting intensity value thereby indicating a movement of the
at least one connected component relative to background shifting caused by
the camera movement; and

(vi) computer readable program code for causing the computer to detect said
one or more moving objects within said video signal based on said at least
one connected component identified.
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