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VI DEO TRI PW RE CROSS- REFERENCETO KELATED APPLI CATI ON
This application is a continuation-in-part of

wa@oeoeopesdTng U. S. Patent Application No. 09/ 972POB9S2004/037604

filed on Cctober 9, 2001, entitled, "Video Tripwire,"
commonl y- assi gned, and i ncorporated herein by
reference in its entirety. FIELDOF THE | NVENTI ON Thi s
i nvention rel ates YaDSEO/TIRIZNMERYst ens. |
Specifically, the invention relates to video-based
surveill ance systens. BACKGROUND OF THE | NVENTI ON In

its origj i | DM \éﬂ% Ppg in
whi ch a gﬁgﬁg@ﬁﬁgﬁ}i ?Weliﬁl' e WagL st rﬁgggcr:iﬁgg\l acr oss
a paflhis agplitatibn sarenieatim-ineprt ¢ficogpehdipp&hbdatent t ri p.

RN I
ABhRARLAsBignel, hRlideOrieate SRIG BytaRreat@inTis edtiretcor di ng

an event (e.g., triggering a counter, canera, etc.).
Today,tripwires are often, for exanple, inplenented as

beans of |ight (e.qg. | ; vi sible); :
when soneone or sorregﬂ%]%z%ggﬁ(sﬁ?ﬁgﬂgégm a response
i s t Mhigereston Rlates sesspicilamsfe sysicosySprcifisally, theipysptiperelates
1[usi ng_ a Idi%%t.lb%%rsnsites Sshown schematically in Figure .
QVidspiPassd SUR AL K o annf 1§ ght, which is
transmtted across a path to a receiver. If the beam
is broken, then the receiver ejves it.
This resul ts in BAeKGR |9§%§3%S@1¢1§§ nse, as
di scysResiARRYSEm Q@i?%ﬁ@ b PN hrridgeRehtiif Y hadh@ wire; string, or the
advant ageous in fha they are at |east conceptually
likie rvyab etretehed gerosspHath, andsibsomequieo senehing hepnepedyp R frenthe
nter ' n t g N , f
B T8 Pl B i B R GRERA TRl such s response
wdildded detnbaige 8 lanBoinesoamiigan 4lmy ovaeordiog awévsut(e.gi igtaing

bet tri [ hj ect f ol t h
g s N e

JTaphiTaRY 128 OiRtrered, RUVisibRY; whegiSsomashdordomethimgbadaks the beam, a
however, either a person or a dog would trigger the
TePOPRRILS Biggeedi s al so probl ematic

An example of a conventional tripwire using a light beam is shown schematically

in Figure 1. A source generates a beam of light, which is transmitted across a path to a
receiver. If the beam is broken, then the receiver no longer receives it. This results in the
triggering of some response, as discussed above.

Conventional tripwires are advantageous in that they are at least conceptually
simple to use. They also require a minimum of human intervention, once they have been
installed.

Conventional tripwires, however, have a number of disadvantages. For example,
they can not discriminate between triggering objects of interest and those not of interest.
As an example, one may be interested in how many people, but not dogs, walk down a

path; however, either a person or a dog would trigger the tripwire. It is also problematic
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-1-if a group of people walk together, resulting in a
single triggering of the tripwire, rather than one for

weamk/opwrson. Furthernore, conventional tri pw PET/US2004/037604

arrangenments generally involve the installation of

dedi cat ed equi pnent. For exanple, considering the

exanple of a laser tripwire, a laser source and a

if agyowp ofneerle ialkipesthenaesulfingds ¢ saela siegsungeftha tHPire, rather
t t ionally, such dedicated equi pment may

dt‘)@ g‘%?(?eac}ﬁ%?ohl nstallin sucha manner that it is not

easi lertMexct alpineentidgli tripovisl layrangementav gerterailyainvolve the

SR P Sy, SR Sl

1%% Ri1AGr HASRERA A04s8S58etdctor nRidt Bo inWhllddQidtoss @Qﬁh @f irferest.
direction of crossing. Furthermore, because

Additionally, puchdediraiert eqnipgsat m%yrhe;ﬁlfﬁeléﬁe éﬁfailmph % IPPIBW thatd

lgﬁcﬁegglryd%%gtaﬁg to the regions across which they maybe
set nventional video surveillance systens are

al so Mdﬁmndtyna metttmddynp\ﬂim@oemcé afffrdra highalegreeof flexibility.
(gor o Jogg 3 n St i ezlg dgta &Iﬁ o ne R0 %e&ér@tpésses acrosslltr g)/nly,

o0 surverllance sys genera

witheot dégart he diﬂ&!ﬁoﬁ)fof ooesity.  Fmthermaore) %caﬁl@d‘lﬁé‘ﬁSxtemhd strhight

vi deo out put, fromthe canera or caneras is ei.t

Tt SRR ckPIBHIOTa) FY o8 GRe 5 21 @ hearr el RS Hy e gy be
erver, or both. Such a system s depicted in

Fi gure2, wherea video canera 1is trainedon the path.

v| de&ovrentiorel Yidgeswsyeillasge systeravare dlepia cemmeppse oday. elhey are,

PRGBS Tip SO AL 3hh i TR B SO Vo

sdrvsmlaage gYeteme gerBragiy dmalvegbongi o gnelevinge ﬁdeolcam@mmtané;ﬂte

nti.onal tripwres,. vi. o _sunv .
Bror R R P, bF bR R SRR R iy g i
thénitBred bRQHWRER olBiveE bEIRth. | SUck & tendis depfiltpEiRitFigunel, whikre a
interest) and can differentiate the indiyjduals within

videgreppradfis trRsgIon tgaetl ileo GRRETA & BonOTIRSy 1qeq sigRdll, which are

hg}}ﬁ'ﬁg@ ovdr Eéb@hhﬁ&%oﬁy Bkdilifl MWvh BSre ad AcabRI2M® a0l 2185 one
ape of e regions they can nonitor. Al so, because

arbotbofe urrsvell dlﬂpmdewsg/?s ahpsreggréing devafedel y used, there
isn e t J \
vi de gn SCS’P {\%/iaesltt a nc tgﬂiééf/l g {n% g g gsq 243 ? %HZ r%rsvglﬁ g?rwg3 acks™

differentiate between people and animals (i.e., between objects of interest and objects not

of interest) and can differentiate the individuals within a group of people walking
together. They further provide flexibility over tripwires, in terms.of the shape of the
regions they can monitor. Also, because video surveillance systems are so widely used,
there is no need to install further equipment. However, video surveillance systems also
suffer some drawbacks.

Perhaps the most significant drawback of conventional video surveillance systems

is that they require a high degree of human intervention in order to extract information
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Per haps the nost significant drawbackof conventi onal
vi deo surveillance systens is that they require a high
walegs®sooof hunman i ntervention in order to extrBCI/US2004/037604
information -2-fromthe video generated. That is,
ei ther sonmeone has to be watching the video as it is
generated, or soneone has to review stored vide
from Ahovideogeneratsdi bhat i pithey spsmpopabasdo by Moishing fiecadeeps tt &m

géﬁ@ﬂteg 1s0MBGhe s i rSvieFabRAtid¥es. 6, 097, 429 and
71 to Seeley et al. (coIIectlver referred to

bel o&m exmipBeeflagyioert wideo- lyasecB@éveel}aneQ syaflem dag bejfouad ind 4.
C | {
PR 90, SRR IR B LSS KRR i

“Sxelldy ey Swelep etdl. it Bieecpriabh efiso seeludtlyisysierh thaf mbtlndes taklng
alarms and the need. to

etect so
SRS BRI R cr HBlie. NERei AL PAdessFgsgme of the problems

refiitihf; @ BRE hen SRNRAL B8 S RRAt DRiAsHusi@SAGHIdEIs Bt not others.
techni ques are usedin this capacity. However, there

Irggree difEerapciae fochiigyre el dhisctiegniGerteghiyes i useg fhip gppacity.
Pﬁ%%&%ex{j NSRS %ﬁferéﬁ?%%%ﬁ Bagk ?%ﬂoé’ﬁd tﬂmgsgnttlﬁ‘\%n{f&s hs

sever & shortconings of Seeley e I's a | ack
dgtsisddslove Asonhg theonost e¢verst shoriccamiugsy @o%ghy tet elni 1Sa9r lack of

sclosed in
BTPATS b Wi of e eRh b Pt B8 Fh R unchopPnd
arteME B doftast ANOhAN & pr&x¥mePingefifd ® thd sleent 1at7|e:ht10n
ot her-sensor - based surveil |l ance systegils dj.scussed i.n

U. S. A capele o 2885 0ad s sguer- o A Syplom is
dl(;&faéeld%:tﬂ & Bh¥nt™NRL 8,498 %08 &h@écﬁ%@% NMBﬁI%l(Ecgie}tweNfﬁ@Hécg

deals with the tracking of vehicles u5|ng mul tip
tosteetaso ﬂ‘s“NﬁlSh@ltgubll N@ﬁbwgcﬂ@@ls sethgbe gacking ¢gehisles Higg nﬁl}t@b

devel. »
sQSHE ATRED R PloptFilbl’ Mindfhrbley biAEHAGHANE B Ecpp BfiulcRed
mkhﬁbwﬁgudmaﬁqmﬂmpdﬂmﬁﬂheuhn@m@pmwhé"%%ﬂeﬁabm@db@mmmmmn
there i s no, disclosyre.as t.o,how such a vjdeo, t
ﬂ’F§°‘i1°ﬁB‘1 R E oG Bete & F B4R F BBt § S iR i
188614, | N8| father Qiffeiaftorh thel SeseRCiHSRE o XCihbiS Wefbyusan
etecting and tracking vehicles. In contrast, .the

ewtésv@moq drpesting anl tragkingvehiclss o In caviras e pERgeT) AIGHHoT, &S
di@él%g %«I‘P %d@)@fo%c fs! aﬂﬂedatf)\pérﬁ rd@t%&’tm@%\%lﬁﬂ'y %Vﬁf}gto%J ecl %'Eh

rigi vehicle) and non-rigid (like a human
riSINNIERY cBic 6] i hoENT (1BRIafbumeidew of t he above, it
woul dbe advant ageoust o havea surveill ance system t hat
conbi nes the advantages of tripwires with those of

vi deo surveil | anceSEYMARE ORTHE INVENTION

In view of the above, it would be advantageous to have a surveillance system that
combines the advantages of tripwires with those of video surveillance systems, and this is
a goal of the present invention.

The present invention implements a video tripwire system, in which a virtual
tripwire, of arbitrary shape, is placed in digital video using computer-based video

processing techniques. The virtual tripwire is then monitored, again using computer-
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a goal of the present invention. The present invention
i npl ements a video tripwire system in which a virtua

wo poopinse; of arbitrary shape, is placed in di BCT/EE2004/037604

vi deo using conput er-based vi deo processing

techni ques. The virtual tripwire is then nonitored,
agai n using conmputer- -3-based video processin
bassg fiffeq preasessing tachniggen. t App el ofdhs WORIEe. datishessmpghe
c&ﬁ%ilekaein&&[imfs hi€oted, HehhSEORRdIE %ﬁéesﬁigg@rm RSPERRAAFE5h
respohses triggeréd, etc. For éxanpl€, in one
orndyaisidimeant ofghe inhentiom\lergvietiof a péreonevessing o irtnal prpwionin one

crossing,a virtual tripwire j ne direction.may. ..
AFerBRaPY prieichp Flrae o el it Perot 1 e Shoeyigy

f ut uTe: indaftivé Eyseat may be ThigemeteNiisingeexiying eldesraguifitent in

i npl ement ed usi ng exi sting video e ui$nent ip .
CRUHPR (TGP CONPRIEEr E oS 2FRnPsT et AYsTeRHEne
cAEYARLRAGEa88n STRonlt8SHY dyhipheRX TRE RV MRivE RS el bl ebfied,
_monitoring equi pnent.” The inventive system maybe _
ineprsio & helforinret p spmputpirrepdiblefondinm pondaivappritare impiurapiies

s C . V.ol

TS MR B D Ao, e ds TRO SR, ik P UG0S
covhpudr neework, eetcuteg suck sofputrer net wor k, executi ng such

softwar.e. The inventive, system nay al so,be used .in
coni SRR SR g R 4 et Lol b P S et viof other
20 RYBRLiARYIdaY, dRMding hedtuelhFife KeRns off@hiRd ca¥Shens or
infrared caneras, One enbodi ment of the invention
conpPpegabodimet plfhe mEentiopsemaprsss # wgthad {or Hanlementiggp yideo

0 ing | ' hB A%k BYa vi
A R Pt eSSBS (SRS B vie

catesrh erother pchderdcal,obenedoes et 2leeadyexdskicalibrating the Benging Aeyice;
t.he. sensing .devi ce; t.abl i.shi . dary as a
e%?ﬁ?%ﬁ a%?lgﬁpﬁg?VgﬁgﬁE§Wﬁ%f$%gg%%P§2HEUrther
obj eBirthéeshjertidesaty ahtaages will bbcorrappeer fiparaentsideraion af

copsi deration of the description, draw ngs, and
ﬁ@)@mpggt}, dpseiEEy 8‘F‘flﬁ‘%nliﬁfﬁs'descri bi ng the invention, the

follow ng definitions are applicabl e throughout
(i ncluding above). A "conputer” refers to any
apparatus that is cap®FRNEFIQNSepting a structured

| nput, de%n?ﬁm%%ﬁé BB 15 fogs&/fﬁ%%gﬁliliﬂgﬂétarea&ﬁf?cfagiencﬁoﬁgnout
prescri bed rules, and produci ng
(including above).

A “computer” refers to any apparatus that is capable of accepting a structured
input, processing the structured input according to prescribed rules, and producing
results of the processing as output. Examples of a computer include a computer; a
general-purpose computer; a supercomputer; a mainframe; a super mini-computer; a
mini-computer; a workstation; a microcomputer; a server; an interactive television; a
hybrid combination of a computer and an interactive television; and application-

specific hardware to emulate a computer and/or software. A computer can have a

single processor or multiple processors, which can operate in parallel and/or not in
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results of the processing as output. Exanples of a
conputer include a conputer; a general -purpose

W@ up05®rT a superconputer; a mai nframe; a SUpBCT/US2004/037604

m ni -conputer; a mni-conputer; a workstation; a

m croconputer; a server; an interactive television; a

hybri d conbi nati on of a conputer and an interactive
pardlebvA spmputeratng Tefists|te B¥R (TORE P eRIULYS pRaPeRiRe tegqthpr via a

b QA Rrﬂ%’ Welveen the CAIRHLET AfAN
n%ave%élre%%%g]l e p%?g%:cgss rlg%lrjﬁﬁrr%f‘tl pl e pr ocessor S, Wwhich
exaapleaif euchtaccoimpuisainalutied a dstdbused qootpuiensyisar fat probessing
. conputer. also refers.to twd .or nore conputers
lngoﬁgtéﬂ‘@?jccl%é?%é&e\a/ibgaélewgflﬁivor k for transmtting or

I eCEeA ViogutepkQammé mediule katae i dnfetoepadertier ®ed A storing

exanpl e, of such a conputer includes i strj buted
degpassereible tpsrommpictr ks o6 ﬁ‘@nl?‘ﬁ?fé?%%ﬁﬁi? Biydipmginclude a

mﬁ%{g}]é‘flﬁﬁ sk v ¥k Aan PR Bk, 1fhe aCITRONEGr 4 BGHRBI €

um’ refers 'to any storage device used for storing

magrtetic Rpeassnyite clip; ad asapigt wave USshinghEs capputer-readable

C uter-re ' ' iS5k
EAREEL: HREAARLE SR bRl AR R AP Bl QIR ShoCloh
ahdWprka magnetic tape; a nenory chip; and a carrier
wave used o _carry conputer-readable el ectronic data,
such Sﬁg"’?‘i‘?o?@erﬂ? esicﬂgr%)drr& S0 PP SRR FEC )fa{}llpgeﬁ of
soFwB thelfde doRwake 858 isBiEndhts) Bkttibns; CSafitsbpEcianighel S t 0
prescribed rules to operate a conputer. Exanples of
rrogRIReddoginie| ude software; code segnents;

| NSt £ UG QNS 5 GRMBEAT 1o B R ARE ine 3N nphRE WaRFER. | 0gi C.

;
A "conputer s)§lssterrf re?ers to a system having a
cangvpen bemprissh e cenpuitg-reshple medivovamphiodyiag seftware to operate the
corr[[Jut er -readabl e nmedi um enbodyi ng software to operate
‘P Conputer. A "network" refers to a number of
C oMpAlt‘Bdtw ol ebf@s socmaltted ofiewipaes antiatsocisted dotuee diaede by

conmmupni cation, faci]ities. A network involve er nanent
B N SRR e e R Pl
sitH ahlcadfes bPREBoARANh VBRI CH Al tRRBARGe Miough féphone or

conmmuni cation |inks. Exanples of a network include an
othertcommamicatierclinkas Exseplpynfempiork ipludeany igfeenet such asdag

S8, BGHPREE o (dcANrea ReWL R RATE S WIES HOT denk RNV ANINSh
combination of networks, such as an internet and an intranet.

“Video” refers to motion pictures represented in analog and/or digital form.
Examples of video include television, movies, image sequences from a camera or
other observer, and computer-generated image sequences. These can be obtained
from, for example, a live feed, a storage device, an IEEE 1394-based interface, a video
digitizer, a computer graphics engine, or a network connection.

“Video processing” refers to any manipulation of video, including, for
example, compression and editing.

A “frame” refers to a particular image or other discrete unit within a video.
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conbi nati on of networks, such as an internet and an
intranet. "Video" refers to notion pictures

wo eses®ont ed i n anal og and/or digital form Exeapusmoe37604

vi deo include television, novies, inmage sequences from
a canmera or other observer, and conputer-generated

i mge sequences. These can be obtained from for
exanple, a live feed, a storage device, an | EEE

1394- based i nt eﬁkﬁﬁDE@dﬂﬁ?&Oﬂi@f? ﬁ‘%RAWW%?éUt er

graphi cs engi ne, or a network connecti on. 0
pr oc e$hd ingentioe fséeter nodasiyodignegsiingthd HHowingwietdel description

AR R0 bR BB eI AR S i
YRmentdiirblighoa, Midde@hichb- BRI EF DESCRI PTI ON OF THE

DRAW NGS The invention_ is, better understood by reading
t he fBiRIEiSHYVHRRET PEITRINECTSE™ on with reference to

the apconpal xwgpﬁ%rng?&o shieiiicE Bysidnice reference

nuneral’s refer to |ike elements throughout, and in

whi chFigmiedustews astidess trpwinei systemraccarding g pe ogpedisent of the
Ei %0%,2 shows a prior art video surveillance system
E}gure’s shows a video tripwire systemaccording to an
enbodFigeiat4 ehovishe bidek elidgram ;of ki guitedinsh @fisn aanblyogc kystem

di agram of a nbodi.ment of. an anal ysis system
a%%ﬁ%&fﬁ@n%lgaﬁmswﬁﬁﬁ%‘ﬁ?{% the invention; Figure 5

showsFufels@UEHaT flowitBirt ddpichfig @m&ﬁ&&'ﬁé@ot@iﬁ% W slleBodifer® Bf the
enbodi ment of the invention; Figure 6 shows a

fiveniidvart depicting a first enbodi nent of the
calib ' ' ' Rl :
FRkle Q8L PSR dofofile A iiS: chabollnU Bt the ENBHROR step

fl owc picting a secon I ment o
slaiwrbin&iguons;st ep shown in Figure 5; Figure 8 shows a

L lalo;/vg %{uite g %ﬁg | sgatpdogﬁg%t]éﬁrf)i]ctdgg g%?g%&g%%&in%%t gflalee calibration step
shown in Figure 5;

Figure 8 shows a flowchart depicting a third embodiment of the calibration step
shown in Figure 5;

Figure 9 illustrates an exemplary embodiment of the histogramming step shown in
Figure §;

Figure 10 shows a flowchart depicting an exemplary embodiment of the
segmenting step shown in Figures 7 and §;

Figure 11 shows a flowchart depicting an exemplary embodiment of a step of
detecting a tripwire crossing;

Figures 12 and 13 show “screen shots” depicting exemplary embodiments of
reporting formats; and

Figure 14 shows a flowchart depicting an exemplary application of the invention.
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Figure 9 illustrates an exenpl ary enbodi nent of the
hi st ogramm ng step shownin Figure 8, Figure 10 shows a

segnenting step shown in Figures 7 and 8; Figure shows
a flowchart depicting an exenplary enbodi nent of a
step of detecting a tripwire crossing; Figures 12 and
13 show "screen shots" depicting exenplary enbodi nents
of rep j Y i m PVBGH

depi ct %%Tlgﬁdqg%@lﬁ?gggﬁlgg@on 0 1t{ﬁ]e‘:b: nvent |%‘%‘?NTS
- 6- DElAdekEDiHSERET t1abo diikeni-He RERERERREDeENVBODISKERT § the

In descri bi referred enbodi ts of the .present
RS B R R N AT PR e of SRt THSMever, the
tigfetiidiak Aeinteisded fabedititt dft@the bhRifR Ak B I ogyls@Edldcyed. Tt is to be
However, the _ invention is not intended to be lLimted,
regdetieodipalcret seeqdis dment Biglpdetnlerhaictlsguivilents daj qpegie ina
upder shand: tdh %Ecol%ﬁ)‘l"igh Sapﬁiﬁiilfaf GuioSiTE Hach NEAHHAES cAdd here is

techni cal equivalents that operate in a simlar manner
tincogoreddtyi rsfereacssdsif ¢agh weteripdisidualyduderposdted sfigterance. ed
here {S.qi : i . .

e SRR Sl L8060, o RSy s
tdf éctentibo of prepit SHow st sledavangbmivmatitebgmdeastabd as being limited to

dj scussed jn ter of detectiqnof .people. However, .the
AR RPiPEORIGt Ob BetRn T Ao SRRV HC R h [heeaigpgments
tadeusdet 88lbk0dan He RRON BletetNolijbtts 6O BN 584ty .aninkife Vi ARGimate.
tripwire systemin the enbodinents di scussed bel ow can

Hayplesiinclydejeehiles, ypmals: mand grosyth (esrarsystery fhafdgtectoyhen it is
: . ! . g '
o TR B AR e P e S R e, P e
tdrappediiathpesibagd diute),agd mijrescomic ¢nditigs (¢-gaa Sysmalmt déiests whena
det egtls when drec%cl le can is dropped into a

dlélf)rlg egéasé’ﬁ][’,i’i'eé‘ B (10 I T oscopic entities (e.g.,a

syst eRighfeBtshowt SCdveridvesRnRinbbdibentvds vides fipatiredysient eddin
wal 1). Figure 3 shows an avervi ew of an enbodj nent_ of,

d1gprfe sensmesiivics 1 dytsatusdondle paih aidgasperates oWy sigys: Sensing

ARViLE L mby bSa V1deb BEEbrR s hRGsRALR cSREctBARAMTALSFe QULRber, it
signals.” Sensing device 1 nmay be a video canera, as

dhayalpedechny rothes fiype o isensingi deficeithl genertestiovidspelype pytput, for
example, a heat-based, sound-based (e.g., sonogram) or infrared-based device. The
output of sensing device 1 is transmitted over communication medium 2.
Communication medium 2 may be a cable, for example; however, it may also be any
other communication medium, for example, RF, a network (e.g., the Internet), or light-
wave. If communication over communication medium 2 requires modulation, coding,
compression, or other communication-related signal processing, means for performing
such signal processing are provided either as part of sensing device 1 or as a separate
means coupled to sensing device 1 (not shown). Communication medium 2 carries the
output signals from sensing device 1 to analysis system 5. Analysis system 5 receives

input from and sends output to a user interface 6. User interface 6 may include, for

.-

depi cting an exenpl ary enbodi nent oPCT/II82004/037604
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may al so be any other type of sensing device that
generates a video-type output, for exanple, a

wheas/obmsed, sound- based (e.g., sonogram or PCT/US2004/037604

i nfrared-based device. The output of sensing device 1
Is transmtted over comunication medi um 2.

Communi cati on medium 2 nmay be a cable, for exanple;
Is¥RRIe m¢ft1t0¥rﬂ}310&ﬁfs 8 kwéoaaw t@t°hé¢fe% AP Pl @it it Inpuf/output

'Hg l:éémUsg éﬁgﬁ%g 6 ﬁl:ser 1 \;ﬁu\%de(l s to tfl@%rstem, including

er net twave. i cat on ov
clmmmaedeattm qmtlahzel |(nnn11u&mg enpaﬂmgas vmudmrmwrems wxhldli»m@,scribed

%?gglé gréqs tlﬂ gpowfgg‘m@%n?g t n?gltrs] IFP?S fa &ﬁ%ﬁ 6 me%/ ?so include

Rh QGES i BtheAklErtiRE QWI&GQ nﬁiytfﬁhfﬁ[er aﬁ:hma lot b®Eormedied dGneans for
device 1 or as a separate means coupl ed to sensing

dapicmenting@ny ptherfstaanse iopigesing sy shiorfeampls, 2 dtsav%sweaéaove
ter Rt 6 HIORR RndhIBThIERS! HAP1HM EE1e hohiRAL Hév'lc% 3in
system 5. Anal ysi's system5 recerves 1 nput fron and
§@mms20utput to a user interface 6. User interface 6
rkneaz b Io gx?%lgj/sdlse S¥ ﬁ pse{:f?réng n'E%ngsisp ”tiasfgm rllﬂcﬁu%lﬂgo gsgalfg %rocessmg to
ump]em/eﬁxuh@wﬁecdeipmes An Hmbn@imdﬁﬁff ahaly €y éyetem £1s sBowiS #Irmore
OVIde i nputs to the s I ncl udi.ng

@@ & g 4P oy yEs DEIRE LR Pﬂﬁ‘? toregm g aton Fhnedium
Wi gl Y@ hsek FrlibdcE 8, as3soWhdn Qleﬁ 1?!9(8 ar |I¥9 eukel, Qﬁ@lyﬁd“%st%ﬁ 5is
provi de commands to analysis system. User interface
(FRVIR FRBDTISING TFERIVE T Lo FRRITAIG SYSPIA S, alkpemayy ey Reeiver t51
v(ay{h(e %ﬁﬁm{ S a'iJsdcﬁ" 391{s1 ?%eﬁggp%ﬁ%nﬁrﬁmﬁ%mgtﬂﬁm 2. Ifthe
|np enent | esponse to a triggering event,
fsignale hambleeq maéllate@ @n@é@bl etab weiverLﬁe:pnﬁaims erchizder @rsithing

| so,general |y incl d a dis a vice
Smpe SRy Readink 35 Hihingls EbE YRt iecEyed G pampmypication
Resdiudd H&r@ﬁﬁdn}ﬂiﬁig&‘oﬁﬂ&k&wet BC lﬂ:iﬂid&gmﬁﬁﬁ &Sﬁﬁfnyertmg the analog
processing. to inp nt the video tripwre.

SEpRarTeAigitRsicaps Pgﬂgﬁ@ forypeqostsing 11Y§°§’ﬁ6’i‘7<hsy§tﬁmr§8r &eceiver 51

Qe B bmb1Bm i@ séhardd KIHkEasAhSND VBit ABRbY Blegraf $4t6 Brputer
coupl edt o conmuni cati on medium 2 and to usér interface
Gystes 53 is @ngifomativereniiodigneat. 3Alse; if Urle ngt, negessdry ¢ erform any
e S
eut@mﬁzsm@natSImﬁyb@meﬁ&@mﬂmdyce 1 from conmuni cati on
medi u | f the naI ave been t ed
cre. CpBiury bR R P AL SR PP B r ¥ B it be SAERAITE s
dﬁmd o} AtorPHrated BRO Gdlﬁ}ﬁlter 8¥sfern $2) bf N&niBMaBion bf boik) @emory 53
nal s received from conmuni cation

1nc udes all memory resources required by analysis system 52 and may also include one
or more recording devices for storing signals received from communication medium 2.
In a further embodiment of the invention, sensing device 1 may be implemented

in the form of more than one sensing device monitoring the same location. In this case,

the data output by each sensing device may be integrated prior to transmitting data over
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medium 2 are in analog form receiver includes neans
for converting the analog signals into digital signals

wa@osakioel f or processi ng by conputer system 52PCT/US2004/037604

Recei ver may be inplenmented as a separate bl ock, as
shown, or it maybe integrated into conmputer system 52,
in an alternative enbodinment. Also, if it is not
rewEssigajonaediar ErihapniPws gl sepyiBe gddeh g2y b Hipnspgfted to
SEAN0G RS Sadnglwidd fgm comuni cation nedi une to

r systemb2, receiver may be omtted entirely.
Corrpui[reyet sﬁmlemlﬂmduseqb pbthe dreventivng Bﬁnmgdcwceamamnmmse a

Rt o GicsSmoRforRE ar e BRPLR SRR Gk o -

Sihgienmblysie sysadnl 5.MBNMBIsywdyES Sple 8$stére gati lsee@lsedbyoramazbﬂdsmcs of
systen152 and may al so include one or nore recording
fRlg8it%or storing signals received from

COMURKE ldcQRed REHoHR Py 13 @nfpuﬁén&eihomﬁ%gﬁeé@h ofa 4 hen

|nvent|on sensing device 1 nmaybe inplenented in the
foeramertleariy light piEthe follewingrdiscniyionf theanvestiveetheds. t he

Samne &? f% t5I ngWs eln%v&%ﬁe%v t?o%ﬁ {)ijlg elgﬁtg(ﬁm LA in é{m%%%i@thod

sensin pri or o transm
d HtaaemgdmmmmS mattyedveenﬁﬂ’uaum 2ne must béuastallgduit & nmfny aAsbs

SRR SRR SO B R AR e

tvitRol sim@Mah@syste@E) SdoNBlerd &Y hé Qedd [BiYistEID APW IviRo Fafbrabe En a
of sensing devices nonitoring different |ocations_an

seferrstprbndimentithe syders, e Wgw@g dgvigeyes devisesd tsdpstajled F<has to
gbg sauw@axy fleslhy) gllgemé AtEMik aﬂatm%r%ﬁﬁtaﬁa{ (léuw tﬁ{hiélle MEEs

mul t1ple sites. e processes perforned
@mn&dﬂ@&tosmmmemalmg@r es 3 and 4 will becorre cl ear

Imr; t lhlo ntce %fns}n %e\gce h“lglvvsg%ﬁl 18§S/taglirje§1s{t%] P?cfesstaﬁ/ olcg]\rllbe}gttﬁii’y %ith
eni1gLs sﬁ;@ﬂéinof Sybtemicaliteaidnvgayttpecfomedf g@eﬁbﬁﬁieﬁﬂ@ngﬂ 6}/ eftiesr

1 has n ] et been .install ed, e must be .i nst

PGP RUR, RGN AF, Yaten s BHe (R e %Wlnes) the
%b&@@a@lycaﬁmaﬁ&n paEé?ﬁet&é(@ﬁE@ﬂls%g dEoRt 1,RABKEnpHcT EAWYAtiYS,8n which
vi deo surveillance s% stens, SO there is no need to

ithessy stPn i el (riadiomatientiy detsrmings) e pize planobigctofivtresha vetions
%cat &% 1ﬁ(y}ﬁé A004- o'f bf%wsmhﬁig% g&){éec? £ g Xéeccﬁﬁ:)dhl')rﬁtlon 1s to
at y, It 1s

ins S0 as to be st onary.
ipnstidd dceld imfotnimtiomdtey rsalthiat drei sesttraﬂqnows vhatghg sizepofi aperdos or

ioﬂPeggl%ec% OF L ERRA Sﬂglillé] He %n%iffle[r)er{t ngglg Grens. allhis\qg{olrnqgtion is especially
important for the data analysis step 74. Calibration may be performed in one of, orina
combination of two or more of, three ways: manual numeric calibration, aided
segmentation calibration, and fully automatic calibration. Flowcharts of embodiments of
these methods are shown in Figures 6, 7, and 8, respectively.

Figure 6 shows a flowchart of an embodiment of the manual calibration method,
which involves explicit calibration, as discussed above. A user enters parameters 721,

via user interface 6, relating to sensing device 1. These parameters may include, for

9.
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Once sensing device 1 has been installed, it is
necessary to calibrate it wth analysis system 5.

weymsemochal i brati on nmay be perforned, general | BCT/US2004/037604

speaki ng, by either explicit calibration, in which the
systemis told (or automatically determ nes) the
necessary calibration paraneters of sensing device ,
Grampsleifogsl fergth olsgpsing device h, thahejght efisensing dexica I e gropat,
GRA 124 AUBE i d deviles HithlrBE 1d HE Dl Pho ALAREATDS then
interestat various locations in the field-of-view of
sermitergvisial feedback Tha foexpmpls, the sptdm AR SURSHIMpgset agperson or
pr.ovi.de . seal e i nformat;i [ . €. SO e.Syst
RGB! & B 0t e o g Bkt BT e
lusdrat st infehfadel 60 The vidua ifdetivdck ptovidemgele atfexdsmtiod (dl.g5, the size of
information is,especially inmportant far the .dat :
A5y gr g?i%@ﬂf&f f@?ﬁes&rﬁexlwo ﬁawlw@n%a@sdﬁfelﬁgﬁl@m Ry
Ghat 1R caliBrafiorf RMEdHBAL I10R REr h¥PIRIdeSTTtBe Afpeatafiiees HEYBual
manual nuneric calibration, aided segnentation

deadpaskatacenptablera ifitha nayenzaiarenasd fobe@divsipd @i Biitis acceptable, the
Fk&%ﬁ?ﬁ@ﬁ%{); &HQ@%‘ ,"Eﬁ%x%?éss ﬁ£§§ﬁacﬁ?<&!%9€§o oS ARl o1
I‘Plgures . [, an §, respectively. Figure oWs a

f | owc Aardémiwilingemt efitled hided segnfentatien waibwaion oadthdst, atliidnuses
met hod, ..whi.ch i,nvol ves li.cit calibration,.as., ..
iR eulhon RaRa SRy SR o it soiP aeafeBirk sy Sipragion (see
beR),liNivhacEighe 70 & @i eifbollithes s N HériG viths (6€soine ofiteStEect
paranmeters may include, for -9-exanple, focal |ength
Of s Hevese e cubsedrang dsspsgivnoriliseisiing ResPRd showdnbe

LR GerdbQHB L s bitkhe field
i e L, A RO PR

gEmiewatf esnsipg dereipe ¥ GsethEdR). 72 isfig pnabledhgpiystemt th deteymypthe
ri 0 ' ofr .
ORYeRUREE LEROREB: PHAN ol it JEL o flfibech nk B iRhiing
phasébd theloilpmbhiag usject imthe iskrof viawdnfigtie éalibibhien. VIissgdtem
f eedback  proyi des. scal e | pformation_(e.qg., the_.size of
e BT Tt e BERinR Pa bR AT AL PR e et
D EHeAHASE A8 Shen Wl ©BltaliBhR 1.8, Oto\Wlelthive tHRHardint¥@ers as discussed
calibration is correct. The user then decides if the

appieay eite &Vighl fordbagk Hipsevidedddpack in wanyatapibuben apd the pser
ttllﬂe% a&%gs@?@ et o%@ﬁfegg&%raﬁgé dfﬁ{egﬂ%%?&gztc%ﬁtaﬂlé 7253, Ifﬁ’lgt, then

acceptabl e, the process Is fini erw se, t
pheosergsayladimpishdymedmetars 7264, oy altdfmatisoly glhe @lietiongnagdg entisely

SRR Rl BB SRS PR B B g
lisndledneayde nladasder Shareabite gitkepbesanot isatdeprable] dirthd dthet hand,
see below), is shown in Figure 7. In this enbodi nent,

FhFACETES keplste- sone ot her obj ect

An embodiment of the fully automatic calibration method, which involves
implicit calibration, is shown in Figure 8. First, information (video information is shown
in Figure 8) is gathered by sensing device 1 over an extended period of time, say several

hours to a few days 721B. After data has been gathered, objects are then segmented out
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U1

of interest noves; the subsequent discussion wll
refer to a person but should be understood to be

weowalosop7appl i cabl e to ot her typesof obj ect sof PCT/US2004/037604

interest) through the field of view of sensing device
1 (Step 721A). This is to enable the systemto
determ ne the_expected size of an average person in .
dorfaelyein (/22 Bistepranne ithaagrenersing fosehe BeviaNs oRieAl in various
3000t dr B bl 285 DIBML SR BIcE S Auadk Iftshibi€d th18LurYb oW
during the calibration. The systemthen segnents out

t he nbigineg® plerveonste@2mminghsiers i7233 embodibd apertworsteprprocess,
U055 Bt RPN bR B L ER B DA commmines
cHnS4li¢613 efla @lremens, 1(2,38giond i uhlchieechamls nay pomiuditiesbjects to
724A, .as in_manual calibration, and the %Per t.hen

RNt TliAblh ¢S aapsufinly ohecciyiprt armbrdErcked Wiehighengdence
LGREE: AP ehdedimehf of MR invdnBER thel@ard RS on'l’%b{i&@d. tHatlarelstRed.

paranmeters 726A, or, alternatively, the ‘calibration

hm§ise 2etheisysény upes 9olydhe winninghimage wrgions apdipmp fisipgrams of
. .\ f i iy

PLEE Gy AEn0 hs LLEA RIS E R b 0

apsterpthaiptses the histdgeanotit deteranecthe 4vaege siheofarperses i dagh region

SR R SRS e B BB G s

Gatlel Poddst RAy bé SnBsedMed sinikirGUs SteB723A 6BHigurk Mf or mat i on
(video informationis shown in Figure 8) Is gathered hy.
sensi ke daeidetemmiging thgrvesagerizref 2perspo i HAmpgsragioy A5 is
S5Vl Alt gﬁﬁrq}éa?sutfﬁ)ci&lt favndlay. obj defskBrestit ﬁl%rméiiﬁin%f@ 8SteRB&Mon
gat hered, "obj ects are then Segnented out -10-for .
arealbgssd gn 7 2B8n rdgdiet dhe ammber & detyaningfeare magded fdroy meaningful
arious _objects in.varig I agi f '
Kby b et SRR, S el P Sl ROSh e e
Qnd fypguf eti9its toomsicthihs tripgrigrmilbg esgosgl. 7508 Budhrgidhsepbaksare

t wo- St ep .proces |t hough.the j nvention is not
e T 96 Do DERC i Ggh IV H By ifmost feauent
QediBleRe) BSassuniRiah b8 Alsingld FeRn! @0ihRNGtorhatfdn is AEEIAAS, thén
which there are too many confusing objects to track

shliteetion iy wic¢eatfilly capdedqut BSB) and trystons b ablatg sigpal its eeaginess
Q&w&ﬁgﬁgggmg#th hi gh confidence are used; in one
I ment o

enbo the invention, these are the only
obj ecthe ploatss axf Figsro$ edtypicallyStapgedouttwithogt biraan mgewntion.

Hoobgrafbanir Surel B PG RATP ARG d AR Ryl HePRh e

Skdoted to triadidisiug perdshs) 1 rddugithepBbleinRE treivig teadifitrbmintdpsams
the histograns to determ ne the q¥e[age,size of‘ﬁ .
ﬁé,pg@;ﬂe.i nSgu‘ggd:Hner @/éqd@ws may be imposed either in the step of obtaining

information 721B or in further processing steps.

Each of the automated calibration methods (aided and fully automatic) requires
the segmentation of images into foreground objects and background (see steps 722A and

722B in Figures 7 and 8, respectively). An embodiment of this process is illustrated in

-11-
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of the image 724B. This information is then used to
calibrate the system 725B. This |latter process may be

wo apses®nt ed simlarly to step 723A of Fi gure FCT/URE04/037604

step of determ ning the average size of a person in an
i mge region 724B is carried out only if a sufficient
nunber of obj ectsto resultin a neani ngful

déaes 19; The pxampiate embefimenticpnsistyfie ?@ljl airel-tryd bagkgtound
I
Hod8fl ] IBcha AAGAGH aldiac R 2R, 86 sHiecklynh 3T
exanpTly objaatitded p&cra;bwml backgrduyd modefhng @221vs tb ynaintainvivi acéurate
the tripwire wl|l E h [
st Bt e e e s R e B e 0 R o
e tonliPE) HiRels.OM an kxenplary aﬁbmentr thﬁ %p nﬁplaﬁ@wmepmaass
|sassumedtobea5|nlelperso is infor

idisclagadeirhorarpnly-pieignechli S iatant ﬁppgca&l% é\@s P/ 298>, I5 enfbed
Gweb %Q%;g%aﬂo%&%mgﬂ@ahmg Bixsit ﬁeaaﬁlg,at}h@d Marchi B02bo7, bid

readl ne for actual operatlon The process of |gure
Sndowpotajqdi leadin py aeffeveneedingitst enfiretho The igeneeal idaat adithe prcmplary

Vl\illle\rﬁ@\é\?\éfh uarlln!r;]téry \I(\ﬁ&l) ?12 h&ﬁ% S{ 1%51 1nlé§ %(/ér%e‘}%ya? ¥1Ja1% é}‘}{ E[l%lrﬁ énxel

S are expec
ivallesand telr spestRO.NA stable, uneldmgﬁgpixel 1ptr€dnddaﬂBﬁ}f Iftthe/dtatgti¢s@f

e lagbu BT I Pt e PEEC R TGP e

- yiBrRbrt td”befﬂérchﬁ“'{»‘der&ir 86 PN Thid BfBod deAeitoQfletifte sensor noise

automated cal i brati on nmethods (aided and fully
and eratometically gddress shanges e hyrhapieereung kopgxamplsg s staig, grhen a

Lo aerRDEl bkt AQMORCkRICHRtS FEReTRS fGfhs Fbu

|gures respective enbodi nment
offill tavers tqpBGefssthé scend dewssbrlmedd in - 11- Figure 10. The

exenplary .enbod nt consists of .t e

o xo! TR B AT RERRIT " 99 PP Sapsapline e FG
PeleBGhto PTG cHjstts dnaek irid tHA2 averamdm@aj E tlamas) & Yisirated 3gdio-
The objective of pixel-lev

? backgr Qqund gm gl i n 722é
itENROEAL fROSHTCRF Y abfisRMtAIRels Of Bisels deffuRsddn ok
bagkgsaungd pwértiee B f8e %B&l-f%tzﬁ &@Egs&xrmﬁgdeﬁﬁg%hzm Xl 8n

from foreground TG pi xels. In an exenplary
endaditsrembodimhitsthe Fepiietsirespatially mdajgedinte dasges FEi obiects yaing

I -
B0 b R e g B KR R Rl vl coown
St diiagtt iThede dBjemsIard\/ﬂmd:kéd m;gpg cofrielation ethodls &81 se0@ frangasdo
é’gﬁg{ 5 ala t gge g‘? ; el by (o5 pgqn& !t}ca:gqﬂgnteéhtn%ugsnatlre rdlesthSsed 1|11, for
example, commonly~assigned co-pendmg U.S. Patent Application No. 09/694,712,

entitled, “Interactive Video Manipulation,” filed October 24, 2000, and incorporated
herein by reference in its entirety. See, also, e.g., Wren, C.R. etal., “Pfinder: Real-Time
Tracking of the Human Body,” IEEE Trans. on Pattern Matching and Machine
Intelligence, Vol. 19, pp. 780-784, 1997; Grimson, W.E.L. et al., “Using Adaptive
Tracking to Classify and Monitor Activities in a Site,” CVPR, pp. 22-29, June 1998; and
Olson, T.J. and Brill, F.Z., “Moving Object Detection and Event Recognition Algorithm

-12-
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method is that a history of all pixels is maintained
over several franes, including pixel values and their

wa@t@siostorcs. A stabl e, unchangi ng pixel is trertBUSHES4/037604

BG If the statistics of a pixel change significantly,
it will be considered to be FG If the pixe
stabilizes again, it will revert to being considered a

B@ P Cammias.d Uk o b s Bioy My 11897 Eashi oftess eaferemcen ifi g be
}pgsg&e?e&%gfé‘g'i&%ﬂ%@@a%&&éf@ﬁce%?eﬁgﬁﬁmteﬁmfe e backgr ound

exa In‘a sto en a person renoves an
i t em fThothid sehadbiect arakysis A2A3f hasial fumbeisdfdmtcameo oot Hrlysis

t ted FG b il | t to BG. t he .
RS Spaigtt il b R Bleve Sip SS st
q8.g., pdoplel bty cdddsdrs” Pe. . Sh6§PHRH dafts)t PRefetmint kedtfect liectiéa of
objects and to track them over a nunber of franes, to
geetioan prb tos pecerpt omperiuyions i bisctsnclp. anrHjvstiye sfnphodiment,

SetepmDhtidHs %&lamitte b Bﬂ%&%@e 194P6asELoR 108 bS moRSoeld sidS its
their statistical properties, fromthe pixel-Ilevel

batetngh wotieh; fhydwimbego tRadtlike profaysicng énp! dryorderro dienabrrcts of
t.he EG pi.xel s, are spat i 2, | . r FG obj
PR B ot B el MELASE e tht Al oot e
deiees of merest)e Thehnifuesfot praforming swudl finckinmyvane krowinhethantt, and
These obj ects are tracked using correl atjon t hods
c?%i%‘PPlQ%ﬂ’/ﬂéﬁ“&lT tephnighes ate slisgpised 19 ]n%é P’f‘%ﬁ% %1“}68 0 and %Yer= C.
b Ry-AREd SatiotERFIIMGN Und& Khdigho N RER B SlibRsSmE£ Flow Curves,”
di scussed in, for example, comonly-assigned . 3
duop dHEE o RB, Sahamag, dkaui, Afsvaiic BR-i 30A-3R0. 19@8;/ @il HM., “The
Al i d is kan,72 Lk ! .
Pl a5y LD AF Mok ot R BT DB, NP P 2
iJanuatys] At CallatsyLip®eest alal“ddystemdor, VilwoeiwrvelRncednd Manjtoring:

"Pf - oReal s Ji T Ki f.t H Body., & L E
MR A e
I\ll CMUS ( J-ngl';\lé-pp}l Z,MQXI_Z(B)@i( Lﬂ;ﬂﬁ{A.J %ﬂ dt'é_ﬁ?[oviﬁ‘é Eaﬂ'\%gt @thssﬁication and
LN a |V [ ACKl. N 0] | an nitor .
A“é%qkmggtfr%ﬁ?aﬁ-@nesﬁ%seﬁ-’ 1%9@1158?5&\@% 20449 £9%§0and Haggine,

@ 5941, “TdsuaPndtddkion,F Video CoMpiiip&ed, K€ Shie E@CII0ANEach
and Event RecognltlondAlgorlthn1- 2-for Smart Caneras,
419

lodigespsieraBes is TGbe payi 7s bamgcincporpled b1 raferproe daressin its
ié&ﬂkg,be consi dered as being incorporated by reference
herern in its entirety. The third step, object

anal y ResirniZ@tow aBigareriy teestepaff chlitmatiandiisis felljwed oy a step of
anal ysis, 7223 y..serve to.separate and count objegt.s:
O e e AEe b AP R ERP OB RE et B e B e g oA to
PRARKEJysRAwilIGRAME S&psnd th,8nd repofARRPFIRY, £@et f)y siprimpose

determine an object's direction of | L
one or more lines of intérest on the image; these lines will serve as one or more tripwires.

The lines may be of any orientation and may be placed almost anywhere in the image; the
exception is that the lines may not occur too close to image boundaries because the object
(e.g., person) crossing the line must be at least partially visible on both sides of the line
for detection to occur. In an illustrative embodiment, it is assumed that the tripwire is on

the ground in the image; that is, detection occurs when the bottom portion of an object
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wWobjosos09ar e made based on one or nore of:

notion; and to account for occlusions of objects. n an
illustrative enbodi nent, determ nations regarding an

internal notion; the nunber of head-Iike protrusions
(e.g., if people are the objects of interest); and
face detection (for exanple, again, in the case in
Whi-chpuesni lessharessestibe lm}ngcq woigfzenentl embadimentribe uyer Bapssta
g rf or i tions are known in the art,
%%&m%%g%yﬁgggg?ﬁgﬁcCﬁ?@%hniques are discussed in, for
exanpDeher Alatameters bt napdeDpdialized incluloagtimeangerval of active

at i ot enpor.al .Mti.on Under st andi.ng,. Usi n .
3Bt € ot Fiostesarh B % B O forieR tseion Gpsrampte
Magdtermiiaathdn.a pBon e3s3s 309ea, SXPpposeEorhdndt is Besided to dEfeemine
Vi sual Analysis of Human Movenent: A Survey." CVIU,
Wéen a pesomgjtherspteryor s thg aeak ARd spogitivigntfithedetectiony o,
et al grpodine¥s bEMsiReniYb 88 RHLIE drbd fer@Rdypes of tripwires.
Monitoring: VSAM Final Report,” Robotics Institute,
Ear eragipts, Meideoinpwine veedsiot e, stFighth oneRa pore qysved tripwires may be
- TR0 1 y s L n.AJ. .. et-al.. . .
R s S e B e gl s e el ik siitar vein o
Réteb -tripwige Mied @0t be 2 SidgIDAREAI sehheriion vida2® «}ivire B Bconmpinide a
Haering, N, et al., "Vi Sl%a| E\Aent tection," V'bdeo
tamegt GRprebatifnadg il mege thanepginess segmagy fupiagrmore, 2
{8 BHSERS nbed o nRE1E BdtEhEkerCnAS triRviRg oh MROERED] £&ideo
by reference herein in its entirety. Returning now to
milpjviFeemay cerpise {mpltiple” eatalletepwiss that may, fog lexaide) renpirg an
%B_ﬁpt BcrdsHhfi btht &4 Greb e, SHELEIP of der oirurﬁtﬁinsagﬁpdcﬁﬁf %1{0% of
a user to enter various paraneters relating to how the
sipst Ethanivhifiatigestthayrbe possipe asiwelh andithd imveptomtis e timited to these
FirsH a user nmay superinpose one or nore |ines of
i°FPBPE%t on the i mage; these lines will serve as oneor
o g e Eﬁig)b&\iin’lfeﬁ@ ofd tmltindehﬁmsmmgamclb@ eoiralﬁﬁlqa_l 10:Cs 'ﬁxlf&rﬁfqd (GUD). In
and mayhe pl aced al npst. an erein the e, the .
SReprbogimans, hmuser wﬁsémmaﬁé%tﬂh teridy b gse t psdp gne
RS SmARUAMANLES (R EAUSSyshiarRPh Giko {tRad (e. %.Pﬁﬁzﬁ* §Mhapshot"
crossing the line nust be at least partially visible
awrytho rami dEavidso strgran primry be gepatiéal pragiised) {Ihisgeayihe dpnegiging
i Cative. . R . '
Cr P PR R, RRRACL TARlcin b nodeip B RIERE iy b fage wing o
geingiag ideviceonehr ss winsiuse, hemd ibdrt duay motripivom abdngathe dbjigec thus

-13- . 0., ! | t.h [ O .
B e DO AremP s DG ey ot & e g (et
b eE, fif1R-1HeB ifher) Mbjeearght (hii, vehicle, animal, etc.), object speed, etc.,

may also be selected using a “point-and-click” interface. For example, directionality may

be selected as options on a graphical menu selected using, for example, a pointing device,
such as a mouse; object type may be selected from a list or pull-down menu using, for

example, a pointing device, such as a mouse; and so on.

-14-
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O her paraneters that may be initialized include a
time interval of active detection; a direction of

(for exanple, to determ ne when a person enters an

area, as opposed to when it is desired to determ ne

when a person either enters or exits the area); and

sensi tAnpihey fusptiomef étiakizationrT3 iEfscbl s tassebct variays logging
[l ¢

(SREEHR: | B bioh e Pl QM LALLM DB b mo

ﬂhm&ﬂght one or nore curved tripwires may be drawn

that fol|owt ntour_ of one or re regions in a

Scene  RESIE Ty PR Bple on Tieudth Pirous e aRFRot be

a si ngl eobiReatly SRR or n@oryt,&% ckdsk;pWi re may conprise

a multi-segnent tripwire that is nmade up of nore than

one IPnebgg8$@h€n$ﬂgﬁurthernnre a video trlpMAre need

not nerel S|n e tr| mnre

contrar )e;l,o g%n%? %f’l? ﬁiﬁ{ﬁn i eerf g P%%C%n??ulflt Sjetgetion of a

parallelmbﬁﬁ@mﬁres t hat may, for exanpl e, require an

object to cross all of the tripwires in a particular

or der ®orloggip:pmy detpriiopis@listigs: period of tine. Cther

vari at] | holed bR o PR O

o not | nf RAmREPE T e AindeYijeo BRthda kRO

i By shapshotitanis mpaolt thata dillgmageis cradteduwblch imy enfpice apartlcular

Rl oe B TR s P mi 6 el bt

| mage, Thede vaflohsBp@6ns, hﬁfonib&laﬂoﬁi AP sh einsideRtn aldéb e&m rule. A

stream (e.g., such_ a napshot " ga be a fra

VTigkosveRt FUamaY corpfisea gréffagsfi ign (5 %\ﬁé P e]&})manTﬁ‘i"’éS“Pﬁﬁy fyistual
AP irk!Sin Q%r&cn&‘a'd%ct ?arﬁﬂ d ﬁ‘rgscrlbe'&trgsﬁ)t)ﬁ‘é'é%uc%@fogglﬁg the alert
user may select a point on an i nage using 0|nt|ng
deifh tsat andyiddeode a éafn’mss end sending hleernml dga aaltlpliﬂpwmael address).
o AR ehfruleERATeneb s AR SR ARIHRE G s vihdeo
(fea‘.ﬁtet Guchras glehs oftimteplest; dlasg veiflt qthee clhdses of ,actob’q'i@cﬂuc}n queitering,

huna

0 AT R T M AT

| DioasI\AE& REOFALHIVIR) & sodlidifpGhniaGdiBleialaymmay be sel ect ed
as options on a graphical nenu sel ected using,

exanplAdies ll}gfgﬂhﬁ@tiquld 3¢l pystem engeaies fscolleshsnd éuahgﬁ Jdété t74 If the
U YREha g@%teﬁ& a%’f-ﬂe%?ih@cgv fieQtm lstaitd dprQEessHHé WO IR khis time

usi ng, or exanp a pointing device such as a
mgmlgew ‘When & detents a lnpw;rﬁﬁmh(@f a pagtivatarc type,af specified by the user), it

18 got &!gg algnagt\{qﬁl acgo%ﬂa%ylglg 1rnf(t)rpnat1<%hs %es of accgllnsa?nt}qn\éaﬁfo%ﬁon will

become apparent below in the discussion of data reporting. In the context of some

applications, a tripwire event may trigger an alarm or other response 76 (e.g., taking a
snapshot).

An embodiment of an exemplary technique for performing analysis and detecting
tripwire events is shown in Figure 11. FG objects are first determined from the video

using object segmentation 740. Object segmentation 740 may, for example, comprise
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options. These options determ ne what data is
coll ected and may include, but are not limted to:

wo oggiosy7onl y when people (or, in general, objBCI/BESIN4/037604

interest) cross; |ogging only when two or nore people
cross; | ogging aII crossings; |ogging only when
there is a hlg egree of confidence in the detection
sters 723l d532rgd 723308V in Gawy 10 enddisqussed abeyte; dhe fogation of a
trgk ] 2
e I T s
¥ dlkcusmigb@\s, mreelaaxemplamndiodmt @i whicly b@vareplmes pe Al ways
sensi ng. devi.ce
BBk ot O NGRS e G R Bt f e e [ boRSm
%ﬂiﬂnﬂﬂ‘tﬁe@[ﬁwcﬁ%ﬂ@s amﬁwlﬁlﬂﬁ@d Ifit MideteAmiastbmit nb Wk elapAccurs,
V|deo event  rul ise a prescribed action

(e e “&I’Wﬁ%ﬁﬁﬂ"‘ 74ér é%ﬂg?rﬁ gsaovex}m theay if pRly StgsFREs i  specified

Rir€Sinl aREBn i &t bO MpwaAREv P TR AFE IR df HrESPRISEstddSME hnd
as logging the alert with text and video to a dat abase

ame sengngygobercetingin the speeifiphdirdctien are nefreandidezrdde beglpwire

e r
7 3 R BRSRORRSR IR GpGRUBLEE e proces
sh@ht}m%sawfeap T84 1f stepé'nehets beal mrfgnmdtahd pickle aptmsﬁtazsmsln,for if

e T Tl gediire e SHtiSHA AR A4 B P AEp@BTEE  Such
SRS ndght] 6Pda dﬂ%ﬁ: 104 @terMiriR0, el eardclMEc oThn object

soundi ng an au le alarm After initialization 73,
{OR GORGPER (@ri- GpdF- it ISk HDIue iTe & PLUSHRLGR AT2g9% 2¢at gmafler thep a

tD8aik SEE, V@{Q{gaﬁ{cﬁgr e%%etr(@%% g&‘&waﬁ n%?soﬁsssfac%ra filaLd aate

processi ng w ndow. Wien it
adember, stca. ff suplwnqemesxé%t refuof p‘asltpf&rrcsudial aarif noygyeh infuiries are
zxga?oman rygl)rocess dléw% mles tthat atmswgfggv%cco &:cWrede Of course,
Ishddd rsath quuitdeb |746)&)@Qﬁaiea43ﬂafeemt nb@t@&vresnltt hﬁen it would be
dj scussiqQn of data reporting h the context of sone
BPPE%?&@H%”HBWF?? hago £ may trigger an alarm or

ot her SERSAMEIRDAE Bor (BpBmentRhd@et@mIRABS BPYectidNof a crossing
enbodi ment of an exenpl ary techni que for perform

A4 pspsiossiblpdAg @ fiest exapgple, it may be implemented through the use otg optical

flow methods to objects detected as crossing the tripwire; the use of optical flow methods
could also serve to obviate the need for object segmentation. As a second example,
trajectory information may be used from object tracking (in step 7222 of Figure 10). Asa
third example, it may be implemented by setting up secondary (dummy) tripwires on
either side of each actual tripwire entered by the user and determining in what order the
secondary tripwires are crossed when the actual tripwire is crossed.

Calibration 72 is of particular importance in the execution of step 74, particularly
if only a particular type of object is of interest. For example, if people are the objects of

interest, calibration 72 permits step 74 to discriminate between, for example, people and
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tripwire events is shown in Figure 11. FG objects are
first determned fromthe video using object

waegawsmat i on 740. (Obj ect segnentation 740 mayPCT/082004/037604

exanpl e, conprise -15-steps 7221, 7222 and 7223 shown
in Figure 10 and di scussed above. The | ocation of a FG
object is then tested 741 to determne if it overla s
#bleris dhat angethe sl (a2+ patpARdmEce) gplapger (f & 9L B

[ £ | ary enbodi nent in which tripwire |ines are
g?ﬁ%@% é%@%hed to be on the ground, an object is
det er Wheedlataohasrwss gathened, piw\/icaretheﬁ betrepdyioti ttorm W@r 75.0dn an

obj
8&?”8{‘1 E‘Jgeglﬁlaeflt ﬁrtf‘le 1% i rnl‘ag au é’rVI C'frme que{%nt%e s sIem ttor Ledults using a

toidphishiuger@itertice (@BD). Infthit lélﬁlbcehmeht , GMeIhbig woﬁﬂaam aridfor Aethiled
crossings in a.s c fied direction are_considered to
(Sataop; .ogwrrr%orwéﬁp Qual qeipetipnsa F BHP Y %@@%@ﬂ?@é@?&&y

F4udedRE of HOS O ke ISRIWILS niRberdF BotEdHoNE nhlﬁbérta)? eople (or other
specified direction are not considered to ? pWi re

obisats of inwsest) dpteeipd sumhgyof mnltieiersen (mglfirobieet) éﬂeqtlem(e@ Sriten
UL 0 50 LORRLACRSS KRR LG, dfir Sprt

[folgedts) vmssmgmleaqhahrecﬁonsarg pr allof thepracedingeittfina wsedseldcted time

addi tion uiri.es 746 ma | so r f or med. h
v ABO on gtpore 15 tlskeLe oy e e B ARG on
Radpld detbefidén ﬁbﬁfn@ﬁﬁi@ bhdrinfor®bf e follbjvapt tigde, Giddr€es, Mumber of
(e.qg., a car, a truck, a blue car, a blue station
ma@‘%ﬁ@b@c@hqrow& ql@ofewgm SHCTRSSINEANA 08§ %@Or%ir@pshow ydeos
reﬁ{eh'afo%@fhe%meeo%he(&t&mn a particul ar person's face, a
't cense plate nunber, etc.). If such inquiries 746
ret ur Higoosil ancel ¥ showlsample @nreqnfsh¢t®O@U@Wahvmpmlﬁdlwlws, in
nmade then h 0¢ess er |
& SR a o%aﬁnrnee d% ﬁé‘ sn;'ur Se 1%?0%11&% mn 12@%1)&? crossings
lofig) tﬂques 24 éhﬁnﬂﬁg mededanth thspmwulmma;tram the Sct.tbetnshows live

then i ul et er.m negd t ri.pwre

et P ol PG PRI P4y Attehandsr Y oRpE S Hiving fhe
gRti6d Biriatiiah ervéi'l'la[n@@hds%e@éccﬂmﬁ‘a@ QiS5 Aeind $ndd% and during
possi ble.” As a first exanple, it may be inplenented

A gessing evantays begp togaed Sﬂmmryn@fpﬁmgn 1% ipgljides prgmbers of
%F%sgivﬁérgﬂﬁ ﬁ%n‘ﬁﬁr@&ﬁg@.gﬁnﬁﬁl&a‘éé bR ﬁa fhftfer Y ed QR ﬂg@ ?ﬂemﬁc

S cou SO Serve to obviate the nee
@hpenghsmgmﬁhh&$mbmﬂdWS&aﬂa@¢bﬁﬁ exanpl e, traj ectory

|7 21‘2 g g?.’a g}g!feoﬂir g;a%é R)dlijﬁcig %(ljlfn&c%gnléa‘%ob £ )Pg%ahgc% alg Icrrckgsng%enveﬁtS tplese
icmlsxﬁgrevﬁn@dhdpyers@t doiridgpoi toStRE GpedHicyerdsdingmiyes tand patkd B in
on either side of each ac ual ri mﬁrecfghered b

ddgire K dn dherdasplay ot B @ufenl g psephagghosen o display a snaps}{ottolgceaach

crossing event, along with its time and date. In particular, the snapshots 131 and 132

correspond to crossing events in the area shown in video 123 of Figure 12. In a further
embodiment, the user may be able to click on a snapshot or a button associated with a

snapshot to view a corresponding video taken around the time of the crossing event.
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secondary tripwires are crossed when the actual
tripwire is crossed. Calibration 72 is of particular

w0 ppsios@nce in the execution of step 74, partiPRCi/ag1094/037604

if only a particular type of object is of interest.

For exanple, if people are the objects of interest,
calibration 72 permts step 74 to discrimnate

bet weéw, exgmople % amapkication epthe inyigativevireg jinvareds thedetegtien of

e"tehl gtl{ngsn%‘ln e%fwé&%s%g)es 91?&\356 Civlm:lﬁ?aeirﬁfn dv\ﬁ{é’%‘e&df g{egplﬁ ag%ften

cars an peopl e
hme pergm) isepemlixted ﬂo egtarentabeifortite lilepardtoadotmora othem try kEfollow
n ar odi nt of .th ent
T SRR e St Rt Rl or frfEftnting o
UgiBlatihd\ddctias & st thid dbollingent MO shisiBet that&u'fﬂaia k¥rveillance
informati on and/ or detailed data on one or rmr;
an entrance,

iaepisipaiplleddn srchiapaitiongs te ke ligreppets

'fﬂf Q){aﬂﬁﬁé QMUBRYr h REhHEE PRGeBhorfDLE c%erﬁ gs fold QbR as
of detections, nunber of people (or other

abgcesstzé alpive. | TiteESIS’@gtl Pegzi@tbefdp@dmgﬁ eers@fis pRIGTING. ey aherpt to
tect ans
(RS b B TR bt foomatiER LT Bl B S0 or
raxaihﬁle &k nag B@deeo ¢rdyneiit s )sntenrméé o kegplaatiwibe peat ionygh
or allof the precedin a user-sel ecte
i %Hidwdea ﬂ{ﬁ% HECBMAFRe ¥13?Pve“5 i?%egP%etﬁcrff ) “agl?f 5%%?? the
Cgpeﬁlhgoﬁﬁ@&ﬁgh&gthls%ﬁi ﬂa$e 0B advafilaPOd R0t 84 86 d M AntBE e with
i ncl ude one or nore of the follomnn? time, direction,

reeiesel cgwipmenploard (retsier diexnade pb dsi lieg). whiste msy teafiecior Eayier
or

ShAREY B0 po R ORE Rop TP L DR AR RS WHLP B el oS Sitccted

rmilbmsvd:regmn 14hoDsring this sunilleatd, e sysipro defeet) objects moving

R e T
1"|ﬁf-1s BHARNIIVOace dﬁfbﬁ:ﬁdrﬂ &ymentibnddubsvep Hitteicanibrats s1tuated s0as to be
illustration, the screen shows |ive vi of the

AOEAOTPROFRFP Ty Hheisyiim dcp gaternpes,whether 3&&% & %ff peoplE who
CRARLd QP pekARsiBleViD gInttﬁéQHIE’s@rﬁie@ gmgél:ﬁﬂn&g 0Mio8Bperson is permitted to
surveil ?ance has been occurring (i.e., a tinme w ndow)

camtbr @it g tiveg; \Mowewrcmdseﬁerﬁgnwlem‘sodnmx@ ﬂi@ewuldo‘@fgéw selected
iﬁ.\gﬂ%{]yﬁ OHJ ?Jrg&t(&h%ﬁg%%slﬂlgﬁl Sge?)?‘eﬂ?éf $0re s:f)[)lgsgilé &ssary

eir direct case, the use
fmmt hemn tiepahérfliaad, dhhaltl mdre tsqpeaief pecsonr(mes:i then thenmesmbasthle

a s .shoul d be displ aq¥%ﬂ]|4§2§. Fi I%ur e shows i Cpd'hvi dual 1

REEICA BN HRTEL T SUFbEERgaRBTLdt fEguple
soundmg an alarm, taking a snapshot, or recording video surrounding the entry. An
added advantage of a system using either of the latter two responses is that it may provide
useful evidence in tracking down a person using a stolen card, in the case of a system
with a card reader.

The embodiments illustrated and discussed in this specification are intended only
to teach those skilled in the art the best way known to the inventors to make and use the

invention. Nothing in this specification should be considered as limiting the scope ofthe
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crossing events happen to correspond to the specific
crossing tines and dates 122 in Figure 12. In the
wale@plosop7of Figure 13, the user has chosen to BOCEPEEY4/837604

snapshot of each crossing event, along with its tine
and date. In particular, the snapshots 131 and 132
correspond to crossing events in the area shown in
\irehent ihv@Btiof. THe ghsnvedqszandrmévodmmma of the iryeufiipremey bahedified
§§3V88$°§%é8§ e‘\lﬁn}eﬁg aadgend; or ml 8(? v%th%ﬂfagei)hgljﬁig ?’feoslﬁ gﬁ% ntvgﬂhon, as
\VippReiafed ks thosy shilled iﬂtheart mmghmf thelBover@skingy Ielselltetrefore to be
-17- An anpl, an application of the jnventive
dEgio0] 1w i e AR B SLATBAG R i lgATY Hg vension may

R'ﬂre&ﬁ&édﬂﬂh&i@ﬁ@ fHaR 8$spRA N MbsckiBeddhi ch a cert ai n
nunber of people (often one person) is permtted to

enter an area (or the like) and one or nore others
tryto follow closely to also gain entry. Figure 14
depicts a flowhart of a nethod for inplenenting a
tailgating detection system In this enbodinent, it is
assuned that a video surveillance canera is installed
in such a position as to be able to record entries

t hrough an entrance, for exanple, a door or a
turnstile. Furthernore, the canera has to be
calibrated as di scussed above. The system begi ns by
detecting that a person is entering, or is about to
enter, through the entrance This may be acconplished
by any nunber of neans; for exanple, one may have to
enter noney, enter a code on a keypad, or sw pea card
through a card reader, or the systemmy use a

vi deo- based detection nethodto visually detect the
openi ng of the entrance (this would have the advantage
of not requiring an interface with external equipnent
(card reader, keypad, or the like), which may nake for
easier installation and inplenentation in sone
environnents). When an entry is detected, surveillance
begins 142. During this surveillance, the system
detects objects noving through the entrance and

anal yzes themto determ ne how many peopl e have
entered. This may involve face detection, as nentioned
above, if the canera is situated so as to be able to
record faces. The system then determ nes whet her the
nunber of people who entered is perm ssible 143. h the
illustrated enbodi nent, only one personis permttedto
enter at a time; however, in nore general enbodi nments
this could be any sel ected nunber. If one person (the
perm ssi bl e nunber) enters, then no response is
necessary
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144. On the other hand, should nore than one person
(nore than the perm ssible nunber) enter, a response

WO g005/08ger ed 145. Such a response nay i ncl udepCt/082004/037604
exanpl e, sounding an alarm taking a snapshot, or
recordi ng video surrounding the entry. An added
advantage of a systemusing either of the latter two

WHAEIS 63eMIEDE%rat i t may provide useful evidence in
trackin stolen card, in the
cagg ofg%g@ystg“ﬂgfﬁﬁﬁl éﬂg 2eader. The enbodi nents
! | laushsing dvicapdddtisg usis@outpu; aﬂdl s specification are

intended only to ach tho II n t

poctoORRY R VUR PE P AE PV RN T8 SO S RS S i ot satering
and FRYRBihOduta BSEd b Gddorbutgit fec&PRICIn 8 kérRing IBO1tk khOBser interface

considered as limting the scope of the -18- present

COMFBSHIRYAIEA NhRIHRIE MRS dTaRIt B dioMHskifesaF aptenl user interface,
Whét@%%do%uﬁﬁéﬁlst@ﬁ d‘fgﬁﬁé@c 6l aMR EﬁmerﬁQl$%%% Bser interface is
ded or "om t'ted hout departing from
adapwd @Qnabh augy tey épWMI@Oedp\bhye m‘n@ drastowrp bf &l ao ithegeaf sdid video
f th bo is thereforeto be
OHTFters?? F% H&msyﬁ%ﬁk?ﬁ scope of the clains and
their equivalents, the invention may be practiced

otherMAs than as specjficall ribed. -19-WHAT |'S
CLAI NED T video ARy oy SR mrpﬁig o L o SYRpTS ﬁ?f&:gf%.vlhwal user
intetABSEINEprieNd SotntRh QALK A@ridedeO out put; and a conputer
system includinga user interface, for performng
calibration and for gathering and processing data
pased onrhﬁwee R RCREY Ao RihNE LRt A point-apd-click
devi ce e user iInt ace con5r|5|ng I nput means. and
intepfateammmsents Jeaganedmemput neans i ncl udi nga graphi ca
user interface, wherein the conputer systemdisplays
processed data, and wherein said graphical user
I nter f ackksiddappeite §Bte@NARO™ing tol SImt1Q wihemdih 3aidi glhical user
tripwmre on at |east one of a video inmge of said
inteagrels Tythepiderise toenabls gUndo eriRahlepst op4 eamsre\nl eo
output. 2. The video tripwire systemaccording to

Caim1, wherein said graphical user interface
corpri s e aidpoiripwvita Arktent dceprdingtaClipieh whereinHiasd af jege gne tripwire

ruld ﬁﬂ:lﬁ%%s a?lgﬁ%fl%lkgﬁ? n?tgo;n tggobie% n_@)émamgb ec 8 in the

I’'ses ast one nmenu.

6. The video tripwire system according to Claim 4, wherein said graphical user
interface includes at least one menu adapted to enable a user to enter said at least one tripwire

rule.
7. A video tripwire user interface comprising:

a graphical user interface adapted to enable a user to draw a video tripwire on at least one

of a video image and a snapshot from a video stream.

-20-



10

15

20

25

30

4. The video tripwire systemaccording to Caima1,

wherein said graphical user interface is further
wadaphs®7t o enabl e a user to enter at | east OnNBCT/US2004/037604

tripwire rule. . The video tripw re system accordi ngto

G aimd, wherein saidat |east one tripwre rule

|ncludes at least one of directionality, object type,

and®-obi i dde ugegélétgrfacg acqpyding tqyekgim 7, p’Wefeén §ngr@3h10al user interface

10 wherei n said graphical user

Corgl%?sg{?gdg% aﬁlggﬁ]%g@fg%e | east one nenu adapted to enabl e

a user to enter said at Ieast one tripwire rule.

vi deo tr MAre r|S|n a

user i i i Albihe B e wuRPE gD Pasea interface
coriprispyMtll€sihe &lenh.east one of a video i mage and a

snapshot froma video stream -20-8. The user

interface according to Claim?7, wherein the graphica

usefo, i Nt1GLT,G GRRPhEBREnA0 RHiRE 7, ‘%ﬂ&lr&ﬁ t&?&ﬂﬂtcﬁf&s@ﬁﬁteﬁace is

9. The user interface according to Caim wherein
furthereadgptedbiel coshile yuser to antes pf loasbooippitsedleat | east one

menu. 10. The user interface according to Caim?7,

wherein the graphical user interface is further

adapt ed The uedm ahdar&tca acwsming to CiiteT, vdterdie tetgrapheal user interface is

ruspe i s RSE LSRG ARILST U0t REDFT ace s

further adapted to enable a user to enter at |east one
video even rule. 12. A nmethod of initializing a video

tri i r éh Byeded Itigliphg 3Videp gty HEM PSR s;  and
dr %&gﬁgm\ﬂn@@g Hﬁl pwire on a | east one of a vi deo

i mage and a snapshot froma video stream 13. The _

met dreding ecgdeditrigviteoorGl kashodof awideeimagsaind acnawhetgran 2 video

VI deo tripwire conprises: using a graphical user

UMt erface. . The method accor di ngto Caim, wherein

t he graphi cal user interface conprises a

int- lick interfa

po! 13t. an[%e c:meltlg.:od zlwcgr mng to Clalm 12, wherein said drawing a video tripwire

comprises:

using a graphical user interface.

14.  The method according to Claim 13, wherein the graphical user interface comprises

a point-and-click interface.

15.  The method according to Claim 12, further comprising:

entering at least one tripwire rule.

16.  The method according to Claim 15, wherein the tripwire rule includes at least one

of directionality, object type, and object speed.
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15. The nmethod according to Caim12, further

conprising: entering at least one tripwire rule. . The
worgakoshoaccor dingto Claim, wherein the tri pw PET/DS1084/037604

i ncludes at |east one of directionality, object type,

and obj ect speed. -21-17. The nethod according to

Claim, wherein said entering conprises: using a,

poi It - afte oietholt agoqtding taéuficlsairn]l%z Whigsimsihaerag comansfg: t o

Caimil7. . bR oint-and-click interface

coﬁ%ﬁ%é gn%%&¥§g§fﬁgﬁgghenu. 19. The nmet hod accordi ng

to Caim1l12, further conprising: entering at |east one

video eyent rule. 20. A C uter-readabl e nmedium .. . .

conta it TR pePro L PR DhoN PR e iy elick interface
confRIIRUL Rhast oB@HRAu.t he conputer to be adaptedto enable a

user to performthe nmethod of Caim12. 21. The

comput er - r eadabl e nedi um according to C ai m 20,

furfgher 160RlflBLAGdiflSbiciah 19N fiRptomWhialy: executed by

a conputer, cause the conputer to create a graphica

us emntering etrléatencaudgpterehttwe.enabl e a user to perform

said drawing. 2 . The conputer-readabl e nmedi um

accordingto Caim, wherein the graphical user

I nt2er f agecogip-radsblampdiuttconniking insktudtiohethbioden 2xecuted by a

The conput er-readabl e, nedi um accordi n 0 aim 22, .
ComESReLIFE OFBIAE B GapIea 10 SR err o PE B gof bepim 12.

one nenu. 24. A video tripwre systemconprising: a

conput er system and the conputer-readabl e nmedi um .

acddr di Age tcomeniar-repdeble medium aGeeding (o Slpime 2@y Birdpy containing
_ . i .
e e A R DML S Al P il vsr
intepfacd alaptedtp eapable buser ioperfonu sfiddrayanger i ng and

processi ng data based on video output received from

t he sensing device, the user interface -22-conprising

i N2t MERAB Sordkitbr @it gHlé medan sccovdify ©i0liinlPe, Wikt the graphical user

i ;ysten1djsplays processed dat a,
interface comprises a point-and-click interface.

23.  The computer-readable medium according to Claim 22, wherein the point-and-

click interface includes at least one menu.

24. A video tripwire system comprising:
a computer system; and

the computer-readable medium according to Claim 20.

25. A video tripwire system comprising:
a sensing device producing video output; and
a computer system, including a user interfaces, for performing calibration and for gathering

and processing data based on video output received from the sensing device, the user interface

22-



and wherein the conputer systemincludes software
permtting a user to enter at |east one virtua

WO poopinsme; the video tripwire conprising at | eBST/USINE4/037604
of a curved video tripwire, a nulti-segnment video
tripwre, and a mul tiple parallel video tripwire. 26.
A nmet hod of inplenenting a vide re system

CORBHFPE @Pﬁ@ﬂea’é%ﬂnfi BH R RS W%C%& T &St Yerlas professed data,

and RSl A M ERr RAATREIBAS sb@ard pE&niiink BBsc? Yosén?épat least one virtual
initializing the system including entering at |east

tripyiige, fhervidealtripwirqranrpsisinggit tpasiong ebaeuryndeviddorttipiire, a multi-segment
vuﬁ 'tﬁw{l{eea&d%%ﬁ@{e%rﬁfe1 Lﬁ@osﬁqg%% of a curved tripwre,

a nul tiple parallel
5 trlpmnre obtalnlng data from the sensing device;
anal.yzing the data obtaj.ned fromthe sensing device to
R B SR g L A e e
beeRalkAms 8 densdiR A elvice GO rRBnsch EBHAVER phfinidtefd fok U by the
tripwire crossing. 27. A video tripwire system

SY¥®pri si ng: a sensing device providing output data;

and i lﬂtleeé' StethS irﬁmdfr%(\eﬂ{e\‘lhg Qt IE"KE? ot iRt %1?6 304 at least one

conprising: a YUser I nterf ace; | east one processor;
10 viued tripwire rwpmplemng addabore Qfeetutmd mmtlaa, A imdfi-segittenhiripwire, and a
tln .t he nmethod of claim26. -23-
mulPPle para 1%'

obtaining data from the sensing device;
analyzing the data obtained from the sensing device to determine if the at least one
virtual tripwire has been crossed; and

15 triggering a response to a virtual tripwire crossing.

27. A video tripwire system comprising:
a sensing device providing output data; and
a computer system receiving the output data and comprising:
20 a user interface;
at least one processor; and
a computer-readable medium containing software implementing the method of

claim 26.
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