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WO 2008/ 061298PCT/ AU2007/ 001782 1 NETWORK SURVEI LLANCE
SYSTEM CLAIM OF PRIORITY The present application for
patent clains priority from Australian Provisional

Pat ent Application No. 2006906433 entitled "Network

VO 208001 28hce Systent', filed 20 5 Novenber 20BGT/AHHE7/Q04782
her eby expressly incorporated_by reference herein in

its entirety. TECHNI CAL FI ELD!The present invention
relates to surveill ance systens. In aLﬁparti cular form

the 10 present MNSNORR SURBERLANCE F¥aHEMance
' | ve networks of nultiple sensors

(Esilly‘gtrl E?ggbg\;g?oan ext ended area. BACKGROUND Wth the
Thegpress e dpphicaiiondor plensdnined plienydrah Aotialipn Pvatisional Patent

nd. publ i I here 15 has hegen a_substantial
@B&wgag@ N, %ﬁ@%ﬁ%@eén SP%WB%? YLve -%éwerearﬁé?%go
RO REHSR08, 4nA8E hateBy Webids§ FndPpoRBid B rdfl@RE herein in it
ext ended areas. AneeXan‘Hg g?nsugﬁaa S r{/ei |1 anceéeﬁnalg&s
angirétige noni toring of an airport or train station which
may i nvol ve many hundreds of caneras each potentially
providing a live feed to a centralized nonitoring
BteNIC AW ErEe 3 hey are viewed by human operators. The

operators may 20 have a nunber of possible goals, such
Ere rssntinvRgtiongelatasito Butvaillange systems.damtpareuler form, the
threats t [ o r UGH UE ' il .
gt pieft B0 e SRTHER Y A ahulivls b futcote
défsor8ldistABhitetliover gh gktealleV kift@0 canmeras which transfer
their live imge information via standard 25 network
protocol s such as Internet Protocol (IF), thereby
pRERROI/BAdi tion of further caneras to a

pre-existing network as easy as connecting an IP
Wiathetha inessed éotus ain the bumkrdtamee obyothiprtatsssndipalise aoeas, there

directly cahl.e. The I F canera is, then provided
TG S PSR RIS BT TP AR GERT O P grgisges and

QAL UL CROTRALS] RINEARM e oltdntRd\Hreg0 Adab@miple 8buch a
extrenely short tine.

surveillance task is the monitoring of an airport or train station which may involve

many hundreds of cameras each potentially providing a live feed to a centralized
monitoring station where they are viewed by human operators. The operators may
have a number of possible goals, such as observing customer behaviour, or

identifying threats to the public or infrastructure.

This ability to employ multiple cameras has been facilitated by the use of real time
digital video cameras which transfer their live image information via standard
network protocols such as Internet Protocol (IP), thereby making the addition of
further cameras to a pre-existing network as easy as connecting an IP camera to a
central hub whether by wireless means or directly by cable. The IP camera is then
provided either with a dynamic or static allocated IP address and can commence

streaming of live video data in an extremely short time.
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WO 2008/ 061298PCT/ A1J2007/ 001782 2 However, whil st

this ease of being able to increase the nunber of

canmeras in a network surveillance systeminplies that

nore extended areas nay be nonitored at increased

POIEIM6128%, the | arge anmount of incoming vi dBgI/AU2007/001782

information that is streaned to a centralized

moni toring station quickly résults in information

overload 5 when this information is being viewed by,
Hownesar, oyfelsatids sasef beingiably tp, ingreaserthe pu eheranerah iy a

are tasked.to nonitor thig infornmatigon,are not .ahle .
ek SRR e AT AU ek e a e 6 Brear ey i pfutded at
icRes&d %Qfdtfb‘i’m}{égﬁé@ranl\&{rﬂ f BfcBhEng OldMRNkfos e khance

a

systens, data 10 anal ysis nethods have been devel oped
stndvinodr] it 4 eamptalived svmitpsiagstasion qrdekiy gesylty épinformation overload

iinformation f.o deterni ne i,f t.he behavi ' .
wien S68 PRt ST e et byt R PRt lcoRfh g6 Security
p&\ésgﬁné_tmtea&/e LRKEd 85 BRhitBHTHDRIGRALRG: D TSOable o Wifédiively

Vi

eo informati on of those behavi ours whi ch have been
maomitor dhdsy extended fifeasl as abnornal. To this end, these

systens, which may be a conbi nati on of hardware and
software, 15 attenpt to generate an understandi ng of

ThRE dPak Mifes khbft ek gdbf titge talagalworByrveilkachsistenss data
the fields of views of each of the caneras, T
£

S L
analysis wethodspotedgyn dereloperipiberh atterapidaaplyge the ipgoming video
foundation. for sany,.f . ' .
afiefor e SialRn e SEOAIRE 3 LA trll e hod youies
fR2h WRG Hnal TGS Barith @ viey to/prdshttirgpinonltdsing ppebonst veith sideo

_network of caneras, the aimis not onl %g_&ﬁﬁ%natﬁ AL T
infermetior obthose behnyiayirs sdrdehavedines inidaly s@stfie as abnormal. 10

wver | ing fi : L SW: { SEhLBFRACHER] dctbvare,
t gnﬁb on 3&m$%gégggn%g?ﬁgg%Hﬁ%ﬁ#%%érﬁ%pgﬁ%g pairs S?e
BRI 85 gerfirhfougihdetstpnding iopties pdths actradistwhit fizrgey” may
could be derived manually for small sets of cameras,

talkg ketwiopn thectields ebivipys @bRBRCN RSN ENE B0 | arge 25

network surveillance systens, where individual caneras
may frequently be added, mal function or noved. There

Thay € dioity tepslugPtinfainainprio ackedingly thedoprdagionaior kit
RSB Sk L 1 S LAY 500 000 O RBENELL, .
R B 041 ) BABREARE 1 i i
2A08DBIRABRET/MIRAGRIBRHES2L surveillance cameras with overlapping
fields of view, but also to characterise the motion of targets between non-overlapping
pairs of cameras. Although in principle the activity topology could be derived
manually for small sets of cameras, this approach clearly does not scale to large

network surveillance systems, where individual cameras may frequently be added,

malfunction or moved.

There have been a number of approaches in the prior art that attempt to estimate the
activity topology of a network of cameras. Typically, these approaches either require

training data, such as the correspondence between paths or tracks in different images
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3 or camera views, to be supplied a priori or rely on
observing the notion of targets for extended peri ods

of tinme as they nove through the area viewed by the
network of canmeras. This is in order to accunul ate
WAWYURKER and di sappearance correl ation i nf BEFAF708FH001782
in an attenpt to estinmate the path that a target wll

take. 5 These nethods all reld on either human
intervention or observing and anal ysing | arge anmounts
ontaryird atevin tabe supplitea treorienrelyngmebserang dlng fiotipn of targets for

t opol . Jhis. problemis | i cat h

bR PSSk SRR B Vi B Ao
cdrflerds "BENRIK ord thRecuHHIRE! affeaRict Snd dikpPeiaficai@ydation
wi th square 10 of the nunber "of canmeras in_the

infermdidg, intames tentdh ehtimats thi pathathat piasaet Wil flekwaust i ve
pair w se conparisons of |arge volunes of data soon
becone i nfeasi bl e. Another class of nethods estinmate

ThER BethbBs all k&P oAnskher hemhaiherdnibAiBbbdaRingednal dradysing
each of the caneras in the network to a comon_ frane

lasge popunisnd didae daie in grdsn e determiitho AFViGT oRelpsy- This

features. Th h '
PRERPT P rBRaahgy i o QbR IBREREE P FreBBotyon prery
phi?®f agdbiak 66 a Refberk. 8k thontmber ofggtrsiod ahmees, graws with syuare

on | arge overlaps and conpl ete connectivity between
of theiragnlsr of icamgerasdn erﬁ@eﬁp&mwﬁé%arﬁﬁésed on

e ea%%@% Lmﬁgé L0 Qﬁ&%%{f [nggv&myé A9 Slafh ga%glfmgo&le Enfeasible.
esti nma Png e ac?|V|ty opBl ogy of a set of sensed
data wi ndows, each of the sensed data wi ndows rel at ed

to a correspondi ng sense reg%pn, thg nmet hod i.ncl udi.n
Aneptheyiclass of methadsieatingiatng spliatipn agg pLisgtaliongn W&ng
. ed: i f
<4 34, ERRDSEL i ARG ASRIF LA i Bl lon e
bakis ddvaEnmBnef eieakteattihe. These mbthdes domohichgrattiesse the activity

{GRANOEH TR B o L VLG OSSP opt Slean mage
£ MR on 140 2008 AGHAMBRIIRTIRDAAH Y beBRech fields of

view.

SUMMARY

Tn a first aspect the present invention accordingly provides a method for estimating

the activity topology of a set of sensed data windows, each of the sensed data

windows related to a corresponding sensed region, the method including the steps:
determining a subset of sensed data windows that are not connected; and
excluding the subset of sensed data windows from the set of sensed data

windows.

Preferably, the step of determining the subset of sensed data windows includes

comparing sensed data windows pair wise from the set of sensed data windows.
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Preferably, the step of conparing sensed data w ndows
pair w se includes determ ning whether a pair of

sensed data wi ndows does not have overl appi ng sensed
regions. 5 Preferably, the step of determ ning whether
VReop#r129%Hf sensed data wi ndows does not havRCT/AU2007/001782
over | appi ng sensed regions includes determning a

first occupancy neasure for dfirst sensed data w ndow
and a second occupancy neasure for a second sensed
Peeferably, tliosiep pheomhpadng sanded datorwindews aainguisg gl

1 .Si h i.r_of d_dat ] .
enpun P it o oS EgR R e bl Pegromene
seneligegbhy, the step of conparing the first and second

occupancy mneasures includes formng an occupancy
vector corresponding to a first sensed data w ndow

bated with the fi : i
R ERRPSL ARERU Sh  but R B R s
e RN RORSPthetRhee IMRHNY ifdH0e  deRsinat) atfits oshipanteasure

second 15 Sensed data W ndow and conparing
fomr firss porsad dgtaavindon andn segpadiqerapangy qneasEEmigr a second sensed

. Pref —
B PRERSY, F Bt PR R CERR Y doth Mipab R8 Blp ERERARE Bl of
sEREURRALWiNRST4) kid icOfipadieg thefifd bl Bgordureiincy measures.

excl usi ve-or operation on the first 20 and second
occupancy vectors to determ ne that the associ ated

Ijﬁirg% e‘fe‘t)rlggﬁe}:/ g’t%? o) goﬁ?%g e A WD ARURG gagcv.ﬂﬂa&lc? Wlab@Rs includes

he "se occupancy vector that

feahirgSRanRdspiytieetcs ecneshaeiseth ditsaserisad dateseindenceequence
is based on the second. sensed data wi ndow and its

aerated With the figHissntadlpta SRR dRE 4 SRFRIONPREPRTSF O
cfoiJ egp&gﬁﬁl% padded, QCEIRANEYa ﬁ%‘\:&é% sedilctbehaBlMted PEh the second
stepr of C | f f t

npari ng correspondi ng el enents of the firs
safiskdsiaa ndndee updrnoynpaeinigavsresparididg slepentoofithe grs and second
vect or exclusive-or operation on the first occupancy
QFEEPPY FREThe padded occupancy vector to deternine

that the associated 30 first and second sensed data
wi ndows do not overlap. WO

PlefdB4l616 1the 8feE T ALRPATINERDMBFdnding elements of the first and second
occupancy vectors includes performing a vector exclusive-or operation on the first
and second occupancy vectors to determine that the associated first and second

sensed data windows do not overlap.

Preferably, the second occupancy vector that corresponds to the second sensed data
window sequence is based on the second sensed data window and its nearest

neighbouring sensed data windows thereby forming a padded occupancy vector.

Preferably, the step of comparing corresponding elements of the first and second
occupancy vectors includes performing a vector exclusive-or operation on the first
occupancy vector and the padded occupancy vector to determine that the associated

first and second sensed data windows do not overlap.
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Optionally, the step of conparing correspondi ng

el ements of the first and second occupancy vectors

i ncl udes performng a vector uni-directiona

excl usi ve-or operation on the first occupancy vector
HPPae1288 dded occupancy vector to det er mi nePEHAV200HE1782
associ ated first and second sensed data w ndows do not
overlap. 5 Preferably, the stbep of conparing
correspondi ng elenments of the first and second

Optiotipldy) tlye step bbcampathg) dasesponging iements of the firbend sasgnd

el ements of on r both of the first,and. secg o
PRI S GO PEOIBREF &P BT PR HA SR A sive-or
oﬁgxraﬁﬁ%ﬂ'tﬂfg £i}dp %E&{%fan@y padthr Hld arvEddatapingd euaofiRes

ot have overl appi'ng sensed regions includes taking

detetmirechotihe assveidtedGist hod deavidsensadsdats wandews §a nohayerlap.

a pair of sensed data wi ndows do overl ap.

Preferably, the step of taking into account the
P&'éfgﬁilbg};' PRkt pfacd‘r%zﬁﬁlg Mk&?bﬁ@ﬁgteﬁb&herﬁs &bthedirst fd second

sensed data ndo do overlap is based on previous
odatpanas sedoutindudes tonprringover opighbayEng glemeni AldBieor both of

Prgferqgl , %he step of taking into account the

the st B%ZDB OSYRASE VEH T ati on that a pair of sensed
data wi ndows do overlap includes taking into account
an error rate of 20 a sensor or sensors associatg

d
Fréfetablih shstep obfleteanindng wawthepiamad e sepsesidata pripdoypdoes not
sensed.data W ndow i.s an J | j o
R ota s e s n e Bl 04 ARl G liclifbod of a
fhlké Sidi@NdnIRAQNShiF FPEasYd Astawindauwe kioasrerl2p.
Preferably, the first and second i nrage w ndow
sequences correspond to respective tinme series of
. _ Pr of ¢ . . . .
SR B S a8 T ooy T HRERE 0L Plq i RARA LR that a
PSS feEhsed Va2 R84SO 20 BREITAAI20685d 6 pr8R0Es drteheroalaked with
the nethod further includes the step of determning a
the painef senspé datagiingdoM&or data wi ndows that are
connect ed. In a second aspect the present
i nvention accordingly provides a network surveillance
Rrefeysilgthe sRbuditdlgng into acccaunt ehaliltdtihobd o€ p Salssindécation that a

B Eh EehS FSER R R e
Lo38br & seRENE GbodRt WMRAIRWBair BPCknsed data windows.

Preferably, the sensed data window is an image window and the first and second
sensed data window sequences correspond to first and second image window

sequences.

Preferably, the first and second image window sequences correspond to respective

time series of images.

Preferably, the time series of images is provided by cameras in a network

surveillance system.
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data processing neans to determ ne a subset of sensed

data wi ndows that are 10 not connected and excl udi ng

t he subset of sensed data wi ndows fromthe set of

sensed data windows. In a third aspect the present

PRERIeBAS accor di ngly provi des a program st oP@lat2007/001782

devi ce readabl e by nachi ne, tanglbly enbodyi ng a

program of instructions to 15%perform nethod steps for

estimating the activity topology of a set of sensed

Refezably rilomethed firthet indiedesdhe sigpdddatenininiogs frethar sibset of
ondi ng ‘'sensed.region, the nethod steps

orres
Sleﬂ%qrd%] ows'th g%’teecloﬂtl%‘tt?] a subset of sensed data

Wi ndows that are not connected; and excluding the

"subset of sensed data wi ndows fromthe set of sensed

lnatsecaol adpreidhs presentinvenfiomaceopinglyinrevisies gaetwork surveillance
qyentlggvaccordlngly provides a nethod for estimating
VRETTOEE "8 of a sensor in a network of sensors

noNi a@etRerkedt seh&ts, dabie serRbhpEbvidiek et nhdie sehaRaslad
25di vi di ng subsets of sensors into respectlve zones
windavwrieanh rryrespepingsteGrignergl TeaisingHd fgppning in total a set of sensed

(ggégnﬂaqbn%nahose zones where the sensor does not have
an over applng vi ew of the corresponding regi on viewed

by t kigtaz essinfiindb Wl AR 5uld200F4D8dd 82ta AviBRbiats that are
DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the present

noiganrectast and lexdudingsbe subset of semseddatpanindons fyara the set of
8% eﬁgmgmggaw ngs wherein: 5 FIGURE 118 a

rc view of a network surveillance system
|nclud|ng a network of cameras distributed about a
bui |l ding; FIGURE 218 a schemati ¢ V|em10f canmera i mges

I@@rtb@fglﬁ@%ﬁtﬁlge PrEsEdn Rt accodinghirdr addes p pEegTaMeRiotage
S rga&abqg GldAtheNRW. m&%ﬁfr%ﬁl é%%%?mﬂro?u%‘tr\(fcﬂ&% to

Into a set I mage’ W
Iﬁdrﬁ:)mhﬂtkthcﬂfst@ﬂfaf baindtirg ithetaetiviityn tapgpldgdyeofacdet wf ¢epsed data

topology ccor di ng a first ilJusirative enb di ment
e ?W@%?ﬁt&ﬁmﬁr}wﬁ 2464 @ 2 FTESRPR dingensed region,

1%5%%&%@ Pgnkgﬁhg erlap of two canera images

correspong ng to caneras having different orientations

when detewiiniggan subneind sewgidatatofvinddves det areamt connected; and
excluding the subset of sensed data windows from the set of sensed data

windows.

In a fourth aspect the present invention accordingly provides a method for
estimating the location of a sensor in a network of sensors monitoring an area, the
method including the steps of:

dividing subsets of sensors into respective zones each viewing a
corresponding region; and

determining those zones where the sensor does not have an overlapping view

of the corresponding region viewed by the zone.
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15 FIGURE 5 is a plot of the nunber of exclusions
versus the nunber of occupied i rage wi ndows for a
simul ated network of caneras. In the foll ow ng
description, |like reference characters designate |ike
VP 8% E8hondi ng parts throughout the sever aPCYAENET/HL782
the draw ngs. 20 TECHNI CAL DESCRI PTI ON Referring now
to Figure 1, there is shown a’schemati c di agram of a
network surveillance system 100 being distri buted
about a building 200 for the nonitoring of an extended
REE DRSERIPAICIY R BLDRAARTQGS he building. In this
I1Tustrative enbodi ment, network surveill ance system
Erfifodimehtstd sha presemicinkentfiorceitbbadis2@ssed nyith sifergnee to the
individual IP caneras 1, 2 .... 16 that

Si xt ee%éég} .

Lo ?"l"%ﬁé"éhﬁrﬁnreal time to a centralised

FIBUREOS 503G cBbhtic FROPCAABRMWDR 88rvRIIEALE SARANGhAHdIES thtwork
of view which is shown figuratively as & shaded aré€&a

of xmas istfibotedidbout abeildingpcat i on. WD

1298PCT/ AU2007/ 001782.8 t
R D A R e oL Oh Ry a T PRy s S atugrk of
@mnesRNBAEtPatBAV PiiRe MALBicHAR B8wWOhe C8R@  HnhAH28 afd\ivided into a

other imaging characteristics. As depicted in Figure
set ofimageafindpessf i el ds of view of the individua

. Wil qverl due t.heir.positioning. This .
RGTRET i o e P EmeHipd Sr HaRrpRRE Hie AR yerdlagy according
tb@gabi iD0stPatdRQUhb R G BEtheQRediut irdleffohNel r hei ght
and orientation. As would be apparent to those skilled
HlgURied gt figurative migveshawiag shedeatlapr ddweoemeana imagrsw
cto?ree tcgnl'clﬁne%gcenter%f hta\D'e f.'ﬁtler%n ! ié/riltet%r\{gqi ﬁg Wiel l dg%end on
on e ope | caﬂmsef’up 0F The i auar ‘amer s gy
refiohldf ntetektighdat i ve enbodi nent, the I P cameras have
been optim sed for 10 detecting information in the

KIGERH isragplgeofthe wanetas of exdusions vesensths euaphsacé aecupied image
%%%5%54%1%8[11&%93{%%8{1!?% erdd!® Present invention is

al'so applicable To any el'ectromagnetic imgi ng device,

Inthgflloaghgl descm?m&, like f8rente dRayvideas dasighatellikewe @srrasponding

sensed data wi ndow that relates to a correspondi ng

rasisdbepusagHbihe sereral viewside dings not linited to

thermal inmaging caneras, X-ray caneras and other 15

systens such as audi o or sonar mapping systens. In

HIGINICAL BESORIAGIONJual canera nmay i nclude a

t.andard apal.ogue nmer.a ,j n _combi nation wth frame
B S eroa ) HEU oL R AE IS PEaie N Hisgefaro a nEfork
fwwéiﬂﬁ{dg@gaeﬂ 10 B ERBited HRI HuiRlRE DPfor thénonftoring of
only capabl e of detecting the presence of a target

ani dmledrares bathtiheide and putride ointhe builglirg. &1 thgs Blusiratied
SRR R e RaEeMRn o R R BREPRES s Bk
c%mﬁrﬁ%[%sf%ﬁeﬁ Y @vRENE MR EArReMb @)V2 Of. 15 MRatCRAPERheir images in

i mages
real time to a centralised monitoring site. Each camera has a corresponding field of

view which is shown figuratively as a shaded area extending from the camera

location.

Whilst the network surveillance system 100 depicted here includes cameras having

substantially similar characteristics, clearly the invention may also equally be applied
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120, 130, ..., 140 that correspond to the 16 caneras
illustrated in Fig-ure 1. Each canera inage is then

further divided into K inmage wi ndows wi conprising M

TOA5 25 of N inmage wi ndows in each row. In this

YPI200$062P% ve enbodi ment, each of the camer asP¢eVAqHE1782

an equal nunber of inmge w ndows however; equally

di fferent caneras nay have di%ferent sized i mage

wi ndows or only one image w ndow where the entire

tecampera o renger netwerke thatondudemany differeriyPRe phesneeras or sensors

each i e nm e divided into inmage w ndo . .
G A FRBEY e To e Bt L R P g, Ag epicted in
P& 008406 S2RRRICTA LIAAON 0 B0l ifi82vi QualeGirRgUNAT owliRipalue to
but may have a curved boundary such as would be .
thedapodijordag Fhip waripjorningpasitipningnet ondy inpludesdhysieal locgtion

n_thi.s,. iner, ,network.survei | S
PR B BT R B iR S WA B afifpent o
gt akille A 90 Wee At kheindicatidtd shkfledhiRh €loeafibt difowt e thue@@ent of

w ndows relate to_a corresponding view of an area or
thefiddof vigyy whichavilhderendomihsmpticasefurefdhaindigidiahrgmera.
have overl| apping views of the area as can readily be
seen by inspection of Figure 1. As network
VEhilst h ligDRetanst efmbbOinérs, PledPicainathsitamg &sen optheded for
time, there will be an inmage w ndow sequence far each
detrstiag infaroaiapincibevisiblesansrotvateengthsrdt ‘§%‘r‘]id§%e gpparent to
;] r.QVi gﬁfﬁg j il [ Hal
dli?ﬁe%g‘fl lregtuﬁv\ﬂl‘eg%qn%% |th€§fé% eQFnrrﬁggH elsvg"l\} Sr? d’i %@hlgée%ﬁ ’éon?:n IS
effcavhdgdetitiniafhg Hene, iagigalchyturdmebnagresensorddavice which

sequence can be based op stored canera or,sensor .inmage.. .
praderenaeaiehdnte WiRggWHBa stk tled RREsROTHIE gesedsegion. This
. i . ' i . | i O, %Ht th
i35y RO 300l shey lphd eI e b ot
siystenisegyh ad aundibwe sknaunugpingapsernrsylntaeithitl@Q each individual
equi valently the set of inmage wi ndows W) n accqrdapce
cpmern Bay iipdide p siradpsd poalo W%MC%\‘/‘%WEOB Yalips rame
L AMERY 180 R i iy FRGESrO thE @FREASN i
%r%ﬁi‘t%é’detgﬁg tﬂse%{ 0 Qdﬁ%%él%éi%%}g are for ]rcnsd as depi cit%yect:zlomprlse
d genborghinieis dnlysapablt adiarating dhis prxesermact aitarggbw2ihin an area

i ndow W | || have an soci at ed L mage w ndow sequenc .
tﬁ%ﬁﬂgwr NN AagR, BObf S RIPRGRY FHUAT ﬁ%ﬁ‘%&r chemical,
tHEHﬂél%‘?%(ﬁYoﬂ&%s&%ﬁh@%eAt step 320, for each wi ndow
w, over the set of imge w ndows W the occupancy of
each image window is determned as a function of tine
t. In this exanmple, assune t 25 runs.fromQ. to some.
it AT PP PR Fhoh o Pr eIt PO b frsees 110,
B0, PRCULANG Yhat %Sir@ﬁaéh_d o the'16 camera@Midstiated BIFREre 1. Each
correspondi ng to the i mage sequence of each image
asimeote wnage isithén Birtheg elivided intiof K vimage windows w compirising 4 rows
at time t, and 0 if not. As would be apparent to
ofhds émage windlavey in eprh rew; dn thieillusiratiye empgdimeqgeeach of the

W ndows Vigew exact{y. the ne I ;
HreatBtiRh® S S B ARGy Ry b, Bavally cifferent
SRSharal dak¥ difdeehi add image windows or only one image window where

the entire camera image is taken to be a window. Furthermore, each image may be

divided into image windows of varying size which do not necessarily have to be of
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WD 2008/ 061298PCT/ AU2007/ 001782 10 In this first
illustrative enbodi nent, imge window w, is defined to
be occupi ed when a person's | owest visible extent

falls wthin the boundaries of that w ndow. A person's
VORE0612P%| bl e extent may be their point of BeHAEIP7/001782
with the ground, or the 5 point at which the | ower
portion of their body becomes?occl uded. As a per son
noves around buil di ng 200, as nonitored by cangeras

1.
regjangyilar shepe busneast hayes) reedhewndarypneh arpyeuld baveanily
anmgr a .t o [ frominmge w ndow to i mage
qcﬂs%goo%bﬁ%%e&g’ﬁ@&ggp%ggfém to those skilled in

the art, an occupancy neasure can be defined in a

nunber of different ways depending on the object beiii
In this eannermeliyarl seva systany 19(hwap ke treatadaas aneadyyealent set

D Y L

ogccupi ed inclu i tifyin t '
BB RBhh e AR sl P e Bl Ry, ErtBlr of
iHREB lih88we vih haos aveipping lewag phnsea b cahrdadily batean by
_thecEresenpe of an object in a particular |ocation, or |
insrecten of Higusn 1 ofs peprark spaveilane sysgm 1004nprojading images in

i ’ . . . ; ep
G R e e e S e
YREpaIdihg o Hietivte sericdbfdehgenproettidddsethe @amietre Whilst in this
rocess of_carrying out pair,wse conparisans, between

Bt RRESRE the IMRgHItloN FRAURRTCA PRPHEBAL" 5&2@@%
S e Pl B APon IS PN SOl Pl AR SRS e
inforatagioantlyich inagi heweralbedoancbariadystdand the other is 0 .

This can be generalised to vector pairs a=

(al,...,ak)" and b = (1)"...,ba" by defining the
L Usi V.es ar = : ,
NGl 4 PR S DRS00 S RS 408 o

&t ihe astigity eapybagy sletwprlbsuriveillance sp@tem 100 or equivalently
008/ 061298PCT/ AU2Q071001782 11 | ccordance wt .he

P S0 STERNS J0 TGS H JHe oGRS gebodiment o

tqjl@tcp%sr&lpﬁ'greﬂﬁ@m.t&t §US B B Broi ¢ 08C@8krhd 1 td18s, the set of

excl usive-or 010 of ‘of the correspondi ng occupancy

negeovindowsanel farinadsasidepitie int Figusaib dststajed poeviously, each image

v%}/nec{olm? RRM Bve an associated image window sequence formed by the time series

of the individual images provided by the cameras.

At step 320, for each window w; over the set of image windows W, the occupancy of

each image window is determined as a function of time #. In this example, assume ¢
runs from @ to some maximum time T . In this first illustrative embodiment, an

occupancy vector o, = (0,,...,0,) is formed corresponding to the image sequence of
each image window w, with o, setto 1 if window w, is occupied at time ¢, and 0 if

not. As would be apparent to those of ordinary skill in the art, if two image windows
view exactly the same scene then their corresponding occupancy vectors over time 7

will be substantially identical.
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i mage wi ndows 14' can be determ ned by carrying out

pair w se conparisons via the 5 exclusive-or

operation. At step 340, the subset of imge w ndows

1/V is then excluded fromthe set of inage w ndows

W) 20050688 by determ ning the activity topol ob§I/AU67/001782
this enbodi nent, new occupancy information is

generated with every new fra retrieved from cameras

1 to 16, which may occur as often as 30 tines a

second. Thus 10 significant batches of occupancy

w&{%@t eitefige erop F’g?qjaliﬂi%cﬁ?"&ﬂgmx’ £ degPg !tc?@goé’c%fied
PR SR RSB Rl e Bo BTG TR Bl
pEEBRG 1Lt vidiPie@xhas athytt sk pbirit oh cagaconitetied gronad, or the

which require the procéssing of |arge ampunts of video
ppint ot whichtthe desver pantientof heiichedsi heporgp ordyged. Asa person

Accor di ngl,y.. £.hi 5 th i. ' .
o e e 200 MEnaBed By bl 2 BBRhAEtork bt visie
eR¥At Wabive TRirs of@YarBerattbenciee and hendefsorarinage wisdow to

camera i s noving fromone |ocation to another such as

irnpge Windease of a pan-tilt-zoom camera. As woul d be
appreci ated by those skilled in the art, the vector

- exclusive-or 20 conparison requires very little tine

Asov et el plparent et tHase skitlad irv #etant, sn decupdrey nugasyreasm be
st ated above the occupancy vectors on whjch.it is

definediinpnyimbenebdifiesrh avays deaeidng godhe Poifg hring adied through
ﬂg et{/v%tr? &hd Y %aﬁi% a? Nu s of ﬁlg%@ﬁ%?%ﬁ deRsGis itHAAE Beployed.

viousl'y non-overlapping wndows. This Is thus an
Seidelha exaafflecofahternmining whereds image wirglowrsgecwpind dvdude
_whi ch are not Qonne%%eg or do, pot overLagwgggﬁpence 25d
identdyiRB I ien BedR8e PV R P BPS Hersdog igpage window,
tﬁ@ﬁ@t‘é op %ﬁhal Lottar b ksta lr%\if?%%@%i@ iRARAML MRNbrelase @8R object in
Irecte o 1 mage w ndows, equally the present
a pareailiolvcation, loe thit aciveBdn bba passiwenfededdightheadoweight,
whi ch_ corresponds to a sensed region. |In one
EFHGA. REALC O% fPasiiancEfeRsed data wi ndows may rel ate

to a 30 set of audio detectors distributed throughout
building 200 in a simlar manner to the WO

20084 85 BRBREEEAIIANAZE 0RAISRs 1R that do not have overlapping views is
determined based on the process of carrying out pair wise comparisons between

occupancy vectors o, to determine which windows are excluded or do not overlap.

The exclusive-or operation a®b of two binary numbers ¢ and b is definedtobe 1 if
and only if either & or b is 1 and the other is 0. This can be generalised to vector

pairs a={a,,...,q,) and b=(4,,...,b,) by defining the vector exclusive-or operator
a®b = maxa, ®5,
i=l

such that the exclusive-or of fwo vectors a and b is equal to 1 if a single pair wise

comparison @, ®5, is 1.
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caneras already depicted (see Figure 1). These audio
sensors nmay produce a sound mappi ng of a correspondi ng
sensed regi on conprising one or nore sensed data
wi ndows or a single sensed data w ndow t hat
Y408y al so functions as an occupancy nBEEAP2007/61782

In another illustrative enbodiﬁent of the present

i nvention, the robustness of e determ nation of

overlap may be inproved by introducing a padded

teyaande withithe Presephinypntion, twewindews o taaklewj wilbbe

ccount the situation depicted in Figure 4, where it
ﬁ? eryzed gpetarieriap qrhe cornessechifitmexstusivieor arfBp asf theat
over | appi ng wi ndows 10 from each canera vi ew 410, 420 .
%VSE?I%PS %ﬁ@ﬁl?éﬁj VBEopT & ik Brid Thye ta subgepfagngverlapping
and w2. In this exanple, camera inage 410 i s assuned
impggavigdewe ity @ ke determpined by caying @t pain wise somparisons via the
whereas the canera i ma 20 corresponds tp a skewed
O RO TR SHP PADr LRt BT FOAER WiRconrSs b the excluded

SO Dt Wina YOI SRIP I Elhel D V@eterginﬁ%f'{fl@ ac@‘pg}mmfgﬁ{gy.
of

effect will oCcur 1f two caneras are offset
one another. In this canera setup, the exclusive-or

. CONr ondi ng occupancy,vect.ors could indicate
e R e e P iy MY UER g RFRRC YA Glepy new frame
fehi @b eB @ drh @hiln¥rRVEH! 18Pwhi ALHE&SS o Bitén ROBEMrh& a second. Thus
i ssue, a padded occupancy vector p, is defined that 20

dignificaiv batches phosdpanet infaurationndn bg angiigibiouresy sho periods of

iven wi ndow .Jn this.manpner, . p, .is defined to
0 St KirmiastoR o R B RISy g Aongpieogly after a
dShioeRAhafl of tiekd. TR TEER BoMBAGEROE iarlSp RS CAR hedh s, bidially
t. In this enbodinent, a uni-directional version of
thiee leased! @sievigbbshing cdwurlations, svhith reumtiredhe pydressing oblakge

i1f a.dsc.land b is 0. S mlarly, .the correspondin .
ualr AR B R e e bt RIS Fod iy, s
thethodenipilso be applibd irssiflgtibAetrhass ordy @h@rt%e%‘iﬂéﬂts o vlieo are
Accordi ngly, in this enbodi nent the nethod Tor

ayeilable; Hiip gnags thercatanéor sigeceniiigd wsameraisdnaing from one
lggaglfogﬁg fh?hh%@ £64 QN GRAL Gl '}a%ngrut~£53m%%rr{erae. . on the

As would be appreciated by those skilled in the art, the vector exclusive-or
comparison requires very little time to calculate even for long vectors. Furthermore,
as stated above the occupancy vectors on which it is based do not need to be
collected over long periods, but rather only as long as is necessary to eliminate
obviously non-overlapping windows. This is thus an extremely efficient means of
eliminating image windows which are not connected or do not overlap and hence

determining the activity topology of a network of cameras.

Whilst this illustrative embodiment has been directed to image windows, equally the
present invention may be directed to any sensed data window which corresponds to
a sensed region. In one embodiment, the set of sensed data windows may relateto a

set of audio detectors distributed throughout building 200 in a similar manner to the
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and t he padded occupancy vector p,. As would be

apparent to those skilled in the art, use of the

padded occupancy vector w || acconmpdate occupancy

WO ANt s in the spatial domain. 5 Sinil BETAHU200H001782

accommodate for potential errors in tine

synchroni sati on between two daneras a sinmlar

techni que can be carried out in the tinme donain,

catnerashiready depintexdt (sof Figiitd Ir Thase audmmnsx;rsth w:odm:e asound

paddedmpccupancy vector js set to at a tine when %E
ERFPBPNAINS SeRAREHTCR R i?ﬂ&?ﬂﬁ%%? R™IES FHBBULFe™

Wifd8RS BPh Sthel OlerBed AW ihAPe R O Hld Kinttiork 1 an

Sl ze o this time wndow can then 10 bé vari ed

cacqendy ngpatareexpected time or synchroni sati on m smatch

bet ween caneras. The process of paddi ng the occupancy

vector through tine also allows the activity topol ogy

IR Enb RO 81 HONEmPBA TR f B pasee u’{\}&%n%etrﬁ'@us%ﬁé@ of the

area to be determ ned. Two |rrPa e w ndows whi ch do have

detegwanaifort dfeovedap magghommpioved gﬁ lr@tb@iuomg ® p@dé@ﬂh egcugaNCy

veAE B AL RRenG EsamIa AT abs PR AL Figure &

een..excl u I
R R
ffmﬁ@h&gca&ﬂféib vidve 4107898 sndy i tailecasBpesteppies amlammc‘auch as
in both w ndows were taken at proximately the s
wi arel wp.dnthie epampls samperaiamgg ﬁﬂ(ﬁg AEYEPPA P %ﬁ?/ figt on view to the
repeat ed, however, for varjious ne offse s, be mee

f&&‘ﬁﬁr"éé“mﬁﬁﬁ wheregs Hieramata fmpgfy stP 4t {”.
cfo%n@'.ﬂ%{s ARG ‘?vlrﬁﬁ}[]ﬂ\ f’&ﬂce?a f@éﬁve@ﬁ&oﬁ%ﬁﬁu@bv@ w, When

certarn tine perio Wndows whi ch overlap given‘a

Baa &M Al tOﬂE%uQJefaﬁﬁfnlﬂaﬁ gifeatall bBeurRaths cdiadas bed @des from
t ake through the fields of view of 25 the caneras. A
drlegethadlivithly canem sethips bk ekdagee-ot ofithy cmrespmm:hng vlcupancy
toasecondlmaevvlndowat time it =1 wll ner.at.e
estoresys tgthatysingpvet #t rad i lo ngfwarlap 3 <gyipdact they
Wi || aI| and therefore not generate an excl usion,
Rartiplheo e&gﬁﬁents of the occupancy vector corresponding

to the second i mage wi ndow are noved one tinme step

into the past. WD 2008/ 061298PCT/ AU20071001782 14

ToF dckdbretsi thip pdtentin desparmyaddeck acupanrayerspiondi, igdeiined that
second image window in time thus allows the exclusiaon
ipelydes thetiphrdisisbusureoursting Reighbeers b aigdrerowindery ay s this
from one w ndow t ther. Overl ap ghus i ndicates a
LR R R Ry R A Y ‘MHIS%{H:OI lsW PR RERAOY Ry Prny of its

:&%ﬁ@a&a v SO ERARDIRNERoRE ISR LR R & Fodiment, a

uni-directional version of the exclusive-or is defined such that a©b islonlyif a is 1

and b is 0. Similarly, the corresponding vector uni-directional exclusive-or operator

for two vectors a and b is defined as:

k
a®b =m§1xaf Ob,.

Accordingly, in this embodiment the method for determining whether two image

windows w, and w, overlap is based on caleulating o, ©p; i.e. on the basis of the
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5 1n this manner, overlap when tinme offsets are

considered will also indicate the paths taken and

provide further information for estimting the

activity topol ogy of the network of caneras. The

VOB 28hs bet ween wi ndows becone | ess di r eB¢T/A82PHEL782
time offset increases, and this nust be taken into

account in the estimtion proctess. 10 The process of

det erm ni ng overlap i s otherw se unaffected. The

qqee&zw vgrtog oppnd shepaddadaesapancy ygctor B s %@W@ﬁ@ apparent to

hat p3 does not, equal _of Op, , reflecting the
% lpghinfhe Rel; wgerfdhe P%ﬁléedg%apﬁgcyp‘fest%égfl agcommodate

S u@fq nMeasure might be to
rcegiﬁl rggﬁuﬁatéﬁootlﬁ SE)JX and o J e p, in order 15 to
identify the inmge MAndoms as excluded before a
concl.usion is drawn, This approach s, haowever

FHlBr e Arerraiodain fob REteRHALTT IR 1 HmesyBshRaisetion R Rateen two
CQ.M‘EE‘%S é’\élﬂiﬁ‘f"t&‘lﬁﬁfqadebﬁn SR LA LR AGRTEN %J%MB&&WI Whereby an
ex I't the occupancy necessary to calculate
eboroénisif eithet an owsipapeyaedctaradr aqmdelleé onelmcytsrechor issttolata
| i kely tFat sonme, W ndo Wil | in a |t|on er eby
HrAg YRR the FaQes Wikloxp et tmedigtaly Swofs ing B
cﬁcﬁﬂn@g QY PRRIAR PRIV AR 7 EiHeMe dhthiMirhe Hin®w can then
dentify an exclusion or 1'hstance of non-overl ap,
helmmd\aecqrdmg@oampected tieneet spochromisatibe npiswebddwdivedrt cameras.
is still not possible to process every possible pair
i mge w ndows, but the overlap of every inmage
i&e%s@m BAARY: thE oR&PHRERFectb thr&ygftr metaleralRoys thB E&ivity
ow i n he networ k fray ‘be cal c I n anot her
topblegy ratmaege wirsbvawhichalo rtcﬁélape ewrﬂofuthv eame erﬁa tg be

robabi i tIC ap S.e ed t.0 de
Girgengr s T iroGE VRAg® T N et S B e peeignwit
&e&%qice@pért@tat ke ﬁmﬂn@@m@i HiAHRL oBlerARAFLERTERMIS THese
previous data_as opposed 30 to a S|ngle contradiction.

Whidewspha Gag lebseried tiafficanstras havingheeneneludedepay be sgd to

é’w\gr alg %%lbg 6c<]51211£‘?<§c|?ecc—il.- / 'ﬁ%‘e"? %\ggr c/\ g]fgea%ugé% for a time offset of zero, meaning

that the images in which occupancy is measured in both windows were taken at

approximately the same time.

The process of measuring overlap may be repeated, however, for various time offsets
between cameras. This requires that the occupancy statistics for one image window
of a pair are delayed by a certain time period. Windows which overlap given a
particular time offset indicate the paths that targets take through the fields of view of
the cameras. A target moving from a first image window at time =0 to a second
image window at time ¢ =1 will generate corresponding occupancy statistics. These
statistics will align, and therefore not generate an exclusion, if the elements of the
occupancy vector corresponding to the second image window are moved one time

step into the past.
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i nherent error rate associated with the occupancy

nmeasure or detection process enployed in the

surveillance systemthat could potentially result in

i mage W ndow pairs being classified incorrectly as

WeeP1®961Phg or unconnected. 5 As has been deBEYABRHT/001782

previously, the observation data will consist of the

set of measured occupancies correspondi ng

excl usion events. For an inmage wi ndow pair that has
HeRsERPBICY Feeiop SPREPPONBIRS Pefcaitinagegindopein time thus

a'fu‘om}s%hé éxkﬁﬁéi?ﬁ E%cefsi‘ﬁ%e ell @%&%ﬁfﬁ%ﬁh@ﬁm §{ {Iﬁ%{}é kbtn one

or a pairr o nmage W ndows ere e mpjority
witdopecinethdia Orerlap Whihicitidi dAted as0ahadtie Istweas wdndows which is
then it is gnlikely that_ the i mage 10 wi ndows do

Rsgretar shan & ghysiral cofresprariepspbrimiesn party of fhscicpra vigwse.

i mage wi ndow overlap is tested based on cal cul ati ng
the likelihood ratio. In accordance with this
Inthis atvirlnies tdverlap privactime bifsets ald nsidgrel/will slsairedicate the paths

defi t .t t: 15 A /J B: o"=1_V:
tﬁ%ﬁ%ﬂ?&%ﬁwwr &fsraion ?%ﬁ@%mar% mssaqﬁiwntg?sgpwgﬁ gf the
R0 oRAVE dadirdd TR SUAPtRY BBEwedh RRRIOR RIS ﬁ%/ss‘éit%ﬂe'gf‘% the

a contradiction as stated previously. Initra
tirhk effsdt droateares sl thifl reustdretinlesh inté amoiat mothp ebidmlation process.

iven the _Rinary hypotheses V and v, [n aorder to
TpReER &f ARSTNINBE PRERP 10tk ew@é}eﬁteé) Pr (ABI T)
First compute the likelihood of a contradiction
occurring if the windows overlap. 25 This can be .
Threi theasoras; © By is(AB syvietric By (tAs poBiBIetHaB d, O, doew\Bot equal
2008/ 061298PCT/ A132007/ 001782 16
0, Op, , reflecting the conservative nature of this padding process. A response to the

asymumetry of the measure might be to require that both o, ©p, and o, ©p, in order

to identify the image windows as excluded before a conclusion is drawn. This
approach is, however, only suitable for situations in which it is expected that every
window over the entire camera network will exhibit the occupancy necessary to
calculate exclusion. In most practical camera networks, it is likely that some windows

will be in a position whereby they will never be occupied.

If it is accepted that a window pair do not overlap if either 0, ©p; or o, ©p, identify

an exclusion or instance of non-overlap, then every window in the network may be
processed. It is still not possible to process every possible pair of image windows,
but the overlap of every image window which may be occupied with every other

image window in the network may be calculated.

In another illustrative embodiment of the present invention, a probabilistic approach
is employed to determine whether a pair of image windows indeed overlap or are
connected that is based on a number of measurements or previous data as opposed

to a single contradiction. This approach takes into account that there may be an
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Assum ng that both camera fields of view are of

approxi mately the sane scale, then the i nage w ndow w
is conpletely covered by the nei ghbourhood of wi if

i mage Wi ndows Iv, and w overlap. Therefore the
YOocp#We12Pty Pr (A1 By) will be governed PfyT/3U2007/001782
tracking error rate (the rate of m ssed detections of
occupancy) which is defined F3as C. \Wien an occupancy
event is mssed by the detection process it _is stil
inlerentsreorirate asphciated Wile e sscupansy neResBea Profrieqtion Hagess

filled .t ap. .,hi s even ity 1S C ensal.ed.fo
<Hef it R e et e bR sp e o RAMEr BR AL B e hcow
s bRl ebigiel lihéotrdfigtas RFerlpthsl obnbbrirfectdde
detection failed. Therefore the 10 probability is
given by Pr (Al BV)- Cxcount(p .1=0) where T is the

L. n er..of. o t . ' he f
AR R BOG R REPRLY, HE e iR iR iBherof
h&iEptddasteaparies(dhd covfespondiaiRkflasior byedds. Far ;e0mpigeavindow
Pr (ABIT)= Pr (A, BOPr (B I TIT) it is first noted that
vefr RS spema HWHERes oh BecuppRripwbut fawgrglusionsghen it is likely that

i The X . ; ( =. .
L{B%ﬂ&g S{ﬂgﬂé‘v&rlagé Q@ﬁ]ﬂ{t@, ?cgr\7§ Iﬂi@@r n%e\ﬁd’ev%ﬁgﬂérgﬁ% majority of
detilgdnicies helve adsutie i hssbeiafpidvsmlusiona e AR tnliBely thaPti{efimage

I BV) c Pr(ABPr(A | B-V) Thus, the pla sLbi}jty
WiRAOWY FetavesRR- Ithis fupber fmbedimendawRy pathesis

f
Wﬁﬁiﬁdow
' SENN . ?}&kﬁ' .fate (which is
‘ﬁéﬁgﬁki%g%%% ég%%ﬁéﬂﬁgﬁﬁﬁé or]%%%ﬁé%g%?ﬁadiction t hat
occurs. This inplies that the overall probability of a

i f 2 | I [ i ] '
ThpereE RGeS BUR GHERAD L5t COTRaH: e PP ing events afe defined a
time ¢:

* 4:p,=0

* B:0,=1

¢ V:image windows w, and w, overlap

» 7 :image windows w, and w, do not overlap

As such, events 4 and B together define a contradiction as stated previously.
Initially, the likelthood of a single contradiction is computed, given the binary
hypotheses ¥ and % , in order to determine the likelihood ratio

Pr(A4B|V)

Pr(4B|V)
First compute the likelihood of a contradiction occurring if the windows overlap.
This can be written as:

Pr(AB|V)=Pr(4|BV)Pr(B|V).
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can be cal cul ated by defining operator O such that,

for two vectors a and b of length k, the operator

returns K, i.e. aOb= D1 ek. 5 In nost general

wpphisdarzpons, error rates up to 5% can be exPFERABRIHNETS2
in these cases, enploynent of the probabilistic

excl usi on measure will inprov® the deternination of

the activity topology. In cases where the error rate
Assumiggéhat hoth nayetacisddecitdewsea piapmrosimsdelychasamae scale, then

R B BL 5 LB PRSI BB AN PRSI S B
SRR PR BRRLORET 9 ) S e
PR TLEToBeLIBFS) B IS ot S| b8 dees

ab Ut L Wekn GRRREFERY evdit iF@lisR8 Ty thEBBRcMbR e it 1d18ilI§ossible
is defined to 'be an associ ated " random vari abl e whi ch

thaipp g séiesausestiie-duteations oriyrieme filled tpgrey at tinme
it. If it is determned that windoww, is occupied at
time it then define 4 =1, which is represented by the

ropositiQn.(:): . For W ., ung bed.at tj t.hen
BEPBGMRD i rneenpali bl BESEHDIRC S dr R by an
BBmALDSTEE BroteibEitgthat p 4 wdudd B l0ed ik detestidiefile@ Therefore the
simlarly, and the proposition that =1: represent ed

pasbabiliAsis asenltgen descri bed previously, the measured
occupancy of an inmge w ndow wl, provides an

i ndi cation as bp}lﬁ,g@;éﬁé@%ﬁ bsence of a target
within the corre(::,dond)i ng sensgd region. Typically,

this does not relate to a 25 specific target as such
piere Atipgre igtalauarher ohpbesivatinns (wiichi ipdlengthaeivp i) sthe other
occupied. ln this notation, the presence of a target

tgym i they likelihppd is thegicR@Rts%aSccupi ed is i ndi cated by

the proposition that the randgm variable =1, which is

repr esent ed asPr(Bl'V)=-——]11——(j[,:L—rwl—Q

To compute Pr(AB | F) = Pr(A | BV) Pr(B i?) it is first noted that if image windows do

not overlap, 4 and B are independent. Therefore

__count(p; = 0)

Pr( 4} BV )="Pr(4) T

and, as Pr(B|V)="Pr(B|V), the likelihood ratio will be given by

Pr(4B|V) _Pr(4)B7)

Pr(4B|V) Pr(4]|BV) ~¢

Thus, the plausibility of the hypothesis that the image windows in fact overlap is
multiplied by C, the tracking error rate (which is expected to be very low), for each
contradiction that occurs. This implies that the overall probability of a pair of

windows overlapping will be given by C*, where X is the number of contradictory
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wi ndows w, and wf a randomvariable V is associated,
with the proposition that the windows do in fact

overlap or are connected represented by setting VII

WO 200868298 n t urn bei ng represented by the noP@l/ABHOTQY1782
and the alternative 5 that the wi ndows do not overl ap
by Ve . Once again to assesslfihe evidence for and

agai nst the proposition that a pair of w ndows overl ap

ol@ei:vd(ﬁ:bslhﬂﬁd carabé calaﬂphed&xyrdefsmqb@y@m @ AvchgwérfopEme
previously, the |ikelihood ratio .L he advant age
vegHHE 4 angh ﬁb@f lgagthot §HF‘§‘t?}’freW85 i%inty 10 V\:hgl ch

may be ascribed to a paig of contradicting hypotheses
such as in this caa@hh{}pﬁipositi ons that the w ndows
w, and w, do, or do not,?overlap given the observed
dat a. In this illustrative enbodi nent, the

i kelihood ratio L for the propositions that 15

Iﬂ(/j\z!rﬁﬁpg@ew plicafordperovedated [mp(t\z) 5% cara}m:ieatpteatedtdn@yn these cases,
on't

, by L- P(2" '
emﬁ&y’@w‘frf)é Shebeblp RN mRsuEe A IATBRYY il dridsmination
of #R'8 %0}%({1(253& ; Ees hOR RN & ks 2% hayThecome

repres excl usi ons neasured and t he
néeRRe t@f)bﬁdrﬁfémd‘rh ataffmbeémeldnswmg mlududm\regagdmg overlap

nmeasur ed between w pdows w, 20 and w, but wasn't.
between pairs of image windows.

In a further embodiment, this probabilistic approach to determining the activity
topology is extended to deal with data generated over longer periods of time. A

modification in notation is employed in order to describe this further embodiment.

For each image window w, there is defined to be an associated random variable o,
which represents its (a-priori unknown) occupancy at time ¢. If it is determined that
window w, is occupied at time ¢ then define Of =1, which is represented by the
proposition of . For w, unoccupied at time ¢, then 0} =0 and this is represented by
the proposition ;.

A padded version of 0, labelled £ is defined similarly, and the proposition that

P! =1 represented as p;. As has been described previously, the measured occupancy
of an image window w,, provides an indication as to the presence or absence ofa
target within the corresponding sensed region. Typically, this does not relate to a
specific target as such but rather a determination that the image window is occupied.
In this notation, the presence of a target or the fact that a window is occupied is

indicated by the proposition that the random variable F; =1, which is represented as

S
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‘Otiweaganm to assdwrthe amdant%ff,’r wihil pgpist the GuRPPSHRN

Bot h the nunerator and denom nator in equation (1) may
be represented as binomal distributions as they

result fromthe repeated sel ecti on between two
possibilities (xi, and ) inplying that

PWOZ0P8/06129%) = (nP(xu i Viff P iVIif 25(2) & (3FCPAKI07/001782
[VUyN (1-4'(xu I T/dt" W 2008/ 061298PCT/ AU20071001782
19 Accordingly, determ ning ¥he probabilities P(x"I

vu) and P(xu riti) are inportant in interpreting the
exclusion results. An exclusion is recorded between

wi ndows w, and wf when both of and

Fogiend painebwindows ie ape g ianFpy e Btspsreptegontn the
therefore defined as 5P( fi
prapetiien akdhe PRI do HEIBVaH Y BatEtmar bR tted by

e it bt ot BitnE restRerk PP ERARIA Merghﬁ%gﬁtﬁ? e

thaét@gv@i 90&%' t}lucﬁ.to%grlgragwm' ng occupancies. 10 If

w, and wi ov p; the random vari ables 0, and
p will not be independent but they are condltlonally
i ndependent given F, as the only |nteract|on g ween

3 @pic of
B Rat Sh o T Hlof 80 W kescrbed previosly,

the likelihood ratio has the advantage that it provides a measure of the certainty

which may be ascribed to a pair of contradicting hypotheses such as in this case the

propositions that the windows w, and w; do, or do net, overlap given the observed

data.

Tn this illustrative embodiment, the likelihood ratio L for the propositions that
windows w, and w; do overlap (v;), and that they don't (¥,),1s given by

_ 'P(x;” ] v,}.)

L 1y
Py 19)

1)

where N represents the number of exclusions and T’ represents the number of

opportunities and " represents the number of exclusions measured and the
number of times that an exclusion could have been measured between windows w,

and w;,, but wasn't.

Both the numerator and denominator in equation (1) may be represented as binomial
distributions as they result from the repeated selection between two possibilities (x;
and %) implying that

’P(xN"T 7,)= (?)'P(xu IK;)Np(Efj lKj)T—N

2) & (3)
= (¥) PG, 17" (=P, [V ).
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15 If the two windows are within the sensed regi on of

the sane canera or detector, it could be possible that

t he occupancy determ nati on process used to neasure O,

and could interact, but this is unlikely and in any
VaLLs06e%E wi ndows within the sanme canmePGl/AHgP 01782
not be conpared in practice due to there being nore

ef fective 20 nethods to deteffine the relationship

bet ween these i mage wi ndow pairs. The foll ow ng .
Acomslinggy, letdreninmgghie protiabiliiiasi Rap i) wndaher, 1) Bre important in
overlap. The fact that 0, and 13 are conditionally
intempeetingidntexdiugion rEsultsppiexslusieatis Feryded hetweey wirdovpspw; and
(T9l Fl)(6) 25 _ WD 2008/ 061298PCT/ A1J2007/ 00%782 %O_ )
“I?C&ltsﬁfk/bqf§l:€’: prd 17, holgl sigraltaneppslp Hyepisbebility phag eclugion is
7,)P(f%(,7) The term P(o,1 fi) represents the
thareforpieited 4% t h whi ch the occupancy det erni nati on

process can be expested pp £9rrectly identify the 4
presence of a targee%tﬁ(txi'e)n g%{' 2 I mge w ndow w, (i.e. @

Iii iE Alastified B8 SRErE GOLQ Gvérﬁlﬁ%‘éﬁ\é@éﬁ WiRdShPueehd Whitenl § and P,

e true positive rate fo occupancy det er i nation

oY 28 &deﬁhgvéﬁg%fé&oraméjy represents-the probability
W th I ch occupancy wi |l "be detected in w ndow w,

when the correspond?@g|GEnde)Pégdon does not contain (5
a target (i.e. 10 the sensed region is not actually
whene P @) and 1P (@) sretchlsulaied by posititigeccuparci¢sor t he
occupancy determ nati on process. The probabilities
relating the padded occupancy of windoww to F, , the

P Or‘]\%emognd w, overlap, the random variables O, and P, will not be

independent but they are conditionally independent given F; as the only interaction

between the two random variables will be through the presence or absence of a

target in the sensed region corresponding to image window w,.

If the two windows are within the sensed region of the same camera or detector, it

could be possible that the occupancy determination process used to measure 0, and
P, could interact, but this is unlikely and in any case image windows within the

same camera would not be compared in practice due to there being more effective

methods to determine the relationship between these image window pairs.

The following considers the case in which windows w, and w; overlap. The fact that
O, and P, are conditionally independent given F, implies that

Pl |vy)="Plo, ]E)’P(ﬁ; [ F) (6)

As there are only two possible values for F,, these can be dealt with explicitly

resulting in the following expression
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absence of a target in the scene vol une correspondi ng
to w,, are sonmewhat nore 15 conplex in form This is

due to the fad that although the two wi ndows overl ap
they do not correspond to the sane sensed regions. The
WEX0HWRO8 wi ndows w, and wi overlap, however PCTABINEY17S2
that if there is a target ‘within the sensed region
corresponding to W then |t ﬁﬁ%t necessarily fal

within the domain of 121. been descri bed

earlier, ensuring tR&% l?;ﬂrépﬁoslﬁ)WéPpld@é’(lféﬂ he pur pose ?
of the padding 20 ?égﬁﬁpggp?ygﬁgrlap of w ndows w,

and w thereby guaran I f) P(4711 A)(8)

as it is known that there is at |east one target

present wthin the domain of p Equation (8), and the

el tetrh BN/ tepatseBisplig plotdbilBy with whichehe blatpaibyf 9)

In practice the follow ng expression is used for
frafigroprosetspeads exmtezc@w@m S=mtifptzoprrs@ot P82 target in

1.P(155.J P 10 |s bei Ing

RERI RS % (oI et D e pial:as gy s i the
Y, curately
B & o %9 Ef?%éé%?fﬁ%? %ﬁ‘%‘tﬁn SBreditive rate
shoul d, however, be quite small, so any increase in
accuraéy waul d be marginal . 5 The set of w ndows which
Thederm & (engtlyrepressnigdhe perbapiity wathhwhishi orenpaney willde detected
ﬁ mnndOﬁ(m$ and |tsW%p|ghboa If this set of n

é‘Y ‘g BE sV heR e eiresROnENg Prsed degion, does Bef foniaia s target (Le.

the sensed region is not actually occupied). This is the false positive rate for the

occupancy determination process.

The probabilities relating the padded occupancy of window w; to F;, the presence or

absence of a target in the scene volume corresponding to w;, are somewhat more

complex in form. This is due to the fact that although the two windows overlap they

do not correspond to the same sensed regions. The fact that windows w, and w,

overlap, however, implies that if there is a target within the sensed region

corresponding to w; then it must necessarily fall within the domain of p,. As has

been described earlier, ensuring that this is the case is the purpose of the padding

process. The overlap of windows w, and w, thereby guarantees that

Plp;1£)2Plo;| f) (8)

as it is known that there is at least one target present within the domain of p,.

Equation (8), and the relationship that P(p,)=1-P(p,), implies that
P(p; | £)= P | f) 9)

In practice the following expression is used for computation purposes
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7)=n[7(.;2)+P(rik 14)P(fk 1f)]. keN 10 The
condition.77;, guarantees that there are no targets in
an overl apping region and furthernore that P(.7k 1.7)
7(Z). So in practice the followng relationshipis
WOSHBWE12M0711 Z) = P(COkl . 70477(70"(12) wher ePE{/AU2007/001782
Is the true negative rate for_the occupancy

det ermi nati on process 15 and2h is the size of Ar; the
nei ghbour hood of w over which pi is calculated. The
factors whi ch make R(@;t ip=F&edsd termin the sumin 10)
equation 11 are both small in practice as they relate
thigbeing the fatheategetive wsesharoulg @fﬂ@&a@inqswbksm&ﬁHeq#@ﬁ@@amy

are signifigantl mal | er. t han. . .
abemiey WRR o PAE b AAIE ol pRIbabBl: TR Salse negative
rReEROSEShowdvelT8e feit@EMaNGol@l iBcrBise;in heamdey7wolid e marginal.

equation (7) then require evaluation. As P(01)= P(oil
f YP (f) +P(01 1 .7)P(7)(13) where 7)(Cand 7(o | /7)

409 e O o BLIEE B7,  em
TGRRY SCoR s Ry PR ot et B s

‘&ég%fiﬁ order to determine 2(f) and then P(71) . WO
' }6 TL98PCT/ AU2007/ 001782 22 Accor di ngly, inthis

LSt e YSRGS B SR BB TR (o G

provides a nore _acc’Ur ate measure of how likely it is
irhgeg ctéolljxtrd\é\égorg ?g%?%%{égg Weat BV &b la?e%@fﬁggs Had Weriéﬂﬂiﬂg\&éé%n and
furthermore that P(7, | £) 2 P(f,) . So in practice the following relationship is
assumed
P(B; 1 1) = P@ | S PULY (12)
where P(5, | £,) is the true negative rate for the occupancy determination process

and 7 is the size of N, the neighbourhood of w, over which p, is calculated. The

factors which make up the second term in the sum in equation 11 are both small in
practice as they relate to the product of two small probabilities and hence are
significantly smaller than the first term. The second term can thus be ignored for

computational purposes.

The remaining terms P(f) and P(f;) from equation (7) then require evaluation.
As
Plo)="Plo;| HP(S)+Plo,| HP() (13)
where P(o, ! f,) and P{o; | /) are the (known) true and false positive rates of the
occupancy determination process and P(o,) can be measured by counting. Given

that P(f) =1-P(f,) this relationship can then be substituted into equation (13) in

order to determine P(f;) and then P(f).
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a count of the nunber of tines each i mage w ndow has
been occupi ed; a count of the nunber of tines each

i mmge wi ndow pair has been excluded; a count of the
nunber of tinmes each i nmage wi ndow pair coul d possibly
WozerserAs excl uded; 10 the true and fal se poBCT/AU07/001782
rate for occupancy detection; and the true and false
negative rate for occupancy @étection. The approach
exploits all the avail able occupancy information in
identifying or elimnating the possibility of overlap

Sesmiailiy tebesn Unae ol hine 2o de
Hkélﬂfﬂomng %/ Qrt(aﬁfgée dQetRReh ﬁﬂ&@éﬁv’i@és%%?@iccbﬁt%éasure of

supporte avai |l abl e evi dence. The cal cul ation
hewdikehye ipdnatioimage wieddwketdrapobhsed tinghb dsléaiving measured
hi storical data takes into account detection errors in
dﬁ@%ernining ei t her occupancy or non 20 occupancy of an

| NROL MR th &b RAbEE ¥EAmbd BRNHaBX RARESHHAs Been occupied;
confidence level in the proposition that each pair of

i mage ceurtcdwse domper oftimes dachrichege windewgair Hasikeen excluded;
confi dence | evel y then be conpared.,to a.thresho

vl uB R PE iR BYTRORT H{;ﬁ%ﬁ%?%@ﬁﬂlase RepdoY R P possbly have
det e, 8ds Lusion or overlap. 25 As woul d be
appré%%atedﬁ%gqthose skilled in the art, this approach

can fhertrlieand falsequesitiveeratf for cemypanty detertiat;iand t he
activity topology of a set of inmage w ndows,

eshethedrngand falsgnegatiye ralgfon ey RAncR steteti€nex pect ed t o

be a significant error rate in the occupancy

determ nati on process. WO

T2RQPHOSLER RRPICTH: AUZAO 21 AlbIS& cABakyfinfarimagionrio édeddying or
Lo,Figurgﬁl, L%,pan be seen that often, caneras in.%_ Thi
ekigpyaine RRPesHEH G PkOSHEP FLORBEROTI RV oeEh Ihagicindows. Lis

iéﬂékﬁ{ﬂli%.ﬂ?c}] f)ﬁ LERACH ﬂod@ﬂiﬁ&gttﬁé FacRrs ZRRBFed iiirder to reach a

exanple, etwor k “survei | Fance system 100 bui |l di ng
c2dusian tha is eetl suppouad by thomeileblerryidercaner as i n each
of fice, caneras nonitoring corridors and public
spaces, and 5 caneras nonitoring the building

T BIuBion HNASnB5: PP h SUHEBRESRIIREEBRES ér RBBtdRical data
the topol ogy acquisition and tracking probleminto a

takestinto axtownirdetedtioarerwrs ondeiefminingh¢itherioceupaRsy oy non

il lustrative exanpl each. rogm be determ ned to .
EEEETES 06 S THES MR B M Pl Hg EaNBPAg g frdgvel in
the g%sgd sHRIn %h@acaq;tanocﬁf ERITE HWARIEWE Ub Q6i deh Hhadédbdyerlap. This

and so on.
confidence level may then be compared to a threshold value when determining

whether to accept or reject a determined exclusion or overlap.

As would be appreciated by those skilled in the art, this approach can further
improve the efficacy of estimating the activity topology of a set of image windows,
especially in those systems where there is expected to be a significant error rate in the

occuparncy determination process.
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A zone will typically be defined by the feature that
caneras within a zone have high transition frequency,

and that transitions can take place in many ways,

whereas transitions between zones are nore tightly
WO8/05i288d. For exanple, as illustrated i n PEHAP07001782
the only transition between an outdoor zone (e.gq.

caneras 1, 2 and 14) 15 and 23 obby zone (e.g. caneras
15, 13, 12, 11 and 16) may be through the front door
Referving dnge hgitindo Fighwrs Ldib ran e siendhaiindtancameres ingrpurveillance

canera oy inmage w ndow,is w t.nhi zone W | r.eat |

ST e St i erkee el 1P R sl g PR oo For
SBmMple irghdtwibirk YuhRPedRg ¥ydiek 100Bulleinpm0k cah beas@! &Scontain one
This can be especially inportant where a

opangrg setietns in gadantica dameragingnisering corridows ardirbli gpaces, and

S A B uad ol T8 A Bprposciono

th@fodSgy0dcq@iiticts R thadlgnk Fagite GOV UMBE oz esllang zones
performng pai.r wise conparisons with respect to_the
forthdssites AgepnllagmtiveRranipiy eadsropm rRy h%%’ﬁréwm@% &0 be a zone

B LBRAGRe: LEEL Al bulng BBel 0 HEchel Dol I ATRPERTAHELA
menitihedihedcbipgaay sseat or to be formed for a subset of

i mage W ndows corresponding to a zone. The nerged
occupancy vector mis defined for a set of vectors

%E&ne will érp%\aﬂyvlgg c?quééi%%]ﬂ?lg %%e%%%g%é zone have high

rging d-set-of occupancy vectors in this nanner,
teasitidrsfréquencpetidihat randifiods daapalesglatsint iheny otays, whereas
occupancy of all the image w ndows that correspond ji}o
SR PeF IRt} ZBNeE aFmeYE Velitbbranstrpineds Fopgxarpply, ag ifustrated
; : \VARY, tehi
0l AR Sl U clai 1 19
anelct lobbp zoep (ces entriergy 18, £3,18) 16 andalf® nviyniskoihrrodgh thei fsont door of

FRBRYTBeCabn o Ror TR R B e adpony s witine
AR el PR NP M@E%enﬁ‘fﬁe%rg?ﬁ}ﬁ;mé% 1Dl Baselilon the

IS expéecte he res can be 1.
ddtividy éopologrefardbehetvafrkaf camenas{This carabe ygpewiallyy imipastipst where

be 0. 10 Thus the .nerged .occupancy vect or be use
St B AP AaTE T VDA HAdH SehE e hetFSi:
performng a pair w se conparison. The nerged
occupancy vectors may be based on the standard
Incroperdhusimtiverembodoment affthe atdsynidnveméorp g ggouping of

cameras or corresponding image windows into zones and performing pair wise
comparisons with respect to the zones is provided. Advantageously, the form of the
occupancy vectors allows them to be to be merged using a logical or operator
allowing in one application a combined occupancy vector to be formed for a subset
of image windows corresponding to a zone, The merged occupancy vector m is
defined for a set of vectors {a,...a,} as

m({al---a,,}){[]a,-,} -

i=1
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occupancy vector p, corresponding to w, where
appropriate, such as where the situation
illustrated in Figure 4 arises. Accordingly, the
overlap of a windoww, with 15 the subset of inmage
WOAB06120%, W'} which may form a zone, can t HeHABY07/001782
determ ned by calculating O, m({p, ...p"}). This
process may readily be expre¥sed as pseudo-code in the
fol l owi ng manner: 200ver| appi ngW ndowSet = function
M&fﬁgﬁ et sfalcEMeiricgplectors inShisdnaviies, @sultnicownew vhctor thae
added canera % S = Iw? ., W1} is a set. of vvindOV\g
repeesgis e 1otalcEaRRr ! allith T aT RIS thELIeBHFRETA (S
. ' . . o
o514 BRSNS shpbm oA AL e
ofithBnypetarinot be lnsed frer thasideepogmspsacan aeopency vectarhe
re@p@w ngqcl)%y%wﬁ ﬁl@n&lj ! ergmnm e)e(cj _gmedﬁﬁ.\os’is gzzcaturs]ee Q 1 in a merged occupancy
T LR A e of B rreng copmpined
intrpe winddevarbOves dapgimipldioh thisydeis expgctedthatthawegult of

m({a,...a,}) ©a, canbe 1, However, the result of a, ©m({a,...a,}) will always be 0.

Thus the merged occupancy vectors may be used as the second operand to the ©
operator when performing a pair wise comparison. The merged occupancy vectors

may be based on the standard occupancy vector o, or preferably on the padded
occupancy vector p, corresponding to w, where appropriate, such as where the
situation illustrated in Figure 4 arises. Accordingly, the overlap of a window w, with
the subset of image windows {w,...w,} which may form a zone, can then be

determined by calculating o, ©m({p,...p,}}-

This process may readily be expressed as pseudo-code in the following manner:

OveilappingWindowSet = function HierarchicalOverlap(w , S)
% w is a window within the added camera
% §={w,...,w,| is aset of windows (e.g zone) alreadly existing within the system

set o to be the occupancy vector for the window w

% first the case in which there is a single window w, in S
if n=1 then
set p to be the padded occupancy vector for the window w;

if not excluded(e , p) then

OverlappingWindowSet = {w }
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while S not enpty set Sp, to be the first in elenents
of S set mto be the union of the padded occupancy
vectors for S", 10if not excluded( o, m then

Over | appi ngW ndowSet = Overl appi ngW ndowSet +
wiogpegfoezPtal Overl ap(w , 5",) endif set S = SPCT/AI2007/001782
endwhi |l e 15return By nmergi ngﬁsadded occupancy vectors
within zones, this allows a erarchi cal approach to
be taken when addi ng new caneras or sensors to the
actendifty topol ogy. Existing cameras can be grouped
aghjstrarily, or by some criterion such as 20
connectivity, and the correspondi ng occupancy vectors
conmbi ned using the or process as descri bed above. Each
e G UXEE i GRS VR 08 chisihaifbrd Bn &% diabipn agai nst

t hese groups by conparing 1ts occupancy vector with

t Dadriagingrdowserd. } This allows the activity topol ogy
relating the canmera to each one of the groups to be
esdétabt:néghed. I n the case where an activity topol ogy
reb@t‘#ontshi is detected, it may be further 25

S i hierarchically dividing the group into
subs@rsoupbe Mo ftst estibmentd ddrs excl usi on with each. This
procesS can be continued until a set of individual
camsst as td ise thelaniniof the padded aoupahcypeitaigfons) h t he newl y
added caner a. The present nmethod has been tested on
bot indiexakded(ed KRB and applied to actual 30 canera
dat a. ) b £ ahl SR | i ratyed
o asO1BRaRENRRRSA SO AR RN DR & HeR AR RPLS)
poskfdifons and orientations were random y generat ed.

WD 2008/ 061298PCT/ AU2007/ 001782 26 Additionally, the
pat Belof =petéstrians or "targets" were randomy

genqeﬁhgﬁf ed by an auto-regression process, thereby

pleB ng occupancy data. The inportant neasure of the
ped@strian activity in the network is the nunber of
frames exhi biting occupancy.

By merging padded occupancy vectors within zones, this allows a hierarchical
approach to be taken when adding new cameras or sensors to the activity topology.
Existing cameras can be grouped arbitrarily, or by some criterion such as
connectivity, and the corresponding occupancy vectors combined using the or
process as described above. Each new camera can then be tested for exclusion against
these groups by comparing its occupancy vector with that of the group. This allows
the activity topology relating the camera to each one of the groups to be established.
In the case where an activity topology relationship is detected, it may be further
specified by hierarchically dividing the group into sub-groups and festing for
exclusion with each. This process can be continued until a set of individual cameras

is identified as overlapping with the newly added camera.

The present method has been tested on both simulated data and applied to actual
camera data. In one application, synthetic data was generated so as to simulate a

network of 50 cameras whose positions and orientations were randomly generated.
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51n the testing that was carried out, 1,000 franes

were generated for each canera wth 1,255 w ndow
occupancies identified across the network over this
period. The canera i nage corresponding to the field of
WoaWws@bi28hch canera was divided into 100 i maBf&l/AU2007/001782

w ndows, giving a total of 5,000 i mage wi ndows for the
synthetic camera 10 network. 2fhe testing carried out

consi sted of calculating the value of el Op j for
Adlditignadlyi, thegpath mé gedesttidows “vargetsd wigre rafslosdy generated by an

cal cul atjons were carried aut progressively at ever

ST SR POFS, (BETPESTOTEE 05 PRLY ST T RO s measure
P lROrRn RAviy MR ReFoAEE WMsnuRber s Saa0NEGIBiting

video at 5 franmes per second. Over each interval the
opupeexy.of occupi ed wi ndows was cal cul ated, along with

the nunber of 15 exclusions. Referring nowto Figure

5, there is shown a graph of the nunber of excl usions

IH e SHeBli R tha¥ Vs Yarr o HITIRY fraheOmerDiedribd dnVeach 64mera with
cal cul ations nmade every 100 franes. e total nunber

1955 avivtowi asaupdnniestidentifien Acapss dhaaetnesrk over this period. The

approxi mately 20 2.5x10Q7. .. an b n_that .- .
AP o SRR LS i o ARus B85 CanoRiiwes dividsnto 100
IS8 MR@SkvY, RhYing 4 toldl ¥ BDOMNiniA}R widklewsffor tHeGkfEHetio Ramera

garn sl owi ng sonewhat over tine. These results were
retworks hEok tegting camied|ays berdited phtajeilating thevalyep! ame; for

it was found that each of the neasured excl usions was

evAryaRpie ehismgavindomss sl ¥ -iThesytAlvdridons Weke Gaped out

were found to be in erraor. 25 The hod in accordance |,
AP BIesHiKely ot eveatt 10D s e ﬁ%@e%%ggéﬁ%f%g@é sconds of video

i F [
e D e o e Bl P Qg ach
iftepval ¢ac humbet bbocapiedasindbws tWriscabudrdeld, mbortg withdhe number of
caﬁFIa i mge was di vided into 255 i nage wi ndows, and
SKOHPIG ndow occupancies were WO
2008/ 061298PCT/ AU2007/ 001782 27 measured. The total
nunber of w ndows for the network was 1,125, but only
Refé&rrinfy ndve seFigeres, diere ipsttyp e graphesf thhavoder séexfusitrs

R R Mo SRR o S 8 S et o YEL every 100
A RLATRE t&af RLRbeObf ZeRisib? f& Rk Yah@RRd Ao ls&pproximately
cal cul ated. The total nunmber of pairs of w ndows Wwas

4.5268, B2&n Hewterathat hrformpitor dhoudthd dutivityrtdpele gy iofl theatetwork is
see traffic_in this enbodinent the nunper, of

ERGLETY BLGHbY WAt OR TRiE OE RPRETRIPT SR ST HREIROMfIdat over time.
TIPS sultém?e@ggisﬁ )ﬁ%ﬂ%@@%@éﬁéaﬁ%ﬁﬁ%ﬁ% 'oqgﬂg% Wha SOYES found

was al so nmanua to determ excl ud ar eas
thatleadth obf ot meromeé exdngiors was 81 agreement with its analytic equivalent

and none were found to be in error.

The method in accordance with the present invention was also applied to a network
surveillance system including 4 partially overlapping cameras with 84 seconds of
video recorded from each of the cameras. In this embodiment, each camera image

was divided into 255 image windows, and 1,471 window occupancies were
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10 conpared to the cal cul ated exclusions. A brief

consi deration of the above described enbodi nents w |

i ndicate that the present invention provides an

extrenely effective approach to determ ning the
WEr3008/06429 opol ogy for a set of sensed data WEHAUR07/001782
whi ch begins by assumng that all 15 sensed data

wi ndows are potentially |inked and then successively
seeks to elimnate inpossible connections rather than
nyéreusidoWbe tqpalorembent! vindbus rﬁrg: the npiysorki was bl bntenlyflS6 of

ctivit This js an easier sl on to,nmake,
B ek Frer olamed TP st o o bl Chvai | abl e.
20 The present invention is al so based on the
realisation that it is inpossible to prove a positive
Qroxrngein tha vbbtewden Cagfer exsry pasof forgs wiaylawy w, and w, was
correl ation of events could be due to coi nci dence,

camleé%cbwldlns aoiel p1152,106 exrlusiensithabysre cadculatied e g tokal

RS BISELERBl P FEL BT PSS oA ARl fows i

rio Sed! tirafic pRtHie eRNSodimem tthOmuebEr a@xamstdms/amm inebb@egpected to
not contradi cted by 25 the evidence. These patterns

apryoachdhisperissd 4 %amm,e of 3 ranelogly pelepted dpage wingdesps was also
I‘H%I%% chhagedatgr%{e&)& Rg ex Je%lus%legs (51 l{(ﬂ %@8‘7}& antyré%c)rs when
3 e e r

0es not accura acking
p@ﬁécstdmhbi&mume@mm or sensor View. As such
thi's approach is readily scal able and furthernore is
not reliant on accurate information related to the

A) Bi?ileit 1%381@%%%%0?{ (!%fgcﬁé %%%%&?ﬁ%&g%ﬂﬁ%@&é QM%%@&ate that the
}ﬁ@&&k ﬁﬁfkﬁﬁSE@TbﬁH@@&? é)&@&ﬂﬁ? eﬁ&:thte apprbacﬂzetodmd@:mtnmgdhe

at(:‘g‘gftyt e tg%gg]g acsggpﬂ{)qe r’lg ggg d e ) B ; Iaglsgrsmng that all

s?ﬂ&%l' ddef Wﬁ@é\%ﬁ% %.Eet }?Ct) : e;%l g g?keﬁ%nQQhéﬁ‘ &Eé@és‘i’x?elf}’geeks to eliminate

eatures to and i s not neant
impoksibie dheeqiceseatber tandhy slader praesd offilkbng npsposmve
unless ?thermﬁ _stated . or gPlled Those o '

er. sk%ll n.
VERETSE OF AR - dPjsre e srdendrgisiane npaks serecAlly ek liited
%?%ﬁh&@fdgkggg§whﬂggules circuits, and al gorithm steps

escri bed in connection with the enbodlnents di scl osed
herein may be inplenmented as el ectroni c hardware,

The present invention is also based on the realisation that it is impossible to prove a
positive connection between cameras or sensors, as any correlation of events could be
due to coincidence, whereas it is possible to prove a negative connection or non
overlap by observing an object in one camera while not observing it at all in another.
Over time, the true patterns of motion emerge as those which are not contradicted by
the evidence. These patterns may then be used to initialise a finer level search using
other approaches if required. Furthermore, the method does not rely on the accurate
tracking of objects within each camera or sensor view. As such, this approach is
readily scalable and furthermore is not reliant on accurate information related to the
positioning, orientation and setup of individual cameras and/or sensors in the

network.
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10 conputer software, or conbinations of both. To
clearly illustrate this interchangeability of hardware
and software, various illustrative conponents, bl ocks,
nodul es, circuits, and steps have been descri bed above
Worrevsale198 i n terns of their functionality. WEFABI07/001782
such functionality is inplenented as hardware or

sof tware depends upon the paéBicul ar application and
desi gn constraints inposed on 15 the overall system
Skilled artisans may inplenment the described

t | i ty i i ng, f h t
e Sdstrots ettt e Bae Arr S At ab e Eo e ies e
c&% r1§@s b&hﬁh%gs 8duad RSP gaﬁca%aqg tdbetakeR M bBiclusive of
esent invention. 20 Furthernore, those

featm]sels itd hiich it h@felar anduisuiod meadbtosexshulerthe presener efanyswlditional
and si gnal s,may. be, represe using any of a variety
f%?“ﬁ??%@?%ﬂ E?égﬁﬁgﬁggPegmgﬁgptechniques. For exanpl e,
data, instructions, commands, information, signals,

bits, synbols, and chips that may be referenced

Tfﬂm&)@fgﬂkdbm theartyovk arwe@atstth@ prEgriees Waphakenlosisabjlocks,

urr | ectro ve q@gg c

‘%ﬁﬁg %; &8&@ it ?H?#n%ﬁh¥%elm§n6%°n ?%és
ebodVes Mkl (Pt@rélﬁ eiHHe inf¥lénontgh a8 ewﬂbﬁfc thrdware,

enbodi ments of the nethdd an ﬁ‘ten1of t he present

compebarisoftwiass @r@e@f@reﬁé@@ﬁ oblethi FordrerkydHugisrtgghis :
AT et L gt e

Hiotks) ihoddles apailts, i slﬁéﬁmfa@é Pesrededcribgd BBOYSgenerally in terms of
nDdlflcatlons and substitutions wthout 29 degartln

theio frimcienglétyp SVhethenwichivestiaralityis implemented ag herdware or

B R R hee Ui P A TRop She e ekt Raiges ipposed on

tR6 b-erall ispgeinh Skaldd artibanhstragpimglemeht Ehe&hdscﬁlﬁe(tﬁmﬁdnahty in
data wi ndows in a network survelllance system

veEvinggvay et srshPast clerarisatin Ot gech plerirbiaiiogegisions
ST DAOUS Heh LS dLs. sacaﬁgﬁr LSRR OBORFAR SLop £ AP prdsBf

ng t e st e
invention.

Furthermore, those of skill in the art would understand that information and signals
may be represented using any of a variety of different technologies and techniques.
For example, data, instructions, commands, information, signals, bits, symbols, and
chips that may be referenced throughout the above description may be represented
by voltages, currents, electromagnetic waves, magnetic fields or particles, optical

fields or particles, or any combination thereof.

Although a number of embodiments of the method and system of the present
invention have been described in the foregoing detailed description, it will be
understood that the invention is not limited to the embodiment disclosed, but is

capable of numerous rearrangements, modifications and substitutions without



determ ning a subset of sensed data wi ndows that are
not connected; and excludi ng the subset of sensed data
wi ndows fromthe set of sensed data wi ndows. 2. The
met hod of claim11, wherein the step of determ ning the
Bidrees0tP8 sensed data wi ndows 0Oi ncl udes conpBET/AH2007/001782 .
sensed data wi ndows pair wse fromthe set of sensed
data wi ndows. 3. The method28f claim 2, wherein the
step of conparing sensed data w ndows pair w se )
diepadtingefeord ehesarbrioh theviheeriam a sehfarthoind definadl kjathe following
wi, ndows does not have overl appi ng sensed regions.
BiMFhe et hod of claim3, wherein the step of
determ ni ng whether the pair of sensed data w ndows
does not have overl appi ng sensed regions includes
determning a first occupancy neasure for a first
sensed data wi ndow and a second occupancy mneasure for
a second sensed data wi ndow, the first and second
sensed data wi ndows conprising the pair of sensed data
w ndows, and conparing the first and second occupancy
nmeasures. 0 5. The nmethod of claim4, wherein the
step of conparing the first and second occupancy
measures includes form ng an occupancy vector
corresponding to a first sensed data w ndow sequence
associated with the first sensed data w ndow and a
second occupancy vector corresponding to a second
sensed data w ndow sequence associated with the second
sensed data w ndow and conpari ng 25correspondi ng

el enents of the first and second occupancy vectors.

6. The nmethod of clains, wherein the step of conparing
correspondi ng elenments of the first and second
occupancy vectors includes perform ng a vector
excl usi ve-or operation on the first and second
occupancy vectors to determ ne that the associ ated
first and second sensed data wi ndows do not 30overl ap.
7. The nethod of claimb5, wherein the second occupancy
vector that corresponds to the second sensed data

wi ndow sequence i s based on the second sensed data

wi ndow and its nearest nei ghbouring sensed data

w ndows thereby form ng a padded occupancy vector. 35
31 vector and the padded occupancy vector to determ ne
that the associated first and second sensed data

wi ndows do not overl ap. 9. The nethod of claim7,
wherein the step of conparing correspondi ng el enents
of the first and
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5second occupancy vectors includes performng a vector
uni di rectional exclusive-or operation on the first
occupancy vector and the padded occupancy vector to
determ ne that the associated first and second sensed
data wi ndows do not overlap? 10. The nethod of any one
of claine 5 to 9, wherein the step of conparing

THEQURE ARG 19 RVBREONPARE REFbLIGKsaNd second
occupancy vectors inc es conpari ng over nei ghbouring
el ements of one or both of the first and second

1. OCQAUR:M¥E Yor V@lﬁl%ﬁ)(fgsthe activitk lop?]lgﬁ},ﬁ)f Bedt BOEnsed daBWinddRe inQfnetwork
In the

[ step of deterninin
suwmh@f%%fte%}waaagfnf}fvo'g@ﬁ%wﬁf@fmﬂo < S S e e
corr@p@tiing fnse gege NBatktiod gichidiag thaetkpsdes t aki ng into

gg:&%g‘gﬁt@m%qs%ub%% okscflsed ga(?a wmgiowasdtra Arg nGOt Forr]lgéc & 3'59 Qxfhsgl%é th€ subset

of sameet dorel wnflove| faimrthelstt, of winead Gitm wtnldewst ep of taking into
account the |ikelihood of a false indication that a
pair of sensed data wi ndows do overlap is based on

2. pr 8¢ wukedgheleimds Shresimbe denail drierminingispbsgifol Fayed dua wiagaws

1ncld%§h‘39;‘ﬁ§mg Cnsed data W1H@oWERh Aite Gbm €le3ét BT skdse@atal@indoder ei n

the step of taking into account the likelihood of a
false indication that a pair of sensed data w ndows do
3. 0oV&hd aphddrélzideswhadin thestemif corgrat iy saiseddatasrindows pat vaisedficludes

o P TR AT s PR et pne

to 13, wherein the sensed data w ndow is an inage

4. WM NHOMLRIAGF LR 3 ivhddin RO HepSi? @&E}ﬁlun%%%@tﬂer@ﬂ:tp@lr ¥f BieiMata

sequences correspond to first and second jmage wi ndow
“"“@8& o B8 Gave oyaslappingsensed Prriops GFluLss 4R FRPUNS AFHE PEppRngtReasure
for of first Sénsed A6t S@AGIA Ehdi arkeaged mwpdﬁwn&&qmmae&oﬁmeﬁsed;mndndo@ the

30respect | series. o th
first 2 d seco%igmseg aetar %mno“{src]:%mqnsh%the Bat esengffd dat@ WéndOWS I corggarﬁg the

fhﬂpmbvmd@dmbymwawamas in the network surveillance
system 3517. The nethod of any one of clains 1 to 16,
thither including the step of deternmining a further

5. suffgeretyd ofdrwdh Wb%?'alhwt%%ﬁg“ﬂaﬂ%&'h%ﬁféa HFRed peeypancy

measures includes forming an occupancy vector corresponding to a first sensed data window sequence
associated with the first sensed data window and a second occupancy vector corresponding to a second
sensed data window sequence associated with the second sensed data window and comparing

corresponding elements of the first and second occupancy vectors.

6. The method of claim 5, wherein the step of comparing corresponding elements of the first and
second occupancy vectors includes performing a vector exclusive-or operation on the first and second
occupancy vectors to determine that the associated first and second sensed data windows do not

overlap.,

7. The method of claim 5, wherein the second occupancy vector that corresponds to the second
sensed data window sequence is based on the second sensed data window and its nearest neighbouring

sensed data windows thereby forming a padded occupancy vector.

8. The method of claim 7, wherein the step of comparing corresponding elements of the first and

second occupancy vectors includes performing a vector exclusive-or operation on the first occupancy
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32 18. A network surveillance systemincluding: a
networ k of sensors, each sensor providing one or nore
sensed data wi ndows each corresponding to a sensed
region and formng in total a set of sensed data

wi ndows; and data processiﬁb means to determne a
subset of sensed data wi ndows that are not connected

vecté@ﬂ&jthg?ﬁh%@c&gan‘:;‘@mém S Erme uERS egocfieh ArsMAA 9V E4sRata
the se

] sensed data w ndows. . A program storage
windgwry ferot pegepabl e by nachi ne, tanglbly embodyi ng a
program of instructions to perform nethod steps for

est i mat he activi topol ogy of a set of se
5. ok TSR St D GRS HRE e CEmFR) T gsone
secoﬂ@&dﬁﬂfakcy@ﬁctcﬁﬂﬂ&ﬁeSperféaﬁﬁg Dfectbhaidgensetlexdntiec-aviopaldins on the
ted to a;Qcorre ondln
first ¢ O(t‘cu%ancy vr?%tf)r aal epadaeclt5 cCu anc?r Cectos 10HS mﬁr?égfl fhe asts&% Cg&gi‘i'sl?%

ntng a subset of sense
wmm@nﬁ@ﬁéﬂqhm&maﬂenM@WWbmnnected and excludi ng the
subset of sensed data w ndows fron1the set of sensed

data w ndows. A nethod for estipating the
10. | o g pgshpdef any °§“e‘i‘f§l§f“‘sl 5o & WreeiRdheicter a?vemngﬁwspg%%m
elenf3RY bEe f&stEﬁlﬁIeWﬂﬂ kecOfan&8Ba6E McliBR bdnipatipPvaeighi®asingtelments of

cIu the steps of: di vidi ng subsets of
onegnﬁ’ﬁg‘cf’?glc?ﬁiaé’ PELPSETPVE 761885 each view ng a
correspondi ng regi on; and determ ni ng those zones

Wh 7 L o RGS N0, WA%E e d'ct@zm?ﬂ Beth@MY R of
1. hgﬂggggggb%ﬂﬁgn% region wev()eﬂ%ﬁyﬁFr :ng Hiro
sensed data windows does not have overlapping sensed regxons includes takmg into account the

likelihood of a false indication that a pair of sensed data windows do overlap.

12. The method of claim 11, wherein the step of taking into account the likelihood of a false
indication that a pair of sensed data windows do overlap is based on previous data associated with the

pair of sensed data windows.

13. The method of claim 11 or 12, wherein the step of taking into account the likelihood of a false
indication that a pair of sensed data windows do overlap includes taking into account an error rate of a

sensor or sensors associated with the pair of sensed data windows.

14. The method of any one of claims 5 to 13, wherein the sensed data window is an image
window and the first and second sensed data window sequences correspond to first and second image

window sequences.

I5. The method of claim 14, wherein the first and second image window sequences correspond to

respective time series of images.

16. The method of claim 15, wherein the time series of images is provided by cameras in the

network surveillance system.

17. The method of any one of claims 1 to 16, further including the step of determining a further

subset of sensor data windows that are connected.
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18. A network surveillance system including:

a network of sensors, each sensor providing one or more sensed data windows each
corresponding to a sensed region and forming in total a set of sensed data windows; and

data processing means to determine a subset of sensed data windows that are not connected

and excluding the subset of sensed data windows from the set of sensed data windows.

16. A program storage device readable by machine, tangibly embodying a program of instructions
to perform method steps for estimating the activity topology of a set of sensed data windows in a
network surveillance system having a network of sensors, each of the sensed data windows related to a
corresponding sensed region, the method steps including:

determining a subset of sensed data windows that are not connected; and

excluding the subsel of sensed data windows from the set of sensed data windows.

20. A method for estimating the location of a sensor in a network surveillance system having a
network of sensors monitoring an area, the method including the steps of:
dividing subsets of sensors into respective zones each viewing a corresponding region; and
determining those zones where the sensor does not have an overlapping view of the

corresponding region viewed by the zone.



