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line segments; tracking targets in the video based on the identified targets; and

managing tracked targets in the video.
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[0022] Figure 11 illustrates a flow diagram for refining targets according to an

exemplary embodiment of the invention.

[0023] Figure 12 illustrates a flow diagram for merging targets according to an
exemplary embodiment of the invention.

[0024] Figure 13 illustrates a flow diagram for splitting targets according to an
exemplary embodiment of the invention.

[0025] Figure 14 illustrates a flow diagram for merging and splitting targets according
to an exemplary embodiment of the invention.

[0026] Figure 15 illustrates a flow diagram for analyzing blobs according to an
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[0040] The invention relates to a video surveillance system that may be configured to
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occurrences being monintored. The system may be adapted to disambiguate

multiple objects even when they interact in tight groups and to detect moving
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101 of the invention may
people is present at the time of a particular transaction.

In Figures 1 and 2, the invention is illustrated for use in retail with a POS
transaction verification application. Figure 1 illustrates the video surveillance
system according to this exemplary embodiment of the invention. For an
exemplary POS setting, the video surveillance system 101 of the invention may
interact with a POS system 102. The video surveillance system 101 may include

a video camera 103, a target (e.g., human) detection and counting module 104, a
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Pat ent Application 707, "Video Surveillance

teypsaclp) Paplesilimaty ovneleo Primitives," Attorney Docket
[0045] hﬂoclémﬁ %gd I]Q%ﬁl’%%poe ihdp ﬁmeﬁ’l@& 88he ﬁ@@échﬁﬁq@lés%ﬁkcmw in, for

Survel | | ance orney
qae@klét U{ﬁoPatgvfxpphcms Blo709/9%7, 107S‘V1¢m Smveillgmoé Sysieni on

ok 908 i oL ABLER 2151 EIPERYTO,
Mﬁl@ﬁmrh@ il HOST. b HY ildo ﬁmwelﬂlnmb)%yﬁaﬁéf\@nmey Dbeket Nese
ﬁ'}? FHIPRYS, ortN§. ﬁ?e%?kgﬂ[&aﬁén 1! 1%9?@95 e k}’?c}eB %ﬁ&?’il%@c e

activity i'nferenc
Sd'stsm wwmj/mgﬁodeotphumtweﬂ v eﬁrttorrmlyf ,Dobknt Nex Slﬁn IZél 1 5 $1lu;mrh1ch

nggxia x%)ed rﬁ]exte rbfeﬁebc 'dé%lbe%%g%l}lehts,\;ﬁ cerg 5 lélfl?sl ance

a@;ishmfﬁrmdmy of@uw)dmfbréﬁce d.4.i peeple conﬁdnhg)"amems@@@édet
For exanpl e

5340, be used. .{.004%
R M R PR SR AR & Bbked PaffGact | on
gxamplef 1\8e PatefeyA pplication thlo. 091987, 707] W itléovSurveilfanc® By sidnf
hree data itens: \%# the {i f ransacti on;

3o Ene 1B BB eEvomep e RN Hi T Phay be used.
[0046]  tRoaffaghmpld of 2ROS GPsterh,ASprinifiee @lled & Wﬁ&ﬂsmmﬁ sal e,

return, nager ogverride, etc). Two rules fo

primitive” may be used. This primitive may contain three data items: (1) the time

of a POS transaction; (2) the location (which POS terminal) of the transaction;

and (3) the type of transaction (sale, return, manager override, etc). Two rules for

the rules database 106 may be used with the POS transaction primitive. Firstly a

“return transaction verification” rule may be used as follows: if a POS return

transaction (primitive) is registered; and there has been no customer present (>=

human in a “customer” area of interest) for a [parameter] period of time; or there
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[0047]

[0048]

the rul es database 106 nmay be used with the PGS
transaction primtive. Firstly a "return transaction

waes7daet i on" rule may be used as foll ows: i fPEI/BEXS06/024485

return transaction (primtive) is registered; and

h%?ﬁéeﬁ nBas shﬁ??&s&‘? LU L RHRY prideRSE A “diplofdd Bida b @

toner ea o |nterest) for a [parameter] peri od
wbrestb foe 2 [paraméien perips! aféiey, then hadnnsestiqurie Bwplid gndan)

lx'm@ncﬂ 1&?? NEndrfled Se, @x{m Qy‘ﬁﬁﬁ ag@f @\%rrﬁfe” LhhatfRlimef Or a

par anme erlod 0] he transaction is
thauwls itle ﬁaﬂdwmg ifh a@&nwnghr pvqmde tsang@ﬁlen Grbeitivgdtondl y,

Pt g ey i pesd AL by Mba R,
“emploptd”iavea)of Iuﬁerbsepfos b fraezshetea]pbriot ef embathen th@trat‘me@nnt WO

.enpl.oyees present. (>1 hunman |n an "enpl oyee" area of
1§ g‘teélf%@ﬁ)anfa mzﬁ("fdbé\ SV %eriod of tine; then the

tTha RER6 thrAta |1 63 iay b¢ tahnesiell an camputa-baadisysicont 07ghat

ERRERTs T At drb IS PR S Al b I Ry

1p&tibay aid anmbiSifpediie infke sckite Exhimples bike vmﬂmerdﬁsmw a

103 to determ ne t I t d
HlEm B2 ey Tk ghec o g oSt do f e o e s PERED 7
d@ﬁa\puteﬂgicadﬁaptbﬁ J&Hoﬁéa/ldm@tal é‘bsn@t@ﬁﬂ{BDﬁD a dgitallgighaed

above; %}Persona nmputer (PO, a |l apto ?ggersonal
RpGFea D s)sans,atpah%atlemmflﬁcamagr@qe@ giroudti K- pFgessor

;(rg% E’&,maae aﬁ'ﬁ’}) ] @ﬂlo‘;&%ﬁﬂréllep or Bﬁye&ﬁé’iftf@ﬂ) Pdcfo@ ui t

dpr ogr ammabl e arr ay
mp@ss@e elﬁter es; 3 @am alpne dewjeeqyr ﬁ@.becfd@@ 4 ‘&é?ctﬁa“}ﬁf%é digifal

RadNELords (ﬁVﬁs %%ﬁlfd?ﬁ‘ GideSNL &R N SkkisQitBheYiadeo

canera, a Bglta video recorder (DVR), a network
neivwerls rouseror BES tearmiirR), or anyrashesdaidwargideriie r TheLoRwtReT Kk

t i
G808 S TR I Ty BB BE o R o e
cda*sxﬁcmommfambamnmdug: h@édandéhelmd-deﬁm ralesidatabibec X6 on

J&%‘%@ er'% edgdc;e m%}'to%r as eg{%ﬁ “Rt;h%ng %‘!?&%d r U| o
¢dmiuen9m1ﬂdym\g idﬁmmeandrcomc‘ed unmqmnwgﬂ(s Aémpllabgﬂly; ghe

sof t e gnd ct e [ ly,
Rt e e AR e By RS i e L RERATOME LY,
vibad @mefa 103, [Tae humm d}:tdchm mddﬁontmnmdalem)@ andthe human
g cti on nd counti

dule 104 a
B6ricnasinomeo podik TBoy et b A saaier

ie AR RITESEGH cABprBIGUTRWRRI paﬁahl tRe OpRettioNs @ﬁll‘mmb&llesg

P R A K I AR

SHMPAH: 8YstehY Maf B cAul& 16 PBTIbHEhe SYcTAtRING BBYe b@d@l@@aﬂd to
performthe operations of the nodules 104 and (%ﬁ%
dul e

o 106 n Adteipetively: thedunandricefionaad FARLAHEOLYE AT
H04ifRAbr Hransaction module 105, and the pre-defined rules database 106

may be implemented with application-specific hardware to emulate a computer

and/or software.
Figure 2 illustrates an exemplary frame from a video stream from the video
surveillance system according to an exemplary embodiment of the invention.

The exemplary camera view may be from a video camera positioned overhead.
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classification of transaction nodul e 105, and the
pre-defined rul es database 106 may be inplenented with

wa@pplioeavs on- speci fic hardware to enul ate a coPEIUS2006/024485
and/or software. [0048] Figure 2 illustrates an

Iﬁﬁﬁfmlﬂﬁsmﬁﬁffmmfe cOFRerMé Q@me {gntem o’ iJg@esvmmy

survel ce system according fo an exenpl ary
@ﬁfﬁin@:hanéﬁmaoﬁgem@éemhth@m on. The exenpl ary canera view

[0049] 'ﬂ?)ﬁxe*% a&élgﬁglﬁéﬂeg?ﬁnﬁ‘ b iﬁv&l@iﬁh fd 19155%‘; Q\f&'rlﬁﬁ ﬂlqetlaﬂ t h e

exenp custoner 1s on e ri t wo
vat‘npel BO'® gaysactnoksificatiomapplieationn @Ioa/emnagemderatp@d tbnt t he

el bR M, AP L AR, A0y 0

drtr\mﬂisramgmem verification application. However, it is

oo 385 SRSt o IR PR o0
toih Exenglog me@lm[m&%ﬂﬂe iliegtiore Bith the tstentidne sargets hayw

S R St S S5t BB SRR RECRES D0 ©

scénée MbieRtact t}ﬁﬁ@@ts&fﬂﬁysa@mem@smdkb 80l aimli30Q ne-bBOVI NQ

sets f_lin gnents extracted fromthe yideo scene.
emplexe r%oiﬁ&iem%ﬂét\%ma?smaﬁ@ g%‘ pdhe Yigeaskeamo1 and

wBHe, RYxApIE! ltméepﬂﬁﬂe dlkferehélﬁg: bor S6ie oth@\téoRBiqhé (6d, $ormay
be det ected in deo stream usi ng, for exarTE%'Xel

Apple. ¥ Sahaen .Nor é»é%%%wn“\hds? SR iapR bsing Sttt
M§@e@ing b QlitofeR TRLRot Ne: ﬁmﬁ’%@ﬁs Q.S Ep et A: ?ﬁ@oatloﬁ/NGeo

mentation Using Statistical Pixel Mde

lmgSé}rOﬁ@ VidserSseneNgrekgrpundiaintsagngs Using Ghange Ipgiectinn
e@l@ @lésgl?it:étf?)ﬂ ”mtorﬂegf/ DoofetQRE 371191 1‘%998659&9 ef Rakkdfound

Mai nt enance’ Usi ng” Change Detecti on and
i@apapted bereindp referaneedprand ¢ nOBER BrskNpay Ber7exiracted. 82836,

égg,gga o 'd&tbn@sfonb&%ﬁ RO&igSdd B@lg@'vﬂthm%f &ftF ngﬂfe@

Ion mask nmay be extracte
Inivboli3ABAine ségnishtsakay3® Heiested iisingy §@'@darbelbmbge\mt¢ptlon

nﬁsﬁ@g g{e (\:A{ug%t]: J:l‘gl%{!ljg (s%]p oflopeﬂhﬁ‘%kU@ gﬁteﬁt'%@h@eﬁ%m S nay

tection and
1VH8 2gﬁ,dmnregTeb<em¢me1gﬁe Deteetign éndﬂ"r@kam@ Appligatioratent

ARRLLEA B Ao A0k, 201 2 FRXS gl Tar oet

g Wit | on
1n&ﬁﬁckelkd hersin b@eéfexehd:e() NAR e)@ctmlﬂary eynboimlentt of bnck 302 is

o T e

iaeltmed v éoks dfainp @é‘gfmehf@ et ﬁtlthe $eq5rr3medt§1a hdreakiadete.g.,
targets

Sty T e Gl 120,25 561 o, L te aeoent
mm&&om&@eﬁ HaQ Bk tradkap asiad sl iradka)filtedisu@instalialibe! d of
ﬁlter a\pl(glfledt tg ?hevclerqt%gdsc c;afr{}?er t%roets or some other technique (see, for
example, U.S. Patent Application No. 09/987,707, “Video Surveillance System
Employing Video Primitives,” Attorney Docket No. 37112-175340; or U.S.

Patent Application No. 11/139,600, “Multi-State Target Tracking,” filed May 31,
20035, Attorney Docket No. 37112-218196, both of which are incorporated herein

by reference). An exemplary embodiment of block 304 is discussed below with

respect to Figures 8-16.



[0051]

[0052]

[0053]

In block 304, targets may be tracked using a tracking
filter, such as a Kalman filter, applied to the

wa@emvna4ds of the targets, or some ot her technPCrEsS2006/024485

(see, for exanple, U S. Patent Application No.
Vj id

S0 s i by Bl o @NREmOYRE BROSTONGY, 1 of e

Ripv&e 3 Pecoetitg tA;apIexmlara emiodiment/of 38, iseation. Mnlblgck 49 at e
ket

Sl s e gon M 40100
skgaraion nipy begbdomrdaing Alnanga( éempitian yChangoe dttmmn hef bdsh ock

S SRSy RGP D SORERL SPafb P
aabgiue of thé) chanpy datestipn may bed forégromid 1&@11 fcm‘eadﬁ fiame 18

or 0 a X enbodl t ventlon
Hier R st Sk FOvRSgY . Moy Phsrieda "Wl BT
&%ﬁﬁ%@l@ﬁltl}@lﬁ@ﬁhj& B@uﬁ&@ﬁ@ﬁ@ﬂﬂ&yiﬁﬁﬁ&meﬁﬁf&h@ﬁwlaﬁ i on
may be rforped usin n etection nge
BBL e An s deffe ity ish PR S TR ﬁtﬁs&ﬁ
PR dAREoNRAY bé fETUMnEVESy 8f thedvRitoak fea, Whechahdyp Ut
of the chan%g detectign may bg a foreground sk for
regtrs spyg meditications frthe Sy ftdﬁ% Yo Sroware Pdr egr ound

m@ummag@ngﬁ&%ned Wi | e ot her edge detection
al gorithms may be used, an exengl ary enbodi nent of the
n

i Figusn b ilistratas/a flo diagendandsecting dngisements Shblogkig et
I%&Q g%@&nﬁ?gw A eszerﬁpbry%hmﬁqg@me M%m%g ggo&ealﬁgfol on

e per or med on the foregroun ar ea,
memelqm engodinreat, ﬁmidiefmlotstw wathod may he used imgetesd g@e

e e R e
rdethgt @ny oativbt sach agedde np@celsmgp@rﬁ@ 4 WWbllir@cngr@m uggifl
tﬁérg LS no?’erﬂ)%%}?glglrsg;?%%g Pg{ggﬁ ot n%r Eac%@%%ga%ag%lf lQ:e

I'nvention
1d©he lind segmtntcandetftaoktimgaised ¢heuslgel pixel m!as’ct@atmbqué*rom

e nts,by extracting all of the line segnents from
tﬁﬁg‘%d)éx bF’)y‘?% map. The nethod may iteratively search

aTheeifgle tblse SOTamytte ahictgk pxel eaplof the faagrobtained by for

ther noug eI S renai

B g Db PR JHE a0 FrE 8T me BEGRRRE Biane
lﬂﬁél@fozbéiddl@nhml n nlal Be ﬁﬁ@@wﬁﬁkﬁh Sﬁﬂ}ﬁleh’eﬂwnﬂﬁfwﬁaﬂlgé rom

e pi xe, The | 501 may

Heslang dgdeprRLio lﬁﬁ‘éta  Radreer A hoBr i %gfick
&nailidh thay BE A6kmAR Byuskr igptit @ardmelefs I thetouBOinage dgeof
pi xel s may be counted. In block 502, det er a
Weﬁélaﬁhﬂ%"‘%ﬁé‘m‘@r fop exampiG, & SBPPIng Sifbe Orcff‘a@élnﬁ’e‘ fthex el s
Nb1S imeleP byidtR OPA %Eﬁlﬁ% baeRkixtypiReld, tREhREHIEH the The
threshold to check this . . .
sufficient remaining edge pixels may be, for example, one third of it, that is,
twenty pixels. This threshold may be called the minimum line segment length
threshold. If a sufficient number of edge pixels do not exist (or remain), flow
may proceed to block 507; otherwise, flow may proceed to block 503. In block
503, a new line segment may be identified. An exemplary embodiment of block
503 is discussed below with respect to Figure 6. In block 504, the edge pixel

map may be updated to eliminate the pixels used in block 503, as noted above. In
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[0054]

[0055]

condition may be determ ned by user input paraneters
on the rough i mage size of an exenplary object, such

wa@sggo7hasoexanpl e, a shopping cart. For exanpl ePCT/US100€024485

rough i mage width of a shopping cart is sixty pixels,
il . el
A5 BBl ARt ORI RS e
hesedainsfor Fanwyld, its eaptbladd Hegpribe Foaktaoula, ifgheary inem | i ne
sggxgém %m ‘?5‘& d4'63 %Q{ 1%2@9 Imtﬁcll éﬂ‘on@r k] 1ch5~.~ %gatdnﬁélm%ﬁ or &

roceed
dxpecltdd@hkppﬁxﬁ;?qartmr ffétswverell hﬁeamzy m;o lpwotbe ealv tine @lgmclkt

503 . be.
PR R apalif s SFebe A REREY bnd Tl inpet | 6
vdiig,ahsimedidditk Qugnvdnt ay BS giecakded candifigur @ayEGproteed kod ook

Do bpoiCeReseie ek Bhaln ciehipate isdie SétBibci
285he aAdetabanid ¢faink espnieay iDthefRER. Wslbbies14t the lisof | i ne
wséfarrent is valid based on for exanple, its length and

Hag egipentglay B gipyted. | f the new |ine segnent from
g6k 6 HRBtrResa NN BlaBrafie st 4 fixt lilARghbE ih HI@@ﬁSOB

di mensi on of an expected shopping _cart or if t?@lﬁ
t may

A\FégUEd § aqcpiiEng i oy R A dag
408, £RBhIFSRDIAR RV lirﬁ‘é@énhéiﬁt ls' 15@1t1ﬁ€(9ﬁ@rﬁta -giveh clgSiRgW

I'i ne seghent Is not val i d he invalid line segnent

mapy Heethgifisedine sagments this stwmynqyrhs@b@wed@y tgwemg 501;
tH et Mz 016 eldgé"gl%l‘ﬁ?aﬁm e t(@)| 10k Kor’é%mﬁl ﬂﬂe Bl 9&55@6

e-vali ded to a list of line
®egn@mtls lacated. hEorfat awlsequent lme@@&nm&;thetsmcll m8y bof val i d

SHBLEF VRSBl S5 B i A0l
sﬂ;a&’gpmmom n Wodcd02508 next s@nrcgmdmc@namam%d pregicted ferthe

egx? é)nP glaSXd gI{TE) o%'tlglg{%a ll% d&él 0111 nX§ Q}Ee IT%}ry L:Iﬂb(p(i lglgxk‘t ?O a

n ew I'ne seg
lﬂmkmoa 1gdmcmsseé d’bglewpmﬂﬁ‘csmetpo Fizore ’x‘ He bidck §03 Itherreext hne

R atig e et S Aot g Pt e PR R R i "
dewmefe ifohe gixe]t iBen &dge pixel My ddk €04y &f tﬁe hext IIHS%lkﬂﬂﬂﬁm d.
For SuUDs u egnent s r
b eRetR PR L Pheh® BF B 2gBeme” B SR so L PRRL ARG
ﬂé%vg fha$ @th? akck b(ﬂh s{gtﬁmls{egths het ﬂln@gﬁeltma}gbe sbfirclbido ck
, next search direction or
ohe it Badlot o BcEs £ Bareapsy ThBlot bk it
RXERRY Bk cAIRABL FRAG irtdneliregion S@E rdversel inetiss fey h@&eOW

with respect to Figure 7. In bi ock 603, the next |ine
Prerdy baga yearrhed ok Hhe reyess dé‘&‘?cql%'dﬁ? Ae} been Batghede e may

m&@a%ﬁ&mr &hera@s%l ﬁwﬂa@ gm@@éd% BioBR 607, ThibcRys! 1S
an edg pixel. In block 604, if the next line plxel IS

tps resiessainay tekrsihg Bne diepgtione Hggadipeist maebacpme the
§§‘9}5@Htt, th@%tahrf)%m@ dy B R HurreRMld point, and flow proceeds
back to block 602. In block 607, the end of the search process on the current line
segment may be reached, and the line segment may be outputted.

Figure 7 illustrates predicting new search directions in block 602 of Figure 6
according to an exemplary embodiment of the invention. Area 702 may depict a

region of an image, where each block indicates one pixel location. Area 704 may
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flow may proceed to bl ock 602. O herw se, the next
line pixel may be searched for in both directions, and

wo b@womays proceed to bl ock 605. In block 605, PET/URM06/024485
next line pixel can not be found in one direction, the

i{nﬁl’a% 88 ofirdr? %,Iﬁd Ut %] BaNEodtchCRsehRan. THRE iRt | f

e reverse direction has not been searched, fl|ow may
st cesybetconsifenekvisn@redinting theinss, serrly ppsitions pF g dhsrst o
PO B Aol bRy e PR Bl b
thiseasst al ¢f thxodight peighteripg directions AtH abihe prdrming piygbare

current en 0j_] proceeds back to bl ock
Sgﬁrﬁﬁe%l R Slgqvgnc‘% ‘Jg %%nc?ﬂ@n%%l?ﬂgic t he search process on
[0056]  tHoethewecond State] oree sedifgapixeinin dlinersegoénd dxistathd diressiohi ne

TR i BT i b B B s ¥Rl

tht ae @giestc One dian ¢ determinesheline diregticanbaydierte perfaofm t he

invention. Area 702 .may. depict a [ f ,
Gl e 20 1By SmenrTaL g d B e pesin e PRRE
ahid4hd @Mind i@ Rl Which &a9 Wbiie@péndan theirktriial fahd sdcowf hall frud

current line se nt. Three different state be
o SARSAD Yedi b@tlinﬁa‘r?%’lgn H@%%ﬁgé’gﬂetﬁ”%l}mﬁ ons.

1B Hag wemer]: KPS

thﬂfg th§efdgb catidnd beth ke gloBbd dfpixepl xel ), the current
end point pixel may al so be the, sta tb pg)l(rnt. In this
[0057]  clpgéhe third stafp. Wiea acg et e FenbioR Fsr?@[aliﬂ e i FYHRPIAAR of
hBELERGCRAL BY arkivk 218, BlcQos@iak iedions mah ByweIded] Rf er ence
numeral 706. @{ 00_56! For the second state, once,
eramplepCeDnd &, indicated by referoncegwmetal 210, diat hyR @HMMEL L i on
A, letcﬁga E%ﬁorﬁ AR TRRUirbBYn D ¢ FhERERHartb3 nRg vl BoREd¥RII ON
pvgow ed y the pixels of the Iine segnenf. One way to
Wdhie casenBirstibe linmaiiat getiedengrrapugheto becogeera qopsistont
. gr oups,
Bl IRl RITE Ty Fipkelits h Rhotdmed!
sigineit amjust T dostesfonightasing kdgefrixeds. Orel Waydn detswinnd theal f
of t [ ' [ [ j on
ot oo e BRTRMenul ERBRERL N e o W0 LR b B 0
thfeshdie disowssgirabups Iopapicwded, & the I0B3TImERDis leds¢hapithis d

ta n a current i P [ EeS: ' for
BiShen RO B St g bRt Rt iRt
Th gﬁﬂd elitfaetiiig ofalse gﬁﬂyselgfmestethe a:ltreﬁddirefcmei@bgm[g lﬁqat‘ﬂl]s D,
E, 1.ndicate ref erence nugeral .7 t hat ., have
Y inirion BN B Beh FTae TP Rt U s iin PR
bailchb exousk enbhbPbe CoRYistotlycexnadtet riadhis case,hi portiomsd the
First, the line may not, r\{% blg | on e%ou&g to beconme a
Hemapsbemtissing fee 1 @ RERFIONNFBAE 837 1 (38R AR FAHE her
hivee. | Thut, Mfihd héighiSorkcdd Seddel Tocabibnomby BeinslaguieRi indidatgdust

a cluster of nelghboring edge pixels. One way to
Berederprcg@umgrat B2 current 1ine segment is sufficiently

[0058]  COfpaleH ifNiralRY 1% difhrtS SoritfaBkifig AtgTTh bRBIBOY of Figure 3

according to an exemplary embodiment of the invention. In block 801, existing

targets may be updated as new information is received from frame to frame. An
exemplary embodiment of block 801 is discussed below with respect to Figure 9.
In block 802, new targets may be recognized from any unassigned line segments

that have not been deemed part of an existing target. An exemplary embodiment
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t hreshol d di scussed above. In particular, if the line
segnment is less than this threshold, the |ine segnent

worey7loe24eonsi dered not to be sufficiently consPGI/ER1006/024485
To avoid extracting a false |line segnent, the three

@w&ﬁtso@elc%@gea seodv QG Lispas tJﬂlguﬂ@% h?blb&&édddﬁg as

he next search |ocations. Second ['ine segnent

tﬁ*@’fs eay|bg sefinesh éneyisurg Hipt WEW%@W@@W@F@% @Nt by extracted.
Aceomb&atéda% ex@meaw én%dﬁxfxen'i Gpolbdlﬂﬁh WS&gseH]ba%{Ngﬂgld ue

to an occasi onal cause
nggreetdo Fipyresll. flg blonle 8043 éhegwe@ts mam ae ereag)rzeﬁ td dsteamingis may

tﬁgog@g?ldéggur L iRt Do i %e‘?g@*rﬂ{;ﬁ{b?%cgc%&

the tacdetsmgast lwag}elwedl tn detegike Bdky @hom“d gfu:rpét @.eaonotatteng t o

o STD T P bl AR50 e
dlm‘usnedhelowwwthsrespeaeo ngreﬁ ﬂbmi f Indﬂackt 806§ tharaegetsiane

I f blo 1 d bel ow
PR o iohaB R A GuteBhee e blaet Resder fETR RG0S
crfal)e tideor came wea:keﬁqplam entbodinieas S lgm()lﬁllsncﬁs@%%ﬂbﬁ'
at havegnot Eﬁgen deenmed part of an existing target.
"etbodi ment of bl ock 802 is discussed bel ow

[0059] vmglhe DelhRaets 4 fowdBidfa tbeupdanngaiaﬁgét@ B0k BlleoftRE@ES S
ma be refined, to ensure t hat .t he avai Eabl e features
%ﬁ%‘ Be gt smelant grbodapent ob F@F‘V‘Oé’n‘é‘b foRel, B b ock

&%dt&sé gﬂ4 8 G5B R alkBdiNo M dsioh, 8SRESHA vVeR ) B ERistink:

bl ock the targets may. be anal yzed to determ ne |f

tareets map g |p&Pdt9éedmémgéa approgriate fagking fitgb suchwedone one

dxamgRt d Kald ﬂlt@r & tﬁ’&zﬁoﬁl@x’stra&hx% ﬂl@ﬁﬂ?(s@e BexRepangkyzed
to determne if they shoul ﬁlp e., one target

Rréend Appliqatipn Ney rqgéqsgym ALY lweﬁwme& cee‘imt@m Feployiog
Wd@& isﬁmﬁ%s ﬂﬂ%ﬁ@ﬁnb&e% Cs%%f%é@@b QUM toydhespect to

%ures - 06, the targets are cl eaned,
Apitlicatiangyo. Bé/ 1&%@@, ‘Muheﬁfemﬁarg@t Wraeking,” fitaddday Hag005ef t
f y
) B Ply P g BRSO
trees gesedted wayhapssignctiGo eddd@f He tEesbascd om theirdecatierssvith

rfﬁLpeW tg kl% entr olIi gﬁd R o%tthenegusgl %Fgg? IIn blpck d§d§me§10 %‘argetﬁ he

to an exe
mm/bmtpd@uad Homn e)kﬂnqxtdg tl&&drgett sfmwnmmlmtseztesamg gelgeity may be
osi tion, size, and velocity) of

‘g’%atf{‘ a%cor‘flnagrtailfe tr%)‘}glg SPSEE Y8 usi ng an appropriate
[0060]  tHigwrkilO@ilubtrdteses flove diaframsfor dedscting aewptaggetsan Kidckrgoe &1 | t er

Dt ectafoe i gmio Bapneiiseinti) oy Rogionyin GRS eof,
a‘ﬁwu\ﬁ@dsigh@d“% SOMBERMMMERY Aydidred Wirhe or RRApIE,iav es,

Att orney Docket . 371 12-175340; or U. S. Patent .
neighborhodd grouping method. For example, any line segments within a certain
threshold of distance from each other may be clustered into a single group. In
block 1002, the cluster of the unassigned line segments may be verified to make
ensure they correspond to the pre-defined requirements of a target. For example,
if a human target in the field of view of Figure 2 is used to define the
requirements of a target, the cluster of the unassigned line segments may need to

have the correct approximate size to indicate the presence of a human target. If
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Application No. 11/139,600, "Multi-State Target

Tracking," filed May 31, 2005, Attorney Docket No. 371
wa20020080086) . I n block 902, the |ine segnents PORUSIvaVE24485

been detected may be assigned to each of the targets

the8186ler VT tHeRhdsidnOf Bid RBSeth fsHod BRROFfoolsRall e SI8HL 1 d

and si ze of the existing target. |1n block 903, the

the\prpstigncdipe premepianaybe raefteds,ln klork 10@3pessemingdhe s new

o S 8.6 A TR et

to the trac mglb [
frgrh block 40M2sthg clustenoidinaggicaed e segraerds may be designatad e s

I
I 48 PRl B RGP TR
nesities pgshazd dfithreeclustay wEwriassigreey line sagingstses thd initialng, f or
eaﬁ%ﬁ?ér?forﬂaeﬂx%lﬂ{:}g&r hood groupi ng net hod. For exanpl e,
pany I n W

e segnen Within a certain threshold of
[0061]  dHigiramt 8lubtrases acifuyhdiegiaarfommeiinibg tacdetsin dloell 8D hoFigure 8

single,group. | n bl,ock 100 the cluster .0 he

RROE P BrlsR e Rpe hikGyfen B BheiC Lol i

xe}nsinrn@ link egpnoatsities pa)\mdalot beeh la@sigaﬁe tokedsting dr us@ma'rgeﬁrre nts

of a target. For exa e, 1f.a hum r in the

iR pelorietatsg 8 thort RSl atb g ey an hBrs Eloz: e

taeid info§ 158 d-Sstigfated bt B lthe ehefeitlings.t Bér eRdmpIBGhe position
ned |ine segnents nee rect

unassi | y to have the co
@Bﬁ?@ﬁ%ﬁ%ﬁ%@ {@[Ests Ay ReerrelcHidied F}%‘? {he @ssepiaisd GRckineflfean
tha@f §Ipdated Wit tiekd Sdveparithetérd CInISsksI 100 et MaBQOABN S

is too large or too small, the cluster of the
beraadeiag tnowhathen gr 2l gaedrinrgetinbecpmingstasionay (e §1985 ock

mOAR). SRS A bREsisd 4136 begientsRGobARA HiGNRA tdridie
segnents fits the requirenents of a target defrnition

deprsaten) theiRraebogy be grasieg metiar: Ihthe tages 43 dpfsarined fre
REGARE B, oI BAAh BRCRTIR, DRUR A5Y mad fom o,
blpakrB0Bhén plogki 1104,theiiaeeet’s parawetersie g bins pesitig, and

j ' i it Ak oas for
VRRR]ARPE, e BEATBINGE. % LP G i AR ELEES,
déiaigy wthef then just theimoying dingesgments. bl ock 803 of Figure 8

[0062]  Fifft: g% Elﬁlilt{%is?argoﬁg ﬁfré(gxlaﬁﬁ%r ﬁé@:%:&hﬂ&&% gPJloJle%o@ ngﬁ{aeilsg n.

mal ni n e“segnent s tha
avotrding émarassinglaedenhiwdanérs vf thg inventivawIn blogetXipeme be

a onerated. i nto .thei.r rest nei or,.target..In
GRS 0k POT o3 SR a8 AR Re Rl o,
mhbleba"mmﬁﬁat Hﬁxe&amﬁlé[ the xiaﬂmdgxistbﬂyeo@lrgs)’ (}iﬂtkﬂﬁﬂta%ﬁ rr(ljay .
vel ocl t the targets may .pbe re-cal cu eq, n t he
Seiobirielle i the ot e LoriaC s SRS a4 i e
diBeY, SAoABBLY@Usger than Meastier, KO0 targels Ry b Aadnhedrsimityt be
made as to et her , oy not h target i.§ becom ng
iough tﬁrﬁ?ﬁ P}Fr%m‘?q.“ét?? Sglﬁ[?ﬁér g?foi’ia ‘ﬁ@ parapgters I‘?@a‘ﬁmg? a8nd
A, Abw hlahPreze@®d Blozk ASER 6ihtvAsk, Wb ndyhRdceb@fodBdck
1201. In block 1203, the two target may be merged into a single target. For

example, the smaller and/or younger target may be merged into the larger one.
After block 1203, flow may proceed to block 1201. For flow returning to block

1201, two targets may be obtained that have not been compared previously. Flow
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decreases, the target may be ceasing notion. If the
target is determ ned to becom ng stationary, flow

w@e@cmenss t 0 bl ock 1104; otherwi se, flow may eRCT/UB2006r024485
bl ock 803. In block 1104, the target's parameters

h& &ﬂt’bl 4 on?c%sd'llt(bxoi‘suf@d’@lt H&hOG) §ddrg &@na@%&pdat ed

u3|ng a or some) of the moving plxe S in the
qompegest Tor mpérgdrni ty rat her than just the noving |ine

[0063] gﬂ?'ﬁ ﬁlu&é%&%ow%&%&%ﬁ#@sgk&ﬁgg%Jr%éi‘é @%1&1&‘8&)9\% F‘iggxg fgam

nmerging targets ure
etcgordmg mgnpdempgar)emlmmmﬁ ¢ lmh@qnml’«rebﬂp@l@wou atatgebek

Aéﬂ%é obﬂAﬁ)edt glg 91%{:1 ! Ya @e?ergxkﬂ{aﬂblpﬁq§ bé Hla@éb&ﬁéfhel' %l%%argteth €

ters tal ne e co
1Eelm1lax@rmioemalttdtrgets Fzeexamglehihs morrn;al (aa:get nge pe mbdﬂtda

targets nmay. be ar.ed, Ifthe r
Al Pegsondp sl £ EMRE Gt an) aor Y nEfpde St
ﬂoﬁ e&ﬁiplbg theirtsizag) atihi€ tlmtthlgét is Iamr ﬂmt}teel\bgmﬁl $argﬂil,y(hd9 e

.0 .be

t
30Taey 5q Prarmined BB SRRt T rfial Bt ok Meckis ar
fidt @imlngwttm %Ilﬁﬂlﬁgtaltg@t bbwmybz&sl f(d ?;bgt%k%g’s’% ottielvoive, flay
procee (0] ocC C r t
e Preeeerts Yack | Woﬁa‘g‘g"rkn@ﬁ)@ ustegenay Be? btaﬁ%‘ﬁ%‘%ﬁ* et ﬁe
IBBE Bt AdhOfar ¢ P Xanipld, B0 lifBysgRentSmagad firthta t he

| arger one. After block 1203, flo roceed to
yaydrom eagh othepgithip |twr|g%ttrﬂﬁymeri6ﬂ%*g e Emi%zﬁ m3NRs

feahig8kRd @mn Bﬁ)cl@ Piai grehutd m\bathmmebemg g4

tgrew ousl | ommay exit block 804 once all (or a
& 5tpItiag @mntSn Jﬁbéﬁﬁy‘lt Ry bapetey desics ofdd 48 for

1;165191%4 e{&%ﬁlna{:brgﬁlﬁfbélfﬁadé Me%ﬁe; @He%o ae& lcfﬁWeﬂ'o@gﬁ@m

or splitting targets in 5 of Figure 8
wemonts mglmléﬁr tmthe renms! @rgﬁ elfmemrmﬁmlf e raspling fivent i on.

(!]!g%%g Aelor éﬁb%prla?e JAH8 Ehag@%hg?cog:g%\%%ﬁs the no Qlteggr et

mnation nay et her t
the two «:iustt%rs mtam ba considered individwenl targety. 1Ehampe aew elhetens of mal

B SghedlEnke O APUSE forfild flecf AR B Dedl MR 30! |

nor ma ared base
cﬁthesr\maﬂqm/ m,ay ptueead ts ibk)els 13Gindn block h305t targgeidentyiel mager

.h d
A5 b B AR e L P2
d:lﬁst%rlcmayiderlﬁ:b;’é@fedfametvhdbnﬁm sl thé hrgetlpstéid muydlﬁflytaprth@ Ee d
t erw s rocee ocC
g ool Bie el e Bopt H 5, 5V B9 BREE Rk ot ne

13016 FEROMBNEGt 516cki 808 ohes fBfor a Eﬁﬁclemamlber) of targetsihaes
ments .that .are furthest away from each other wthin

?fl’f apalyzed forsplitipe i dentified, and clustering may be

[0064] T &s binhltckmbkive Rhd RShriquel HiselsscliOAh le§pea| 16 BigRret Q) aid 1)
both of these |ine se ment s as(i;]re st rtln 0|nts
thy encrgingind spHiing af iaoag Sy bejcqey Fﬁnﬁ@

bdbased on, for example, the analysis of the shape of the moving target blob.
For example, with reference to Figure 2, the analysis may result in labeling the
number of human targets in a blob as “no targets,”one human target,” or “>1
human targets.” Other embodiments might seek to count specific targets in a
group. Figure 14 illustrates a flow diagram for merging and splitting targets in

blocks 804 and 805 of Figure 8 according to an exemplary embodiment of the
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bl ock 1304, a determ nation may be nade whet her the

two new clusters of line segnents are simlar to the
woerommb24var get . For exanple, if the resulting PEDUS2006/024485

clusters are of appropriate size and shape when

1 0RAh S b &kﬁ?@l %gﬁflﬁouﬁ@ﬁlgﬁtma} ﬁéegt hé’k@te& Hﬂ%&&rv?il%ay be

consi dere | VI targets two new cl usters
fodmd. | This foragrasnd sasle @aﬁbmdnanatedcusm therdotentidn afamaystg,

st aianaed ot PRt 90 e APyl oo

ucdmmure(see,ﬁ”onwmpb Hss Pgtnﬂd\h 6 6851@1(1 s 1dae\8ﬁgrhqmtlens of
ﬂJéng St ﬁsgqel%fel I\/Fgeh ?ﬂorﬁ?}/ dﬁ&i{gﬁﬁg "BZ fZ ﬁ%@éi S5 say be

new i er may
Pagnin A@plﬂbatlbteNom%ﬂSﬂ A7, |“dfédﬁm Suyveﬁfanéer&ystear Eyﬁploylﬁg om

DRy bR »olOReBYaRl oo - L bs st apafotods”

N@.I‘IQEBS1Blfa\i"ﬁ’ldkeSﬁrv@ﬂahquS@dteanTAﬁcphé}I]dekgtN(ﬂ 3064} As an

A3 B Ba R ol B TR A SRR Sy S5

Eraplgsamg Vidy mlﬁmslmf Diickat Noa eI Bl1 ¥8 1Ensll sByhibte
based on, for exan%F e anal ysis of the shape of
*’(rﬁélcﬂ@waf? g hetginytre eé‘ﬁe) For exanple, with reference to

[0065]  Fin®WcR 1402, For8erdii objdcts (U@Yblb&ZHﬂa bé Hetéci‘&ie&/ﬂtl{iﬂ tHehe

nunber of human targets in a 'no targets, "one

TRokRRrask ggesrated bl 114% e fp@g@év%obwcm My be detected
lf‘smgodddwg?éﬁﬁlg a Hminﬁé t . € PUh &m&aﬁdn% @9/9@’? §07,n @

%éoup Figure 14 | rates a flow di agram for

flep Frgvealiree Pystam Emgloo/mgg}éd@ I?rnmbmck&mgw Me@% of
fﬂl%‘ ﬁ?sa%oa@%oﬁﬂérﬁ nggﬁf(a%n gﬁ&ef’i?bﬁr D54SRRALY

hel nventi on. a foregroun
@Qtﬂzﬂr ’éA@@rnﬂoDo@@tNo \ATHED2 FA54Toeor %ngtmbAmgw@mmd\T <mas k

s g S Ef BRSSP AR VAo i Bt Rl ©

PorkegNo Bl 0Dj58tt). det ect i on techm que (see, for

oose) - SRR s [T oBs ety BEpackilp sy g
Agdrohmayd Mﬁa@tlnﬂlﬂﬂ?at&ﬁhaﬁ}&ekﬁwﬁﬁ (sts, Bg., IB?T é’laient

({3 S

BBy Doy 0 i S emanie e Ui 451"
ﬁrﬂnﬁ?&s’,%%ﬁtorhb}&)odkaﬁédsslﬂﬂ\ml'l%i? ltlgﬁ Pent Ag:ﬁl&ﬁﬁoﬂﬁé
s/ 0GP o G QUG A PP NG o 255,
UB[ DQeént IPplicativh 01 13098\/;&5] ‘F\ﬂﬁé‘cﬁSlﬁyélle&lﬁé Eye@énwmm wigdeo

Primtives,"” Attorney Dock 371 12-21581 1, all
YideqRrimHivas e Aftawmey Perket Na- %Yéll%?irﬁ%} wéf-&rigifak) . [ 0065]

Aﬁbliéhmm&‘l%w ts@c esfuﬁusﬁteomg%@ trfackihg,e ﬁaequgbﬂ) 2005y be

detected wth generated in block
Atgraey Berket e éd ¢ 1:?(1%]&1%1 %1@915 14{9&;}“%36@%@4

[0067] From blocks 1402 and 1403, flow may proceed to block 1404. In block 1404,
the blobs from block 1402 and the tracking information from block 1403 may be
used to analyze the blobs, and the number of targets may be identified. For
example, the blobs may be analyzed based on their size and shape. An
exemplary embodiment of block 1403 is discussed below with respect to Figure

14. The result of block 1404 may be targets that are the same as previous targets,

-16 -



using a clustering algorithm (see, e.g., U S. Patent

Application No. 09/987, 707, "Video Surveill ance System
wEaphoyi4ng Video Primtives," Attorney Docket INOT/US2006/024485

37112-175340; U.S. Patent Application No. 11/057, 154,

1
Sl el agse ke b BLRRRI ki B

prefiQusdargeip (i lalsaliis PRYioURIEMY| oyi ng Vi deo
{ 66
(o068 FiguFo 15 HfESnates A% ARG iy lg pREL rblcck Y0 be i °°)
M aacqardxmg»tq aoaxemplankintpdmegbof thtrimventibnt Iraldmm@m the
' j . , S.. Pat ent
A8 RS b rof Epe R8s Yo dat b B RS e
o] 1904 mg:e%ldw safficidnt hwelser) of Aidbe hareybeBoatadtzedioln 371
t I t on 11/ 057, 154,
HGS02 R S s R R e R et 571
ti@st1B F2br pxdﬂnpﬂ:‘e t}Eahelnple AppitisizathrashoNenay kdpreft B3bk,
"Vid t em Enpl oyi ng Vi deo
TP TR OF AP B MRy R R OF e Mgt s,
dg. bl&!ﬁi_t?_@fbﬁatfﬂﬂﬁh tlﬁ]c;iﬁllllﬁpge Popget %J%é ﬁhg&égﬁ@m&“{ by b ﬂoce%gac?( et
racking, " file orney cke
ol A3 o Taiod Tiow mayi Beseed oRoskal Ohelrgeskorndt. g Gio)
o?ltumaldsﬂ m§>k§e k6 tRnor 243 1o the Mtwa@em&ﬂremlcb haek
404, bl ock 1404, the bl obs from bl ock 1402 and the

the blek mw by labeledat ners thanone Brest (-2 .dakelsdes “Bhhyraat)) t o

[0069]  an8lo¥k @5040thel|z0BSthe B ridyDeRUMPAE] Bfa ﬁlﬁ‘ﬁrﬁlﬁﬁ Sin Xarg&
identified. For exanpl e, the bl obs nay be analyze

sizgdashald. (live mlmmuzrbsnaa%@tagg@aﬂée thygshaldk B FRFsPebodi ment
@i §i%e éfq'dq;)bn'n% tgt‘gétc lffsﬁ@ gizcb&} tﬁé’\bl% fleds ‘ﬁﬁagqgé minfnum

Fi gure . result of targets
t@lﬁ@ttswarﬂ@reshhbl ﬂawmaqufp@bﬁomktl é@Sg etl@rmss glowheay t he

pw;c%xa Qo 31'397“1% tidck8505, %erggeg)?{he%?oﬁﬁg}yﬁqué ulﬁa%ftﬂeet s),
I.e.”, a split of

or nore t preV|ous targets
pinEwng single @ar@@s@ thr¢spelé Sind Fiechiptemapbé labelet asarodarget f | ow

(ggg%g@a Lo GRdhatE]. Nd bPche%?gb thel@itiay G0t Bharld AT € 14

to an exenplar I'aventi on.
rbmesbh‘mgmﬁmit,s t he fI ow may be perfor msd for each bl ob

[0070] 'Iﬁi Sﬂ)‘éf( H(f"/d the @129 of ?‘F bﬂé%% be 08 e'l‘f?él 10K rBzil %gmﬁgl\gé t%régtn

Clen
smeaﬂlryszhew. ’IIhB n’(abmmim §15g12 Iargdn exzsthz&h@iﬂ nidy@efitsetx anpy be

SR in 3P it bR 0R5E8 o BB Fonal e
MANhHes Sigledargétzde rtlﬁaqheﬁlgeﬂ&w i’r@tytpWQeéHto R 1568 mal

R el R ol ol HI bt 16 Suhdh 1"
nﬁdyrt%s&@ kithn tHd rax¢ifEY spipRABEE siR theaold, AR0DBe bRLARKWeSE,

lgl:{egegas oXe tgrrg%é: (%egd letlb%le?llag‘g—l-( 1 %ng{n ). In bl ock 1503, the
[0071] If flow proceeds to block 1509, the size of the blob may be less than or equal to
the multiple target size threshold but greater than the maximum single target size
threshold, and additional analysis may be needed to determine the number of
targets represented by the blob (i.e., no targets or one target). In block 1509,
eigen analysis may be performed to determine the major and minor axes of the

blob. The blob may then be split along its minor axis into two sub-blobs. In
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[0072]

[0073]

[0074]

of the blob may be greater than or equal to the
multiple target size threshold, and the bl ob nay be

WO aiseloedoas nore than one target (e.g., |abel eRCHES2084/024485
human"). [0069] In block 1504, the size of the blob

o LR FacoTRgerst i Qe L AT Eph B B8 0

mERYe d@@nAsdNt a mnimum size of a normal target. If

I ek 57 b o bighe Sty R g R AL Berkts, i AR 0

10 SHBIBIBES @onfbindo MiRynopnalasee. For diample, theO7o subrbltfisock

1505, the_size of t bl.ob may .be.l es h
iy B REAEEd e gariage PiuBe s G2 Shekl Bk Rmar
té?@et | ?llihefoﬂgwiﬁg afddydisngebe feefotined: Ifalerdatiel ofthe dfeadh sub-
human | ock 1506, the _blo be desi.ghated as
blok psraé@éﬁ iits eryvephylLaremis greafepthop “\“?f“%ﬁ’o‘&’i@%%’hg‘ty t he
tkﬁés%@ldogndtxf‘@xe BbRBx ARY ob&ick SIHEIEEH ghedted tlmi)ﬁlemiiﬁirmlm gle
target size threshold. The maxi mum sin %et .Si ze

smEké@E@lsae #whplépﬁh@s@ﬁpﬂalﬁalé&%@w& P8 f‘ PRIYG 5
t\{)ﬁ{a s, bl 54 may FroEQ:@ 1S btk P12t HiflerbhisePfidws mag poctdian

X|nun15|ng e target size threshol d,, flow ma

bjsclsd 8 Tn blogk 2. hebipb edhercangdered o GRMARSP P L8
F«Ii ack (%éga%f tﬁ: |1 b eflaQs Kroteo@sh oﬂeﬁ%g&' (3? abeltdgs Bl1ob nray be

an "t he nmaxi num si ng etarg size threshold
hamdn’t)hm Wbakbl Siidythirklob ste begonsisiorsA do ¢QARRYiSE opcdagget, and

fiez d
th S B aodipd TR 4 TR A ) bR e o
@ babk 1514t flew mabltbe plceivedifrgmiblasky @%hﬁé@hb‘ﬂ& a9dtl 513,
i SR R ARG UL Y€ hALAR! 1% bRttt <

I's may be nee etern1ne the
BleBE etaticart, akggbhigue selp]li essthodealdsdpiped inefop br@ﬂmp(l¢, >., Nno

il B sah o o 0o Y1k RS bet ARG V22
Odind Oiinpt Dbtectioend Cissifreation,H @ntobey Q@Ickett I\bl BAd2its

R er oo Becpa Appl Gyt Nor b Spscnaulfisde Hhert '°
BaM I SURED M 31E0008 eAﬁ(&h@flm)dke\CNo 3001223181 96, tniaycuc ugest1 1,

t he sub-bl obs may be anal'yzed to dete f..t.h h
iof Tismarione B s BB S RGRIL RE Y St ISk get o

%ﬂérw?sé% Riay bidBeddObREPT $T60 RS bIDEY 1416, thaalop ned beo
etermne if their shape is simlar to the shape of
dasignaied areePreEAtsE 00 BATEAS-f ol | owi ng anal ysis may be

Pﬁg&rg h B ieserhbs a* }T@w bRbiat fof clEth%gQErg@t@ﬁihbl&Mb&ﬂmﬂ'FBgu&r&aa
to 1Its convex Il area is glﬁeater tgglgamnl

1apyig te ol wmp}ary ppkastipeny of Big dnventiqn, dn EigiFlo: 888, of
% agf%bm?f/?e Qlaﬁ&%d ﬁdﬁ/fcﬁ?ﬁ}e MnHRRR 1661 a HrBdt MaNbE bb@ined. In

Size-thres then the orlglnal bl ob may be
blocisl@l)ér thel target veype a@éyzed to determine if

the frame. If the target was detected in the frame, flow may proceed to block
1603; otherwise, flow may proceed to block 1604. In block 1603, the target may

e target was detected in

be detected in the frame and may be maintained. In block 1604, the target may
be analyzed to determine if the target was moving out of the field of view of the
video camera in a prior frame. If the target was not moving out of the field of

view, flow may proceed to block 1603, and the target is maintained; otherwise,
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[0075]
[0076]

two targets, and flow may proceed to bl ock 1512;
ot herwi se, flow nmay proceed to block 1513. In bl ock
wQaswz/00x4be bl ob may be considered to conpri se P@IDUS2006/024485
targets, and the blob may be | abel ed as nore than one
wr il d > . In block 1513,
ARLAR ool pua0RT ufod oS P AL mofnd B sded e
in e finebmapiavedetrainetirglow of trdictdofydtw, Gad gay bd abel ed

"5k h ") .o [ 00 | ock o f
Flaw it PR Tmaseband Hedf 25t S550el EimiENuB%
suffeidat mmbe)yofiegankdvy bedch dnalygkel for ¢cieantngl f it 1S

ationary. To.determ.ne.jf the blob is.stationary, a
SRR e g emoadent et gre PR ipUne R a R
IhS.invRatieit déyeibddaatieiaimwith respédt &Mw&%gry enodggenicene
e@ﬁCk ,oun Nhintegénc é@;ng Change Detection and

4Y I mo beapparent Komdptyreppgia thopsekilled in Bie andhsgs: o
dHaripes et @6difiéNpiohd ©a beoRaddavithb! &g&ﬁﬁg Gom thdnbémioh &f €
Target Tracking," filed May 31, 2005, Attorney Docket
lﬁ&roaémam@%@fgb? inygRflopherefor. podefingd i thaslaigsds | f t he
ibleARditS cseRdli ARRENangés AWnTRMICREGE 88 hiltyBitH B€ Krud Sk
ot herwi se, flow may proceed to bl ock 1506. In block
of thegnventign.p| ob may be desi gnated as represented no
targets. [0074] Figure 16 illustrates a flow di agram
for cleaning targets in block 806 of Figure 8
according to an exenpl ary enbodi nent of the invention.
In Figure 16, each target nmay be anal yzed
individually. In block 1601, a target may be obtai ned.
In block 1602, the target nay be anal yzed to determ ne
if the target was detected in the frane. If the target
was detected in the frame, flow may proceed to bl ock
1603; otherw se, flow may proceed to bl ock 1604. In
bl ock 1603, the target may be detected in the frane
and may be maintained. In block 1604, the target nay
be anal yzed to determine if the target was novi ng out
of the field of view of the video canera in a prior
frame. If the target was not noving out of the field
of view, flow may proceed to block 1603, and the
target is maintained; otherw se,flow may proceed to
bl ock 1605. In block 1605, the target may not be
detected in the frame, may have been noving out of the
field of view, and may be renoved fromthe |ist of
current targets. Flow may exit block 806 once all (or
a sufficient nunber) of targets have been anal yzed for
cl eani ng. [0075] The exanpl es and enbodi nents
descri bed herein are non-limting exanples. [0076] The
invention is described in detail with respect to
exenpl ary enbodinents, and it will now be apparent
fromthe foregoing to those skilled in the art that
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changes and nodi fications may be nmade w t hout

departing fromthe invention in its broader aspects,
w@pa70b204 nventi on, therefore, as defined in tPET/TEBN6rE24485

is intended to cover all such changes and

nmodi fications as fall wdhj,e the true spirit of the

invention.Cains Wiat is clained is: 1. A

conp¥hasis demddist e nedi um conprising software for video

processin I C . r st e .

Cause ) Fectupli fhae R SRUhEHRY nBRIRE o BOSISHRL which when

coneresitaddya comphiedsystem, cansethe comgputerdgder toparfonm operations comprising

over heglg vif,ew of a scene; detecting noving pixels in

t he A% %ﬂodetecting line segnents in the video based

on detreeiveg videeifrogn @i oseligad videnfhtyeneg targets in the

vi deo based on.the detected |ine segnents; tracking

t ar geIE e PERAYIRE RS BAWHISh the i dentified targets:;

and neEsRgingdint kexateats it tleRies bhded bh @etedteleovidg piels;

computer-readabl e nediumas in ¢lagim1l,  whereln

det ect‘(?el‘?BFyHWFrﬁﬁts H}n@‘é l"ée‘b g P%&‘Q .%et%%tﬁ%lr"&t Seggents;

f or egh@ulafl iafbetsh théivitRO bhded Bh BRGHGHAM @rdett; hte Vi deo;
and detect| ng%%g(ges in the video. 3. A

conputiEnagiag tapgetsiintheqddern clai m 1, wherein
detecting |ine segnents conprises: counting edge

pi xel s; and identifying a |ine segnent based on the
edge pBi Xefospupr-rordetiemygdinm.as énelaibl b Wherindatesting mogibapirels
3, \@Qﬁ?ggeg: identifying the |ine segnent conprises:
identiTying a start point; predicting next search

di r ecseRaraing faregroundyin thy videadsom backgrowidde the vaded; and

pr ovi %t@&ir%neld'%efﬁn SE9RRL - 5. A conputer-readable

medi um as | aim1, wherein identifying targets
conprises: updating existing targets; detecting new
targegs;, computer-readable medium as in claim 1, wherein detecting line segments
comprises:

counting edge pixels; and

identifying a line segment based on the edge pixels.

4. A computer-readable medium as in claim 3, wherein identifying the line segment
comprises:

identifying a start point;

predicting next search directions;

identifying a next line pixel; and

providing a line segment.

5. A computer-readable medium as in claim 1, wherein identifying targets comprises:
updating existing targets;

detecting new targets;

refining the new targets;

merging the existing targets and the new targets;

-20 -



refining the new targets; nmerging the existing targets
and the new targets;splitting the existing targets and
w0 b@70e2a04 ar get s; and cl eani ng the exi sting t aPgEUS20861024485
the new targets. 6. A conputer-readable nmediumas in
cl ai mgByess { s ' I ses:
pr edicS i’ltﬁggglg?élrgté&e%}; gﬂgg%%l?ﬁgﬁgéﬁ%ggmsegnem to the
pr edi clesning thegaistingiptgeispudthemgwitdrgets.ar get . 7. A
conput er-readabl e nediumas in claimb5, wherein
detecting new targets conprises: performng |ine
segnemst Actangtuarireagablpeediomms mgelainus tvehiereienpdaiitptaigen comprises:
based on: tt.he Iti ne. segnent clustering; and generating a
new t &r géctm%gsaé%c on the cluster verification. 8. A

c onputassignirepdiitel segmad itk pedicededrgdtiand, wherein

refining th ew targets conprises: agglonerating

r enai HP%‘émﬁi%}? Aguments to nearest targets;

re-estimating the targets; and updating the targets.

9. A (r‘?on:x[puter-rea %%jl e nediumas in claim5, wherein i
mer gi rfg “t FRRYIETLEAARIC Maiymas InFHafm havisis deletjeg aew targets comprises:
CONpr ips@&imiMbhiidi sBgméht Blub@iggt pair; and nerging the

target pair if paraneters of the target pair are

si m | &friorpdng dusies ypiification basadien e hipelpagmeniclysterigzdngh 5,

wher eigBnetfniglalne RarkfiDaftiop kW ustRVOEESHand the new
target's conprises: obtaining a target: perfornming |ine

clustering on the obtained target if the obtained

targew, iaScdfPhtedrdiibid mb@u S Y Maiky 4, F8&kn xteﬁnigght%iﬁgw targets

clusters; and assigning a target | dentities t
cl usPBpysesf the clusters are simlar to the normal

targe e %?ﬁg ' .in claimb5,
wher eitaﬁgléé?raﬁlg g{gigjn 61“%? nglsﬁﬂg&gé#ﬁﬁ%ﬁsg targets and
t he newediamntjeg the ¢ogqts;iasds: generating a foreground

mask; C1 | fqreground objects based on the
for eg?{g%angéh}%g?(rga%nd anal yzing the foreground objects

to obtain a nunmber of targets. 12. A conputer-readable
?g (rj Ie; rg]'o g&f‘cghlrf)u{:elr-?ela%b}el tmedlum as Iinncle?lrr}ia%, )Cvaler%% I%Qrging the existing targets and
the new targets comprises:
obtaining a target pair; and

merging the target pair if parameters of the target pair are similar.

10. A computer-readable medium as in claim 5, wherein splitting the existing targets and
the new targets comprises:

obtaining a target;

performing line clustering on the obtained target if the obtained target is not similar to a
normal target to obtain clusters; and

assigning a target identities to the clusters if the clusters are similar to the normal target.

11. A computer-readable medium as in claim 5, wherein merging and splitting the
existing targets and the new targets comprises:

generating a foreground mask;
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objects is based on conparing the foreground objects
to a multiple target size threshold, a m ninmum single

W 200gm02484 ze t hreshol d, and a maxi mum si ngl e tPCTEB2006/024485
size threshold. 13. A conputer-readable nmediumas in

cl ai Mygyef %t%hf&u&l &g&ltﬂ%sém tﬁ%(f()?é%r(ggldtnﬂsg%ﬁ and the

new targets cofprise talinin ‘mal nt ai ni ng

t he olbalyziegithe foregrourndiobjets t@dttama@dmbarqfearg@ts det ect ed

in a current frane or was not noving out of a field of

view of the video canera; and renoving the obtained

targetl2i A doh@umbt@ad&mnecﬁmgas in daimditl, dhéreintaeayzing the foreground
current franme, an v f

RGN N T NI T M—
per inginimuan sieglh eiget sive thrdbald, o @ @sxinngn siagle targ® ke threshold.
conprising: receiving video froman overhead view of a
scene; detecting noving pixels in the video; detecting

l'i ne degreRinpuichrdatieblameiiom Ragathinrs, dabrein dnii hoGisting targets and
pixels;, identifying targets in the video based on the

deté ‘é"d"wgﬁ@cg’é@ﬂ%ﬁts ‘tracking targets in the video

based oBfaidin}ea tafheit i i ed tar gets and managi ng tracked
targets _ in the video. hod to for video

pr oc e S¥iyning e nblained garg?t é@bﬁ: vbtwged/ﬁawébwfiﬁfs?%w a current frame or was

ovemnpeadvits 8\ ofh f@lds)@%ev of #R BEd0 AR AP0 Pixels in
t he vi deo; detecti ncg ine segnents in the video based

on def@eedrs the obtaigediasest i thej tnerl tareids nod defested ing quprent frame and
Vi dedyshas sl RPofE1d6E BGL BBt Lidgo SpIENt'S; tracking

targets inthe video based on the |dent|f|ed targets;
and managi ng tracked targets in the video.

14. An computer-based system to perform a method for video processing, said method
comprising:

receiving video from an overhead view of a scene;

detecting moving pixels in the video;

detecting line segments in the video based on detected moving pixels;

identifying targets in the video based on the detected line segments;

tracking targets in the video based on the identified targets; and

managing tracked targets in the video.

15. A method to for video processing, comprising:

receiving video from an overhead view of a scene;

detecting moving pixels in the video;

detecting line segments in the video based on detected moving pixels;
identifying targets in the video based on the detected line segments;
tracking targets in the video based on the identified targets; and

managing tracked targets in the video.
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