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Met hod and Apparatus for Automatic Visual Event
Det ecti on BACKGROUND OF THE | NVENTI ON Fi el d of the

WO pwsne47o0n The i nvention rel ates to hi gh- speedP@i/tusm05/019923

event detection, notion analysis, inmage recording, and
aut omat ed i mage anal ysis. Description of the Rel ated
Art It is well-known in the art to use high-speed

i mge recording devices for notion anal ysis of
mechani cal systens that operate too fast for the human

eye tQ_see ese devic ca ture lh@Qhundreds
or *¢ nSIaBf andArpagis e CRushiEeHdsarion
process, and then display those i mages, in slow notion
or as still pictures, for human users to see and

anal yze the hi gh-speed nechani cal notions. O
particular interest is recording rare, short-duration
nmechani cal events that may cause failures in the
mechani cal process. The fact that these events are
both rare and shortduration creates speci al
chal | enges. Suppose, for exanple, that the inmge
recordi ng device records 1000 i nages per second, the
event lasts three mlliseconds, and occurs on average
once an hour. Wthout sone additional nmechanism the
human user woul d need to | ook at, on average, 3.6

Iﬁ%f§ the two or three that contain
gkgggnt nbﬁ?&hkﬁ%mn in the art to address this
challenge by prOV|d|ng a trigger signal for the inmage
Fieldof e hyertieni ce that indi cates when the event has
occurred. The image recording device keeps a limted
numbdhe renfiprerelges fo high-wperd videa geest detogtjons metinpsalyss, gnage
265GRE aff aufoRerl §hitd and3@d. When the trigger signa
|nd|cates that the event has occurred, records for a
r eqladﬂ+ q%(i time and then stops. This gives the
u%?é‘?P on OLNSRY S 9 smml | nunber of i magesto | ook at

b ot h efar- ﬁxo%q’n @t belo Js@ﬁ glﬁéﬁ%&f imaf¥el A d R Res thitRotbRer

knows exactly when each was captured relative to

Rlysip Pfrmbaﬂucelrﬁéstewethqt oaegatr« F?eufehioe@e b‘yn%nwaée torspey dagse devices
é‘abﬁl&adnd récdr@ Bliddyeds bMBouSaha € 1S Magdh Fér@éc‘énd@s&ﬂé’m@&ﬂﬁm Pro6eds,

ing .able to.generate a suitab tr r. Si . 1t
?"3 ﬂ%g displpnthoss Thaget: rfbstl%w fotiqn o5 aLstill pichyr %d‘g’ agﬂ‘s%tf’ see and
dnalyse thelliipioseed echytiidaCiabtionh ot odet ect or has a light
sour

d.a. | t gel
o't REPRRRAR e fecPrikrSy Rt 4 G PR R ap bl By b IR SRR
ansetfibires mmamecharﬁcaaproms; abe factcilnat theseresenits arelobttalaragd short-
S0 08 1 R TR oM SRf BE A v
rbrodsdl O0fhiaes (porrsegail,ale axprit dﬂat)s tlaw rmlhsmgndssang iedurseofn atm@e
aﬁem%%; w;{heﬁt se%é add%nﬁ RREEhi&R dhe ﬁlﬁnah %se?(VBﬁ@ nddd% BASE, on

that nul'tiple photodetectors are needed provi de t he
FetagRy & millighpirturestorfind fhedyip er thiep thatipantaip &?éﬁ‘?“éal process

IS annpRif-golH i hdart oRgdrbs AEUGBRING o HySz6v8dif a trigger signal for
the image recording device that indicates when the event has occurred. The image recording
device keeps a limited number of the most recent images, say the last one second of
recording, and when the trigger signal indicates that the event has occurred, records for a

brief additional time and then stops. This gives the user a relatively small number of images
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obj ects, and the event corresponds to the production
of an object with a m ssing conponent, then at | east

wo ewspbooodet ect ors are needed: one to detect POBUSENS/019923

object is present, and the nther to detect the m ssing
conmponent. Sonetinmes even nore than two are needed to
detect conpl ex events. Using photodetectors to provide
a trigger signal has sone limtations, however,

including a sinple neasure of the intensity of |ight
tolcisghioth keforo andragér texcavent. Tyytheymereothe pgsr knops 'rem:téy wisep e

gﬂgéj\;v;s' Fﬂt@r@ﬁ reiaﬂ{}e tg %Qﬁ{e'o@&ete%t ﬁ\{ﬁﬂ;ated iy th%

ficu to ad USt th pOSItI on of eac p 0 ode%nect or
so t K2parly.he sscqefé @Eﬂ%gﬂe&tOdldP@n@)O&@Fmg pldhio sersTaig a suitphle

BekR El?nﬂ 9t 1B Rl BRI fhe B $ usd R broiBWNRcraY foriRH pdx‘éf)denﬂ typlcal
nor mal operation of the nechanical process;

phetedetpcar hﬁsm ltahbaoer%ﬂ@taéa’g{e@&iﬂa?lgcﬁ&a?ﬁmﬁﬁ% r?Sﬁ%ridaMﬂaﬁ i on
iafaakits of kight Ghbtif fefletidd.by htpohﬁotﬁhéﬁrﬁiéé@ﬁ@l dbfect, betrabhittbdalong a

use, a chine vision s to rov tri
R el SR BRI ST B Cplaseti e e elofl o iy
in@mity tkova wilicl (drablow whiph) @foutput sxmlchfﬂnrphotamdctof witltd of
Vi oW, 4 and then analyze the image and neke deci sions.
ef‘ﬁrél | rrage is captured by exposing a two-di nmensional
ar r ayt ipbfteplivtcasdims intitiple padtedeatos afegreedad by prevideghy trigghr
ﬁ%laf E(Sjr e&g} lé ﬁtt %B@chér? ﬁBce‘?ﬂy& tn%uf‘;tc‘l éleefllh!)duglné dltsé?é%
den foguse e array en e array Is
ehirctscad he evenbierarespands to the prqdenuon dﬁmlobmtew@@tr@ssmg@omponent
ﬁé}ldtfeqst R fHofodetEANarhetBld: BRAS HEES thh obj%&t@i‘;?rbs‘eﬂ‘t & the

[Tght falling on it during the shutter time.
dq detsgt theynissiag goppouent, Semetimes £Yea MOEThRENP 8§ nﬁ%sied to detect
&nflek dlentUnbers and stored in the menory of the vision
systemto formthe inage, which anal yzed by
d| gi taine B'P‘B%‘%%P’ﬁ&’ Py ggfﬂﬂﬂ’a@’sém& &1s; hoyerstg

ingtdiegls wel | -known in the art to make decisions. A

machi ne VISI ste an a the Il‘ntat on

phot odet eacstloﬁggme%%rg %8” e.nﬂg' f‘ﬁglg redorre ecte%bgl oI
many npoootkarhaydie arssifiaia fmiieectmgmm esent,c at e d

measur emept.g »Q Elﬁﬁ?&ft ‘?o”éﬁﬁl‘!t oy éogltﬁgﬁlgfseﬁch%hto%t&%r X ﬁl&tﬁﬁ?d
of just single-p neasurenents dj ust

t he Mngatih%em@ogmom can be done using a graphi caI
user integf aGQe ﬂo%éhﬁ@qreeinua nﬁﬁﬁ@s)éq{duﬂ@&unﬂggoﬂ%ﬁﬁbgﬁuon of
and those positions can be relocated for each I mge
basedhedpechamisalgsesesndof the i mage itself. A nachine

vi si on sy &R hﬁﬁmltfbfé pﬁ&ﬂde‘tdcfé}stcaﬁ in&féSmstdl’l@tY&\éﬁc[ setup dlfficult.
i ncl udlgg machi pe vi si on systens are ene

sui t A8 ESUImaNT ke 2R Hte 47ede "e?s’?’b‘yf"ﬂ’é GRS c"t %‘ﬁr al. A

Hhchine @isidn f3jedt 5 devits that\ddb baph@e ¥ digitd inapy 61 £4¥%-dithedsional field

SERE Bl ten'aBiy 2 12 bR AAE GG 1S 0! 11 HnSle i PN BY Siposing

atwo-dimensional array of photosensitive elements for a brief period, called the integration
or shutter time, to light that has been focused on the array by a lens. The array is called an
imager and the individual elements are called pixels. Each pixel measures the intensity of
light falling on it during the shutter time. The measured intensity values are then converted to
digital numbers and stored in the memory of the vision system to form the image, which is
analyzed by a digital processing element such as a computer, using methods well-known in

the art to make decisions.



10

15

20

25

30

and nmust instead | ook for sonme |ong-duration condition
caused by that event, such as a defective product.

woldos/1b47a¢ when used to provide a trigger signedT/US2005/019923

machi ne vi sion systemis separate fromthe high-speed
I mage recordi ng device. It does not see and cannot
anal yze the images captured by that device, the very

i mages that contain the event that is to be detected.
Even if those images could be made available to a

nac hi4Baching visien xsiomesan atoidipe lipigatigpsf pheterleipctofsgPne ashine

blbﬂrhsy@teﬁ%ﬁzﬁrebl@ceb@anﬁBﬁité%f%&o@)énmﬂdals%us‘biba‘ﬁéd%baﬁx\‘e?ﬁeﬁﬁ%f
desi The. Vi sion tector Met hod. and

vent i onal
%“ﬁé? ingeg RS, IRV PUHECREEECBRA LY Mepurerealt AdhHting
Y pésadBElobIRG abdan Veddle Gaiid @Qﬁb}ﬂdalrﬁsér&ﬁtblﬁ&& 1n§’t€adlif|a@érev&ﬁiver

tod ors and machi on.s
BB % PRER o P T o R atase g P g corfpplhe
inmge:itselﬁgs al so provide fertile gr ound for innovation

| eadtghile IR SXEHRAL B, AevORb e SRR, Bl

orlglna oI'T'oOWl 'ng "Sécti on
Vi si on Demabine IVISiVbB)hwdls amcgemqﬂamlv Lamtabls when thé Ewent relates to

sum*rqﬁel@gmo% %g?eé@ieag’%g@t section | ays out the

problems to y the present invention.
Vi si on Demgehing visiop systeens argdeniiabia MtSIpsv tpideteoy/ishoirtaiyration events,

Det e GhdmudVRislaatod dr ARIRABIIHRHR] QHdiGGScaSNd bEIER: e@m such as

met hods for automatic optoel ectronic detection and
i nspadefediye 8Todemhj ect s, based on capturing digital

| mag &wptethat Q/héﬁ/‘ﬁ%edjﬂo 'ﬁﬁﬂ'ﬁi'e Qidgersi gﬁblda Rhchite QiMoh BysVUtﬁ‘l 13 Eepavie
| ocat e

C detect r |ns ect ed nd
{?ﬂjéﬁ* i‘i%il H&agF FFéOTSWﬁa%"é"eaﬁ‘i °eﬁﬁ?<‘|SFFgané é%ﬁ“%‘i aBpiuze ﬂﬁ%’é‘ééﬁs
empﬁlmms ﬂﬁmbvimtﬂkwté@ ma@h Wecoaﬁmtﬂwavan €Hat 19 kd tglieR@ES Even if

Ll B R o R iestr Ty A R P

toh highi g Fetestobe mtyeedtwammnawdomanIdMEoﬁmmnmwlrdeagtd
vari %*HL- @1s9)9hﬁféf:to}' ﬁﬁtﬁ&i 44 §\8P J&Ssy tez%fl ni)se? ﬁleﬁé&%ﬂ& Lygtgmg‘fﬂgt

easier to se machi ne Vi
e ovaserIe Motﬂ:}gﬁ@b@i lamtaﬁm:swf hmcgh@ phcﬁw@@dtsrs armegcéme vision

S¥hERP dé&%ﬁﬁt%@gg%elflﬁg etvgi‘ﬁ:’ B cSurf iR KBedd 3G cifh gs dk QH!) bioPlEfertile

persp ectlves novi ng jeCtS operate wt
9PW§@r@°Vﬁweﬁa@%ﬁ§p@wﬁﬁn§P@ pgyouq) Fﬁoaﬁ?fzﬂeqprtsu@bmchmgs In

fab fHNBWing sadiiéh tAE Vidiofl DeRbibENTetBddl fA'pﬁeﬂﬁﬁs igbvsbay S@frbdrized, and 2
t hose skllled in

ab|I|t|e t hat. wi ren
"t“ﬁ qugt Se“@ﬂi‘l é@ﬂé‘&"“&’%‘en{sﬁ%&%&eﬁﬁé ‘D@‘E%E‘F%’Pt REP¥Bd and
Apparatus is an apparatus, called a vision detector,
Visiat Detastorddgthadrand Apphraiwsal yze a sequence of i mages at
hi gher speeds than tFrl or art vision systenms. An inmage

i n sdehViios Bstsetatiethedand Agpasgivsnigvides istema and othads fog
SfdniaGel oﬁoeﬁdcﬁ&ﬁc deTé&ﬁoﬂaﬁlH ﬁls@rcumfeﬂ;] edid, BBEorPTafruiiith : %h%ﬁd
I en

and a d, calle hef rane rat is suffl
agss o of ﬁ‘é{%/ FRSiPPa &e@ 5f wey in whichan bieet 1ot ereﬁ'ieior inspected may
e16cheed Wind then ﬁxfa@tﬁiﬁ§ tha $mdgks Jhd SHiRixg Hétising |Th$$ eysfehﬂ lasill 19éthods
Vi ew nce ects VeSS 0 at n

S abliolorppafets e domsue R sor. RTE ABRBORTE Er Brnen
tlhmoltjdwe aécoMmodmelliftelobangéoyem thirdugh Sofveemdany) andhahdié ﬁﬂcénain and
Vaf‘lfl rtﬁ caﬁggs? Ie\}/'%fc'e lee'lsg gx osfc'vletahcp Qaglerrtg lse% Mlan prior art machlne
vision systems, and operate at much higher speeds. These systems and methods furthermore

make use of multiple perspectives of moving objects, operate without triggers, provide
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Anot her aspect of the Vision Detector Method and
Apparatus is a nethod, called dynam c i mge anal ysi s,

wo evositnepect i ng obj ects by capturing and anal yr€TgS2005/019923

multiple frames for which the object is located in the
field of view, and basing a result on a conbi nation of
evi dence obtai ned from each of those franes. The

met hod provides significant advantages over prior art

machi ne vi sjion systens that nake decisigns based on a

pFrgrigely F@ﬁ‘ﬁonmfétouﬁ’ﬁb?%élﬁ apd pravidle efher pigaificant andppseful

%&&mtegﬂml\ﬁnlb@dppaﬁﬂtté\nmersﬁma@mltﬁeaat met hod, call ed

Vi su event t?l &ectl on, for gﬁﬁa@al n events that

occurPnf AsPeH &f 1 Yfsipn fletegtopleth v‘*é’ﬁ?f U a%@’l’érﬁt“&tffl la

186/ ddrdgrob, Niad te@ltatine ahd Mbiglzeaf seq{ieﬁw of ﬁﬁt@esmy highdr Bigkedd thandrior
ent det ection the opject ca d w tdho lFf{ghe

?ﬁé&ﬂm? Foms- (AR %1“8% SHAUengy F‘t‘? %S‘H‘é‘f 5’% Walyeed iy

Jarga. Bhe Betacwhich frives hedasred dydpeadyrd) salled e ﬁmzeatpp,asr ent

ﬁéﬁc"f‘enﬁ§ ﬁgﬁ(thgtf a IB{W ob%&ﬂ? %Seerﬁﬁ u(iil?ptleaéolls%gutglg ?r‘:ﬁ{lcl-:s% t%?s%esl

egipibe field ebyiew (FOVS. Snwithreabjeets tnhms semewib} wtween suctmswe
FELELE £80k L RSRGHRERE B POVIBE BRSSP il
flp\alngﬁersp@mvewnﬁ @osipngrelatizmo ghefilymipation| s. According to
the Vingihehspeat T @leaVisidbbdiQthr MithoARRPA SHatafus is' dmditfod, called

gener ally desirable that the object notion be no nore
DREIIC AIsE BT S iR IngReFtingrobierts byaptupag anfl pagpzing applfinle,frames
foy phicitthe BB &il5ERRE $h thOfidID6Bvidw) @il Ta8i¢ a te@itonQf combBatlotMf

e SRR b el b e
owef prict e matmemsgm shstenmsethat aiake debnsloﬁsrbamlaﬁp hmgls mrhe m t he
fr am'aYe{ Eler 3 e% (%tJ the 151011219gect S/ Serf: AIQ ZI?C?IPG od called

anot hér *exs PahE Tate 15 4

vifve! evord elgaion, at‘orelewctmadwanrs thrh ey d@uiEn ghe pbielels:é miedALt @emthval
¥ &lo féct?%ﬁaghﬁ’& ‘ﬁl&fﬁfﬁ%mle@ra)‘nd g%g&ﬂ idull ¢ }r&h‘ 9&&3&{@% object
can capture-and a Ze up to rames/ secon
gaysb?émqtndwe@ow@nmdté igjeger signpbnsi ti ve i mager that has

far fRMRbndPhspEdsSoriRANsiBH DQctR Methbl ShdPAppadafids §iBbe appfent by
high sensitivity allows very short shutter tines using

yEpdy of Hhekigwrsang éet@ifsb deseriphiephgivendhereifini ch i n
conbiradiéras Omlﬁ ima_tgaemrnelhaahpw Bérypesived, kt i uesiele ok axpdw@i 5

P bR oyl BB o oL B TS BESY pgfen

Scesdiedanés ofdithohaaé thapa kel pnﬂat Accsidinigld the UmumID,eteWot Method

eratinn ds t ht t n and
FiitebRed AR G5 HE RerbB PRS0 o BB B,
Quagertoif the FOY parmn}ez andemtiypicdl remheillgamaroahdrythatai% beleis@fthe
Vﬂ & G sﬂaﬁl@lﬁa gllugﬁe ﬁl@\%ﬁ%ott 8' ﬁ)%glﬁrogn b Hﬁmﬂ?@ﬁhm& %%ﬁs but
e cap ure an ana ysi's nethod appar at us®conbi ne
b)OPTledWE yruffickeatlyjkigh fr@me Taiegih af examplesystem th@{ramewatefis it lepst
f@tﬂ%ﬁfeﬂéldda Sanfl ﬂ%gﬂl!ﬂj é&éﬂ%ﬁe @t ﬁ&rﬁ@ra{e@ﬁ ‘ferast 45)§ﬁ>1es tﬁ@gvera rate
l'um nation Wt j ectives of the invention, the
@k‘é‘ﬁbloblﬁ‘ifs @93‘?@%@%%@51@1 dstertP. cant |y | ess expensi ve
than Aprek&hplay dysﬁﬁiqmaﬁ@t WbhiThPEhpRYeh 8 Balyzd BSto86 BAResREcond.

vi sual event tection involves capturing a sequence
This gyptsmanakes yise of an ulira-sensitive imager that has far fewer pixels than prior art

LOV’(T

vision systems. The high sensitivity allows very short shutter times using very inexpensive

LED illumination, which in combination with the relatively small number of pixels allows
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anal yzing each frane to determ ne evidence that an
event is occurring or has occurred. Wen visual event

wa@lewsar47on i s used to detect objects without tpPer/nemds/019923

for a trigger signal, the ahalysis would determ ne

evi dence that an object is located in the field of
view. In an exenplary nmethod the evidence is in the
formof a value, called an object detection weight,

that indicates a | evel of confidence that an object is
YSBE HOH iMaeh capfiae FIP%S} Ghegmagger s\interfaged 10 (digital sigpal peocgssor (DSP)

ﬁlhﬂ'éfﬂﬁ ﬁca&%m go&I@%r&ta:szdagglwﬂw@amlg Bpe%oﬁs?Wlsmg mfthods
| dence a. nu a nal e o0 evel s
gq%‘t?ﬁ‘ﬂ“&%%‘&’ ewpteiﬁy 98 ) Wﬁ\vwaﬁr@wqﬁ?awe EBR{Pey s
am:lyd@ealele&arﬁ@nelmm Be lﬁé%)t 18 lxkgthmahemmfélﬁb ; fdﬁd %o @plﬁﬁ‘tﬁ‘e?iekﬁﬁme
uzz CcC val u er escCrI,l n. .

Tl Sl e sl P S Forbing TEimb ey G Sty rome
fatea@yecarefuﬂljr msabching|the dapni)ﬂmadoflﬂw{mageudlﬁ?emﬁsllmdn wnh the
gﬂ}%%g%fs %Hﬁe SNé %811@({’1% exémcﬁg}?' ?}gﬁee oc{arg'i)egsq%n?tgéar?t&hles? %}tg)eg 1¥]e an
B‘i/drd@mdunes'lsgmfswmsent t hat an object is located in

th
e T*hglalgth&{ Ofvellﬁl eth d@teél' er e véé%?ét%g\ﬁ%dﬁ??de%ﬁe I ue

t he evidence nmm Ej CO[‘]SI I clrent
wnglyzipgench frame ig deigryes evidgnag dhatan eyert i astustieg or fpgyocpisred. When
Alardveit ABECHBY isGREIE B obites VAHHITGHe debd Br b hieBS zﬁl the

Frames where the evidencé is sufficient _are ca
aalysiy weyld determingsyidence that ayohiect dgpeed in the field of ‘fl‘T"Y)I ent

evid Qtﬂﬁﬁexblﬁplbﬂy ietBl ﬁie)éwd@fcé BRaOthOROra ohzum, &4HET anBRct

ey et i e e Bhos BB RSBl osd i g Sekigg
Vi s, |"Rhn valed maythara simpleyeaho cmide yhagipditit@highbatondeffidehde] Hn
%}m%bgrBtF t ll%wattes a hag%elbo%ev?l of congcpengeteé] fa%{l Hem ?ﬁnnib Jf-m ir)n thgt conveys

eac passing
w@we\/\i)hd exgmdd GfZSBCh‘ﬂ.mlmbpi ipa sretalledsfufay dopisvatieuttieer tidseribed

ﬁlérgig Itlcft nB%aShJH’% cah Hﬁké’ d | 8 dgc‘?stx G an i Q%asﬁldf sb @1 Binstead

may not strictly COI’]SGCUt Ive, OV\BVGI‘ pecause as

W’l@ﬂéﬁs}n@@! basesondmperfeeiigncehe fiel d of view there may

be s&fRn )6érﬁ>%ﬂg ob)&dt %Eté‘r%h,\é%t is Qfadé%f‘%h R ‘&iéc@d?ﬁvheﬁﬂf the
whi ch t he evi dence that the object is located in th

¢videpce I%ﬁlf {ricatihatan phject s logaied F’é’m fieldrpfevicas Hragimple yeg/no value is
@lseas ﬂHe%blld@lcE hna} bd@hﬁaarédqaﬁielfemanh@&w&qs ‘y@ﬁ"glfﬁﬁur%b? & uBdl,

i I el P o (8 Sepaartout Ao R R e Whgfedhe

¢videhelis snﬁmebare:mmmzasﬁmpnwmmdtynﬁmm gufficiédn eddence

h
R bl AR hatSy AR s o BE TSR st el e pmm
widengiandirtg of the dgesific aizpheattoo aﬂﬁmd ahevvisior dﬂtetctme aut@megicallyiapplie
Qﬁh@ﬁﬂ}ﬁ&ﬁ%kﬁ&ﬁ@r}%@ez@}&&bl ect has i ndeed been detected.
iS further a

SIS my consider sone statistics of
t he Aen pesfofmingelye ect Aetestiond jearl) obine passin irough tha Sield péview will
&5&1{3@&@19 mym& dubf Rl SCH %ggf&h@ﬂ Eb@tto§ ”[Résg Brames

average o jeC det ect1 on wel g
HEt19bep Hictly ganseenive; bﬁd@éerah?%“%qs ghejoRipefippsses tbrapslmq fipdd of

Wth@l@ ﬁ{ay BL Me'ﬁ%ﬂﬁeﬁ{ﬁcﬁ@égﬁﬁ ofhBr oRBRES othihES dence

wher e I Nnspec t nmeans det er m ne SOFTE i nf or mat i on
%gmobleﬁés located in the field of view is not sufficient. Therefore it is desirable that

detection of an object begins when an active frame is found, but does not end until a number
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status of the object. In one exanple of this nethod,
the status of an object includes whether or not the

w@bjosars7sat i sfies inspection criteria chosen aBCT/US2005/019923

appropriate by a user. In sone aspects of the Vision
Det ect or Met hod and Apparatus dynam c i nage anal ysi s
is conmbined with visual event detection, so that the
active franmes chosen by the VI sual event detection
thod are the_ones uyse dynam.c i mage anal ysi s
RS P BT aRdo gt Bl amor O RetosgotperiRe bh
Messi on Detector Method and Apparat us, the frames to be

d
e pStet SLOT iR PR tfind p3 e G RBRI R B it pssing
throablythe fleld of e, dtrisidasieabletd derfurm atfirther dnhlgsiofojdetetmine whether an
S 5 8505, oISRE T Q0GR By OB FEGHR B Y e

evi dence
quﬁﬁﬂm@ tipchkngdlegrugmben df agtive frelmesaﬂle sumof tha,abjecietection welghts

ﬁQQJe!ra%@QtSj@ctEéi‘&hoﬁvbé%ﬂ%%&’ﬁ{eﬁﬁé‘t I sfies the inspection

criteria ‘ect detection weights, the val ue
may B&e ﬁlﬁb?cmﬂd@lay%mae ambypie mvelescantvring ad @slypipg muliple

frMds @&ﬂ%ﬂe&%ﬂ 66ect, AvHI RS ect " TaRY 18 Set@mind 2dife fGhatio @bdiLihe
that indicates a range of |evels of canfidence, or_any

305 Af G oPistoP RRs ‘?XG‘HP]F REfIs asthodaie siajs o A eblectinglides afb%ﬂger or
Wt tHe l0BjeBitRAds 1ﬁ§§é€t1@x€crﬁéﬁa&:hé§bxﬂ&dipfnbpﬁﬁleﬁiya;tdsé‘rtI cs of the

obj e SS_scores,. such as an e or ercentlle

of ¢ nksB et flbSvise Peedo-flandlan Arndis

aimlyas mcmebinetdymﬂmaznsghlteedat Séta:hms &0 that, thesaaﬁh famwchmangiylﬂed
or .we ted percenti.l i.ng the obj ect
gﬁte"\}\l@? n%?xo&a ar, oPﬁs u aed blyg%e | C S ma]gef- SlS mlethod to

mmeqhhe @wtdbmler aspects df éu\M idign Petestor Method sndmmaetus, therfeames

FRBA TP BRalf iAo iflsh bt Ofp AR Rl MR L
for &apheueh fipmedvanplyreddodeterming evidenspthpighesthiest satsfiepthe

BRMR icAGrid if 6 FeenipPiy MBH&S, ﬂﬁteh@&lc@ig %e fONR of4 vallld! &Gilled an
vi si bl efeat ures_of the obj ect . le feature is a

Wit RasTscare, ‘Pﬁé“déf’é]e%%{ev‘?mﬁ?oéf#nferféat%&ﬁft satigfgstag ispegiion
alrRr ACRig cﬂf}dcﬁ!ete‘éﬁdn&n@éhtseﬂb Hh%iniy' be Btsmﬁ)wwgﬂ@chome that

eI SF ISPt o0 D Bty oy e Sugie o e
afdevbls bAdonfidencd, ofunp ivers sfisformatioh theli cogveptidvidenade. | i m t ed to
g)e(I ler%ﬁéa e:t&?r;s’rof:;th %B%{;P n?a?r Ibg H%t% e%i‘r{n%%{’a{ls%cs c%{ the obf‘eft )Pa?s scores
swouasee averdge pnlwlrcentde offike abixjcemss sc@re Theyrdstmayfalsh hedetenmned
b \?él%i‘lﬂid Qﬁhs@% Qlch Mszti Q&ght%f]% {gg&ﬂ'%fgyéd gé%eﬂulg%ﬁg qle 09(1;'%’(

%%!ew “dence, ection-wei

datrgtianyeignts. Waighted gajisties ctfegfivelirmgiehteenidenes n@redpwlatfriomﬁ”mmes

\%bréﬁpﬁe SnfifREEis higHir WS he bbb A is%Eﬁﬁfy 1633te® ﬁﬁhe ﬁ&@mlef“pfbr that
whi ch the evidence is need I'n an exanpl e of

E®hod, the | mage anal ysi s oper ation conputes a

nmeas gkiaeRe for BE&e detfion £ iidhecAbn ¥ BbiHBSI byRxddifing & ShR& 0P|
H%t er est where t he sur eneg}g isr espons| ve to sone

BRRSIGR PhoUERNE RERORE Misipleddarnkes ff thy obiect; 4 Visibledspfuis is agpriiphef

10 pget whel i@ the RAGHHE, @mem of ahee Qm&fehﬁié of émifted l%t EnVak ue
Id o erlat 'u i.c val

B%Pgﬁﬁfqg abeﬂflfh HRTESTRCe. g'n gr S s 0 the ogyj ec%J Light can e emltted by any

process or combination of processes, including but not limited to reflection, transmission, or
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interest are conbined to produce the evidence for the
frame. The | ogic values can be binary or fuzzy | ogic

wo ad03az470ni t h t he threshol ds and | ogi cal conbi Pet/U82005/019923

bei ng binary or fuzzy as appropriate. For visual event
detection, evidence that an object is located in the
field of viewis effectively defined by the regions of
i nterest, measurenents, thresholds, |ogical

i nations, and other paraneters further descrj bed
ﬁﬁﬁ@?ﬂo A ed e SrRFmet {herobicgtegridurtly frgm a source internal to

theeﬁjbcguratl on of the vision det ector and are chosen by

f I t f the.
" verie el aF e MiniR e REMBe i RRRn 5 e Ry obiRBine
eimdeﬁca; mcludieg objecs demdradn wagisd dntl ubjest p851§ fscfolreSJ lﬁ'ﬁina@\ahilﬁihc e.

%pae atlg no%rgn% %rlnraroar %sl%ﬁ]staonn%erest mee\a{ch apn% or rhé(:tcl)l t@ efv%elltlce is r}eeded
Hl@hlemubldagf thisvaetbah thie gmgatamadms @beratiw cymgitesn mbasueemtembased
QL éi'vglﬂes% thtepe%l El’ro?ﬁte%;q %é{'g ﬁlemgsul'en@lttl@lteé Q)Hﬁvqu me
etectors a é) chi né vi sion SyS I’P I‘OVIdO
@pprqyg@tﬁ ghafagieriticgha Elplble deapyegfithechbieetc Tliledneasumeinbﬁ converted toa

BE:@ WXi5é By a ﬂf&%oldﬂi%u&@%ﬁrtﬁé 168le vAHRE bBaihe FonNBE fofofd of
nproved net hods and systens that avoid the need for a

tnFeregbaé? cogibifigd fo nsgdues e Fvirenss fon thhisarese dhalpgic kglues gayhe binary
S 26 1d g vaRiBy] with 0 gHiréshdlBant logi¥al JdmBintiim DBIAE BinkBERzzy as
recor.di ng. The Vi sion Detector Method and Appar at us
PBPPHEE novel image anal ysis methods and' systems that
pr ovirdevisahavag dekdien, hidart thtaﬁan objegiis 15 fiddn thie fibld lof v 3t

A Bl g = dhal R e Pt R " o o

: ccsnbmanm,chnﬂ othes pmnmtcscfurthet descibedimkis whtohm cblegtively called the

GPAPLRRRBH A A0 AR e SR oy Bl
anphigstion @fdhﬁrldvqn@onaﬁmuldnhs pheavyn weaystion ofjthe) véstontdgteetotrdefines what

OpVRte i cléi€dvidend®et hods and systens for automatic
vi sual detection, recording, and retrieval of

eventier dsmpmin #pges pralysisyRyidenceithaharrsdiestptiviepbe Werpotigngriteria is

ARV dBfifRY byl 88 codflstialidnal insQisprlaeederent s of vi sual
event detection that are primarily intended to detect

ﬁvents chlarﬁ? onding to discrete objects passing

AFGUgh Bd of view Wile it will be clear to
one Qflveg Fchl lﬁﬁfaﬂoé '6f BotoliBidiort HRATEAiRARII\GSieiBM pRRidHZED
to detect other pes of events, inprovenents not

igeRghier @%?@PW@W%@@ npdion, ABVS. apdhingpge BEeTHing tagripa need
RY Rikfréved Illamsdstah@ g&eﬂn§th6t NE@ thetnBedgsinANSbet ghal lﬁﬁﬁr@\hcﬁﬁgghlgh

of vis event tection to.inprove i ts util in
ﬂ’é‘?de‘ﬁi“fgjlr?ﬁe"éd?}%‘f"éw Inipergipg f ith évnaéﬁfeﬁﬁélns NVENH
ON TiThe Vizioa Metettor Mehod e Appaitioeehid Roved e fmalykio methods

tsis{fe%r,ﬂﬂiat \p/rlﬁglki% ang?gt o%?etr Leneﬁts hi %E)sg)gel n%hal %pe(ljlt Je?ec&c;n? l\)/ %l

without teaching any integration with image recording for use in motion analysis. Thus there

is a need for improved methods and systems that combine suitable elements and
configurations of the Vision Detector Method and Apparatus with suitable image recording
and display capabilities to achieve novel and useful methods and systems for automatic visual

detection, recording, and retrieval of events.
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an "event" corresponds to a specific condition, anong
sone tinme-varying conditions within the field of view

w@booan247nmgi ng devi ce, that can be detected byPeT/BE8EN5/019923

means; "automatic visual defection" nmeans that events
are detected w thout need for human intervention or
external trigger signals, based on the content of

i mges captured by the imaging device; recording
nmeans_t hat inmages. corresponding to tines

G | THEEHEEE RS Grion Deiere! MO AGPASE By P R WS '
afbbdinicaislof Givial eveliRidRGoh fat arE pasgily eges 16 adleddevents

FETPORNEE PRemBRoiRl neretrousths S SEgSY, i ul b8 o
aﬁwfyﬁlhﬁrysyﬁltﬂmmheﬁhachmgshmm ased tcs@eedceomer ty@esgﬁbvdne; ein

fmé)rrovgrsngnt%noli baél%hé %}e‘l) gl}a*r%f (ﬁ?sﬁé Bﬁ?ﬂl e?tg:ntl% s?c deventse )f’Eus tI?ere 1sa
Béed tradxpang ﬂEXteaehlngl of gigual pwgu'[tetet:thmtto mpreedn ttillipm detecting a
nd providing a synchroni zed out put pul se
?%%#aﬁﬁ%fgates when the event occurred. They are
further useful for qgﬁh speed notion analysis of a
d any ot her application for
ort ents :
desi amV%@e% P ﬁas i oot R fleien on,
ecoriling,ond cateed bHevens. Pbtdner sui t abI e device is placed

0 at 1 deeldo 8ot 8% LREACIRR SO Rl MAL VIR

condi tions, suc ch erern an

eve ntcommewpmn tie rﬁgldtqﬁ vigy ebansmeging qledlce,dm fan; bgdeteqiedby

OCCUryisuaigahss Configured to detect the events. The

vi si on detecfor captures a sequence of franes,

each franeaufodagyisughdsiectom” meens fhapgvgnis pre driegfpd vaﬂpeut need for

anal Yafen fnfefehtioR e Sxidkidl Ripe@RiEnAé, baseld 34 the tohtdaf offiRhdeOdS

and syste including but not limted to those taught

in Vi ?Wﬁ&?‘%ﬁaﬁwg%‘gﬁod and Apparatus, and further

det ai | ed ‘ﬁedoedmg”mmeblﬁaﬁimages\mﬂapaﬂnighcaﬁmésme&vemﬁrinig,rand/or
as_occurr e .\When an event occurs

the fahrtﬁje vent e}N&?I’(]i
the &nal y§?§ W d%ﬁ?w?y et of eventfranes that
t oget her fretviewl” ngaahs tha ithestt imeges derteaettitvad for perpeseeintludiags

occurg gl fomﬁmﬁsltusg% ﬁ,%érapt@matgé%m&agb%%gé A8 systom.

SO contain event
| n t Hée methg@tmémsves tanght hme Ategisafigd lf@frwtomﬂ@nwaltdmcuon of

3%@@ ?orfaﬁﬁlﬁp?)s@ Elféluﬁfﬁ? §1§:91H{ lin‘ﬁféd 'tdhén%g%ﬁﬂ%ﬁlp{%nt that an
franmes, ‘but Is straightforward to devi se

evenidus Prswira aml PRYiding p évnsleetpéed@ptptIWSP holdndicatns whenstheevent

bOBr &N Ry aferfﬁﬂﬁﬁusaﬁ]efomgh §;Ie5d fbtion aﬁQﬁ%foHiﬂeMﬁmcal process, and

Consi der .t he folb ag eg e. .The event tq be

aolher aplicaypn fo8 Wiy wages W— URgohEh SIS AP desiRhonent

trav e!{cbdﬁr@m@tﬂtﬁé td'&hﬁgszdl‘ e itfenttRCendiabdetclopbi@naftablédevice
ured to detect,.the c onent

i e B R e o Vo Shelide St i R B iR TR S

imschamita pdeest, hﬁemmcae ptmbdoeespomhag tosmecpeificlvanditions sayreccur,
n%qp (I:orﬂFgurgdc’tl %etect e even Soﬂl% Visionl gtg&or captures a sequence of frames, -
where each frame is an image of the field of view, and analyzes the frames using any of a
variety of methods and systems, including but not limited to those taught in Vision Detector
Method and Apparatus, and further detailed below, to obtain evidence that an event in the

field of view has occurred.
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w0 enwsabe0ost rong evi dence that the conponent

through the error zone for three consecutive franes.
Suppose further that the analysis of the franes

error zone for the first amd third franmes, but weak

evi dence that the conponent is in the error zone for
the second franme. This nmay occur because the view ng
per spective or p05|t|on of the conponent relative to

the ilJum natjon i second fra ch t e
conmpalsieh Pl S Bgitetys SR Beuceh 85 ol Py i B logeh
resead alfficiénh extidehbratha dreeodne hds occurrad) ITh & ynay mnhﬁt(iest bRedventn
E(;r?r % I%lgc{]af mfl)? &sonc%ﬂ%.?f ?u%?y c%e f egliilgat{les;jlrngle 1ﬁusgatlv§ re]m\g}\%dgnnlents
tahght héreig thefelvennﬁame\aemomgctmlve inrtigp seqricoke ol ﬁalnésabut ithee
a%ﬂ{fom tgg&lrkre ellnB&hm ﬂgtﬁéjs @"ﬁt: dptf % ntng Ogl v{l-{]%qfe e
Sequent franes reveal ed no evi dence at e even

ﬁméﬁéﬁﬁptﬁ@@hng$WéWtonblned posi tive eV|dence of the
fir StCo%&’erttﬂé'f&lﬂwflﬂg%%ﬁplé‘ﬁﬂe WRRKo YAHRRE eors& &h&%%%@ﬂgi

frame is judged tg be sufficient to conclude that the
Bodynicah sempopeny fraveing oppisiderarzpreof pecgpiphie tglegangsn & ve%lniﬁtector is

EdnBip®ad fodetediif cB%PdHRAIEn arl dirof RINE, a%g@&mfrﬁﬁmem drigwaeernd
frane is nz% considered an event frame-the choi ce of

Qg fhs acgepiahlsizone, Sunppsei b P soe maghins fyclp fhe rpmposien) gnoxes
thvcrigh the eacreom:adr thite bamsutbietiiames. Bappos fuftenthbttRe MEIOHEorIHe

{ t t nbodi
s e i P scotioeflon B PR SR R i i
frarods et wedkeevdlereo Hult the comgoltiheis it theerer zehe fiaahd sscond tra@el This

Iggyp {;’cglrugqlél&[u%/ectlgfﬁévgﬁ%ﬁq%git&?g r@?ﬁhmﬁ‘&ﬂ? c%&é J&?trel%v%% hed

HAre ‘chos
Blagiretiendn B séeoadisane ipsugk theigberodwdnentis diffirulti see. The fbywie
hiSo. SR @Mt 0 c&ﬁpoﬁ&m@ Qruglﬂglﬁg h&A @e&gn Q zdne?or ir I’r!nﬂ& b'ef&re
the sequence of franmes relative eit e’ eve
afferdhe three egical fiek ti ne conput ed as descr i bed

her eithe sel BevBiM Safnes YeBdiBheh 3 TBR Fr¥BS reldAled Ror; @0 S Mlat the
ranes in the sequence Iy

franes rlortg £$ew%%ﬁ%
Bant Vs SYYEHS A g 20e Whe subseauent franiesaeveplpd ’E"n e
ae@uwmee myenbeasrceﬁmmd;g drhe lebmbifed pobitivelvidbhcd Of the first and third

TR Vet s erp Py o SR oo e MG Brancid g e
¢vantdaotdaaredi THeulerbe fadniey ere drelzocht frands imthis example.
pred Fﬂ &'ﬁ{y @?9&&5@%@& &corfdrf%% s n%{ &){l!lgegf%r ag%gent {g ?le a%lce

t he eve anes and consecu
gfrwlcﬂlelt ay neirtel conpiderdiesseehng frahie o |be ameveshfame cﬁnme elther way

FHBRES sdop bR thd EnsiicH B ﬁ&'] ST oA gﬂ?&ﬁl@rﬁsﬁa@f ferdif® el 54D

Il
In response to comTan S and use or vari ous pur poses,
fravegs gegicARseemtiEgng yopldinciudp thesesorssigmenho i s using a

gr apRite kheWsi@énck ﬁﬁtﬁfgé@l@ Be 51%61&1%6@1&1&@11& ABRAASs oRMERd, 2
further autonated image anal ysis by an inmage anal ysis

Ryraitx of sefested frenffsegelﬂl?ﬁgn frera theseavancg gf framps EpRigeromies ing

wbBsre. A Band i AR 18beretirdddld éﬁyﬁdiné &fltsq)otiﬁk?ﬁﬁ tHé%&ﬁlencb bfis
ra nce

Jen r esirable to disp ever al
RS sl e b G0 Pt e B B
Tieeosm &dnesmaegeavatma@ e eecaﬂedafrdnes phignto the %ﬁﬁnufra:ﬁb@ in the

suffic t for ser to,see eful etail in
sequence may e recordec} #ames er the even ames in tge sequence may be

-m

recorded. In an illustrative embodiment, frames captured within a user-specified time interval

relative to the mark time are recorded. In another illustrative embodiment a predetermined

i sSPCTYURTV05/019923
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each image. According to the invention a portion of

the recorded frames are displayed at one tinme. The
wais@s/1z410nses the portion to be displayed by i BEIURZH05/019923

scrol ling comands to advange the portion to be

di spl ayed forward or backward. The portion to be

di spl ayed at one tine preferably includes severa

frames, but can include as few as one frame. In an

|IIustrat|ve enbodi nent, the frames are di spl ayed

Rt FagesApiiecosded, iagl pding the pwent fameggyd COnSPHEVERS o of

ﬁxﬁx@m&elyq;!nsptbaﬂ&ﬁnﬂﬁla&mﬂ%ﬂ tH@evafitdragRft al ned in ab

| mst nd w_ of %@@ 8#& whi ch dIS ¥s t he ortl

of f %% seStReEeglerieragpes F‘f&}i?“f“‘é@ PEHKe 1 dommand? 3nd

uskdoriamiond purpo@gﬁauduﬂlﬂsp[a@mhlhhmﬁtmmf whd]ﬁudiﬂ'gtﬂ'gm’paichl user

hosen to b
PR e B R pRaiE.BE et GREEY imelS i PE et RS e
@hahﬂmashmnma@eanmnaMHflC|ently detailed to be usefu

The 3e88lolilts SATTRANGAL S. RLONLERSa MmBASRE! %ﬂ?’a!lly

enen nent Tur
dabsmbleaqélsmeweefqrd framesfat pive bmmabn nesfpracticahie display §lloflthe

e Hgaggp loRce@a mg@g@l %6111%}% wfmwfor {Aé uée% sé&ﬁs%i deifl in

comman vance t nstrl f orwar d
daeleinaes: docordies ipheripveriions pation Of the mﬁ@de?drfﬁges %‘P difplavied dlgwe
{hd. ThbsSQhBReAHY ﬁﬁ?ﬁ&fjt bodiwadyed B is %K&@lllﬁlg cokrna@dls to advance

illustrative enbodi nent, evidence that an %ﬂﬁ in. the
e pqriinge bez/ﬁhén}@yr%%@r%eéarrl}aeavaf% Thpogiondyyd ‘?‘B%P xS, ORs e
}bréfeltaiﬂ? irfcRiE 68 severad fritdsUBut cadhdhRld adfeway Bt frail ect i on

t.indjcate eve confi.dence .t hat the
oventh nlitie ARG RbRT dik bt Aot ha Al o
mtelﬂiﬁe €GYDsThe q)ombm bﬁf&n’teh aitplayed btoat thse hre géntaed lioayilmstrip
wz c?ow q%l Whlgh s hlgagmon i‘lcaa egs a% éc%{;%? 09 {ow—rgsoﬁlltlgn
o “%oh ence Core a e o7 1 et
‘wimtbenit émagen ghe reaohmoa Oiifhe ﬂmmhnad Imgvb isichgsen tg be dﬁvceulou@dhat
:i WéfYny gll S id ey@a& bgéﬁrsgéﬁeag OIQ r énﬁ ‘ﬁ%h I@ﬁfu@l’x that Mlﬁlaﬁtﬂ?t

no machi ne ca perfect decision froman i mg
wfftvienty detailed tofbgpeshid. Thg Reollingormrends arprevded by pmyermeaé Gur
auhggnce. An event detection wei ght is obtained for
each franme by e anal SIS operatlons on one or nor
regi oHg1 B‘th%“ﬁ?@? foep digplayigene framenf theppriign P%ffem?éat

RANRYELHTRARM an PREViEFBBEN Als iRisSrolliREEoriniAds aaomaume filnfitrip

t b d I [ f
R e e S et 1
mmédfprv@&idraacrk,waﬂr ot her char acteristic of I i ght
}M otg Ih %1 arustratevg emge% nel S’h gﬁ%%g gt:aglggl%lnm tl%e &Y‘f e% htag occurred
iy abteies! fotdaeh ﬁwmb ifi the floroivnd a wdgﬂ, cahlsd of evend tlefecerefe wagle that
@(‘ﬁ%)és r&%ﬂ(ﬁlt ot c@tﬁﬁ%& a{ Q@a&?ﬁ?%ccﬁﬁﬁgﬁ th'asod'z: u ol Fﬂgé m&;hl?e a

ues can ogil C
sjmble ee/nomhqm thaﬁ mdmwp@sﬂmrd@v eonfidanery ae@mbeéﬁlﬁibn ieptes grange of

Qf‘e'lsrlﬂ cSHERAY, of 5ny 1féﬁlzo‘f RSP EIrdy8 evilldhc@®ne example of such
l'ustrative enbodi ment, event franmes are a set of

ewbads o payealled %ﬁ@éogifo‘falwﬁlﬁbﬁr despribed haseip. Npda thetinp emchme can
W8e @RbrfdcPdeckiBS frbinaf ima3B tnd sSWill irsRERMalleFudzhenis Blsedonc eed

a .
imperfect evidence.

An event detection weight is obtained for each frame by image analysis operations on

one or more regions of interest in the frame. In an illustrative embodiment, each image
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threshold; the last frame is followed by at |east sone
predet erm ned nunber of franmes where the event

waledosar47on wei ght does not exceed the threshol BCT/@RZINNS/019923

the event detection weightdiof the set of franes
satisfy sone predeterm ned condition. Any suitable
condition can be defined for this purpose, which can
depend on statistics including but not limted to: the
nupber of. franes in the s vera (.mean) . event
VRS breSHion &R  Prisompoesed B e AP BB R ket
hltweesmhlérathe exsntemghatieetposivevie thg hnpung pdttdriy er othemmﬁacmristic
SR B B rep b VRS el SonleBea W6 Vo o5 4B
erteration, wameslome vanesobitamedtHor ﬂngeg:oms ohetemt@mmbmed to produce

ﬂlgg\%mde%@hog%ve%%pﬁg %‘gt o % 1ctvhl o?é/ﬁ?]e eﬁ%ﬁo\éﬁ vglues,

capture ort

vidh the threshpldstand loslsal Ctm@mttionb@tlabiw Pfcfuli’é ay FIPEPlige t o

the th ﬂﬁllﬁ&ftratﬁ%(éﬂlb&ﬁlﬁ&ﬁ e‘?ént Eﬁﬁes%)’eeefget dftesBbdutivd B8 for which:
t han, for_exanple, tine o he event franes

define a B &5d dleféﬁ@é W@Ehkfph%§¥ %qndéqﬁtefra@%mtbe Khererda,
not ar&hslei fic point |n time. In order to obtain a

specific and ani for the event e
oot he il o TR sa e b e Sy PR BT s
and Abpatieteust de@ecnbrawggﬁt dod3 @vieixeeed ﬂiaﬂkeshdﬂm:emd s the

time at ich ect. crpsse me fi.xed na

et or oncerem i Shient RS KT o iR i o TR e

f ol | ommdiignt hose teachings. Not all events correspond

to arAn9 mﬁﬁg Slafids Eeﬂlg)eﬂeﬁn% ﬁ)rrﬁ{l]sgp%rﬂ%gé %ch Q&V@%e%ﬁ n%tgustlcs
Sonme cases, for ex anple, e ev correspond
inelpdingbutpatiisnted eher ei n a rrechanl cal conponent advances

and then gefdnfRt of idbdth helste field of view In such
cases the mark tinme would nbre usefully be defined as

the apex tBiaveRee Eepyerent deiachey waighkn t he crossing of a

refer encahmtanéventlu%uﬁﬂw@pgmoss a reference point wll
be call ed, af | pw eve gn of advance and
retreat vH‘?'F‘e‘gaé‘eEf%tH‘gﬁfuong?lg i@%event. The present

i nvent i orthé mmibadﬁfraeﬁbh bOfignaa itkhsyes foe Whiclh the ecant dtdctidng
bet vvtgvelnhtexoevevdan[gr oke events, and conputing mark
time"tar SfToke rﬁlts(marktlmsfor fl ow events was

t augHtis deﬁraVleShab frarmuemd@d adviatling tb thewpresepiinveationdp stafipeintith
Iﬂ@ﬁlﬁ&% t! ]h@fe? Welqz' cgﬂwje&) T{)g@lp ?(‘e%ﬁfelﬁ st'u&yoq'[ﬁ{e %ht 1§§/%Qst useful

exanpl € o sual ‘event (1 On as “taug
pethe imestanipp torhedelative tq&b@@nmf@gcunmne ofithg mnfe!self 'tarhee than, for

BN GinfRfor Méys'ﬂfb' evénf ?r%es%ﬁfecdtﬂr@aﬁ ra'm@é’ of t‘fﬁé fdr %te%n't RGwéVer,

sequence of ranes and anal Zlng each frane
N9k ¢ EepHinRoiRhin e deorder g obigin aspetific and nefe@e&fvhw fefrthwsnt

66 G4y 1RGhe mAB it aMAehi iR ¥isRInDevec R Meth6d St Apparatus. As taught

therein, mark time is the time at which an object crosses some fixed, imaginary reference

point, which can be computed accurately following those teachings.

Not all events correspond to an object crossing a reference point, however. In some
cases, for example, the event may correspond to a stroke motion, wherein a mechanical
component advances and then retreats within the field of view. In such cases the mark time
would more usefully be defined as the apex of the stroke, rather than the crossing of a

reference point. Motion across a reference point will be called a flow event, and motion of
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detection was primarily directed towards enbodi nents
where the events to be detected corresponded to

wale@snet7ed obj ect s passi ng through the field of PeT/E82005/019923

and where it was generallyldesirable to inspect those
objects. The reader will note the strong simlarity
bet ween obj ect detection weights and object pass
scores taught therein, and event detection meights
used in the HEsent nti on_l ndeed. an

mat
ipas i aerer A ie SHRLF S1ke PSP DIy r 65 Sdthods and
sfatfcior Qlectiry t@h\teeroﬂovohjdeﬁbkemm aﬁlmbﬁpmmg nlagk tHinsefdr dioke

obtajn .an e t detection ere ce

B B B 85 5t Rt B e dfifor Ry Bl ASRERSS

ar e Ewndneddeton &oatdingto thdyresamt mmentxomms anfexarhplé¢ dfeysualregent

SRS '%54{ {055, BRLGor 16 i AGo AL WA ARLLEHne Athod of
asse i) f’ﬁetf“' or’nore particular

wtmlalt event deﬁ@on mvelveskspmmghamup@s séﬂamda e aghlyzipgeath &qnge to

%ﬁerﬁﬂn? gﬂlidé.née tﬁ%g aft é‘%ﬂm gccglfnng‘gr Y §@hrrdd® {Aél’l@dgﬁﬂhéréln KidYal Q\%nt

esira e.to. et ect, record and retrieve accor di ng
deteetiqmrvens erimarily disasterl tnwards gmberlimenis wheresthe gvents i be detected

&h&épesa%@ GFdidRRtaMBRES geglﬁgim gh B ﬁamo@ﬁ&w RAS ¥hdiGit WA gy

field of view and detec a mechani cal conponent

@ﬁf@éﬁtﬁ BspeAt thgsp aeckso b rgades wlltnﬁ@ thersBorg sERilasty betwegpphiect
dBtidnBAddhits 8 oéct WisS scotts agdHe theRm, Mﬁtehmd dcamorﬁwagftmsu@m

ener al. | e consi ed illustr
'g?agfﬁi% ‘BW@%‘E’% ?"H\?@h‘PF‘g‘?‘r"r°r\RPPéf38‘5 Faé‘ rﬂb"lr °gh§a’mng an °%J ect
de&rcﬁmﬁy@ght omibjeoidassatude syde ased o chitdh angvern detection eeipht, the

P et B 4 b R R g R R
themener igwhich tey bre obeined. f ul | y under st ood from the
Fol I g fg.gat @e&&&%t&?%&ﬂj&{ a8 ?assédqlu"é&%lmd &ie, binore

t he acconpanying ure showd an

particylotly et aﬁbfeem@hie@télm pagsd thrangh the fielfl of VieNstiven gxprgple of an

SVER PSRt Iaa}doeme;u%lew d%ﬂ:ctvfe&i‘@lan@ﬁéﬁfé{resac@&@lﬁé B tﬁkq)rés@nt
t he pr esent |1 nventl on wherein the events corr espon

19‘(9113?}}3 Ingpqddheaeis ditle difterencaeiveen detesipganobicpipassing tippel the
ﬁk{l(li)@dbfetvd a%ihﬂ dEtbdﬁtﬁg a Eieélidih@al Zonﬁlibﬂé‘iﬁ eerinig A8 %ﬂrdi&oﬁehjaln the above

| ustrates a eratl or a s e
crode i et o Cript PG o e i, S e My e
chgigeddllfstranive Rmbddithdngs of e pedsénd Mserming |vs3hsne3e06tdeg$nd retrieval
RAR APES S, B dmprelt 8 e SerB BRI sobif N b sgaea s

wedheloéion in an illustrative errbodl ment; Figure 5
shows statistics that are gathered and used for event

BRIES PHSeRIPTIOR OF THEISRAMINES enbodi ment; Figure 6
shows a high-level block diagramfor a system

accomé mgentlm Mllebeinm/eemll)i aiderstobdfusre thé felloaing dataibdd dedeription,
di agra a ustratﬁve enbodi nent of a vision
i3 &n‘&t& g]?n ‘W‘Pa e accompanylng gures, wherein;

Figure 1 shows an illustrative embodiment of a system for detecting, recording, and

retrieving visual events according to the present invention, wherein the events correspond to
applying defective labels on objects moving on a production line;
Figure 2 shows a timeline that illustrates a typical operating cycle for a system

detecting events according to the invention;
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can use used as part of a system according to the
i nvention; Figure 8 shows fuzzy logic elenents used in

w@roosiibarsd r at i ve enbodi ment to wei gh evi dence pOURBK®019923

judgnents, including judgi ng§ whether an object is
present and whether it passes inspection; Figure 9
shows the organi zation of a set of software el enents
(e.g., programinstructions of a conputer readable
medi un) used by_an |IIustrat|ve enbodi nment tg anal y

f r anEErere ke 4 AreRaTt taat descries analysisSieps ReHErmed y ppplusiiaive
énboieentsi gnal s; Figure 10 shows a portion of an HM

for user o nfigurati n of ev det ecti on raneters,
whi cheer R Ees B oIeR i R oH S or b R PRI ot | ve
itusnativersmbodiméntvi sual event det ection; Figure 11 shovvs
3e{)g(ﬁ§t | OI} ﬁcfé\?fsas?auai%g[eﬁg 1l er 3%(?lésg$ E‘or ﬁvent ({eteatlonl
lamu‘alu\ednibacbmbnt,on an exenpl ary obj ect; Fi gure 12 shows
anot f I:

the gghﬁp%féh&bs%@l 1e$ei1@ @Pcﬂ{%lr ffii‘ﬁ L,g{émﬁa?%@ggqg ﬁ% \Auggn&oﬂ
por t Fignredfshews aebt@*ﬁiaanayn of @tnlﬂlu@m@tqr@ndlmﬁntaf g Visipwdetector that
SR LEGRO os biRLr SRR R 1d e HERAGS an exenpl ary

object that is mspositioned relative to a | abel
app! Fegteidshovs iz lgisiplements used v iBysgatie empestiment fp vsigh
dvitn AR Bl @loin@its, GRIVIRE RRIBRL Mieth® ah Bfed® as?m@é@m Rt
of Fi ?ure 1:95 Figure 15 shows a portion of an

F‘&Pnconfl guration of a vision detector that may
be u&%dret%h&ﬁtﬁadrngmzh@h@fa@d@ﬁfﬂoﬁﬁhﬂe@l&m&ftﬂﬂetgl’] @fogtmder -

tends d t l e 1
e o TP ol B oGl BT g e B ondhee
fioanes, -neske prdgments, shsetitymitsaand comirol hepue xigms; ar y set up of

i B T AL

i nvention to eve corres

woameters.whish wilbemisegue urthd dsmb@nallqswmvn gmbndagqnavﬁ vishaltevent
PhectionPe used to explain how output signals are
synchroni zed to the tine that an event occurs; Figure
19 sHiswes 1hshevisip@orian ff anjexgnplagy eqnfipration of prisien ﬁieéq@@r that may

RS tS detdck SHHARr %&m@m lébepcﬁhrah'e% st HM for user
conflguratlon of out pu 1 shows

t s u
msrmﬂg“‘&r ﬂ’é‘ﬁ‘?erP OI}@&?FBWS@MU%@S@PBF ngdp Hieexggplary
®wpof Bguradl] Fi gure 22 shows a portion of a graphical
user _i nterface containi ng filngtri i.ndow and a
e Eiebieda i Ao R Sskathiany PR n Sr A SR g oy
easalrtol éelecamdexeeplady ebjed thaois nesppatichediglatice tam labelapplication arm;

Figure 14 shows another portion of the configuration corresponding to the exemplary

setup of Figure 13;

Figure 15 shows a portion of an exemplary configuration of a vision detector that may
be used to detect a label application arm that under- or over-extends during a production
cycle;

Figure 16 shows how evidence is weighed to detect under- or over-extension of the
arm in the exemplary setup of Figure 15;

Figure 17 shows one way to configure the invention to detect events corresponding to

flaws on a continuous web;
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON o Basi c
Qperation of the Invention Figure 1 shows an

w0 kdoagr47ed i ve enbodi nent of a vision detector PCT/US2005/019923

configured to detect certailh events that may occur on
a production line, and to record and retrieve inmages

of those events. A conveyer io00 transports objects,

i ncl udi ng exanpl e objects no, 112, 114, 116, and 118,

left to rlght past. a | abel i ng_nmechani sm 160, which
act s FiegrepBabevsa timipediagsim balcRll 8ppee o &xplan hew eyiaphsiggals are

Aya&%mzl;a%m&@m%eae%cc&be | abel i ng mechani sm 160
|ncludes an arg% gt acts so t o, nrove and apply

each M shays e s eerpRuied ag strokg ypris;
mech &"l‘glufd’BO Jsﬁ&vsanﬁrti@h of thOAMA Fo? usdh Gcmﬁgﬁrﬁﬁonl drbuipiitsighdlsy e
purp ses explaln the inve

nece ‘P“ésp?\‘%"é’é"ﬁf al%?ﬂ%ﬁ“]c?&ﬁql?‘i rEYﬂrdd‘i‘g ‘ﬁ%%“ﬁ 3ﬁ%§‘?ﬁeﬂ Sugis d
appl )Flgu&b?elshowsm portichu f & grathicplnsettinteifzpe confdiveng afidmktrip gvindow

5 Bl e R GRS R o TTA HPS B0 LMBORTD,

nmmmmanﬁembent away fron1the surface of object
116 Many industrial productions lines will use sone
betALeh PRECRIPLION GIPTee e@NTONC | nspection, such as a
set of photodetectors, a machine vision system or a
vi sion detector, to detect and reject defective object
E@GOWIQ@féhﬂthmﬂ@pectl on is valuable in preventing

defectlve ects fromreachi ng. cust [
not hifiggrels %‘{vwéitstrﬂaﬁ SIEP@HP%%%%I ?“ﬂ’h‘iﬂ’@ftiguﬁedttﬁéete"t
éek’tﬁlﬁ bvdﬁ{sal&emaﬂkﬁulﬂhj a@eddubtidn tihe, tultto picBd@nd retrievicifiap® bf these

fact dj
oBasF AP R ltensr e, B GR bl BOBGF LR o7 i g e
118aefers rightghist 8 febelingmeeckiaismate, abichiadtd ty plaed algbet oreatiechject, for
&glq%lte 1BE 156% ntoﬁ)%@ts‘lﬁ)? ?B%lggehﬁgingc%grﬁ?rﬁ ? 0 nB[uggs%tafn? psz that acts so
purposes, ' VE NovV
i5d0 meesrand hl@lmplebb@ tosgach qbjest. Npteltlipt lgbeling mﬁ@wus:m 169jand am 162
Heloh @ 111§9anv96ur9059§3\9 )éxp‘Pal'nP{ﬂU flvfiBn, 'ah&‘&?no‘ifﬁécbs%ﬂ)ﬁfepxte&ﬁt

conveyer 1s tracked by shaft encoder 13
By partieday nﬁc@xgwaqsedfamﬂmhelseawdw# pedycliey by vi sion

det eqh@labelid® mBEHenitin 868 nﬁa%ceéﬁsﬂanyﬁmmum&%gm flnaé;lﬁlﬁﬁlem
in Visio t ector gbt and arat and rein
b s

b, pisappli 1 122059, bFOBGHS fa‘gaev %f.ots'ﬁct
deheel Qfdus’lﬁdi) pR8udiofisdiney will Gs: sofe fdi op mtdﬁhatllc Bptbdalémomh at

@it FC AR R OIS ere ATCEER BRPop e Adiia dgancr o
dotct anid nejeet dafdctive dbect n@yWhile such inispectidrsis faledbl i preventing
(?e{f‘ %ﬁ\geto(r%_b {:tg B’Qm%) fugé Slsto nél%f 6} (1.9%5 nottlﬁng_l_f.f’)l prevglnt El&gcts from lreang
walerietp ﬁrsdplm @ne@bmts/a pbthe masenbnve@ﬁonas tomuamgaciam :
S S P A B Y9 e
dowithvglefeetnguallytbeing elgeekevent . A hunman user, such as a

rm nu fI@&lHMBh fbgraﬁéi)Gftiﬂg &b ec‘t’slr fot ﬁé‘dﬁ@t’ndﬁ éﬁﬂ)ose\é\QHﬁ\@yér MdoSehRed
th Hunman- Machi ne I nterface via sighal 142 to

Iiel@twq Wémﬁlﬁ betpernghebigcts ﬁﬁbtb%ﬁ%oftawsaw efyisiondelpeeriet On
M%&H&oh aad infblod 6F tE coRReériiEithckAMlaShaCbe82, which

gnos ed
pI'O(%ICGS a signal 140 that can be received by vision detector 130 and used for various

purposes as taught in Vision Detector Method and Apparatus and herein. For example, the
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I n anot her enbodi nent there are no discrete objects,
but rather material flows past the vision detector

waeoeositprous| y, for exanple on a web, an exanpl BCD1S2005/019923

whi ch is provided bel ow. Fdf purposes of event
detection, recording, and retrieval, there is little

di fference between discrete objects and conti nuous
flow of material. Figure 2 shows a tineline that
illustrates a typical operating cycle for a vision
signeleldq enp be Byefl by the sigion detprderdaas a yeferense iarfhe poit ér tgme that object

115B988s anBAXBRry) RRAh&D oI 150, &Hé?ﬂ“th@;ﬁa%@%zntZZO represent
i mage_ capt ure. Boxes | abel ed "a", such asﬁgox 230,

repr ; disiamdetseigi 18 delects geriam s télﬁtew o inpif§ fieldef View, based on
dpphiiaté dadl @ndiada feriilkastive emboimenk bf FigurélESh et wodlhat

SarBipgf g the Pl SR DB A g D s various ways

sYathet depcrivabbejst. Smappegre %B&dalrmhmesemfotré‘l éuringpagd aﬂapﬂeualvani
fure step 22 Ln this ti ine, anal

ARfiRaE G bimpabeonth dehd i EpbiF o SRR SR

ldnching dntgrfage 13k viasigadl o2tterctrere the regended itnages smqhaulheanechamcal

H&Hg&ﬂlleagglgwmkg}@h?ﬁ%es dp%hld%@dlg aigl s. If capture and

ana re o the rate at which a vision
det e étt wpotherambedipent ﬁleerwelncadmre}ez@mﬁdglé@ﬂne@nﬁmaéﬂwm the

»kieiort Jeeeeiop&aﬁﬁuogﬁy, tf&%xaﬁed@é SH Ewdpl mxaﬂlsie emuanebaéaued below
tinme. This is frane rate" ortion 200 of

Kqr pappsseof B é@%ﬂu Eecprging, and Ff'él%e"@v ple is hat}?dhﬁf%mcwe\geen
alm&@wc@em@aﬁhuemomﬁm@ehaﬁlve event franes. A

second ion 20 onds to. a second, event, and
ol GRS s (ARG (it iLliTaes 3 typical PREEERREYClpdor 8 vision detector

@ﬂﬁ@iﬂedﬁ& dtsct eens mdiae@eu inepa] Boxedlabdledst’s suth as bus 220, represent
nt de ection

d ,
PR bt BORDERRC R R M b b P R Y ae
fwhdr subtlvided ardalesrabddibmtowlt ie deinable thateamture (6”rof) the nexh amage be
1 o s ibiine :
SEAUDEE S BBl 12" Ot L i ibh AT oPShbl bt 34p°
amalyeks thetimage cairgred infcan’cm‘mpmm dmthes\tispeling, gnalysis dicshesmn asdaking
maxmka TR I, 'bﬂan BRI BUS R RAREPbTortbGRant @pture

det erm ne whet her “or not "an event to be detected has
deending e the gpplicafion dejilsc andi dat e frames. Each vi sua

anal Yshfiu® bRPangi9HSaré We‘ilaﬁﬂé&f tIRMhie Qtr’aﬂﬁ‘chtahﬁon&féte@%%h cdpbure
curring in an in d|V|%E1n gge ere the,
@3.%%8 qees 18 ffismged Py the longs g fﬁp%e t‘%?é‘ jagalysisdime.
Tioy is @@ tfratee hleanes are shown with a thick border, for
exa e _ana st 240, [ strative e d
cons PRASFRn 24p5F b el Sipongbin a8V B FR e PR e
dnalysiyoflfiyg etenwfednwe Asbéndghorinn B2 em‘espimﬂsem tiseondeyerghind
&&H%%ﬁﬁ%eg§fﬁ&a£ed bel ow), which is conmputed by image
anal'ysi s ‘opera

tl ons of one or nore regl ons of interest
in t freillbstraiive embodimengheonsiddresiheringarialysivoSthocpDeed drpages for

VBt G&gcti@ﬁ] leﬁ‘ﬁ’e@ M ﬂllﬁlcipal subdivisions:

a visual analysis step to evaluate evidence that an event is occurring or has occurred

in an individual frame;
an activity analysis step to identify a set of consecutive frames, called candidate

Jrames, for which an event to be detected may be occurring; and
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Each activity analysis step considers the evidence
that an event is occurring or has occurred wthin a

wo emsnt478et of franes. In illustrative enbodi MeCt/ES2005/019923

consi dered herein, event ddtection is considered to be
in either an active state, signifying that there is
sone evidence that an event is occurring, or an

i nactive state, indicating that there is little such
evi dence. One function of the activity step is to

det eramiergat arialysis siemtoaleteinpineawheitier eraior antevent tochetsleétedtms ,  a
B&ﬁg§hghggof&ﬂmhaggmhgact|ve state to the active state
is made when an active frame is found. A transition

f r om Baplevignet gnplysis sten congiders theevideaeetha) an evenliodourring ien
WMaBuBIG e Nk R wiRfe t%ﬁl@ﬂdétﬂ s‘t‘r@ng d?@%lbd’@cnt’er ARBPsi s for
found. The candi date franes i nclude the consecutive

acipve fpmes,aze shawinwith #thick gosdpr; for W@p'relawéxﬂsa@p PiPelnfiflugigive

ambbdafhtsitgnsideted hérd, this Stidéed is Yerdséndidty adudy HS@M vh1Q€ taletan
Anot.her function of

SR e e Rt ) i o oSt vl

dpmmmknfnge drievrergionfof ekt ialiedfrdnieaseaght koW arMe Vision

%nfacterMgtho ep Al he consi ders evidence that an event
as gccurted 3‘8 d the candi date frames by exam ning

t he iacidetivity zgnalvhest@cbomydemth@@tﬂem@ tlzet 8ri avenitys eeoatipgsordas
St ahe wi-dﬁ}lénle{céﬁ?}ef @ftf}a}h%s SRR ﬁferb i %%Elﬁéilech?el%e%i Bvent

an event ana ySI'S St ep I s per wnenever
tetegtien is icensidpred ko behweithern anvlemgmteemmfyme éat theret tS| some giidpnes

'th%t dHRY& is DBQinieBdriaf iabve IBRCHhHi Bt tHal 8er€ RMitedRdhSvidence.
frames are_exam ned, and if they reveal sufficient

Q¢ frartion of e aMEY Siehds Wﬁierr%me @véﬁte Tn 48 ﬂk%taauw @epodimeat, 2

ga@dlbg b8 tlfeﬁa%ﬁ\tﬁahsﬁieﬁo @&tV %t@@s Iﬁa\ﬂ? Réherd &m& frame is found. A
ecor and . ot her pro riate acti ns as

HeSiP e tedeig safede %@ el e samayia gy i?nﬁfmﬁéetf ﬁg ds

ﬂfﬁi}echﬁ\red@tﬂveﬁﬁhfe@irﬁfdﬂh& Taé candidite ftaxhgs inchidel the ¢estcutive set of
nal ysi.s_.wi t eofte nti on.. spNe ar
eser %mango‘gmot\i/}ve antg“ﬁ\l]quﬂmsel ande gh lﬁg?’qﬁl%g%ﬁﬁed and‘may

Alude mtatisg framd imizetyeen tAnether fundtion oﬁihwctlﬁw anflpgsstepk isitd gether

Jgtlsklgede&m)lp%hl@ fsét '3? &é@%ﬁ%rﬁ&%f Fi gure 2, even.t

tection TSt 0 enters the active state
Wi t h Hapteeventragalysisctep vhen Fonsiders eddanesthaind pyeyt has ocermed/dyiring the

§§n§ﬁatg fBmesHYSxA0AIR dg Wb b0 ARAR B¢ Plekoifig a&ﬁr% hﬁéfysm steps In

frames, corfespon to anal ysi s” Steps 246

Rb‘ftéant’mb%hmm“? ﬁ‘é‘“ﬁ?‘?‘%‘?er"é%éﬁ?Ven%?é‘Plﬁ%% el h%fiow’é Whew a
ﬁﬂfsﬁleﬁ £6m eenBtiveGta® Q@M Sa&ive Et@t@ isafidle | The Bt@ﬁstl%ﬁegdnﬁing e

r the inact ate. the jnactive

FRa e Gty s h ) e o LBy g s o
2'44381; hagdccvedihe adnalldgts ﬁ&n&ta&(bohﬁdeﬁéﬂfeﬁ@t filfks. Rde6rding and other
candi.date. fr %g-ﬁl ar &’%e‘gt}?lvee frames starting
R AR gﬁa§ g WARERFG™t h anal ysi s step
241. A variglyiof metkadsag be h&ed parfonh vianed | aythiits, 2 eyenCmalgtisidistin
%%gp?& e V]S% ?&agon%c gec} b%po(%\f ﬁlﬁ%&sgiﬁoxiﬁgte g“rci\q odnagd
Anprapsi @dfn@ny sthaowil oememthQé@zle@smtlEsrtl nr ecor d| ng of

a seGgpide x':aﬁ‘&)lecb? F{gﬁl;e%g%@& dbleAINR For st eveﬁ’tyzo& %r d tﬂgegcltl%]st te

t he posi ti ect I1n the active anes
pyggg)g §rsg mme[qqgespon ing to analysis step 240, and ends with two consecutlve

inactive frames, corresponding to analysis steps 246 and 248. Note that for the first event, a
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field of view, as further descri bed below the vision
detector estimates mark tines 250 and 252, which

WO e@sasEnd precise times at which the events heeBUS2005/019923

occurred. A tinestanp is stidred for each recorded
frame indicating the relative tinme between the mark
time and the mdpoint of the shutter tine
correspondi ng to each such recorded frame. Once a
transition to the inactive state is nmade, the vision
sl anattive framy cesrespandiag toj aplpsisyep 42 if Bt seligipns fieentar thegnactive
slaftl € step 260 and second idle step 262. Such a step is
optlonal but may be desirable for several reasons. If

a mi Wienihe mashize sale ienigred arrrample atdhesnd of gglysizsien24p, gn

A& shatySis BiEp 1s QHkdried. frag caﬁﬂldz&é’ Rithes Wrlthd five lé’ﬁént hbaha fsﬁm&\g with
new one m ght happ le s §¥Mﬁ|| |n1na

SEASERAED G0 PRI ERY DApA R B o I e 1TSS GHE B3
coailddithit ah avepEs o@ﬁlded\!\hﬂdl cafdyd ancdriiifg bf af firit Isdsnbf efortidde
Sees & S gl o peccin g onoail fitedorfifkrdRec Pl o

rgvoned fhmmesdet ai | s of the analysis steps of event

det B

A g AL TP 8 o
ffEldGlhoﬁf 4s fbﬂlBCdl@CTﬂ’h@WlQVh theq main;dshegorseamtﬂslnwlomes 250 and
2%{,1 g&)hﬂg 5&%&5 g@ée ke Xﬁ-{uﬁ t5d e%&t?ﬂage o&ﬁltrédvk%eﬁﬁﬁ'ﬂ ¥ §t'o§d

event analysis step . Active flag
fbrcﬁadsrewﬁ@déf@mﬁ indicatingdhei rvlém@ﬂlmeéve%@ﬂhwark H@ea%ﬂwmdyomt

@ﬂélsmﬂeﬁnﬁ&%ﬁ%spoﬁ th 8dch G&th 9RblI&d Ry the activity
anal éﬁls steps are held in actjve statjstics 302 anﬂg

i nacPnsga tepsiiqnde Fhééna@!)’ﬁ staigr iy e, th;yisiopqefegior mpenier

sBP OB Floxelinp16 Gi st iletsep agbtand Secsridadle Stbp 3. Sﬁﬁh?a stdfadf OIﬁanal but may
|nacth§9fra , the act|V|ty a%a%y m?n ﬁlr 1

BT Basonsy i apyinfrpum fime ée‘beé(F‘{ Sf "t L& 1S
ﬁééﬂ’lﬁ ibel R)bhné foanesveiithatil jabeford 8 nenoresigts hapipers Anfidle stbmw@
tra hus ues f ' t
A op S pl ot & o Aot St %5 A, o
will bseqimmynef oS tiredl eihasion systeny bepasise thelighissan bakepipicduriog:
St bs made, inactive statistics 304 are added to
Activerstatistics 302 and cleared. Inactive statistics

304 Fignugi3rshovy aflowchast that provides detaily ofiilay apalyyis steps phryent

defé@t%' ﬁ&é&ﬁ’ﬁ £dRhR bedéxcr@;srsL%& dax&%eti b§ ﬁﬁ&lbﬁr&ﬂaﬁSRdlﬂ@ddU de

count he nunber. of franes th
TGS fCEE Doy blodks SR B BBF S B BPr e e 3

dnh1PNENRP S0, a&vwmhe@teﬂﬁ@aaa @Qﬁt}éna]jﬁb(‘s&p%ﬂ( each frame,
from capture ﬁlueb ock

ot AEaes i Peidg e St Se G528 b e Ry Liiys S Temse,

f I anmStafishipd gbﬂerea IDSZI the raCtWhtSZJ extlykio stepseypd hefdein adtive stafistiesst2 and

ﬁ}zﬁsstatxgilcg& Ovaglﬁeg ?{8 gf:tlsve ; Qﬁ(a?%%lﬂ&? dll%?t% to 5&!1%% ﬁﬁ‘{fsﬁ& '362] For
arialcm fns thegcticiyngpalysingepaioesnobyet ktdmt \é@theome ﬁgngﬁﬂl be part
of 1:h(%:rpe’£6}mrf1 ca%ﬁltﬁlatg ﬁé@as()fthz& Ia% ?(ﬁ%h lﬂ%%gttu's P& Ct Tanie vI;h Y(alues for

ornne next .
mae:m;frm meddeld dnBOee ataslsmre St Fpmastivefanes is ?@ﬁﬂqu%ltlxafoend
I%Eorgél £ \.ugr?{g%fe dfme{‘ve sfateqyﬁ‘lg&e HediS S ithtRhcsists drd AL 1Y Setive

I rst
statistics 302 and cleared. Inactive statistics 304 remaining at the time of a transition to the

b

inactive state are discarded. Both statistics include a count of the number of frames that have
been added.
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bl ock 340 determ nes the active/inactive status of the
current frame by conparing d to a threshold tj. If the

we@y@atiz4ed ecti on wei ght d is not greater than PeEUS2005/019923

threshold td, the franme isi1Bnactive, and activity

anal ysis ends for the current frame. If the event
detection weight d is greater than the threshold U,

the frame is active, active transition block 342 sets
active flag 300, and initialize block 344 initializes
act i Jathedllsirative esbogmrent fiFigyra A, g Bewehar i qxpratted geneaiedly, once
for 84¥R fra@8 Grofl @RISR bld&l@@io ltl&f&lgﬁtcé}hhr?ém&c‘ft 380éapnkb bRGL ¥ €

bl ock 330 deter m nes he current state is active,

DReHoniZes Bﬁamtlwsa@mlpecfwme&emmsm RIRMGsS far Gapdure pfhe next frame to
ee:weﬂ@/pemxaﬂi An¥IgsiS bk et fx’éuh@ wsaara@apsm‘ Bladk24erforms the

ar to a threshold U. S not reater t han
G EHBEHOT. ComHER RN frsgtan peisht dHRor st s hgtored

ineagé. bl ock 350 | ooks at the frame count |n i nactive

t at t h
oar o g 4 15 BirRRe pHRChRGE RRk fulR B Re g o
feermihe thefcumat state nbayent veteationl df evertldetedtioB S4nasebafimsthreshold
b Wil R M o N o
thessireld 70 If the event defeaiéoniweisht 4 iameli grdaten thivh the kr@Bald &) theafrane is

Agdiv¥, Gnd éc%tﬁ&@lﬁ{‘&d%? e Rt £ If%éee%en\t\’hét&nse{ @Qéht dis
anal ysis step 3 second threshold bl ock

greaterihan thedhreshald 74 Hhe frage jsaptives achypdransitiondqols @42 SPtFl e(ﬁlve flag

6. tahd ﬁmianﬁéaﬂ&k Bl4Gkika1 B8O RABEARs 8 LitivEvalledtrbm iHeClrread 2
E add({ﬁée val yes from both the current frame and

mACHS S8 O ear bl ock 362 then clears
I nactif atvestledkizdtdeefnindd4hat the agrtend/stdtd/is adtiab, itenSecdh®fresnbid

transjti fram the tive ate to the
PR G a e aibanbBih it elgtitent b hvisdbiitpe dto o
thesstiodd mrdfld is Gotrpkater than the GedshBd, Ghen detfsmmmihacaves tralt dosutt itests
g‘lQ%c 3%@10?%%?&19‘?5}? é’gﬂﬁtulﬂﬁlgctﬁg stgt}éﬁpstso gﬁgg }{%gler Ilu;re than a
not, ga er s IStICS are | gnore execu
pavanpsten f @6 congeputiye inaetive frames Immesrmuwa tlost, fnactive ypdatsrblock 354
el ﬂaeage stﬁﬁtu% Hﬁ4tﬂ§%ﬁd1§ge\§ﬁf %ﬁgﬁ R ShPM Frdrfl EnoR fig k 374
walts for an 1dle irnterval ore contan|n I gure 4
ngremeniing the [figwe pepnd Il $on magiive jrgnsitign blpgks2 @farSaaﬁhve flag 300 and

blebuish Ecﬂnhhﬂé@wﬁﬂ’@sﬁéﬂﬂ dﬁﬁ?shs stépiygh, can be used in
he tinmeljne of Fi 2 and the

t
f |02J 8 gﬁ‘e\glli‘?lﬁhlf’@‘ 46 ARG he U, s pktiv, then active

ﬁﬂﬂ@l‘é atobmm e;idafehamwsta&i@ﬁds Q62 blyla@difigtvathet frdrd S6th Be RGrrdaORMame
dence even detectl?n in an

itrEi aehgist Dt hel oo B Seectietin s oo

i nf odffvetiviyrnalgsigstep mmgak&va mnﬁ@ frdnaihe adtiveusato thainactive

S0 Heh 08 BB AT LR Bl sl g o
toldeternofe vehethat ancbe¢ng basioogurnad |I@h>t gatbier swfistiveart igoerkd andlesecuuon
c?hg{i)nu\é? Y S vgr{t Bk %9 ing{)ks lﬁ'axgé} f&%éo?d‘ﬂ%} %l fu:‘mél' &esﬁ'ﬁ)gd bé%dav& lfdle

rame i s representec a vertica suc
@Mﬁﬁ)‘!‘@ﬂl‘fﬁf%@nuﬂ%ﬂtem@t orerrantinuing. frarre count is an

ar bi E{afe fuMeP G8Siratel the hiMiydis SRROF AR traflve énﬁ)o@nfehizm can be

| ogi ¢ val ue representing evidence that an event [s

wedinconjwngtionwitly thewimgline ghiigure2 andrin Alosighastof Fgsra g pelgrstand
Heb B oPéraidn of A6 hvédiig® UsSi ng net hods
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further described below and in Vision Detector Mthod
and Apparatus. In the illustrative enbodi nent of

wo-2@anet7d9 event detection threshold td is 0.5PCHUS1005019923

franmes where d, 0.5 are cafisidered active franmes. For
reference, a line 430 where d, = 0.5 is plotted. Event
detection weights for active franmes are plotted as
solid circles, for exanple point 410, and those for

i nactive franes are plotted as open circles, for

ex anpligrgrbillpgiraigy Bow ¢viden¢eds weighed ife epdnt dﬁt@m@nm illwstentive

Set RGP As BRLRLE bdIE, 1%ﬁﬁa‘fi§n &ﬁ-rﬁ%ﬁné’é\lufeﬁmt ﬂggvemquccumng

enters the inactive state after frame 424, f our

pds exctirsdile the Haldof view fsrcaligden Brepiderseiéar veigdh T“(l@ ﬁ%‘t shows a
plbBoTRvenPaMcti S WSRO, O tertrodl dxid 4me§su§ffﬁmoﬁat i oJ H&]z&% axis

of ¢ glda,teframe starts. with frane 42 ends

fip R fragps septgsenie by patical Wgasthel@plr P%ﬁf@*smt%é@ frame
EUﬁhtlEﬁLkﬁ'Btrﬁyﬁrﬁ@Bﬁl tion to the inactive state. Figure 5

[ et ai, | i Stics gather ed i yit )
Ot Sl Bioadm®t o7 ARt nge s bRt b St ek b gvopts
odcmamg inlfranst,rand 15\cempmhnﬂz| tievidion deteciondmssacH feametudidg methods

dj
PR ol e b e B Mo o

i ncl dujthe glytfatige @modlmﬁlmfmeeh event detmwmﬂees}lbﬂé %8s 0.5, so that
ﬁ%rgéslv@l e?ls> 8\’9% ct%s del%ﬁ]% E%}n S. !Pe?er Q%tl nX%é)%Jhn‘%lfe?' l&515

ach statistic In ure des
ﬂ@@d Eent mwphme@whtskfmcmlﬂmes e nllemdras prtlid @nrclESmr tamiple

| t
B af{ Sk o0 B o @ 0 AR il bl .
F| guﬂ'éthﬂ exayiple of Bigvis 4devseirdetsetion nagers the aetivh sidis o Game 422, and

WRdrOib MAcHRY kiate BES fihRe @Izat weﬁemfdiﬁ cd&ék%htlik%ﬁna@{‘ve%ﬁféi hé&}é\ﬁeen
been detected are intended as exargg ﬁ%gf usef ul

ERbHURFCNS fTame coppt thershald = B i s exaqpl tendiflate frpmep gharts

Wilefand £20hdd chdOvithIRRR 48 ThdiSbldtaMedRtiVeanfeQbo ®¥SHM Mse a

& e, exte [ arﬁ nstants t = 0.5 used above may be
aé‘ﬁ’f‘%’bg as?ﬁ/e sui tabl e val ue. Many additional

et h@ipmre sogives detaitslof aatenés gdibtred by aetiviti ahhlysimaprm amdmkbﬁ$§z

I r Ve a

a5 gl B proggly o S Bt RS Pl el i,

Fry dhds ¢napodipient,jadtiveldatistias |3m1and inegtive sihtistics sahwtomcbmclu@wafﬁcmﬁt

R¥eRRn td Yot t()é‘ttle %sedsgtl?tﬁ:g %enﬁcptgmm?% tp glfgrﬁ@ﬁ\%%{a eqsn%l'il/de Each

t oappropriate autonation

stisticig élgPLeégnchrd@f @embalsy, &r@prsdesoslhqkhelme desenipdion S éhebr

RS RURERMNafue, BY 2BAMPle 3o 1k HARS F1E AR vallB K384 be for the
connections are not required for detection, recording,

SAUrle et Figws4l of events, but may be useful in cases

wher ghé dboveded@ptiblof ﬁleﬂa&lslf&evvetglnmg\éhaéneaod@kﬁﬁﬁ@&heﬁ@fan
addi.tion poses, for ex ose

a I npl.e aught in |
St PR P A S G0y o ot i e
ethdds ehat can byusdé sithia lﬂieecopfe of themﬁdiiﬁbre Fort e@arﬁ;b’lé;\ﬂidiaﬁenﬁﬁlary
out.p t at eve
b B0 By B b Bl B Sl o caivion
msthak fay viseat dvehiodegecticarviill beanetoadivosd mlkgﬂltn thenarVi si on
Det ect or Met hod and Apparatus, and used by a PLC,

A6 A A ppar@fus OF her devi ce.

Figure 6 shows a high-level block diagram for a vision detector used for visual

detection, recording, and retrieval of events. A vision detector 600 may be connected to
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wo paosntece (HM) 630,

For retrieval display of inages of detected events,
the vision detector is connected to a human- nachi ne
such as a PC or hand- hel PcCO®E81008019923
by nmeans of signals 640. H¥ 630 is al so used for

setup. HM 630 need not be connected for detection and
recordi ng of events, but nust of course be reconnected
for retrieval and display. Signals 640 can be

i mpl emrented in any acceptable format and/ or protoco
ARPIPPFIAtY AYARDEoB @qUipMaRt ¢if.rvddrhapay ipclude BEGs, Ferchactuaiprsgehaft of
BUBAS ak RS gﬁ&@&tebmrsvuy%éaﬁs SHeloRAs 5. 1@959 cOB¥ctRhSPe pcﬁ Loquired

retrleved an aut onat ed I mage anal ySIS system 6

{9 APEREPH decﬁ{ﬁlt“gn%‘ti rgtigypk of gven(s. falt paYRetieiR bR airse%mlaerﬁ lh’é

UésEho %ﬁesthfmlorﬁwatoafc? mﬁtﬁ)ﬂm ?ﬂxﬁgks e ebd&ﬁ;ﬂc: ﬂlesenaigﬁ lﬂ

| ana e.i €S
SR eRePat oo o Arpiapd e e at B G rrALE R apae & o
piovide iryouiugpulden@signal thites evet Has ueh hetuttedc Suittiiag pud@ vidoR be

I h h
AR o St 250N P 3Bt s
afd wedtiysi B, atmia@u:,topot_hemvlcem ght be used to practice
the IFY feltlel & ﬁis;tﬂ%r (S‘Pilg%éeg })f d%ltegtgc%ve% e e\ﬁsﬁc%r de{e%f) 1)5 cc?n%gcted toa

runs sortware capture, ’ana reco
kivpangeashineintesfecedHMD 6@hguchnya BG hehanépﬁd dpfaqealtyeneans of SIgnals

E4NEl1i B0 2136 86A ForA¥tug. @M@bﬁiee@nd# s& @dmh&fed fm@te%ﬁ achPO

is interfaced to a nmenory 710, I ncl udes

Kpurdine phavenimbeidrussef cwwd}eyeopwctﬁﬁ fsgfemal Wlﬂéﬁyag 1714l$ 640
Bddbe Vil @hdnted iMBRFREpthile fopthsl aRl/GXPEASH] A0 GaSBhitkéR in a wired or
|nfor tion when power is renoved. The nmenory 710 al so
RBPleRS 19" 8c or ded i mages for subsequent retrieval. The
DSP  ilmageh sfevenieerdsd by tvidiod detbdtdd 60ty o bE thtrichéd by an

l.s t t | [ t, HM .
Pl e A St P e P RET 5o apgnalpachine
vistag systemo6Such Asﬁs&n&mgﬁtﬂ)efusnduxsmskeianmgesophlsﬁcatedl halysis of the
[ 0
gésgﬁ gﬁt 3¥ g?sgélg ggtﬂtggffs%tl d Ltg ?r'd@l?%%ﬁ 100 %gra'%e-g{\eeg%ﬁl ga?n
ratw,dwumtthogﬁe@uma@élmmm @nalynrs emﬁra@en the usstoi EMId30gi t al

ele n@"f%u?e 7 dnbd mb&gh%é}n d}gﬁ 1lfu§t%{'ée(gnﬂoﬁln%nt of a vision detector that

genera %Qurpose Conpute PLC, , O a m Croprocessor.
ight te i Pagice teentoncA Bigital Fighe! Brocesss KRR g90runsispftware to

&gxﬁblrcg ,%alk‘i’s l"k@&dbig C}Nmolggl%%cﬁiﬂgi gﬁfﬁlz othbr 4 gﬁrotng‘a{té Eer
S| Vi |

ﬁﬁ“ Gops ‘EFS eg%v?*tsmsméeﬁeﬁ%‘p @?e%ﬁ P00 Mtstaerdt awelflﬁrywwaty@gh
mplaties high spedd fahdonk 4ccéss meRbry Y& pephadian®dtia M n&i-wma nfemory

T

Reordqalimageb folr mibesqhient e:trie] The DRP ixdlsot domedtBISI8-aBFB3dodnIsF20
m t el 5o 80, and. sen
PR ERENUES Duoac bl 3, RS o B R
m,@eé 8n ifuiAayeoch éﬁtm‘eslﬂ foruges ﬁl@gesgmtmrthgélotosensremﬁlqmem ©f the
Yse of the PPl 770 and DVA 772 all ows, under
g riate software control, inmage capture to occur

s i mu | 2REB 18 Icgn beianhdeyiey capeble of digital gpyipytajiaey Mméprmetign piprage,
Ma%@ﬁ%’e %Qs@m ﬁg&ﬁ éﬁ@ﬁ&r@ Rt diHe bt A SindifRd U Peherdl-plud6se PP

can .
computer a PLC ora mlcroprocessor It is desirable that the DSP 700 be inexpensive but fast

enough to handle a high frame rate. It is further desirable that it be capable of receiving and

storing pixel data from the imager simultaneously with image analysis.
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i npl enented by one of ordinary skill in the art
follow ng the progranm ng instructions contained in

wo b@sARSHP BF533 Bl ackf n Processor Har dwar e RePeT/efmes/019923

(part nunber 82- 002005-01p1 and the Bl ackfin
Processor Instruction Set Reference (part nunber
82-000410- 14), both incorporated herein by reference.
Not e that the ADSP-BF531, and the conpatible

ADSP- BF532 and ADSP- BF533 devi ces, have identica

pr ogAaerligratiresebedinened Fignte 7 thp DB 709d%@ ADSP-BF531

mﬂhﬁfcﬁll‘b@'ﬂg AaRbY Dbvicel bf Morivbddd Mabsadnbudehs. GTRD P& i Béi‘al
obt ai n_an appropr.i at eéﬁrl ce/ er f or mance tradeoffp

WferfacefPENEO pLibe ARSEBF {PF%Y% HIXE‘é’ta@éPB‘rth%lﬁf&%éi"sand
dehd® thiSdRtaQd meforly KBERlerynd dl%BHéChM‘éﬁoﬁybﬁEesB@)MAbl b&ﬁﬁt X htell?ﬁﬂ)r
in prior artv3|on i rabl e a e
B in R huge pi RS o Ml PR md DMAT2? Sty aprroieiae
ofenatentiol, itage xatpluemaloycm hmuttansdnmlytvﬁfh ahy o& atiflysistperformed
Y |IIu esirahl e that
[URBEE A 5l R R conkebt heprr A BT AT BTG | 1
lml%nfentcd lﬁmlb ef orthham sipl incthe at follwwisg tha pmg&mam indiructions

JEFI{aJ ut NP, éﬁ#ﬁ Btlzllﬁﬁ che Xor Hﬁ&%ﬁ@ ﬁ%feééﬁce"i‘ﬂ% RS 3-

ese O I ves
%@Rﬁs@lhgmhﬂie BlveleioxProgetshr InsieliqnSgHRstorbriog frartsembir 62-090450-

21 d>o{hq1\m%fpofa€eaqa£ruﬁﬂb9 PeférQﬁQ NJORS tHeSaSkPRYF RN | A4 ﬂél'c&mpauble

Vi'si on_syst il lustrative enbodi ment
ADIRIBES3Z, and ﬁ@s?ﬁﬁéﬁrdem hage lalmtEWG’wmmmmm andgyan
tNakédamelchangdb s ANAIGIRratRE ebdilirentlo?bRin abapprbfaidi @. The

LMD6 has an array of 128 by 100 pi xels, for a total
We/ﬁﬁg’é‘@an"%lﬁ?ﬂﬁ 24 times fewer than typical prior art

Vi Si Ghe lsghsfrmi&ate HEB&ecDbWﬁorﬁde&cfoﬁén@ﬁdsM ee)usé Girag maabr utlike

st R0 ks el 4 Ot Mila ikt e o

wu8elly ight seoseosodha Highrt aperatel with, extaemeblyi shors gdnugierttimeg using

AR hiddB5 PSR kot 8% B o5l UELARE ARG g
datn te tha HISH dar daster han privy att yigjoR exysterns.\Ji is ingreowsy desrphle tajtit tes

lgékbg,gwggdfﬂagégggbamﬁm&he feature detection tasks that
are bj ectives of the Vision Detector Method and

Ap paffh% %bJeCEV‘@é‘!aV ibg Eet hypheqsing animpger vahmugh highes Gightr ol
s@ﬁsﬁlvh? aﬂdNB@é’rQes@l@ﬁoxhﬁanl ARk GJY8 BY Fisbr B vigioR syRfern@ 16 tHR A u¥trative
il he %ﬁéfollowln helnstructlons cont ai ned
°?‘H’8n"|9 § /D4t e dei's gﬂé‘@@o@‘aﬂ‘fé‘ﬁ‘ﬁ e} By Naieue! whi ch
Seﬁndonmrafopaﬁame ¢lafe CaliBmDY THeINIB 0 BR.ah brrdySof LSy 10 pikels, for
n 740 be Lnexggnsive and

AL B0t 2 B R oL PEPS b e h s ae
relbtiveiytlargd at\Z_Q 91520 ()16 dqua’&nprpwdln@hgk hgl{t sdnslgh’eyl 'ﬂheEHMSPGBQ caned
P B A, BORET e St SR 8 BERL
captigh lfig mostrrosss)i toreliom, a moghcrpm@d shuuyr using iLEDLlEmsnaamm Thse d
rgﬂdtlgrmv&ﬁ@m coqs'nfelrJd% té(l llow Ear%@;sicggg ngnF bﬁtgg%dn]e lsﬁfﬁ&%@}‘dr it

ment of gure I ovi
fentrp detecspnyiads @m@ha ﬁbjecnzeﬁ of tha Yisiondptector qunpd gag\pparatus.
1SRN itei@i8 hnd B fw48 BorlR6l 3 BRI MIRE0 &Y SR imfiGdafel b Bueld¥

ordinary skill in the art following the instructions contained in the LM9630 Data Sheet, Rev

1.0, January 2004, which is incorporated herein by reference.
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appropriate connections in a logic view as taught in
Vi sion Detector Method and Apparatus. As used herein

W@roosireged capt ure devi ce provi des nmeans to capPCr/@SENE019923

store a digital imge. In 2he illustrative enbodi nent

of Figure 7, inmage capture device 780 conprises a DSP
700, imager 760, nenory 710, and associ ated el ectrical
interfaces and software instructions. As used herein
an anal yzer provides neans for analysis of digital

dat a It i Aesirahe thef theyitumpigation 744ibe éngxnepsite agfl yetbHE erauglato alpw

§RR shltletishds ath lay BluQR AT BineRt 2 bdng ol lﬁghzmteﬂﬁ@'rdel@EDJ 82
conprises a DSP 700, a rrem)r¥et 710, and assocj at ed

eReEing #1630 nApEPE Seke Bn grempie it MPEDRP meryleiged tyAsilent

WEcREbIEYRds Slin Andlier Mbddithent highanht@isitPwhite IEDS affRB&Sto irfiplement
responsive to an analysis. In

Fr odquﬁe an. out put si gnal

95eq yp0gtions | ve enbodi nent of Figure 7, output

Si gnah te 11H18tzﬂau&e)miifodmat d RighteD, tio ¥ Ol rﬂodﬁlé@z(a:mbiam owipiit Bigiials

7 u ereln ess fer

B 800 Aol 4 EL S PRLACES e B SRE diononty,

anpraprigel cameéctibngs imalogis iyichvads tangla ;np‘dlsmx Dsl;ectmrMétmﬂ ang Alpprratus.

not | .

ot t vt BulfE CAARL e VLA Eme PHRARES bnd st gl

imgek In by diupizative embodisnenton Etgu@ﬂ ipregecapird dsyige tp comprises a DSP

’m@ %&L%e@ﬂs% th@ndr@416,Yan@ sko d AR el Bities %Qfa@éétah@%%waiennséﬂcnons
rative enbodi ment, various processes used

p r es dWtusedrprsinan gralyzeiprovides means derranalysisof diejigl éat&c@qlw@lg but
£ Ihlnasd to Qlighthl ikhadi Indthe M@&Qﬁw %ﬁb&iuﬁ&ﬁ bt ﬁf@aﬂ afidlyHetHse I

software_jinstructi ons. These hardware el ements ncI ude
W“%G%WP‘{:H"’&?‘BW |7H’e§“dgj’ésﬁ‘é‘f‘t8 e‘fﬁ!ﬁ%‘o‘g‘érf?cﬁ%%d

psiaes@si ng actions under control of sui table conputer
softggre instructions:

S o 28 e R S el s s ol RIS
cspupsitedp as afalysia Methe dBktratied enthrodimennadFegure 776 Qutpusksigater 784

gfeng)‘ékéi%?llo'nﬁbdﬁ@%'aﬁcﬁm&f’pu{% gt her el ements as

ribed herern, 1nage capture actions; |/O nodul e
720, zwuisqsiﬁleq@mmr@r@@ refers tor gy giernatig set of acgmldurn@edet@ senepyrpose,

8i6ka'dM by Y QEGHAE Spaalls, n’MldﬁxE bR Y R t@&‘{ﬁ@&mﬁlﬂﬁ tli'eﬂé‘e

interface actions.In an illustrative enbodi nent

EEPOLATE BOLEYHY, QRfrEvWRTeserap ¢ombinationfherend hat weyk éogrsfé?r m one
oadiiol binDvaflsty ole&tx&%ttd) %odﬁﬁ&lmeb&d aliphei n for the
row&ihar ste‘@ mg EP?ure , _Which Eg% ri bes portions
of IpsirpiiNe & &MY PRAEPS &F é’é“é‘?é veryiippare
émwud @@h@t@h«ﬁﬁ@é&l&cﬁeﬁ ofdigitar m&mmnfdnts @fd ohiphirBsoftware
jIIu glth&m%]a%ems ontloa(ge; the software el ements of
By CPPHET BPRY a set of software el enents
DSP 700, which provides general-purpose information processing actions

under control of suitable computer software instructions;

memory 710, which provides storage and retrieval actions for images, data, and
computer software instructions;

imager 760, which provides, in combination with other elements as described
herein, image capture actions;

I/0 module 720, which provides interface and signaling actions; and

HMI interface 730, which provides human-machine interface actions.
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that can be used to practice the invention; and the
graphi cal controls of Figures 10 and 20, which

WO bdoagr47ad € how human users can sel ect oper at i PQI/US2005/019923

paraneters. Furthernore, i23will be understood by
those skilled in the art that the above is a |ist of
exanples only. It is not exhaustive, and suitable
conmput er software instructions nmay be used in
illustrative enbodiments to carry out processes used
for dRg™ '{llPﬁiﬁ‘F‘ée bedimepidir ‘}‘?E‘P@PWOXWS Hstreegonsfincde thesefar
desigiobede a6l dascribéd Hefd fod capt ure process,

CO " e SRR iy et vk b S By g

capt unéamibyis peoc#BB; a vari ety of anal ysis processes,

f F
O "B BB BBl A 23 R R S

eventlogiqal ysi s step 314 and ot her actions as

descri bedy, Q?Jf@&afb cls %qulg&rgﬁ Widn 1*?1}@’;9@@2[ ssé?(grsof?vgage 0% nts

sui tabl e software el enent
vari éhaycaéfbegéqdé@rfﬁmeﬂiﬁm%@e,@nd conprising for exanple

event bl ogk grapiteal @dﬁ@o@%pﬁgur@sclb'aﬁﬁl% AdicH ARG ﬁan d&t&?oq' h an users

herein, and carried out by analyzer 782 suita
sof t G ¥1es) PFBHISPAIEIH i n Fi gure 9; and a variety of

g Iecl Sfluﬂlibrﬂ%l@ GESBIOS undeRfiRl b ihoe skifibd BRI 19y R ABHE llscbrllst of
oC

0, .and gﬁh r acJ %ﬁ as descri bed herein,
Bamplcac  04iS B Sy @hd spisble coampuier B TspHcUaRstiay b used
alitweaive eﬁh@iM‘leﬂtsl’to Earg/wilepr&:essbi uséd fok alyfipuRRdieicHibdaadreny
one or.di the are many al ternate

nar
ar r angEHeRt % ] pr%%sﬁsg‘é%nbe 8‘%‘6‘? re instructions that
coul d be u@eﬁirwrd)dassncmﬂpasmgmtpmredﬂockhn (Figure B}, @l oilied actions

| %Fégznb%@ hérgmgnﬁd ga?@eg%léyyq%%(%ccgg Sgevwe .yzer 182,

and out put signaler many al’ternate
ar r angenmehyasiety @éqrialysis progasss.somprsneaoitions crflfagurecﬁn fr equripl

be usRfa Whdis @teb BR, &:ﬁﬁg/ecmmmst sjfb% PA Xtﬁrétvélﬁ’ anﬁ}%e 9@% 51, Akt

t he processes described herein. Fuzzy ion
Vaki RgercHens @s é%%rrbs@\}éerﬂwz%/cmwet by aeﬁﬁzm 2 aglesitable an
il usgﬁ@éa&&mm?@k@ wei gh evi dence and nake
judgnents, includin whet her an event |s
occurri ngaY?f‘etPiﬁg &E%Q?rﬂr‘&gssesscoﬂfpi“?‘ﬁ%ﬁ?f PREPle eyent black 322, gnd
numb ethextions améacr&eaihelent, laad cafréid loBEy AhSly 21788 Gridl siiedb® Of

confi dfﬁp?%lér@e% E eC| f| condition is true. A
val ué ) (‘?“énsm % Bt i dence that the

conditiom \raset'y ofidecision progesseﬁ | compiiirgtforcaxariplel eondigiont bladk 370,
the %?JI(QHT %l ons 45, aﬁh&lﬁ ‘herd anld ngrgg({’f%g aetm%l \z/earll an%l%]tgble

si gni Eve conti defc
fam IS¢1%’YGI@1W’5$SIKU@HEFEBTGQ subset of fuzzy | ogi c,

wher ¢ Jifige fiﬂ@lfs{og@w:(ﬁle \ﬁﬁl)rﬂﬁzﬁ'y skill that there are many alternate

arrangements, devices, and software instructions that could be used within the scope of the
invention to implement an image capture device 780, analyzer 782, and output signaler 784.
Similarly, many alternate arrangements, devices, and software instructions could be used

within the scope of the invention to carry out the processes described herein.
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anal yze frames, nmake jud

O are restricted to just 0 and 1. Therefore, any
enbodi nent descri bed herein that uses fuzzy logic

WO 2008434768Nn use as an alternative binary | ogi CPOUBRUSES5/019923

with any fuzzy | ogic nethod4or apparatus using those
val ues replaced wth an equival ent binary |ogic nethod
or apparatus. Just as binary |ogic val ues are obtained
fromraw nmeasurenments by using a threshold, fuzzy

| ogi ¢ values are obtained using afiizzy threshold.

R Lpgin PegponYlghitee 8, a graph 800 5 illustrates a
fuzzy..t hreshold. The x-s s 810 represent .ra .
east e £ 8% i REr eBen it P ob ARRERFE Fipnteitlp roien
levidénce andimabs judgments, ingluding jungitg wirtheshassyed Gnecuringw hesde s
?L‘ju ppssi bl e raw neasurenents and whose range is 0 </<

. frn an illustrative enbodinent, a fuzzy threshol d
conpri #e3 legigvaiug irarusnbstipiweend andHethat représents anegiimate of
e S e O b A BB ) ontdp fot e
venditiop stpe Ggnifies high eenfidense thaiftheronditign is fdse.cand intdrpediate
M stohidy infethetiafelBelsi P BortiRgdss j ust as wel | when t i <
t o. %ht%er fungtions can_al so be used for a fuz(@(
t hr esHgmere fagtigr birary Jogic ds apypietriduagniogis. Wheee thggaptidence values
Rraaltel t jpanane!. dherefold) arfyEho 6difwem descittad hereimitkiPhdes fulyy

i S. I t . | hi t hr.eshol d b
iR p on g A PR g 1ot e Pz dgeieaned o5
appatang usisg thess ealugmeplacad wittv ey eglioalant binaANDRI8ABthod IR aBftsius.
and f D.of . two or _nore fuz | oqgi,C
Sl Lo e (optc Vit el fled TR o RSB st
frenol lngiavaleds aes obfined ysiny@Fiaf fieshold. Referring roBigire §i acgraph 800
nﬁafmasng; BreblioRBTHe WAEs1h R,sre§ éaxa&n&meﬁ?%ﬂg& B8 Ria1a
to O odl ment,

restricte 0 and 1-..In. an il Tustrative e .
vanessratsdine fyzzp Josis valugorhich ise fugetion sthese domain instider, all possiblergw

hRShfemé@b M WHSsGapsidpE pditrue if it is at least 0.5,
false if it is less than 0.5. It wll be clear to one
ski | 1Taén Hlpstiapive egpbpdipgnd: 2 fupr tiesheld seypprisprgwe nimbegsghown on the

2Baylow thesshodd 8%, Bd thtesASId H 38 cdridspo RS bRk oMtk Runction

fuzzy logi¢c herein nynber coul d be used to
?zéﬁ?‘i’?éﬁ?’eﬁﬂz@"}[‘@ﬂmdi%ﬁ%@ﬁPwﬂﬁe@B‘i‘i‘ﬂPti on is true,

and any different nunber (Eoul be ed to represent

hi gh confidence that fming i%ﬂﬂjf al se, with 1)
i nt er nedi ate val ues repr esent\ng0i nedi ate | evel s

of c | > of .t I [

Fi gu?“é"%ﬂ%ﬁ%ﬁfyﬁﬁ%“‘é@g foets SO Rh P 1 OB dRE Bl e

uieg fas g fugzy tareghold, pich gy thersigmeid r uct i ons of a conputer

readabl e medi un) used by an iljustrative enbodi nent to
S se inputs, and @
control output signals. ThEr@l'ertent s may be

| NPl el B &b DEesRold pAsTerdid. B @tolivhehtd wier€ ARYEAYION\Rh, a

obj ec.tgggr,l ent ed programm ng | anguage such as C++, soO

fonuqntignat pingsy thissholdean be peed, rewling Bjimsaslogip vajues) ass.
Howe\raszy dadionafakeplistkal daf@ay Adiidd 8f ARDRE, ORGsRAMH 1OT s6o.

%Mﬁg@d& tavxrf]o ok%%lolrjesf%gzytlggiccv%[uregl is ?hlétmiltmigl%m%h?lg, eaxslc? z(te tsuzzy OR is the

maximum value. Fuzzy NOT of fis 1 — f Fuzzy logic is identical to binary when the fuzzy

logic values are restricted to 0 and 1.
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herein. As illustrated, classes wth a dotted border,
such as Gadget class 900, are abstract base cl asses

WO ba@s/1goonot exi st by thensel ves but are used POT/DS82008019923

concrete derived classes sud8h as Locator class 920.

Cl asses with a solid border represent dynam c objects
that can be created and destroyed as needed by the

user in setting up an application, using an HM 630.

Cl asses with a dashed border, such as |pput class 950,
repr €8 v Ebafpet wheasenhag e s ‘??C‘élﬁ’é sinpeded, a fuzzy
haicdwas © cofsideel tru@if B israbRas 0 6 Sfilse ibitad 16k tahpact s al ways

exi and cannot be. created or _destrqyed by the user.
a1 0 A 2a SR IZbne 3L B RS o PR P i
aidl1 aslojed &1t @nbdotidn wirtefuzzy dghrteetn. dhy tirsbet taakieaisalioveprekent
TP el Qe iYne 95 it b L e B prosen
kil ewfiddpye thitehe ponditionds falye svith ibtergiediate wlpestreptaserfting injermediate
E9ﬁ§&k&ﬁi%&% that can be used as a logic input by
ot her gaébets to make judgnents and control out put
signal s; 3&69%§ a set of paranmeters than can be
efvareelpraent Inyeriiony o specify its operation; 4. has
one such ra er that n_b ed to invert the
ogi 1tk PR gardfion G e solhlemen L, pogs
instrushions afisepspitestehdabe medivmpused byaniBustrpiva emtodimere th apalyze

~ . riai
e APATRBLS, sl YL gLl i 4810
mplemented using pdasshierarchyf inacpryertiondl ohjscitonientedprogramming langnage

Qidh RUE-+S s each DR e B ke cofBRbGR tdWcl s THoMIPer CAY fdcifisble
of runnping each Gadget once, 'in an order determned to

ProsfAmmng dechigie anq/pr lpngyace canissed tp sy cuhilgpiocassey desprihed,
mpsdat ed before the Gadget is run. In sone enbodi nents,

a Gadget i s t run_durin fra reits logic

oot ot Srastsain s dohahofhst 5Bs Skt is B pdbfue e
dhsaes shat do non btist Gatgmtcvenbuiar: uselgo builduwbiviite dheip@idtssed buch as
]t_, hc%to? C ali]sts ?ﬁt (?las%s V\tri l%ls)cc}llfld(’jbgo? etﬁree%{r&saengg dgn;-rlr'l]l% |So§e<§sr t%attégrgl?eycreated

classés at "actua anal'ysi's.
Plddesropesizs needsl bydimaiserimsegitigep s sppbcatibn, asingeagi IV €36. Classes
r.Le . A . . .
it £A80R i3 duchhs shiAR oK ek A s Riated with it
hardsypeear seftwarhiiespurees §igtiephigsts alvayeenist and cetnst ated ot
a3adye8vPut 4t . The Photo's logic output is conputed
fromthe anal og. output by neans of a fuzzy threshold,
cal | &Y dasies aderived fom Gadder dasy dopand syl objests habayg inptarces of

e tlasdds sRAAAPIgAFed ddMindF GBSt GO il1GaDR eR¥oBmebls Qvery
ér%% | ogi ¢ output of a Photo can be used to provide

Bence to be used in maki ng judgnents. The Detector
cl &s $aHhHamk that dag bdepEndl duisdror Phot os whose primary

P uE.p %gsea liogslc gu(%purtr&l%\pizzy logic value) that can be used as a logic input by other
gadgets to make judgments and control output signals;
3. has a set of parameters than can be configured by a user to specify its operation;
4. has one such parameter that can be used to invert the logic output (i.e. fuzzy NOT),

and
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wmedosar4n9 RO s are circles.

measurenents in an RO and provide evidence to be used
i n making judgnents. In an illustrative enbodi nent all

the i npl enmentation because2there is no need to deal
with rotation, and having only one RO shape
sinplifies what the user has to | earn. Detector
paraneters include the position and di aneter of t he
RO . A Brightness Detector 940 neasures a wei ghted
aver e ek eayses fits logicioyitie Beundateq pasedenyits Pﬂameters logic
Cont ir%eﬁs iflagy, a6d OF chidid GIBREURERNEAH b BSturient ffahR, MOhwhicAN
Edge Detector 944 neasures the ef[d’?‘nt to. |chtheRQ
| ook§‘a¥ AlRGcausy S@G@Efe‘itﬁf“é‘ BESPHPLOIFR PRREISERZ A Spot

Det e Th@dct Ftalimasi i coitstsof hhing tath\Gadghorickén BJrder

i ke a raound, feature su a .hol e. T at.e
oo S st i o8 i 5 Gl P P g LR 1 et
1Is ookl sb&entadipreststa Gidpe ds noatun dnmgsaeiametv@dreluy logicwstpot is not
Aeedoperatlon of the Detectors is further described in
€ on Detector Method and Appar atus. The Locat or
cl as ThoPtOtoraass B8 ssribesbaRibtsofor alhGadgkia whoseagiomuiprhdepends on
RULRRRE 3f thd. Elﬁreﬁéc}{a% Thf'%setaQe dﬂi&%és dai’aét@éﬂ& fo &ngﬂéétre] ax{iaﬁ@fs

can provi e evi dence 10r nm ments,

It?\iﬁfw’he@nnwe@ Serme ¢hataeteristg otaette@@! ermterm ERQR ebiAgicyresntifrgme.
FRIRT B RBpdnlSiola Afsbid FeRurebn M8 oE]@dt eFte Me&éﬂeﬂ{lé Bédurethent is

view of a_vision detector, so that the position of the

Rigd the Photorsqralog svpd. TheRhese's Mﬁféﬂ‘tpé‘bls semiipd diomythe qogles
alqstslh by Iﬁéhnﬁcgf a:fﬁﬁy 2sBald, calltéayhelsmazltmy tthfea@zd; ¢hatis aﬁgfgens set of
el er I r es.In n ustr \Y e odl

S 1 R e RURRE B st T Rblokie G of A PR £ bR
provideoavidernlg @ belbel is eakiagjudgmenst i on is normal to the

¢ e e B0 B BT e A By i
indnarethents imm Kdpmd mxv@le Budenceuo dbatgsd & raal@gfjurlgmws In an

ﬂﬁﬁ?}rglﬁxlegg}g%dgﬂen\[hﬁ b&gctm{(ﬁg Lrg (:m%it R Qﬁcu‘?arl] ﬂO@Bﬁ’lﬁﬁi‘?Js Hr- I'n

Locat or searc

irpnlemientatiombpeanssiiere is é%me@da tordgpleth rofgiiqganddipyinganbigne RO
Elhnshtified ik thgﬁéér hR&d AE ﬂ&&ﬁ%#ﬁ&h&é}s iné10dethd &&tlo@é}ﬁ

size 0 tgrees of freedom Suitable nethods include
digrpi obBe B on normal i zed correl ation, the generalized

Hougha Brrgamssfs DefdtioAA0mea el welghtamvb@gerbr parcénkiiengightadss in the

ROt Do B coastanpe BOL A AR DR R S ey
therdmit 1Bvhich aife ROINaULE likh anetisei in B sjecifio diadction. ASSppirMetdcoheshe

eGSR R e e R e S ol e

DetMt(ﬁDme%ﬂ'dEmE@Remﬂﬁ WEcHPROROUIDbSNKE h Ee-ttaldeOpRIeTI selbéted by
kB SRR AP e Dbt iniaae

Appevstwpor at ed her e| n y refer ence The I nput class 950
repr q\ﬁeeﬂ;c%of (ﬁi@é‘gzo ?épgagé‘lltssl’hBﬁs lt.th%aVé t%v'o?ﬁmgr?&)ﬁlﬁgégg ThiisCb to

can be used fuence event detection

rpdusaa logip ow@ps ﬂ@é@nw@v@e eyidancafoymaling ipdgmentsrrad ythip gﬁy can

$6EQQ1E bny Setetdr. Ahe SHcoHilis R ReldFftk thOlobdibR bRk tn ME field of

actuator that an event has been detected.
view of a vision detector, so that the position of the ROI of other Photos can be moved so as

to track the position of the object. Any Locator can be used for either or both purposes.

A circular RO sinpdT/AUB®95/019923
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WG aob/1ag0exenpl ary i nput signa

In the illustrative enbodi nent there is one static
i nstance of the Input class for each physical input,

static instance of the Qutpat class for each physica
out put, such as exenplary output signals 722 and 724.
An Qut put can produce del ayed pul ses synchronized to
the mark tinme, as taught in Vision Detector Mthod and
Appar.at us, sQ that external automation equlpnent can
det erPHULSHREY © gLl ggion SeRreRss @ ghe-dimenstonal jaep i  frame
£ eDelize. The buatch dirédien i@ vieriial 10 Gieléd e ehd iS iforig@tiegaRasers to be

ss 960, i npl nts fyz | 0ogi c deci.si,o Ki ach

Bne ot B T e pYGTAC RS SRR & el i D2r
Eonatoesctreftirtiep désébet] aIgV1elomDEtpcjkbrSMe]Iﬁodaahdh Appmd;g ets. Each
Lg?gﬁ% ﬁ&%bﬁ&?ﬁe&se ILocaco;rltrs]eealgcg ns;aun% ay- dxmeRﬁon&KﬁSneé{]aggeggséng
wetbkunonmmethods, thaymgy inglibledyasslatipn, @@tauqan@d aize GRreGnofdreddin.

smtls mt,&s lecqaé%x? R ORGLA A coifion L{ﬁ@% %\%@H&Y

base class tor objects that wel ence er
g%@érwp%ewmgﬂwm o€ which ars wellgkngvin in thearttaind eave

sixh esthmB B kiyOfvailBR farn%§ %aré AN BRktAPe dd¥okiieSorh Rfii-
Event Det ect’ Judge ,  Wwhose g é&gse isto |rg[)l ement

anocawéfsyéqudeétnéﬁ peadingf, Applipatioy Serigl No.dg/9%585,
&itlslMETHOBIROR SETINeE PARAMETHRS rdPOA WBIONM)MOR USING

ESERLP oo EEORM ot e  Bieh e Wilaguu S o
Noweeriber 2, ZOOVJ thé Barhings &oihich ai‘&b(bk@ﬁlyamﬂ)rpﬁmmﬂlaﬂeiﬂ&,y réfrencby
be p 'S t cll S 9%mpresemes iUt si %xerale F %VI‘SMOI% §e§%&gﬁ’l¥h?ch can be used

conbi ne FPuncri ons Provi
wantbieide evenbdetqstiay Il'hhe@ume lclassmsﬁa}uhsexiu ogput kigmalsefrdnoth)e gision

h lu u‘i(‘) s%érﬁ a@ﬂﬁno@t‘beamé‘&% Er]fmﬁfdcg’ a&n%;]xj t?aq 'a&ev%élgs%eeﬂ) Ilete%ted

I Ca rovi
Iné'@q illgstratag ﬁmbwhmelg theggfis @ad@@t igstange oithe Iynpm’hbssdgr eaghcphysical
ﬂﬁﬂ%c@%%pl@ﬁpﬁt@%hﬁ 736t Pidtre VP aﬁme Etxm%t@&ﬁmewﬁgﬁ

prOVI he event tection weig for each frane.

¢lass fox g shysipal qyfput sh at @@nﬁlmpu@wwﬁlﬁ%@gd B AnfQutput o

prodRe Bél@@d PiBdés %&r&’ﬁie& tJ A MarR fithe 5 @IER €fion DRESH MaRod
gi ven bel ow. The }eo gi ¢ out put

e of ich
B AR, S e Bt OB U Sl 4l
limed) erathers, u&imgren@ﬂerem&m thhagnbewredet ect ed The | eadi ng
t. ana

ot ool Bl i Sedphbut R 1G4 PhBluE) BahicFait e
ingpe 1248 inpnts Fiayg cﬂnebe 2onneqtal to the 1dgicaiulputs gf aﬂgﬁadige(suEah logic

T e iFefbid Rl ity s R W s WP Bl
Wﬁ@ﬁﬁ@w&mﬂs afzeMND operationsiad an QR Gawwe4inglements a fuzzy

@ﬁnggkﬁte in order to set paraneters for an

Event Det ect Judge. A set of qﬁa hi cal controls .
di spiThgdecaipsHip isghppasasiassof ¢ wg tih wgieh evidenegrRyercuecessiye

fRadhel BnAkD aEcRIBRE. SAn iMbsBHYive MRBRLih@X bf RO redeM et oh QXIS the
user. to view and enter a nane for this EventDet ect

ERGEgEtect 11998 *T2athase RERrse § oM lepves apt vigs apalysisiiep y12@pgbevent
dMRISdis slt@@i’d’l(twsﬁa! BnaBfsiskidp $10 ﬁ\&ﬂ‘é@{éﬂ Bﬁion&%@ﬂ&natieﬁ gf Photos,

out put _ | 04 shows ent 1o out put. val ue
IB?ut ﬁrfdéorggx tvﬁgte&peples given pe?ov&% éwr types o u ges are taught }/n Vision
Detector Method and Apparatus, and by be present in embodiment where it is desirable to

combine functions provided therein with event detection as provided herein.

726 (Figure 7)pCHOS2005€19923
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Judge, and may change col or, shape, or other
characteristic to distinguish between true (> 0.5) and

wo a008a247¢9 0. 5) . I nvert checkbox 1006 al |l ows t heCT/08§2005/019923

out put of this EventDetect 28udge to be inverted. Note
that nanme text box iooo, tinme |abel 1002, | ogic output
| abel 1004, and invert checkbox 1006 are commobn to the
paraneter views for all Gadget types, as further
explalned in Vision Detector Method and Apparatu

| di e Epeiyudssdpnsiepic 1pptio 3hich aaises conagsts theoglp appytpf ¢ B@to or,

hbmyphoanys b\Gate the® providbse 15@@%&6%{1&1 WaBgets) usudllySihofok SN
ssi.ng, frane s&onne

SBeuaer 1B o0 b GegPreiporideh SR e AR Gri et et o

oA and) itis/epicsshcdontémplatea ﬂﬁﬁentﬂb&iinem bf thd@vencicremayegbe more

PIc > rak cm
Vit PRE it vt PPt BleRL S ER i s PG by i ssing.
f r amg@hsokiceiputhd 86 Eventidsient Judge provides p anlsebiténdidates when an

A 1‘1*%15 l;e@r? &et& ed Cﬁle%g?iﬁl g %d e ogﬁig @gé ocm \%ﬁ %ge?l?%{g[ggg stéporﬁg

OWS a user to flowan
fatacts@o aysot, fon grampielat thie prd ofaealsfsmsteh 48 inEigare Rinad thedradingiedge

JRurs WMk 4B tat! fol EahE t]U[ﬁéaefnd dPRie ség 6&i fy a Locator

using locator list cont rding interval

cont Hguee lj?ewsarqpbwltcw@rw cwd)egﬁel@xefiyn emEM fforg user to view

éuﬁtrﬁfn‘ﬁﬁl'atem $rbdrio ¥PpEdindidIPBLS FeRDEBE NdEE A Y06 kraphical
event tected, relative to the mark time. In an

|1 S
comfrels displ %Vei AT 9 for setfipg Gadgehparametats is falled agigeuteter wew.
whet hame @kt KvRti000 QlldvRGAKE t¢ V8w endesiter 4 faEEST thid Béenthedect

b ft t h

o el 0B v s e R Pt e e 5 el o
Tuldge. Eu@mutmm Tabl¢l t1e0@ shotve ﬂteedrrémyloglo outpittivalne bf thie Evéﬁm;eca nd
T N L L e
@$) dnil Gilse €< 1.0), Invandhetkbox 1wealbwifh& bgantpai afshisEveatDetect Judge

i t
S5 BRI, AR SNPRS00 o B
invanicphedbex 1906cke @ tmhep@m@mvvafor elbﬁmlgnfefspes,wnﬁmlﬂlsr

é&?&n@&ﬁmlfbrgﬁét&toﬁMeﬂlﬁ%ﬁcﬁﬁﬂb%}aﬂﬁ el ements of active

atistics , h nuneric constants, |ogical,
co n”p ddle tmmspingpicLorallownassPido spseifabotine gkl oridlesisaesoon

Z?SBJSBQIE(ﬁ\ﬁitaBﬁl%b%cktsﬂ1§P%Gﬂef3y the conputation of a
true/ al se valuye fromactive statjstics 302. I\/let haods

for OEHRGTRmME sRinmer 1929 #llgWs g uspnio geecinibie ragpuay pupber of ox t
Ghfebitlye BhaivéRhmesiha Will boactdprd dithout hdlivityealybis sie Eflﬁfnhm@ a

| e of Fi d if t
G0 S et Bt e R PP SR e Ak G o
ﬁepaematankm/@ughéstbleckesddfﬂgufeess than 0.50 or greater
L a0 R ool T B p OF LB B B REL S SR e

usef Ui ROWN T A P gur es , descri
mmgwlotﬁmeugefudher Idbslcluhed ha‘emv’@ @mputd maskriing the uyenmanstl 1

%%&%&tc@fx@@k@m&fﬁs&%‘&ﬂﬂﬁﬂ03 can be used to detect

Recording interval controls 1050 allow the user to specify the time interval within

which images are recorded when an event is detected, relative to the mark time, In an
alternate embodiment, not shown, the user specifies whether or not to record the event

frames, and the number of frames before and after the event frames to record.
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corresponding to an object with a m sapplied | abel,
such as msapplied | abel 122 (Figure 1). Figure 11

WO e@sasend s an i mage of an object |ioo, which PETNE2005/019923

correspond to object 116 fr2eém Figure 1, containing

| abel o, with superinposed graphics representing the
Phot os, and is displayed on an HM 630 for a user to

vi ew and mani pul ate. A display of an i rrage and

super ased graphics, on an HM, is call ed

o1 o CORBRGTE p Borts heiRgdE spopty e piesieonHion ke o cendidion
blork Baged @bd bihevemthhapis,stop B0 10 0@érHRHe Wheitiatad bvehillfd otdurred. In

det the right ed A Bri.ght
KBSy S5 EmE Y e o ot b S telerte of -
tepesanbpgxcibgicdl axpiréssisn imeapqiasesithilee tdoxbat kg by behvertiobdli ght er

it VI ld is se
PRS0 L8 AR LY LSRR o PSS
reo@mm@aﬁlmtsmﬁmm walistias 3@ewelcnum¢ne cafawkte rogida), eatpasiswoh,
t Tnmat, N g\
%%Zagﬁlgﬁgpg f%gr@ Emcgﬁﬁﬁ@{tlBr ' ed.;ﬂélln {Bgcﬂly %%éﬁﬁuctauon ofa
presplseiealyetfiomeagtivestatistion é‘@d\@eﬁhwcté fqrmgwtm atruedfalsoirludtasad on

afcggmgm,%grgnglt@g@ngﬁ% bed below. Cearly, an event
correspon object with m sapplied | abel"” cannot

]

occur® &?13"6’8}’1@ BfF igare 0. @8 gyppt happeepmldf there aretableast two

dahGiBaté ﬁratﬂés@dd ihs @ et dbtbtion we@mﬁ@thansks RS 0.50 B arker than

{%Zgzlab 1 Ifth | abel s @ , M s-posjtioned
r%ﬁ%? e“‘sﬁ“@*h? R Pﬂwﬂ? 58 %I%Fls‘gmﬁeasi Ker

describadbelow.or is m sapplied in vari ous ot her ways, the
anal og out put of the Edge Detector would be very | ow

ShanfpR b5 Ese P RlubraR Y EEMBRAmARY S that | abel 1110 could be
m sappl i ec?l> that woul dnot b e detect ed by Edge Det ector

él ?O,Ftlg’ﬁfujlllsﬁovﬁtah eXanfpludf B6w Fh@&ﬁcaﬂb@ttlsbkﬁt@@et@& aﬂt@\féﬂled tF 0
elrec L1 ur.es | a ro 1.ON .S 1 oNn. or
g’ kb i S Beathned Bl sSenss Sy B bt e )

Fipat 11 teprescots ae ohagk aﬁmlobjeetsudo,aﬁﬁclamghucedespdrﬂ td dbj&t 116 from

PRAEP Suah AR Y il PBFogee A Bl B iy onc

qigpflayed en aniHjNk 63! for @ufg%htOtViﬂa' dnil glavipdhte. \A ésplayfof tuhignage gidon
gérﬁﬁﬂos’efd erdpRESS Pﬂ\h?lgca%léf‘ i o i ght edge of the

obj ect and repositions ss Detector 1130,
Bri gHktlnsater itgdrisesedio detecind lamﬂe twyige edpetobthe obiect BEOAOBEh e

BdcatbN22G045e€ foldeRBShd 10841 heligh k¥, A @n&ﬁﬁ?es?ﬁét@&&r 1130 is used to
'?Fg’r‘ftor 1120 corrects for any variation in th

efegtfhe prgsenceiobiie ghiedt i thisiscapnle the backgroyndds laigbﬂer thansthe
6b§3dat;) sndt m@srehsitgnty feesBAl 8GEAS &stﬂx@&@tﬂth@ﬁvot H?l@hthé%@ I%(rél@ it the

bl AR b B o i ey ™™
Phot G'sgeiter theLodamepa 120iasdv 1y anﬂshéwnghﬁieis D@mttsﬁubﬂ\/browde the

[ P to be s wW.th a
RERR NS0 (05 AR R oB R0 BT & P Rbesfed Gl Bisttt By
dygnt dorsegepindigg toAdbjiedt iwith atisapplied fabél atanon scduounldsoaedbiecsis ar e
@&g&n bed in Vision Detector Mthod and Appar at us.

Igure 12 shows a |l ogic view containing a wiring
di agAakdgdPatestop bGelis mepdii@detdetthe presence and position of the label 1110, If

the label is absent, mis-positioned horizontally, significantly rotated, has a bent corner as

shown, or is misapplied in various other ways, the analog output of the Edge Detector would

be very low. Of course there are many ways that label 1110 could be misapplied that would



10

15

20

25

30

W@iosret7oodn equi pnent ,

exanpl e setup of Figure 11. A wiring diagram shows all
Gadgets being used to detect events and interface to

| ogic i nputs and outputs of30the Gadgets. A wiring

di agramis displayed on an HM 630 for a user to view
and mani pul ate. A display of gadgets and their logic

i nterconnections on an HM is called a | ogic view
Referring still to the wiring dia amof Figure 12, a
E%ésé%?cte%fzadmmmw OSBRI et b bof sngedst to detect
filld@s inAnyt Heeniprdigeionisi@wtied Figure 11, is connected to
AND Gate 1210 1224, Simlarl " Si.de" Loc r
o POt S e s Do e e o Betty o g Ggnect 568 s

Reh elﬁ;ih@ct TrilRi3 @xantpds, ﬂesm&dlam 1stvﬂntBamithoﬁeﬁ $abkle hre @hrér colors.

él]jts glﬁs Het b.%lgsﬁqu\é\g m le%‘tg? AQ!? %ou %l@ o{‘ gaw ogtgg ¥1ﬁ18%etwr

Lératos rred tkaCks thetight i@é 2f theobjecs amleqmsltlm MBrightosse Detectorat e t

bguAr 8t Sy BB BL P OB B BEEHAMRyo T.
ehagot. d-opatan di2p gorreots Bir iagphaniatinn iDde werticst pobiteQ of therebjdEtligéhe field
gpv‘ie%@ HBBsmolnﬁlg?ﬁeﬁgﬁaors %gs@@on BO1okfrh Qﬂﬁé ﬂg e&é% o Q @lgect In

Det e¢tor 116 are wred to AND Gate 12 gic
grealfocwers saurbecHened D a1y ditgctiolverted to repr esent t he

| evela @br R mibni a@ph&&aﬁadlaia wélvzlalyousir@vml&a&mm and
is wre 121 |c out put __of AND

uiSzgd’El?te ﬁ%neb;eG%f%edtwé wéwh&f s PRt R cahbg moyd,

eldcindirGated Bskiging NAldditional Ingbplilatids fdd eotutdit Sap@thtedin
' of .confi dence that an event has

.e. the |lev
s PeBior B4 B ABPBID ot of  AND it 6 1210 S i r ed
to E\Fgute[letshmts alogigecvt 2dithiting deiring didgram Cd)l’l'EGp(mﬂlﬁglto the

% géﬁ&ﬁgg%qt J%‘ H\Erén%%l%gﬁm sbe}.lﬁﬁ]afdgé{seﬁing usgdqo St events

@dmte@ﬁ: fataubmamlm@lpmglt 'and the: c@menptisns hgtweetblogic giptil eedyutputs
5@1‘%’6&%&@ ANGHE %]&Mg%]ﬁ isGRp R dd A% rmlﬁ%odfoﬁal w6 10 Giew'dhd ab! e

depen 'ng _on the circunstances of the application. The
pripulate. fdisplay gEgadesisangithels lagis iferepnpasiiopeencanttiMi jg epdled alogic

ﬂaﬁe by a user based on know edge of the appllcatlon

In the _exanple of Figures 11 and 12, a user may,

det e M"'H%‘én%)lh@t‘hed@f"é% YR PLIAETE e a {.gggtox 1230 pams %Pdg es

msspaﬁﬁmg&u Lbdator €120 mttﬁb imagd Kidy bfrfagur@n @bb@ectted 18 AND Gate 1210

that, t 1122 d .
BB ok 95 a8t a2t oyl (AR OB anf'oet®
Detepindr 12530 gerrespording e Bmhmeathtdmos 11pu; ftetalsd mrhch'e AND Gate 1210.

BNEL AR OERA WAL S S A
des@ed abave tpdqgnttherdgrkmdbjecths@nstcbgmhrtbm:;swbiy means of
AND %@wﬁ'l%% gra?rgéé}eﬂrlcﬁh%%s%&écgp‘laﬁgﬂﬁg@ c5rﬁ4&;5 gtﬁhgto ]%%ﬁlﬂess

an event Is e réc

Deifolcr 150, abd Bde Rstectbe T abplEGzp 21260, gorrepnendiosodides Beipsimdin gre
&n?edttb AR® id 19{2 ™R 1b @oﬁ%\g bf AI(ID mslzl‘ﬁ’%qhﬂrtp@to Myedsent the level

kely to show exac w t he was m sappl i ed.

qftcorrf@etzfsmabla'aql 121¢4ig §11%aar61e$ apwsme%we%&% Ge 410t he visi on

det eqhdlogib otpitoPARD Gaf> B rafdéstnid thOlevt 61 dodBdenkY 1B bn &ﬁect is

cl ose S|s§%ct|cal tog . th | ace where the | abel
Igﬁsﬁlilt its label has been misapphied, i.e. the level of confidence that an event has

occurred. The logic output of AND Gate 1210 is wired to EventDetect Judge 1200 to be used

as the event detection weight for each frame. An event condition for EventDetect Judge 1200

and the connecti ons bet MEPNS2005/019923
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desi red be connected to auBdmati on equi pnent such as a
PLC or actuator. The Qutput Gadget 1280 is configured
by a user as appropriate, as further described in
V'S|on Det ect or Method and Apparatus. CQutput Gadget

oduce del d | se nchr o ed to the
Siage £ i oREe gt o B 87 S Peteten Atk mamlignate
fj\{@it@tabﬁﬁlﬂlt&ls WS(ildfalg@be ilhﬁ)tléitbbéiﬂﬁlg lof the @¢in31ARGRE oﬁtﬁ@apphcatlon
et er, I me e I enco
e L B8 Do i et bR e lpeliPtie b Sy P a6 B on
Kadirdpsofitite applicationc Inthesawadaple ofFigigesviatlahd k2) amr h'IMr have
ﬁe?&EﬂfeQHSﬁ{eteAtmga %?ﬁg to% %Hd rtlJ Iglgse v%%sengt sb 1c1en to msu:g gn t h

nouse I on-can
olijgceis presamt. @@tedh@ év@tbr ibap2 anglit @gpoud tophedmlr’ aleft @dge Ju@ns strongly

acskthé A géét Sﬂgh'i glf‘g . ng aﬁg@ 'u{ﬁe g{aﬁﬁcﬁﬁb ché%oya%rilﬁ‘) %ﬁght

can sulta
%@ﬁqnglmm spme otamdm in fba jackromi B ddingpeecisk 150, eull equiring
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coul dVisa ap et i @tﬁfedcw&eé ma; Be jepRrdadtap Bﬁtheer.ewb@ below.
GEQ‘]IC/}S infbged dﬁﬂ%o%dhr@% € p@lﬁﬂ@ :Il@ e?&t frtﬁln@'irﬂﬁlt Hlﬁbtre most likely t(%
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et R e 1 aie s rstion NG Gt fREbeatin e
Visignidegectbr bd ladedh tocbe@bla Fy¥e€the bbject B/@dRL a0iE pracifalib @ place where
ghapagl . na%B etdm 162 is fully extended (at the apex of its
u

?<lés) object 1300 is at the wong position to
r e c eiThelogmoeiputhd EntDtact Jadgpa20da¢ wicddao arll GuiPutigadepl 128pexthmed
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Mot T B} Wl S o o 800 i EEIPRRINY
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bnBMiréd bydQRS aﬁ‘gi%) dtﬂélé{t@ awmertd&%nwdqﬁvgtoh%ehbmethmdS0

there i S no ne Locat or.

Denapis oy utnu Sigdeghi3sgag eroéefg éela@é aelses ﬁynflssmze&rt%the gtk tiyg, as
tedht inWidibtoet€Rjr 8khod 3ROApparatud, sb it €eSidRfoP SfuipgnicAitaft

he ag i() of .the stroke. Figure 14 is a |logic view
‘i%w ghep, B%‘iﬁ‘t}“beu?ra‘i’l}ef?n“s&’fg ef%?&@‘ét"%méber?"é%tﬁﬁ‘ﬁ‘&?%g to
t h e nge:an/ menipuddte Gadgets ¢ alldgic Tiew byl adiROvdlIFigio R HEM €dhniques.

di th { t.
§RabGEBRRE R B PRABRNGE S il i a Pt B e
am&(i)fes:@nlbesnpajectls'admagﬁirop dpegdorDet ect or 1340, "Top" 1420

cor r ORARAA i} e kP Rl PR Gils vil8hnr AR v ek B
siNEbleahpice, tanfizuraiieh, ANDviteg of Grdge®. Qhg skilledin ‘rlsdmt/wulllaho
é&(%lﬁ%@thgﬁhe (Ea,\ﬂgﬁ E%thfe?&ch}lfsd&% H3Pm 5:2%8&%& te@lj}nq%gﬁﬂz}t could

ction wei répresents thé Teve
Q?dﬁ?ditﬂéﬁét@efh‘w’t"e%flect 1300 is not at the p05|t| on

spec FfghRd3 Biovdlan @S Vi %&T B8P toFe GBer OB R8N oF
%nd S|gg§ Edge Detng%t 01? ég];on 1 ﬁ]e tlﬁe t hat Inabélglglr?él I

fefion g sletedt a pveptfhat ab%*kb%lfsefm fgr the profustionsgstup ghoymn in Figure
1619 BthiniplePthe Bdht cﬁw@wmtl@gﬁnglaghd 98 isAPe8dni PRI tBe 4pek ofliRi S
s‘t:rgfges lblgf agt 13?09 1sm?#1e wrong pOSItlo?l 1o receive label 1310,

Arm Edge Detector 1340 is placed at a position within the field of view corresponding

to the apex of the stroke of labeling arm 162. Note that this position is fixed relative to the
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2". When an event is detected, inmges may be recorded
as further described below Furthernore, the logic

wooeiosuat470§ Event Det ect Judge 1400 is wired to BOT/O81008019923

gadget 1480, naned "Si gnal '32 which controls an out put
signal fromthe vision detector than can if desired be
connected to automation equi pnent such as a PLC or
actuator. The Qutput Gadget 1280 is configured by a
user as appropriate, as further described in Vision

field efvier—Mdpesaat mews Wil Herpsaduetion fing gndsotierasin povaeed fp employ a

LEREE T%h EWseANGechr ¢426 5RASRE Edge'”[%téc% Y0 ¥k 8 ¥ WRtify that object
t oget her provi des yet another configuration of "a

{30 ﬁs&fh%l%‘is’é@tp(?i‘“‘?‘batg?@é%‘tOfgﬁS'é%nt that might be

usef Wigukdr4 i§ HRRVRALBSWiIN2 SFibiRatfA@MGadgBts Edsrwsmdﬂag tdtﬁb
this exanpl e gg event occurs when | abeli 51?6
Urrgerev g ‘g%rl 1dSITEIne anpven) %ﬂe?ﬂ%?f“ 19,80 ORELIn e WS
pasitiols et thSapeiof thestiokostaheilhtatiey anarcaMeim”i1440 ottespuads b chrm

h ,, but [ { her ..
AT eE P BB il Cordibontsy Bud et BEF or b B B8, oo
@t&sp&ndﬂm&d@ﬁdge@%&syﬁﬂb detect. An Edge Detector 1512
I
st r b apEtve e TH Rt Rp Aol vl HRPMRfhre 14
EvgtDeRet ndgegror re«myeeran emncbetchowmld thabrepwpté ﬂE‘J%’ﬁltdf
E%ﬁ@én@ﬁﬁt%j eétlig&qs b? ZtQhe ﬁ%lh&ﬁ{)é@li@éﬂtby WSiBast &R O?MS Rl ge Detector

condition "w >= ect an overexten ded arm
130 @dtsﬂaﬁdserﬁ%ec@y &1 atélemmetthaé lebeling prigy 16248 &ithe@p@rff its stroke.

ARbamt dontitiWelof BlentBetedQuddd 176 S8Rble for Mid\PnBefritRAWoME be “n >=
sufficient evidence if the event detection weight for

that frame shows very high confidence, but would
requ IWl@enah eVeREiS Hetbotdd, ﬂirragdmy bé rebbiBedel AitthertREEIBE RIOW.

i.ghts w. | owner e. For t

e R ot Rifuk R erelEE i e s e oda Cutopt gt 1.
hanled |“Bigaal’a miich 6&htiok ambiitbmt Bigsed fremrtieendsdonafetepiosthan can if desired
g ect'ogn%cpe? :gx?qmagarp equ]uéJ gﬁr;t?ng%éggi’fé t? c{u%% q'hclé éx.ngllt%ﬁget 52%0 is
CGorfigesdlgriserys kppyépeiate a fnrtherakescoibed' 1$anaﬁnd3etemﬁmeénncu and
iAgan; ed Edge Detector "Apex" 1530 are wired as shown

t ) Gate 1550, which is in turn wired to _
Ev entHizrektshowapdmagstvieskang¢ eprrespopdiglogit yiewehas gpgether provides

btk SURAVEhENALS b BisibA aaec%? mde&waﬁfev&nmmgm@meﬁﬂ ﬁ>r the
evel of confidence that |abeling arm 162 s near,

Rotucken sefup shoyyndn Fighreilt 1o this pxgpple, Jasveat poeyis “t%la‘i’%a%m ie2

uﬁc@wo%veFe;@éiﬁe eBningd WGt %Q@extdfﬁleléﬁrﬁceﬁ’s‘ 1ntthM1)\1r5’xgq{Mc@Qir Q’ﬁén it
Ju Wien nore than qne Eve 750 l?rée:t}yJUd

S B oRTER YSHieB DU ErBrES B e 288 oog Br et 1abel
d;ﬁilézmbﬁd when any of the Judges finds sufficient

Each Jud
anal yaeeertp s B0 BAERARHR el BRLRGO epgora
pies oftherdeaympardostrokecdfilabelinglasy 180Cqrregndinglogic ai‘ewsﬁdg@Eetector

319n;§1er’ "1‘5‘4‘3 id @F‘eﬁ% g;%%&%n‘t Séde@ﬁ?tgée%gud@%@%@ r%hﬁkﬂ@@g gie\sﬁ’lesééglt
gquﬂmmga Ph ot S@ﬁé tadrtecCatayerextended arm. Note that this event condition, using
total event detection weight w, would accept a single frame as sufficient evidence if the event

detection weight for that frame shows very high confidence, but would require at least two

frames if the event detection weights show lower confidence.
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Fi gure 16 shows how an event condition is formnul ated
for EventDetect Judge "StrokeEvent" 1560 that is

wamosabi7ed f or t he exanpl e configuration of Fi geeBUIHN5/019923

Shown are four plots of evehdt detection weight d
versus frame count /, simlar to the plot shown in
Figure 4 that was described above. First plot 1600
shows an armthat has under-extended. The arm noved

cl os i.red apex for about a dozen franes,

but 1Sy B 0‘5%&08 1igps, @é&&ﬂ@d@ﬂﬁéﬂagﬁ@% deteg! thshigbehing army i3 i
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ccelﬁamrmmgepmserﬁa*pele@égﬂ qoufiflengsebat fabq:hnabxmmmsenean bfitmanatshe
Iﬂéﬁoﬁ\’s%%k condition of Figure 10, "n >= 2 & (a < .50 |
, Is suitable for detecting first plot 1600,
s eco %’t‘ﬁh@ thedegiqvievapkFiguse k3 inclpdes the 183 twarentPstect Judges.
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arm ext ensi on termdetects first
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f wAnTBC
SRO

I abel |% arm aRg" ‘h flnclon T fon%@%ﬂ&?o{ gv?’ﬁ?eéegfq]é'ﬂﬁ | ed
TStrokétyerd? 15607ﬂhgu5r$1t®1’e fot thel ssiamaE&enﬁgnmtwmgf FigoredlSnShogu e

f‘olﬂxeplbtg Xpé%ﬂt ﬁéleJn n Q\g%% ve?sla 5@%&& i) SIRBER tf?J {t SR i ?n

cont I NUOUS Shows a portion o
E%Wﬁﬂﬁ@b%i@i%b@mwet hat |s nmovi ng past the vision

det eq4@ipiot k436 HoRE anlfmGnARM uE&iag-%xt%E@ GO hrminiéved BIb&: to the

configured to i nspect the web. the web breaks,

fesiredebesfar abora dgesa diapes, wweamwaély Fepchied Hp appxaSecendmis 1610
@@Ean drid@iht b4 GRALMed AR SR /apdx, ﬁd %a@@& Bi6le@o bHERY oMty | |

d f.al If th b
0SB e B 8l v i
andctiypeching ge deiee ﬁ}ieihnc%r%ﬁﬁmmg tﬁgfeffoff db@.h&hrd?efﬂaﬁie? \Feurtt v h plot

. on ottome ver, |i e
AR o RSO B e R r svioil
fraxa. WI|| produceafalse output In aloglc vi ew "Top"

LocatgL ev%li@glbd’lt?ogr&% 30 L“E&gé? ! iwg 0.5 6‘ 1%3o Sr’t ?srghltable for

Det ect or represents ector Hése are
deitacting; firey pmmoeaetcendlpmam vend Sarth plgi 1630pbitt pettdeiesting third iptoe d

ﬁﬂﬂh&@ﬁcgﬁegpoms tg\é&ﬂ*%?e goﬂdﬂ% “1‘77 0” [}@ﬁl?glgg%ﬁr%?l& lf&lo and

Events, and Qut puts Fi gure
sepond lgt Uﬁ“h@'h‘am t has” tom detepie fqylgbnbt w3 ‘@i rr BoRmyingiren

HALEMER rame spurious event is not detected.

Clearly there are many other configurations and event conditions that would also be

suitable for detecting mis-extension of a mechanical component such as labeling arm 162,
and that will occur to those skilled in the art.
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out put signals may be synchronized with the mark tine.
Si gnal synchronization is desirable for a variety of

WO p@agr470al i nspecti on purposes, such as cont rptT/082085/019923

downstream actuat or. Vi sual34event detection is a novel
capability and suggests novel output signal control.

It is desirable that a vision detector be able to
control sone external actuator, either directly or by
servi ng as input to a PLC._ This sugg est t hat the,

tim REEr a‘!nﬂ%ﬁ%s ogf Waworg‘@u%lpeam@é b letpedardpeap] imases of

w8 ©h & cOfintidus ¥eh Binilde viel trioERowWd & gortiaBEcoptiyiBUCREDL 1700 that is
nmeani when an obj ect passes a particul ar,

AR
‘f‘?‘é’(’égcpa%cﬁl?en‘im‘? PR pr oduction flow (a.flow event), or
when Lacaite ¢2a aiddilge Deaqanentarercoafigoed td 1hg>ea [iexvedf If dhe web

l?reag((%gelds( ?avﬁ%s o b%(ferrée%\éu stal)ltlakly Fraleg At elﬁégnﬁ e ‘%181; & %g [0 dndfr
Edgﬂﬂeiecter 1612 vll g |rs|>dece2 falw@utpur@gmga}mgw sh.ilfibs wethgo @ up or

e T
mlﬁpm@zleteﬂrﬁhemogm edngﬂoweﬁ@, if theraidtk ofithe welt qhmesmb@antlally,

@@Eﬁe{eé‘t@#nﬁ%ﬁﬂﬁﬁﬁ’&%fé}&%{puﬂay be used instead of

The present invention can provide outputs
synchr%lﬁslz Wt TR dRsHITAF0 &enpseds lqoalpr 4770 #nd; “RettomyRetector

17k res‘eﬁwﬁag%metetcmf:ﬁ@i TRdsS ard WirdCloUNID Gatd 766 Gihlode 16dic bufipui is
or _an (L%ger external device. One

us b
‘BY%W’@%]W‘WSMV@WD* 742587 he present invention

detects an event many mlliseconds after it occurs,
Marking,fHrole Evehis) aned Syehioniadd @uiputhe nmark ti ne.
Furthernore, the delay may be quite variable

depefted 8 shevrigviming djasransthaiavilhbe @emml%léaowawn flggectpr
SuBRP QEnaR M9 BE syniiSiiized vith iR rEAPiME. SIeARIYNEERNE Mioh & deblﬁble
rk ti urs. Figure 18 shvvsthe(g ntDetect |0
i ety PEAGUSITIR! fnenitby Dpwp s S confpkef Adowppiream actuaiol
Eventvidatleednt agtion iouh@ut capibilly Mdaﬁggehemi'elcﬁu&ium‘lgﬂascontrol.
%em glt)le gletc a \{Slsll(())t{] c};]ePectopbe %?e]to cctngel slor%I erP Iac: atcb1 e:l’tg%r dgﬁy

Srie én even
orrby Bdmng hsonmlh’@ratPl@f Tliis sygg@ts Fhat the emingof ewlput bignabs teelgted with

%%gllnagfe?réls%ﬂ todz?él a% 691&%3\“% %ltrﬁeqﬁa% §19091 éilg ﬁfléént(;hﬁ 0 ect
pessaya w@mrgs figed poing nﬁhgnzre@cm@ow @/law P‘@Q@@f whsit aetmchamcal
B BnehfYedch& tﬁéaa%)y&t%/ SBOBIY FRKEKEhS I (A€ eBBIplE oF Ff%ﬁre 1 afixed

occurs, Therefore the timng of detect pulse does

o cuhReayark prigf A endjipthg malfqe@ﬁFlgbrs dtheviiers mprk tipgeise and
BE Ghlhe SﬁmpIEr&ngl'n@ bk e @Det¥cddri1 540 isShosiB e biGhe ei SthelsB3k: of
Id appl o any device that attenpts to ect
@W??%&eém‘%ﬂ%{ Padyiche % an%ﬂ‘i e FAYPlEmayibe

ussdldﬁeddroedméo provi de a si gnal i ndi cating when the
s better than.t

Fr bR PR P Lo e S iany B 8w e et Vi
thenmerk time ywisstierie sontrble arpaooiatoemrdot}y oresussed byegPIithe angotker
5751 4900 AR BNEDRSAEN 0l AL DGR AR BUL S A ER,
mrﬂtsmosdsaﬁexat diqcme,d e.guenp utillisbedraly afled £0 marMmenﬁurﬂlenmma the
P ) ; |
AR TGRS, 5oy s DT B
extsoi whenyin tie genitire/enalyes yclsdhetreark tiheiocctlse frane peri od by
| i near interpolation,
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| east-squares fit, or other well-known nethods, using
the known tines (or encoder counts) at which the

WO pgasi7oer e captured and t he known positions BET/US2005/019923

obj ects, nechani cal conponséfits, or anything noving in
the field of view, as determ ned by appropriate

Locators. Accuracy will depend on shutter tine,
overal | capture/analysis cycle tinme, speed of notion,
and other factors. In an illustrative enbodi nent a

user FeRBOSshovs e EvsaRetsst logicouipus dg.ohdgtaghpplseil§7o appears on

EMM15@& boipd | 1840 Sk Be déc[sﬁﬁtid RiHeQf dedBioh Péint18100BeciifRd
or marKki nfg) For, fl ow even

K poin
%ﬂ"ﬁ 1§19 sorrespnds g g poiphin ey %Véﬁ‘tb&‘[‘ pBimhie gPW‘Eﬁﬁ’é of Figure 3
is eRiited. Notelthdd g dadsidh delay 1636 o RAVIEimd 186 68k KedidnPoint 810

f t wh ct Ll
R N R D L
maliei cepterelahaly zd el e thelmary migde roosursz Ahdrefore dfe ummtg:aftletsat guisd 1870
de t | f
B 5 AR ST SRR T
rrar k Thepueblew of vanigble Hesisiotdelee1350 worndd applyhie anyedekice thatatienapts

n
Gapa 30 By LAAREH bl el BB SEALAGH BBl
dwfetﬁé when thi eventrpsensigd tochn gecughey hief lbbﬂteﬁbzmdw fr@eemw%nverse

Setandighibyniid Mh&fsoﬁr&%éﬁ%lherﬁ 8y PibasGME tREmMR Ghle i and

@ractl ce.the inventjon. Note that output signals can
Bt Syneheonizing g PBRpLPEIge 1880 thnvhwak lusweto rtf“smlwpulﬂ@}saaj

AR af Sixe@OGR délAB20t o0 haRE/S IsBX PeECt ed deCI Si on
del a 1830 Thus n ctl on t]gken as 'ﬁt‘ir esul

out pdPe B Plaeanng he Hlled gt g gy i be
etdrmimbdio,an aimnb}oh@ﬁicamfyf heﬂerﬂl’ﬁh the fdﬁm@&‘idd&& tineaf 1ntel’pblatlon,

fg?as? sqélga)ref Ht or, o%r wg icns e)l(lP t eﬁsu&éthe Ermwn%m a(SoE%ngg&er <I;ounts ) at

Icati ons. |gure a plot
wh;slutlhe gnages werd eapoted end hé kxtonwmosimm af abjeciokmeechanat conipbreents,
t
Jyr ﬁ%ﬁ%ﬁg&ﬁ% mk?f?e Hﬁ‘f'vﬁw %Qie et ?%%Eprb iaft L%'cz{t 5§, A#cgtﬂacy

st para rection,
@&laimné op é@ﬁ@r@mm@@ll pwupﬁ/g@kyels el tiges, epepchefimogion, and other
fiibisi - di mensi onal Locator could al so be used, as |ong
as the di nmensions searched includes dlrectlon
subs th# lusrptve smbodipent a pggr ghogses 9Ifec}wéat%r whesa seagph rangeiss
éﬁﬁﬁﬁiﬁﬁlﬁﬁblcfnt@@m dactidh bfg ﬁa%@hyrohweafs&r ﬁfhﬁﬁkl?@ mtai ﬁc%vlf E&fﬁﬁh &b btk
on horj.zon axi s e c output o e
R RHERD Gt s BeCenonaoit oh Bl Gt Blnaes diifind above,
fhomatkoint 8 ah mdagingy oeférbricA @olewaﬂspé &add @ositton HORE t maer alohglas
t or posi.t.

1 N
TR Tl iefo uf ARG Euoat i ofbu oAb lpsing te
dnlﬂyy‘roatthts bitaiysiowecifen evengs datdvied dutttheemotioa does dotsinasp thel mark

il g SR o 6 w0 £ £ BRORM PR 8
aspmjeqysmaa @@ffetr §0b@r0&¢ evpis the matkineing isithecanéreaithe stypket ineasured as
&e@éﬂ@& bR CHAES ot defifiR5s SPME niaf in[‘éh%é udll fopt ép%@@rﬂé S

by the Locator. Logic output values, corresponding to
inypatigfer t i cal position of the di am)nd shaped points,
are Mot Sutpl sibhdlsSdn ¥1@Y bd @aéhr@ﬂge(@ toliflHark FPind R0 Put delay

oints drawn in outline, includi nsg outline exanple
20 lﬁ](ong_eg;@@n the longest expected decision delay 1830. Thus any action taken as a result

O-

of output pulse 1880, for example operation of an actuator, should be sufficiently downstream

of the mark point, which is expected to be the case in almost all applications.
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signify low | ogic output values (bel ow 0.5,
corresponding to reference line 1914 in the

WO bdoagr47ad ed enbodi ment) where there is |ittl ePCT/US2005/019923

confidence that the LocatoB6has found the intended

i mage feature. D anond points drawn solid, including

solid exanple point 1922, signify high |Iogic output

val ues (at or above 0.5 in the illustrated enbodi nent)

wher e_.t he $ i S stro confi dence_t hat ocat r has

f oundPEHE 1 HORRAVE g ?raﬁ’éorfeé Fmﬁm&twa% ¢ B & ke et The

iLb&ataremstibe ednﬂ@tmd tol s@:ﬁch if a\dizédtioh subfigntiadyosaitleicto ﬂesmtldeo n

%necﬁl{)% fo L%ga%tl gléécgt 5@) Igurle25 &No%ei,]tgilf{enc\.ﬁu %fgl)?g eI_,oc:!{]:or could

plse; be used; asplonglets tliegﬁﬁensi@mearclted mhlldeseschreamn sndmanmﬂy payaltebto
position of the position points, are

tgiggﬁﬁ(gghgcﬁgéecond vertical axis 1912 and are neasured

i n piNek.gndasused fromeancentrasy refifrenchipointols pliotied onltiotieontahais 1900.

p osi tjiR %g%u%u?oﬁﬁ&ogﬁbrXs S § %quén%@%ﬁ?ﬁn%@ Elﬁpéd]ﬁmts

g}éc out ut of the Locator i1s at
iBg Pvthlilﬁé@mﬂ? DRI 1820 anchiolié exampleppighig2% ermnectrd by éogamt

b&%om@@& D50, Imfe theR B B odabtR meshhfegl gedioh BRY &t tﬁ@@g&meeuméskvhere

can. be een by. exam ni ng the position points

te dignd shepeddioiberlotied, Which cpirespendde fremwnﬁélser%e 5?1:@@6

pbiiton glrve haeo shedltl 6hundaseed Bibe tagn ﬂ@@&tc@ﬁVﬁﬁl@[Cﬁ afvﬁgbl teade@bid
as e at

framss to 11gex at ar oundgwg E ito
flpgy ot éﬁ’é??e‘? 8?“ PoyS Atgasuremnents hythe Locaior; Logic quipuhvalues o g
tarespondihg rthd @rticalfpositi@sof lﬂefdmﬁmd-slﬁp@ll poh@ hreyh’mﬂi dnlfiest
fig. f t
SEGF L OB HPY 8 BRRE SR o} Rl
ptgsfyclpm tpgizaiutputvatugs (belop @tSecaaretperding uotrefgarca biod 121450,
rumaaﬂmgm& PRE % is Uil By 3Rl 1;11999%%@9%%@11 kg Pe

et erm ne ustr at e exa

{ighdsd lélﬂgetfpﬁéurbé%}@mqnﬂmowﬁ depnsiselid, mélsdrrl&soatl example point 1922
arg]lufy ﬁgﬁ@@@l §qu%‘ Vg $at Bpibomttﬁenﬁlsﬁ'atgcﬁ&ﬁboﬁin{en@ %&b HeR is

oints are known
qns C%lé'ldmse/ rhsug hQsatghhas §1’<‘P‘l‘ 1h% al’fqnﬁedmégeafﬁqwrﬁ wa4 ﬂlarfmerthat its

mRished positoh ighati@r m ni ng the apex of a stroke event can
nventi on.

b d within th f.t

Por & nLF Fpute posi i of GRE Sy salitied oo oaE gheosision apis
tifaan a¢ dold €itotes) indhalliptexaipde posmioh gointapmi Rbsiti extlvahes &blmesmﬂmg
gogt%ér %egr&lléljgsﬁgﬂ &%e?%glg&d %m?se | ?pf?)ttéjdeo% cogf "‘ﬁp 191 and are

te cur
osssured inpixtéstfromnibeeentar qrﬁethddﬁtcatmeNﬁ@ nhasmushommmtmrs only shown

Fdr grf%]gs »%Qre%ﬁm‘%? @utﬁﬂgtﬁgi&ﬁ a"?l%r aQJve U3Ef de_ those frarries f0f which ‘

I guration get I'ncl U
theres@roaﬁn%@den@éhﬁﬂwlemrm fgundeherigtpndetisanse fatiter ol
2000 18dah BY¥Geeby-Shintnd t&qﬁgﬁ&l pOo thf18 n@kﬁa&u& célh&ﬁa&t irl fhie

controlled. In "straight through” node,
figld) ot vigvghas advenced dhrough %eyeafcél range o%tm bwtosfog ?b&rlt rtﬁ@@e% to
ampe;dalafmnms Sy R aBrd atadm Qﬁbx'f& aréill 3 BemesNEHd Shen AtrebiBror

ﬁ%@ ftheL‘ |d% nou,Fut pulsels

Fref §OFere fvelipg beyen Saaéaaf% PG @ SpRgic mark
1HRE o thhs)étrﬂl&&ﬁf et ghb ilfestristed e {n@AL l@mz o Omsxoptmé tolRYympuiea
ecifi.e ntro

BPH RIS ft. P aran gt sited Yo phab dr Bo0h oM pitetermined. In
the lilmstraked dxqmyle éhe mark time (apex of the best-fit parabola) occurs at 19.2

milliseconds.
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may be placed in a FIFO associated with the Qutput
Gadget. Recording and Retrieval of Images Figure 2 1

wG@besg24ed ai | s of the organi zati on of a porti oPCDS2005/019923

menory 710 (Figure 7) used3fn an illustrative

enbodi nent. A franme buffer pool 2100 contains a nunber
of individual franme buffers, such as frane buffers

2130, 2132, 2134, 2136, and 2138, to be used for

variQus purposes. A free pool 2110 is_organized as a
ring Bhor &qwuﬁ%aobeftoﬁt@arﬁmh%%ﬁ 5t g e elafiogm nthe
&Y @rill desBivius Prone Wildien @e mﬂﬂ]etrot&ilaa@ﬂabdacfmateﬁﬁmhgme Bgo%lof a

f 213 t th f
T Bty Syl b fesne e thion Rl PRl pogtton
thatamaiotsudifee tha?thd ﬂow hﬁtﬁstxpkaaaxremm)nslaagﬂwram dah dereadhed dsmg

b h b ff
mc;!’[lglodD lherem%eSf:glfe]%n a Ip&cwﬁl'latce cu ?*H’ be fi tt eglgrft? A nglges Weﬁ to

dﬁeermmeamaxkttm@lforslummmmkl ust rat ive enbodl nment where

the i [

put f E1Tan R apBratBicl YRR ol BpaGHATA of n RGN G LT |
ingludipgcogiralsiorsef obripaindelay 182p Eriguso ). Mcm@orit@l @hm&qwg puser to
ﬁl%&te%@ ﬂ{%%%ut%lgnﬁ"ié &%&sz ah eﬁﬁ&hﬁhm%ﬂ’ nidde Qﬁeﬁ&éll% f(r‘)n&ut?s

i gher nunber i's desirable. 1n one enbodi ne .
Rsfdiscdy tortee quimgisisaghvishout ay delasee synglronigatiga In{ {ghayed” mode,
malbyﬁgeaageqffﬂ&tl i@@fut af BElpWRLISS ks g&e&@aa@mmaﬁﬁq@aémd

? gpgtéecsﬂ Orrr;eaﬁur ﬂ'{(ﬁ .ggctl nﬁétgln 2;:(S}t’tlg(ﬂf;lount specified by
(ﬂeﬂa’y Iiiﬁﬂfoi?s&mmﬂld ofdhegtioh Ypecifiod\By pullse aoftrols aﬁﬁSI'lﬁaﬂlehﬁedqﬁEg

t .of t] whi ch i mages can be
m?yol?e ﬁh‘g)eas%({fg 'gﬁbee(éﬁ'ltég{ &hi ch may happen
many frarres after the event occurs, a recent history
Recordingtand Betriqvakefdmaggi | | be in free pool 2110. In an

Il ustrat nt, f 211 I .
enou S H SERE g steanision BE Sheatcrod sgons o Feprg
I&Bdiinaﬁilmﬁtralfhb@erﬂmdﬁﬁeﬁf Arfageiboffs pbdl kb ediltaim lambmberfooihdikfi‘d&al

t i on
%‘J r‘ﬂ’o %%e r ecen‘?{r %" nyz ﬁg ‘tcsgr?{“%\hggeﬁo eélse 8rr?@“°“<§r
1air1bosesf A firbepdol z1mEis ongamiwd as ennghilﬁdu; and esd taiéapigreand armbyre
%Ms Bt Svent febcich, {xﬁ-ﬁ{ﬁo‘i’rgé}gﬁﬁ %;afcatg the Qﬁ&rmldbie ﬁaga% vl S0,

I stor Yy cont al ns
ipleadichdl riextrfiamic it eaptyred Sigalposouge wtb mlagw:apnﬁe intotframe buffer

flﬁ)c B Hicigud | ARRE A Fame ﬁIﬁ‘e@zlﬁi S BeihdhnbilSed Al dh€ p@ﬁﬁﬁﬁb rﬂglbuﬂ‘er

frames to be recorded are available. In

t he
1?“1131 hfsqm%ﬁﬂéat whighpoin efolld&ﬁérawe#w@rbg OYRRVItEE " R,
i ncl Wanrimls&amepﬁlsod%ﬁé’nﬂwha@hﬁ lrh%&%@ls BJQLKEGJOGE)QE)Q&Q]@ each

Eicl udi ng exa hol d event. franmes

esbagffaw& PEglaldyo s @Xéﬁl &Rt clastiy iy the degwingframe uffer pool
RdoGOshoan eb doﬁtaﬁ@hl@&tfe)dddiidﬁ élﬂ@nﬁh@t anRdoyicd Fhigher huneef is ame
er 2 { tinme t nt was
At Bhe Gebedimentish et B bt B Gy RaRd BN e 1 1
I_hémbymcoé storagel atdovhych 1ﬂapamtgoflsam abama| Sysea:cmdsorff atplodudtioarm
e#‘%?%(fﬁlalﬁeglgecévr;dgé‘ !)ut 0 3§ %?ﬁde {%oﬁ% tesr/]s%ct:on eaE)lg Cl?vg%r (i)‘ralale CF’ces
chobe @cd)tocjnqrdw the mvst ofttitne fdrmduimh lrbagésf @nbe stored.r enoved

T e e

2104 rIRnan% es st o%gd B \?‘gﬁltn%b ?%ﬁ@'&?&gﬁ%cm’ 2
@@mﬁustqry oif qagtum friages wifl be in free pool 2110. In an illustrative embodiment, free
pool 2110 is large enough to hold the event frames and frames prior to and after the event

3
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frame buffers in free pool 2110 beconmes too snall
after renoving the new stored event, 5 various actions

wae@seesd bl e. 1 n one enbodi nent, event detectPONUS2005/019923

ceases until HM 630 (Figusg® 6) uploads the franes in
stored event pool 2104 so that the buffers can be
returned to free pool 2110. In another enbodi nent, one
or nore ol der stored events nay be taken from stored

vent, [ 2104 anpd, pl aced n fre ool 2104.
B e Bt el B hE Rocies 11 SreepatoncSLie Bpe & gt s
dleta:mdage redantlhistcdyimby ¢onsin dhé, ¥@me HMICBfﬁTelﬁamesf ﬂbaaeecorded

a%g dgngboél?l\%\eg gﬁ‘m %S r ﬁ 6P rgfor%gl@néﬁaﬂ)si centf hﬁsﬁorﬁ scg}tams all of

ha ﬁémbxythpptzanﬁ)erecm'deﬂ ipwredibtielyras describgd bdom af lqmeecomhﬂg happens
Ny L& 102 is

%ﬁ%ﬁl {rqlg , | nc%n ag’%f'ﬂ{eﬁta:g? thl%ge%g n? edeagl %Il§ab%142, and

2144 In the dlustedtedresample fmme biifEers rearkadyRE, inchuskingaikanspleizigg, hold

ﬁﬂa@gﬁg be n%Ur&Hd €nd 215 Qlclufdfng @?ang}éfzfl%r ho(l:cpé‘/@ﬁt ﬂ%ﬂ'és?(alsé to be

result information’2154, "and stored event polnter
rzstcséed) e gient qopHrot Ak e 2200 andrigdetdcied Ruring the analysissaf diep

A8nd ih bliSdr b Ak &4 theQimethd \Sbnt Wal idPRl] Bhhe Bﬁ%tnoﬁdﬂ%‘ﬁ'ﬁle ﬁ%ﬁsﬁo be
as active statistics 302. Result infornation

ferrfedaesin theresedistonn Dupag latgiaplysig ofithe fame in b'éﬁar 213@ itds
i@ meed ihtat méSreéenfmm n6k@ Sontaddla of e ﬁﬁxﬁééltdse ﬂeafr&yarmt i on

for reco dfr ch a sh

o ¢ RSP BTE rer dhL e fthT R e gl e ot o Mk

stdredisventabaldi@xeligh iedydet ktered tvente ohi18) 2i1afand pmé. ilthe number of

i . ' t h ds th tu f

S P S R LR DB DL i

farihewaCﬁmﬁ @temassxbl:enln(qn@ emidguam), evestidstechm deies wiibHMI 630
aluglg eéaiﬂ 1'eﬁ qjve g&té ﬁﬁ%%ghe bt Jaﬁ b%g%eg %

I ecor

er rin
@?esqoelﬂlwem@mtbﬂr eﬁ’egﬂlrb@t @ewe%qr%@ldqr@m@d ﬁmﬁ rmambe Hikepefrom
ét&%@é\feﬁ%ol(ZWaﬁd $128d batk & e 082504 OHdse JIRE eRMHE mmo@er be
confiquration. It is also possible for theHM to be
ailabl Prdsplayyi si on detector 600, but this is |ess
pr ef ?ﬁ ﬁﬁ?usﬁ@lﬁ@t WBodikient e bEffGERE heved dopRAnsRAE Herde hiffers
even et ec

HM h
R <5 e tre e B e Rl el bl ios B g SR e ving
tadmiqueswellikhawrein (8ldit) of conventional design, an
i1 ust ' i .0of .which.i hown Fi
The. QU SRR Pt SRR B Bk b B
List elengntemodiot e@emnple, contains mﬁd@nm@@@mﬁw@dﬂmo%zlsz

%gﬁﬁﬁ i#rﬁllﬁ{m ZIH a&dll?or lelvéﬁzgtggtglj dz\f% éE’Hl‘PHBkJﬁ% Elc}ongfﬁ E‘lag Htfide a

netrrp vvln I splays up
PRSI AS |111qsm§1e@r ofieq mformgtion notzhaw, sych @eaczmtlsm 30,

2232 Re@MtGhfértmafton AAGR LAV RRRHon HIPBIRF MeRnt as a whole. It is

| ow-resol ution version of a correspondi ng recorded
furtagy desirabigrdo prayide dnfernaiign fprrsrh rsaqsded fiamperamnigs of phich are

slhbwﬂbnﬁé franle BREFGS o CRIr6RSRR PEb b1d4. AR hS ARk td@xdrifGeBe Qbred
‘B%’ | e eve(riJeSs in the record, but other arrangemsnts may

rifiatiop feludes 3 timestamp fhateqop the SARUTR Himp e the fraris 1a illiseconds
1RBLiWaE the ifack tig: oaﬁlpmdnaa@n (ot KR, duSh ashhSevbnt@btection weight

L. ontr Is 2 ro ded n filnstri
i g B S i B R e ¢ 1 T TRETTP

Referring back to Figure 6, the vision detector may be connected to a human-machine

interface (HMI) 630, via signals 640, for purposes of configuration. It is also possible for the
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t hunbnai | i mages forward or backward within the
recorded i mages of an event, and between events. Next

wo pga2eoont rol 2260 advances forward by one i naBgERUSENS 019923

previ ous i mage control 2263%advances backward by one

I mage. Next event control 2264 and previous event
control 2266 advance the display forward and backward
by one event. Thunbnall 2220 displ ays a Iom#resolutlon

of obj ect i ch_ may, corr.es nd f or
BB Eoeor: SEg Viaf ector S, SRS Podr el P da AT
gdrkralif ndt heedet ibeweﬁtlﬂummla,l ang so 6rrerm\ﬁ>ca:m‘pﬂ shard hrry n&ﬁﬁ@nsmn
2210, at..s
e TR P ofiniEl g U o Pl B8 B, g
QMmdmﬁémrmmmehmbssmuwmmﬁgthZappl|cat|on of | abe

2270 ¥ ot AR 1 BorsBY of bG35 L CAIMAS HRL TS

scr ol I Ng contr user- can advance

716 ¢olreckisilay edeforeashuinan wisr. dn be illystikivegnebotlimentend Fignine 28 esfiilmetelp
fvinng&g g{«lli %5}2{%]5 n%%sﬂ%tim um%@s dohd, 5&35 %%Ii %9'16 %ﬁ d0€2232, and
Fat: teﬁwé thuabnatk imagadeing e dov-reselution yersion Qﬁe(ﬁorfavowmgéecorded
fn&@&ﬂ&ﬂ stofed bt gdapnwl Genepdily iR enBhALia cbﬂreéiel@ﬁ tpei ng

pplied. In the i]lustrative enbodi mrent of Figure 22
AR dRagesphastiglssurh e thegreeand: i pifier arpmpesmentsmay e pssful,
SIBR W skidbinh sand 1AWy of ihdgby ttvasal the edrekpodding umBnailk e

oo © A Sl i B0 sgroed bt e HiR R vattng e

thambrad anigaefodwacﬂ)bladﬁﬂdvammthumhe feosrdairithages df dnzediinandibetween

' t t hunbnaj |
Sy NeRHmaB i ko hTRRES oharh b e bl pRBRNRL: congol
wohdoancesackwa Hyexne inpize Nemt dver ceritoli2264 dné pewbmmved control
3IPGR B he Bls Ay Qﬁvagd ﬁﬂlbmdb?éﬁg?\@ﬁ tinme stanp 2280

that 1 ndicates the capture ti the sel ected i nage

(i n rihpmbngd a3 displays adqyy-Eeselutipmimagp of elliest 3242 whish mawcorigerend

Fok es&mpmh@ &E A0 otike na@bjbce 8412 AsPpadrd i dl SIARCHthd tHuBBn Ak,
of the |nvent|on If_is expressly

arl ou odl ment s
%’9 ﬁ\e@dw Fotpumabngjl a?éﬂ Philighlyshifaen vieving perensetivah d
@dsitidnk G/l’th GRHR dmew) hﬂraedlﬂermhh@munggma a;spnezgloﬁ boabd o
[ _exa

co this inventi
Bt abenos S aSaa i orimiroiie seotRis o8 e b,
atvahca the agcbbd/inages msmﬂs;s backwarth ¢b seomydegied (imb iitdival.
e ' j . can loye erforrn
QARG Qe Bl AR TR s S A A BB i
apipedrothat dabelpeTeemy badesageedmdhd tep edgn oftheotgoceast was\peiagd
jﬁﬁﬁpved or differing conmponents can be enpl oyed
In the teachlna of this invention. The software
s

el emdhthg illugigfivermbogimentaph Highrg e thesimagaqorpponrding o thymbnail
A wirRk ﬁ%ﬁ@%&d Wit a }fe%md{hﬁg arfl@be@dd 1o RERSRBEEY %g@ lis also

replaced with equival ents as appropriate for ec

faf?&y%%hﬁflbrﬁ%olwn HiRgerHER Y 20 8 pealing opr sgdvance the

dgnged ﬁtirﬁ&lrfoﬂu&rdf&diﬁdck\bﬁd kirrdrabk QbR inYagBywilabv&nto thumbnail
exa to.otherwise limt the scope of this

t
BV PF FPCERR I TRMLon B 1P viempdow 200 ARG fggatpp phou
helfelsorRt irfagy indyidko WbelispRyddDsuchs thde seivmPbso HAOMDEALS tRdbapture

time of the selected image (in milliseconds in this example) relative to the mark time.

The foregoing has been a detailed description of various embodiments of the

invention. It'is expressly contemplated that a wide range of modifications and additions can
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capturing a plurality of frames, each franme in the
plurality of franmes conprising an inmage of 5 a

occurs, the event conprising a notion of a
predet erm ned obj ect; conputing, responsive to a
visual analysis of the plurality of franes, a
plurality of event detection weights, each event

e i on MEIght of the plurality of event detecti on
@erf@ffﬂlsefe ifePAIfinegrams ﬁ;@e@t.%fcypet of tisigpentipn fer qypmple,
&Hacprq@bmra hﬂdt @smpﬁtm@, Idai®s haeif a&@ﬁ@ﬂi}ilﬁy 0l BNt ele BGRoRssbRakd

t he IS currln field of view, selectin
g ot R et kot ot T BT Foshons nerin
Likawizs thetﬂmgep bndrcalker ViyiowEongporemts descaib@kchetpinr aree;pmpldryragd to

n%g‘%e dlﬁ'gnntgl?:gm (}nérgtsg !c:)an ey O;f)nge\c/lZv%nttlnélglgtn ec}nnéﬁ %;‘i}fes 1g¥ﬁﬁdm
fThQSOQWbs@ten@ﬁts tGw dpdigns alhd layoutsf pasaneter vakes.cod impthematical
YO in ot BERORFicd O Cep RGN Wiel VATV AR af opriateTor pedt 1O
or automatic visual "detect an t,

epniipation ofghe inveptionr Aspgrdinght t!nrsaleiionyﬂqyfis heaahiode talercdnly by way
bf @(ﬁﬁ{)lb Nindl & 1Pbdr@lst fidit che sEdpe BEfis ®RBRIGhST N9 an i mage

di mensional field of viewin which the event

occurs, the event conprising a notion across a fixed
ref erence point; conmputing, responsive to a visua

anal ysis of the plurality of franmes, a plurality of
event O detection weights, each event detection weight
of the plurality of event detection weights
correspondi ng respectively to each frane of the
plurality of franmes and conprising evidence that the
event is occurring in the field of view, selecting a
plurality of event franes fromthe plurality of
frames, the plurality of event frames corresponding to
a subset of the plurality of event detection weights;
and 5 determ ning, responsive to an event anal ysis of
the subset of the plurality of event detection
wei ghts, whether the event has occurred. 3. A nethod
for automatic visual detection of an event,

conprising: capturing a plurality of frames, each
frame in the plurality of frames conprising an i mge
of a two-dinensional field of viewin which the event
occurs, the event conprising a notion of 0 advance and
retreat; conputing, responsive to a visual analysis of
the plurality of franmes, a plurality of event
detecti on wei ghts, each event detection weight of the
plurality of event detection weightscorrespondi ng
respectively to each frame of the plurality of frames
and conprising evidence that the event is occurring in
the field of view, selecting a plurality of event
frames fromthe plurality of frames, the plurality of
event frames corresponding to a subset of the
plurality of event detection weights; and

field of viewin which the eveP@l/US2005/019923
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determ ning, responsive to an event analysis of the
subset of the plurality of event detection weights,

wob@shet704 he event has occurred. 4. A net hod fPCT/US2005/019923

automati c visual detection4df an event, conprising:
capturing a plurality of frames, each franme in the
plurality of frames conprising an i mage of a

t wo- di mensi onal field of viewin which the event
occurs, the event conprising an incorrectly

%{fctured obj ect passing through the field of view
i ng, responsive to a visual analysis of the

%Mrﬁéldlﬁéf qiof frames, a plurality of event detection
, each event detection weight of 1he pl urality
bf e\Aemthqslef@ree@tomhc visiakgetestianf proeypinednmEsingspect i vel y

&ﬁtuﬁﬂblﬁrﬁlﬁyﬁf ek tacHI dtedh tht YiuRiity o #98S BRgrising an image of

npr1 sing . evi dence that the event is occurri ng int

& tiwé'rdéfn@F“’W Bgld oS E‘tWIHﬁ’ ﬂée PR qurs: She BeniRPEREISIRg fglion °f
4 predardihigeddocgl ity of frames, the plurality of event
frames correspondi bset of .t he pI
@v@mngdréipgweaﬂamvag Fﬂag’m & ‘E © plutalily of PR Iﬁ%@ﬁlﬁ H’g‘?
detectioh vasighist cadln ileyiSdetectivh velpht cfutlepRiralind oﬁehalt pétedtioh weightof

h
bR e B e o Gt of el <o g yence
tdt therevew svcuringripthe Sieldgf viempt uri ng a plurality of
sfe{e@t[@% gltﬁaﬁﬁ}hotf e(zéﬁt"ﬁarheg fﬂtoglethé\?\%lw b ﬁ‘an?efs tfner @ﬁ@lﬁé of ?vent frgx\}lves

nsi ona
qormmmcttrkg to h subse} eﬁge ploality of eventedeteciontwegbispandsi ng an

deieRining GrbspBRive 88arver BnaBRis @€ fhe Elﬁ‘)sét laﬁthé biGlafity %E‘ ex)éhﬁfé@ectlon

nput rng, responsive to a visual anal ysis: of
W‘@F%Wh@tge r e epenhhasoccugred| ural ity of event det ect| on

el grAtlﬁeth&&Ex’fhuﬁMﬁﬁﬁ waﬁt@t‘e&ﬁdmmﬁév&ht coafpnilﬁge plurality

S EL R0 M AL, COreaRonglNg Lespectivel Yo

ecmpiﬁmemﬁ@l ﬂlvid devﬁaemt\mdh thef@exewamts 1hs ev@fiicootpiidingg o mMotioh e
selecting a plurality of event franes

‘f°f°8%%‘?’f‘?8 rep?r °SP?‘{“y of frames, the plurality of event
dormpntig, 1esponsteio A disuad) artalysia oﬁth(bpimiahi@ of frdwges plalralitjr biyevexft

c?eYe%t%n Wi téx%féaglﬁéble}éﬁie%mo ’we%ﬂp f‘ﬁ%@pﬁ{réﬂgﬂf{%g%uﬁ S %%l'ﬁ

@veemnmre&wmﬂy Wedaghfr@le ofiihe phwealityt of drameseand cmsmg evxdence

FaYeln TR =Tn EW ogcmﬁ,gqgﬁlgggdfop{;le@ut omatic VI sual detection
of an event, %‘ggl sing: capturin plurality of

leeting ¢ pluslishofreyemhiiamas fiomahalyraliy p @anw theyplyraliy of event frames

&maﬁ&igngamsétmspﬁfah@ oraventctleﬁamw&ﬁds dpel d of view
ch the event occurs,

/ 0
431‘?88'#1 n&cf?%pg)nsbvaéq 30 Pk Analysys @ﬁ&he &@ﬁ% a!{ tbwgpaﬁ% Eﬁ%@%@eﬂ%
\ael,lgﬂtﬂméth@ﬂ?ley@mas@gcuhaﬁ pI uralit % of fr aLres a
uralit event dete on ts, each event
fet carrabadimaiitints Srbl i of B o eombaRE et oot i on
captudtdy asplarality effienes!icadh frams frethé plumhty of farmsa cbmprisingen oifiage of
aFtI'v]vg dPr}lelfllglgnah %iéid viévsE 1% %]edevg ? nPc{l}ssthQ gvel%vclorgl;e)rl?s?neg a motion of

advance and retreat;

computing, responsive to a visual analysis of the plurality of frames, a plurality of event

detection weights, each event detection weight of the plurality of event detection weights
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that the event is occurring in the field of view
selecting a plurality of event franmes fromthe

w@basabi7vy of frames, the plurality of event fPeEIES2005/019923

corresponding to a subset @t the plurality of event
detection wei ghts; and determ ning, responsive to an
event analysis of the subset of the plurality of event
detection wei ghts, whether the event has occurred. 7.
A nmethod for automatic visual detectjon of an event,
eoETeIROndiRgFgSPeRiBly 0 Fastyframetihenlyralify offrames fRdcomprising evidence
ﬂaﬁt&h@evblﬁlstd&auﬂﬁgl«iﬁ@{elffew Bhiek anes conpri si ng an i mage
Si o

I I f vi i h
e heta Pl 4 ML, e St SE R 5 g et Jfames
tdispohditigt iatsybsetfof the @mty of eyentidepdctidryweightsemeint

S oo ot GG oSt R BBl R ingRlglebfon
weiglpe ethethglthe dvent basalecedre of  t he plurality of franes

d .- ; .
i R S e o AR
fapnesa plu@lwpﬁ@armsmadl framge lmthemhlaaﬂnésof fiatmes qomprising anyimage of
\\(&%rﬁlméﬂsﬁﬂﬁ Field QF ViEw W&Me E\Qnt%cah@ ﬁﬁtevéﬁf cotnﬁ‘ﬁsmg an

event detection wei S; determ ning,

wfaﬁtarea abies epssing Hequgh the ﬁg‘fl of HeWisubset of the
Eﬁlﬁﬁlﬁﬂgﬁ te¥pondivery @ Rsud Gﬁ Is |09ﬂie pRigilos fraﬁﬂé%ei ﬁlﬁlrahtgf REevent

event has occurred; du0| a.si
dsjecten Brghs eRchP YRt dgtectqpoVeight giibeRrglig fg%fmdets@ewglgh%
Aridgohditl; fesplectielly @o1Ruch Farkd ?‘lﬂw plhdﬂitﬁéﬁﬁa?ﬁs Qid caalﬂplﬁs\dﬁl’éhdence
risin capt.ur.i urality o rames, eac

'?’f‘tg%eev?'ﬁ ! %‘f%“"ﬁlf)%}?g?eqﬁv 6?‘ *¥r anes conprising an i mage
mecmgta\qmirahtymerm fradesffrom itle plfiraliiy @fframesyshe plhrality ©f eventrftames
oqﬁrr%é’lproﬁdm ”E&l) ét{&?pr gf%]?a?%”%weﬁt &e%c@tt va%;ﬁ?sl %”a' ysis of
Metrmngowsmeﬂngm 8l evera@halwexﬁ the dghset@f the nluwétygﬁ evepf defepieon
Q!axgﬁtéﬂvdhét}{er‘i’ﬁe St Bds o@&?n% tion weights correspondi ng

p

éctively to each frame of the plurality of frames
and onphedfrpytasarieepebdetsstion of pRevelerAmPSNGCCur ring i n
Ealﬂﬁmﬁg @#1&21@&/ oP frfiids, a6l Bl i @he ?mthbyr@Ifﬂaws daﬁ]pﬁéz@gﬁl image of

franes from.the Iuralt rames, the plurality o
aivorfimensiongl feld of vls‘g Hb‘ﬁla?*ﬁbe %Vsnw%%@sﬁvea?p Esmganmcorfect

ﬂbﬁtﬁl&)lfhﬂ(}b_]&fln@lé@félddietewtl on WGI ght s; and deterni ning,
nt . ana e subset.. of

L.
T RN R G
&mﬁdsn mmo exchl E\t‘eﬁdietebﬂl’(m vaighnof tiedlrplity of evemrdetecibmgeights
I | j.t i . )
Co(gr?esf g)g pln raspectlv Urair':ll Sﬁar}neocﬁ %{eﬁﬁurﬁ%fof?ﬁa@%ﬁfn@ ’ngeé};sﬁ’lg evidence
manlpmﬂvem@mcapmanﬂmﬁieldfofmm pI urality of conparison
QREEA] Aol TRk SR Pork UPRS Pt HhesAnd By YA frames

nd va wherein at Ieast one

%Oalle@@nfhlitﬁjotah%@@éﬂ?é plugglityeof gyeat qe@gmwgh@ and a
gl r%aﬂesp%ﬁs%'té&d gve,gfanglm o%ﬂx@ $tiset OF tht Piéraliy8F &ehi déteon

etection weights;
weights, whether the event has occurred.

6. A method for automatic visual detection of an event, comprising:
capturing a plurality of frames, each frame in the plurality of frames comprising an image of
a two-dimensional field of view in which the event occurs, the event comprising an

incorrectly positioned object;
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we@y®at 247es

at | east one | ogical operation that conbines the
plurality of logical results to determ ne whether the

detection of an event, conpBising: capturing a
plurality of franmes, each frame in the plurality of
frames conprising an image of a two-di nensional field
of view in which the event occurs; conputing,
responsive to a vjsual analysis of the luraljty of

FOMPHIERS; TesPOBYiVRia R visYAl aitalyets ehife plutelY Of BAMSRe? YRRty oberen
?t’ét@ﬁlént WHREHRC Edch avtenﬁje&bﬁonatex gthg@fﬂw pleralty bi%/evaft d&b’c?ﬁﬁ weights

et ec on Wel S cQrres | re ec | 0. eacC.
S e Sy PR o e ST a G R ne Sidence

ﬁatiﬂﬂbemaﬁlstobaimﬂghﬂﬂeﬁelﬁtofmwoccurri ng in the field of
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(?e%ﬁ or@ pﬁﬁsﬁ\g% ?1 evﬁ'g a?}gs%%me ?ﬁb@ﬂ of {hF E@R’lﬂ lo¥ EvenfaefBiion

event ySI'S 0 set 0 alrty of event
‘d@gfé%wh@hﬁr\ﬂ@wgmhasommﬁer t he event has occurred, the

£VeNnta AORIMS a%toﬁﬁﬁcpﬁéléi d¥fkctonlo? 4t eviht! éJPrﬁbnEnﬁi’ resenting

an expression I n syntax substanti al simlar to the
w@hiyringa ppralily e%iilﬁ;@ﬁtqa@#aamepm e PRy ﬂwawge@g@smgfe imgge of
a[‘ﬁ?omﬂenh@ﬁalﬁém@ffﬂ&wmw&ﬂﬁé evgllﬁtot&ﬁﬁd ]gnf of an event,
conpri sin urin al | (0] ra eac
OPpHiEnS; 158 Pﬁé"eﬁ AV ?ryf'y prality gRfsamss; %éufalﬁy PE%Y@‘&
d&ecﬁoxiW@ghﬂsl, e Sdeﬁﬂ’t&fectfdn&l'e(thﬂéf thel ;ﬂmalitﬁoﬁlﬂwlarﬁ hetédlﬁen wgm
OCcCcurs, ti.n [.e l,ve | SUa ana
RETS SRR HP 4 opli BB s Bl i g B orste Bifince
tatiecvend iy on@ingistis the Seldlof event  det ection wei ght of the
£ali t Sy i
Bl ol o VS bR h Ol Qs 14 FAADS: Dl fames
eonrgsponsdinertp @ subget of/thel plonabtytof ementtdstectiopeveighiss occurring in
&é%ﬁni‘rﬁn%l lgspgltsn)é't@éﬁf everlt laﬁa‘f}tsis %ch@ sk bRtk hlﬁra.ﬁt{y o?c\!\faeﬂttdetectlon

franes fromth eﬁuralty Tranes, urality of
B

weighty, Whetharihe cxont hasopriedel t o a subset of the

Rbaticak b biynaiha@Y %&hr&ﬂiea Gith @AméR1 BiéSthe SRR NY,
responsive to an event analysis of the sybset of the

Pl ur & eRedder autprmic § SPisH hE YRLCOMRA¥RSer t he

@yﬁﬁﬁg iAGralg Giﬁ'dh%@, cachiTEhmstrehe ploraliff &f Shag@oMprisidgen image of
&1:13 gre rned‘@% 3hratn of not |less than two
tlﬁ”r‘f IE‘?E”P? oMW I ych fhe eygnt ogeurs 1 od for aut onati ¢

sonpuiirlg, némoasmtel toaviedal anlysiy efthe ploalitp of Sanmg, a phagityiof event a
Rl AR ohd! R el b B w8l

Ona
@iresppaing TWPWHIV@YI tOt dach f@mmfﬂ@ oleality, of Eramestand gomprising evidence

eﬁ%%géh}é%ccfuﬁ)m%ﬂ{héﬂé’ib oméu,y& s of the plurality of

ranes event detection weights, each

Y
selpeting agluwabie of Grﬁnt«&ar@qs drop¥the pesaljsy of fsames. jhegrluralijppfievent frames
QatS6idifNo WRIbSAbBihe plurality of event detection weights; and

determining, responsive to an event analysis of the subset of the plurality of event detection

weights, whether the event has occurred, the event analysis comprising
a plurality of comparison operations producing a corresponding plurality of logical results,
each comparison operation of the plurality of comparison operations comprising a

comparison of a first value and a second value, wherein at least one of the first value and the

occurred. 9. A nethod for automati cPeT/F8EN5/019923
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we@u@ati24789 occurring in the field of view,

correspondi ng respectively to each franme of the
plurality of frames and conprising evidence that the

anal ysis conprising, for ea¢h frame in the plurality

of frames, using a locator to adjust a position of a

region of interest in the field of view and anal yzi ng
the region of interest; selecting a plurality of event
frames fromthe plurality of franes, the EI ural i ty of
FGAMVAILF FRESPS R auRETGbsiatisticrf e wbset offthg plurality of event
pdiectiad wiightbndevent detection wei ghts; and deternining,

responsjve to an event .anal ysjs.,of the subset of the
STGRANT logion o Pa g A it 6 P Gt oS TEE e Phmine
eheing the @senoless deduaed. 12. A nethod for automatic vi sual
etectio an _event ri sing: capturing a

e 2t fhoipr Pbri sl SHERIn el rent BENMIIRY, °
¢aptniega plorafity iof framges asach fagrein ge phurdlvyoofdiiamen@iprisihg 4ni imbgk of
9 Iwo\-/diﬁxﬂsioﬂalmfd%lﬁ vilg\p ﬁma\ﬁl)ﬁg{r:%i: Q\Féﬁt%cé*m' conputi ng,

responsive to a visu nalysis of “the plurality of
¢qmpuytieg, respopsive talaivisyal efalysiz efithe gluralitytof Gamesed pltwality obevshi

8428 Q&é}ﬁs‘} Eeicﬁ Eveme%{ion%ei éhg &t o ﬂiﬁr@h& by ev%t ld@t\é&tﬁf% weigh

t:
detection wei ghts correspondi ng respectively Q.eac_hS
sqrigsRending respsctyply tagach ffams ofthepiralityofdramsndicempising evidence

B tRERER id RaAmindif dRVRRAlf kiswoccurring in the field of
view, selecti ctivity apal ysis of

) , [ to.,

felrsting 4 prugplity e%?nt ré%%%?&%é%geﬁ%‘?f%&@w@ﬁ the glafabfm eeptyffpmes
le‘rrequfc.[h{lg &m?ﬁma oi‘{he ?lul'dif?y qmbmadejtetcﬁoroieights?ms, t Ee f

ur al | ol .even ra S.carre n n a.Su 0
oty SprRbs el Bl sl AT I SR Gtar R PuteDp s Siter flae
aeighty sihsthe girgmvers hasgcamted rtherayem Analycisicoreprsingtagexhétemg t he

' I i . i 1t . det i i aht ..

{eptind B8l HTOHES AN LI B BEL PR o ElofiKotiona
pogrammingdangeasel exi ting the active state when the
Y0, S U AR S dupn8dPRtRid dta@bvehtY cd priﬁ}{§ nt

detection wei 9hts that each indicate insufficient
epiugahe lurality of frapees cpedrfanedn e plyralifyry fragerromprisngAnimpgg of

5 BvoRRRsso8al ie1d 3PViBY BNWhieH YR Sdhioc@fs;t he subset of the
etecti whet her . th

lurality of event n wei ght
PR 8poBRiva P Al alysia ofibe RS of ramhaltrmiy of eepl
ﬂ@écﬁﬁi W@@ﬁg bach _Bveﬁl\/c&]fbbﬁonwghf J)ﬁlileﬁfgliralii% bMgerd detectiortl] weights

uman- machi ne. interface tq speci e event, the .
SRR R P Spp e ARG o PAgE gl evidence
thapheavem ¢ cecyntingriathe figldof viewanes, each franme in the

cal i i Si . i (o) .
e e e DR
owctposdingiop subisei gf the plopbinof ent dstegtioniveights; anal ysi s of
bur :

SpFmiind e} al @R Pl Y o 8 evnt dteion
yeights whether e eagpbhas oganredsandn wei ght s

wherein the steps of the method are performed at a rate of not less than two hundred frames

per second.
11. A method for automatic visual detection of an event, comprising:
capturing a plurality of frames, each frame in the plurality of frames comprising an image of

a two-dimensional field of view in which the event occurs;

t he P EFUS2005/019923
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correspondi ng respectively to each franme of the
plurality of frames and conprising evidence that the

we@u@ati24789 occurring in the field of view 5 sePeruUsIgs/619923

plurality of event frames #fomthe plurality of
frames, the plurality of event frames corresponding to
a subset of the plurality of event detection weights;
and determ ni ng, responsive to an event anal ysi s of

the subset of the pluralijt det ecti on
REPYHISSTCSRRARYHE A VYR analyain of e thsa%‘u ?ﬁ@aes 3 pfuralify of venim
de%u@utr@gm tah YiesitRtectib@tvipht é‘;ﬂ’iheqflurﬁﬂy efMBadt detection weights
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thatatreesent Gropeurtigig tha field wRgew,ahe Asualumalglsin@inprising forfehddlfidme
Ofth vhu%v &ﬁ\qaliwn{egh the event occurs, the event
nﬁ’ % a notion of a predeterm ned object; a
wsms @éncaiantql aligita ppsﬂmneﬁ g reghaef ot & fieldof pﬂ@w,sand e to
4391 ZIH% ﬂié?égiowfﬁferefs{a a plurality of event

ach event detection weight of the
sglectinglaipluyaligs ofeemh frargestieoet theplurglityef fijnees, thepluralip oheyen dgrames
%ﬁ%@@ﬁﬂg’tg b ¥utk&@ oP@E Blufaﬁ@%?e\@ﬁt dehBridlviiighls! 4 Of franes

onpri sing evidence the event I's_occurring in
qetrEmining] 1gsPERsiKite.gh event §’§!15@’ét°f ’E.lilﬁ subs @Ede Plurshily of eyealdetsctipn
\oélgmﬁkvhétuer@fe cQMBhRds ofduaBs fromthe plurality of
{; ngs'gth > | ural. |t ({eveveng frames carresponding to

gthagtor; gfomatic,yi PLRENHMREINMS N wei ght s;
aptilrif)} Bpluraie bf fraims | eich fnfeinhe §lsrahfyaff frek@ésebfiipify, an image of
esponsive urality of event
4SBREPRR g RS AT R SeBhe “has occurr ed. 15,
chnpyiitgersoosivedio b vived amlywis slib¢ pluelity of fromes of pharditp visavent
I

cge Ao V?étl%l% ?a"éll? g\%ﬂﬁ%&é{e&ggc &ﬁtﬁcgf ﬂlerb?llralﬁyﬂ&teld{n? ﬁet%tl?n welghts
Jorrasperdlinegespedtis ely ép carh framepé ﬂ@ﬁnluaahtmff@nnveané Wmmsmf; pdflepoe

tﬁitﬂié'e%é’ﬁtis%cé’ﬂ?ﬂu&h beegyentwoccurs, the event 5
conprising a notion across a fixed reference point; a

}egtulg4 fe%l)ﬁ%%“%‘i’ an PHyyasdysypfthepbiplite fevent detssionyeights. a

pravatitp bkvat |ﬁtaia‘1e50ﬁ'onﬁ {he PRfality®df fthiiésgdht bliraby of ¥R frames
ent detecti ht. of the

det ect
19%&55? n?%}o ggubgwﬁfbe E?E%PF(%VﬁnwgiemwggM&%sﬂaﬁ Hgysis
croﬁﬁﬁsm‘glvel y to each frame of the plurality of frarres
G ORGSR B LSGE s 85 il FPBELT
1pdhcatealsuﬂiy1emfev1émmﬂ1atftheaavem isfacomminighendpl ural ity of

) t
SIRRE BB L P ol e’?‘ﬁﬁfﬂfﬁﬁ%i%?egﬁ&s :
wightsethat each mdwamnsy@”msntwld@@s that thagventas eocuriing: gnd
d %ﬁﬁiﬁiﬂg' T s%oﬁsﬂfe rt(h%ﬁl SILH? mysig bf b Qb BF tﬁ%ﬁl&ﬂl& bf @J\éﬁggtectlon

etectron welg her the event as occurre

veighiss phather dee e&fﬂi‘f bﬂﬁﬁt’quée% sual detection of an event,
BONP Al ik for automatic visual detection of an event, comprising;

using a human-machine interface to specify the event, the human-machine interface

comprising a logic view;
capturing a plurality of frames, each frame in the plurality of frames comprising an image of

a two-dimensional field of view in which the event occurs;
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a capture process that captures a plurality of franes,
each franme in the plurality of frames conprising an
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event occurs, the event codprising a notion of advance
and retreat; 5 a visual analysis process that

conputes, responsive to the plurality of franes, a
plurality of event detection weights, each event
detection wei ght of ral of _event detection
GPRyARS reémlégﬁ&ﬁ&vﬂgnaﬁségﬁ b‘é%flgy f famete A PiFalfref gtent
tisrextipi wéigtts, bach@bent dedaticn Weight 6OHPPTinAlIH 9f emntdieaa&mtvda@hts
the ev i S _oc f view
e o A e e T
thatatheayvedtisoovcdriing jpltherfeld dfyieef frames, the o plurality

2y e S f.Lh
N TR R U A
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t .
A e e g 0 e
weiglgprarchptbervhesayent baseacestelon of an event, corrprl SI ng: 5

f.capt éjzﬁt@m%r%f%ﬁﬁnéx@ﬁ%l déé@ﬁddﬁ)?él @exﬁ' déh@hént@’ of fr amss
each franme in the ural it frames conpr.i si ng

? FARYES REPCCSS WWP&FWQQ%?QI ffarnﬁ gachfiragp gW“? Plusglity eﬁﬁw

etRfibin®GiCitHage oftal@o-@W@AdiordDIEN ¢fSighdn dMich HeRFEnEEdclu, the event
manuf.act ured qbj eﬁt lpasg ﬂl? through the field of view,
PMPrSg R meHoR f SPEIHFBEEE 89%8%at conput es, responsive to

4 Vieuabanalysik i)lbyesoiﬂiatfcbﬁmi& re@ondmmaﬂiebyxrahfy of\raits, a plurality of

det ec t h f th
SRR B B o R e R R St e ot

nglpecnmespphgtng mspecivhly i anlefrmﬂe ¢fme qhirahtsabﬁ frapepdndfcomprstng

Qﬂi%n%mg%e%%éﬂgis%wu%ﬂq EH?& of iy, EVENt 1s occurring in

a se ect1on process that selects a

pielpction; prgcessithag sedagts aphusalbsofeyanharanies fiomtheplirelty of frames, the
f)lﬁﬁﬂfg%fev‘éﬁl%ame%&ileéﬂoﬂdu‘igtoﬁ\éﬁﬁ& o%megﬁﬁahwfev%ﬁm&%dﬁgveﬁgﬂts,
set of the plurality of event deteéection weight
#d 5 an event anal ysi s process that determ nes,

RSP RSIINR phdeds ARt SkEpBRbs, REpoh§R: 1B iHés@sbilof ﬂﬁfpluedﬁﬁyrﬂf event

%tectl o) L%{e}fgﬁﬁ ﬁzger th event has occurred. 18.
t@?@’t%‘?ﬁ yeuE °§‘i'.1‘§F ‘det ection of an event,

tONMprA gstag forauiﬁﬁp)ﬁomiﬁalpléﬁafbﬁ of dnfeRént CoMpLkigS a

$ ?agtture Tocs s(%hat gapﬁnes 2 I]i)lur:%&hof frg%nes eqe \Aggjgee %%e:&%lﬁlﬁ X%f?a%}ea

aﬁnpmslgg\gn lmagﬁhuf e mct-thmemaltﬁehmf wiew,in whigh the event @curs, the event

GRAFRGLSL A ARG flordDd pcf. O an obl ect in the

_ ew, a visual analysis process that
wm@mnelgsis pre@wh@ icoraputes, ltefmenspdem the plugalityfof framgseaplurality of
Q/Ieﬁ{rd@tleétfo)f w@f‘ght? Ve%ht erﬁ H&@hbﬁ)@'el '09{% ?lruraﬁ@%l? YEdllection

det ecti on wel g [ ura event etection
mg@moge@eﬁmwﬂ@iwg tof e@@p@@ﬁ Oﬁ 816 pluraityee pmes aagrgorgrising
dvitRndRl ik Bk b¥et i9 bedirMBRShAId SIGARN: i Si ng

a selection process that selects a plurality of event frames from the plurality of frames, the

plurality of event frames corresponding to a subset of the plurality of event detection weights;
and
an event analysis process that determines, responsive to the subset of the plurality of event

detection weights, whether the event has occurred.



10

15

20

25

30

wer@stiz4names fromthe plurality of frames,

evi dence that the event is occurring in the field of
view, a sel ection process that selects a plurality of

plurality of event frames @drresponding to a subset of
the plurality of event detection weights; and an event
anal ysi s process that determ nes, responsive to the
subset of the plurality of event detection weights,
whet her the event has occurred. 19. A system for

Hut orfePplemfqrapigmatiraiiwalideseiiog et R RMPIE Y Dri si ng: a
& Eptubd RodRés A6 Sa‘@tdré%&tphﬁﬁil%f dfffRfhed edth Wamb inftie Slirakity 8ffnes

each framne in th ural i f frane npri sin
b Trat s o T g ek SR SR e CHerR e g e
mﬁtm@@muﬁ@ofthn@mcntetrwnprl sing an incorrectly
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QVhI@mp%Ithﬁt theievept leﬁcq‘ummthaﬁdd elongw;i si ng evi dence t hat
égéﬁcﬁo\ﬁ%%ceéﬁha%‘efe% bl ﬂlgallbgifte%t frén‘fés ?rof?lft‘levﬁhﬁﬁ or frames the

sel ection process t ects a plura event
plumalits of ¢ver) fiampecopepprding tg agybset pﬁﬂi@ slurall?sr@f prent dgfection vepfghts;
gdent frames corresponding to a subset of the

plurallty of event detection weights; and _an ey,

Frpxpey analysis Percess dhat deiermies: EPROPHERTO theaWhsehed fhy @luf"’é‘tyt ‘ﬁé"em

@dﬁaﬁ@iw@ghtg; {Betlitk the @kdnt has 0fcut¥E Nt det ect| on wei ghts,
1¥St em for

t.h
e o i st e GHon o dn e G REB ey | o1 ng: 2
a:apmwmoqesrsmmewutds atplueadipt af framesy eqeh fravad intthe phdrality afffesmes
CO%&I’ISIH%%‘H%% \rI]\D rt]\z?o leenswna]]tﬁ/e%do v%\r;v&}g?vﬁlcﬁglngven§ ccnlg'ﬁéﬁ%ehevent

di nmensiona
@mnsmmumomcﬂa nyngfactirediohadoy phssngrhwogsbe fididiof iawput es,

|
4 AARPATHEpbAsd i Bihplhd) *e%}“mﬁ’egéﬁl%‘?ﬁ%’e@é?%%%%%w?@f
gyentidpigction weights.topchysivens detpntioniweighitof e plyealityiof gvent detection
ﬁaéﬂtéi‘&ﬂ@éibghdﬁ% £ 9sRea ’coVé?aHVfré& S? ik 4ia 6 kel A€ compﬁgmg

luralj tx}s frames, and n$)r| sing evidence that t
‘?é’\‘ﬂé?ﬁeﬂi‘aé Yt is P‘?ﬂ;}"ﬁnﬁ“’tth%f?l eiviEWBf view, a sel ection

fs"ﬁléetﬁﬁﬁ)rdclbsa&hamleet?bgluaah@l of vt ﬁ'eh’ne@ froﬁ\ﬂfériilurﬁlftﬁblﬁi?arrfei &HY
r I
Bf?letigﬁ g Iﬁﬁ%‘est %“SSPS‘E%B?&? aB‘?’ ‘{%ﬂgﬁlﬁPlﬁVg‘% F?x"ei\gt?‘fg‘&fé’ﬁtwe‘gﬁts

adt ecti on weights; an event anal yS| S process that

gl?ﬁ:tveenrtma? ysiy g{oré:eiss oﬂdsetv\e/ i %%oregp%g 1vse ﬁl%ts tﬁ éolé@lgﬁ{araﬁé%lfle‘}e t
@@cumrmghtsawhbﬂwnﬂwouvepmas pcouuelss t hat produces a si gnal

fghat 4 s§st§-}f gocf‘ g&glﬂétﬁ:%g%wfd&gctﬁn bt ABval 1, cof fgrﬁsa the event

occurs or autonati det ecti on
afapiare peecesyihat @a@‘m’gs 2 glurpdjty of frames, each frame in the plurality of frames

comprising an image of a two-dimensional field of view in which the event occurs, the event
comprising an incorrect motion of an object in the field of view;

a visual analysis process that computes, responsive to the plurality of frames, a plurality of
event detection weights, each event detection weight of the plurality of event detection
weights corresponding respectively to each frame of the plurality of frames and comprising

evidence that the event is occurring in the field of view;

t heCT/US2005/019923
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a capture process that captures a plurality of franes,
each franme in the plurality of frames conprising an

WO pga24H9 a t wo-di nensional field of viewin wiTOS1008019923

event occurs;a visual anal y8is process that conputes,
responsive to the plurality of frames, a plurality of
event detection weights, each event detection weight
of the plurality of event detection weights
correspondi ng respectively to each frane of the

pelectign prgeessithat selasis ¢ phidited iwpant Bammeg fiot teplwality Rbframenche
BIMEBIRY of SveRTathel ER@spoRditd '8 fsﬁb%!;t%f@lé MikBW, of @ventd BlidrOfeights;
process that selects a plurality oF event frames from
e plurality of franes, the plurality of event franes
SOIvER SRORBIpRied ‘ﬂlaﬁde‘ﬁéﬂxﬂ&@i refonkitketo Mlelttibrbd df yhe @lur@ivEstevent
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YRhtiReald weldfits SEaPReht Yl@t‘eéﬁ%n @/Eghtro@ ﬁﬁ?ﬁﬁdh‘tﬁfof le®nfdetection

nunmerical statistic of set o WféTpIuraltyo
weighis coetnerdingyRsPRRTVEfl ﬁ%eaclaﬁ@neaﬂf thephality,pfdramegyng gpmprising
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HP éﬁ’x“ s, the

ggplecliongyocees il pieck aPBIFEE A Y ames dordtt R e
SluRly of SRiIfaines dv@respdndidgtb dsebs@ oo the pRirdityalf eveafdetecish wkights;
%Idural ity of franes, each frane in the plurality of

ames conprising an image of a two-di nensional field
af event evalysis prdeess that determines) tesosivir to thegubsitsodi éle phurdityyefiesent

t pive to the plurality of
?&e%‘i&isém%}psafwh&ﬁ)e{?"ﬂ# esé?h%\?g&?gdet ection weights, each
dentA %réttleé‘quamnmm vigel defection of 351 ayent] domprisyfg: event
?@%ﬁ‘:&t ﬂr?d@ss‘@ﬁ%ft budes %%Mr&%p&f 'Mn@@ edch %Qﬁg fn' tH@ﬂlNraﬁt? ofRnfs
0 ural ity of franmes and npri si ng

OPIDHSAE & ImRgR of@ﬁ@O digepgionplfiekof yiewipy ghxchthp ﬁtéen¥<?°éllfélé of
Yigu anﬂlyéi@in%@efsd R c&hﬂﬁ@sl%saomte t§§1la smaﬁtya)f PrlarHésaz!l pitiatie9or

event franmes fromthe urallt
peRtdgiertiop Wetehis, sach evmi& diop WFlﬁéé’gBlﬁa W@tyt%ﬁ e‘aen%%&%qn of
waghtmdﬁlé@bhduyg edfpe@ivaliito Shet Rhid T the\pRirgifit &F framand Bopridfil

t hat d [ toth
Sipuseite R frarE porbte i B PR et oot | on el ght s
adeisctivarprices tlew eelects laahuahqoofevadframds érom\tiergluralitgbfifeanes, the
Uidfis oF ever%I}PaIrrlless <|:or1]1%s ncfm%tbg bsét%gth% ﬁl%[ l%f%?%vegt%e%a{'o‘q eweights;

Xpressi'on in a sy tant T a
@yaver xnadyfsis arm;@sa‘ﬂametemabs psmgmmtn%gubsaw@ﬂnaghralimf eyknt
Eéfe%h&f%%ﬁ AR e Cen el ld@éungcpgrﬁf“t ion of an event,

conpris
an output process that produces a signal that is synchronized with a time at which the event

occurs.
21. A system for automatic visual detection of an event, comprising:
a capture process that captures a plurality of frames, each frame in the plurality of frames

comprising an image of a two-dimensional field of view in which the event occurs;
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a capture process that captures a plurality of franes,
each franme in the plurality of frames conprising an

event occurs;a visual anal y8is process that conputes,
responsive to the plurality of frames, a plurality of
event detection weights, each event detection weight
of the plurality of event detection melghts
correspondi ng respectively to each frane o

apisypleanqlysjs RapoessthpRampies resapRste 4 thyplwpliy @ﬁ%@nqsmtlurﬁlﬁé of
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event detection weights, each event detection weight
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a capture process that captures a plurality of frames, each frame in the plurality of frames
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-

comprising an image of a two-dimensional field of view in which the event occurs;

field of view in wiThs10082019923
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evi dence that the event is occurring in the field of
view, an activity analysis process that selects,

wo empansive to the plurality of event detecti oPCT/US2005/019923

wei ghts, a plurality of evémdt franmes fromthe
plurality of franmes, the plurality of event
framescorresponding to a subset of the plurality of
event detection weights, the act|V|ty anal ysi s process
conprisjing an active state that is vvhen
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occurre 7. A nmethod for. aut gmatlc VI det ecti on

elpcHiampaecess iyt sstects & PRYALIROL eveg eéfrﬁlaﬂl ‘6?1 Y Pirfpmgs, the
ﬂ{nlalit’si bof évignt@fambd coifeHondRAD a kubseref ihepluaity PF evend deteytionfweights;
frames conprising an image of a two-di mensional field

’B’id view in which the event occurs, the event

0Tt Bsaly’y peocess thanfeteoﬁlnanresmpwto e cuigetaf haplalitytof event
th event further conprising

%?er?‘éorn{}g%{%h%gw wﬂj‘é Q‘b‘?gdct is located at the mark

Poi nty systbmcﬁcmammatrce@spdrdsmmenpﬁanaevdint regmpisingt ysi s of the

P rd ks LApRAEE B oA of ks, Yoo i AP 1 Ao
¢omnrls,i@g @s\mggﬁqf aéweﬁtne@mn@lé“w@@f t"ﬁ‘é(tm vhigh p peegt ocpws;
3 @ﬁﬁf G\ E/ﬁé H0sksd he c&ﬂﬁtﬁesf@{poﬁsﬁ}% t?o tfhé ?Mﬁh@fof ﬁ'Bﬁ‘esR{ Mgt by

evenf franes; tal_ni ng pture

W?f@ﬁte@@? W@@b‘éﬁaqweqt éetfoﬁen Weﬁ QF the 91ue¥1tye¢} E‘f‘?f‘t defestifds,
ﬁﬁgﬂfs corresponding respectively to each frame of the plurality of frames and comprising

evidence that the event is occurring in the field of view;
an activity analysis process that selects, responsive to the plurality of event detection weights,
a plurality of event frames from the plurality of frames, the plurality of event frames
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capture tinme of the plurality of capture tines being a
function of a tinme at which the correspondi ng event

wo c@sa24ms capt ur ed; conputi ng, responsive to aPCEUSINS/019923

anal ysis of the plurality 61 event franes, a plurality
of |l ocation values, each |ocation value of the
plurality of l|ocation val ues responsive to a position
of the object al ong the path in an associ ated event
frame as conputed by the second anal ysis; determ ning
EAFESPRIIRS 5T HG PP 61t ST Ve I aFin A PR
piackss &bﬁmﬁ‘slhlg &l dctive s&ie tﬁa@ﬁﬂdﬂfe&:dﬁdh@iﬁﬁle vigitll arlyeid Yo g co'inputes
at. a ows, the mark ting by

5 e Btiof o GRhat gh M iRien! 3ol td 18 I ofguing e

thaid hexitag tvhinehd visal anﬁlymmo@bm&butbsya phiralit@ P aver® dbtediids whights
me_at whi.ch the

er_.co
B PRLRAR ARl PP R sPorkis PRBs B8 rhe et hod
mf event anaiysgmoom dintdateroets raqumsm@totﬂlwe;ubsardf thei phneality of event
he plurality of |ocation
ué{s@&%&f %&hé}l%lf%g ltJfleys%C‘%ﬁ)r(‘%%\pture times. 30. The

%t hd‘dsysiﬁm@ramwm visnaleletsictipntofian eyentyaompssieg: par abol a.
g’ﬂuma];hﬁacﬂiﬁé Rt Qi Lﬁébﬂh&ﬁe ev\@ﬁ}e&@h&m&l% iHE MRrASoAfkising
ag)g]é and determning t mark’ time further conprises

M®#hi ng the apex of the curve. 32. The nethod of
& baptund phdoesshi EpilestapRur @MENrabREBAch B8me 1 thd NWYamY 8Nframes

the flow event co rising %l on of the object across
IRPTisiag R0 iFBE L a“@%r mFPFéOq%’efi of vistv ig ichhs pvenipreprs; n
i VisuabataRtis pleaasg ﬁlﬁQSm@Jté‘sI fegiseslﬁweﬂk plutdliey oFFa@kCa pMﬁnﬂy of

t |
Rielo3ign helaBls, it S APRAHRR B P Ity TP et Fom,
weiglapancespanding tegpectiely tqoezmlnfrarhesoftl’req;lm;pmy(ofdfmﬂehmd [eadnprising

%v?dencerh?atﬁl%tebe%g %I:cuﬁ‘lng l{rt}]g{ﬂd\éﬁer ¢in the plurality of

ranes are capture st anal ysi s and second
asetectjor pgoeasséhapeqlem apbhlityatf egent ianges Gomytit plirelgy of fieares, ttheo
@uﬂaﬁ*«g %fjevfeﬁt%é S Mesp%ﬁdnﬁ}g a Sl?b@et oir {ﬁg gﬂﬁil{?%@ eveht cfé e@ﬁdﬁ‘ v?nghts

rther conprising selecting an ev ype froma

#durality of event types, the event type corresponding

$rQevbid BndRis ipRIdesd that NEor@ibL fé‘époﬂilmg HeRGbsRR fhe pRPfilty of event
wherein. determning the mark time is responsive'to the

defretion e Wéefher}i‘eﬁf'é‘f}éﬂsnofwedaut onmatic visual

ziet eqt méihbd&&dzufoﬁﬁgtf ﬁ!;lfagietbf:tl@rbn@ivb@&hng &Qﬁﬁfdn? bt?ﬂmsﬂg
that .c 0 ra

GRBHP Fofalty 5P Faie greriPlet 5 iy e foPpstegn e of

a mghmmfsloml fivid ofiviene inswlichathe dviertlodcuas the eewt dompiidingd métioa of
%I&:t a?o%& %Em tﬁJbeathql\é%% a mark point, the event further comprising a mark

time at which the object is located at the mark point;

choosing, responsive to a first analysis of the plurality of frames, a plurality of event frames
from the plurality of frames, such that the first analysis indicates sufficient evidence that the
object is located along the path for each frame of the plurality of event frames;

obtaining a plurality of capture times corresponding to the plurality of event frames, each
capture time of the plurality of capture times being a function of a time at which the

corresponding event frame was captured;



10

15

20

25

30

wa@2ovnks7v9 me at whi ch the object

conprising a notion of an object along a path, the
path having a mark point, the event further conprising

point;a first selection prégess that chooses a
plurality of event frames fromthe plurality of

frames, such that the first selection process judges
that there is sufficient evidence that the object is

| ocated along the path for each franme of the plurality
eFnE{ag Fespangifieie a seeond aralyess pirtheriurglity nhgversitagien g phyrality of

RlcaHoR vhthes, Qfh SeRbyud If R DIurdRity TR vaBled 1spbive to a position
plurality of event franes, each capture tjne of t

. . A he

B the: chiget YJongithepafhyip prasgqoiped ot fiamesseomeutsddyy thysecond anplysis;
adteritdtiingthd Mgk GME LESPBE PG BF BbBitioh KAHER aibde FlaRlity} e ehiptude
first analysis process that conputes a plurality of
[B&a#M%n val ues, each | ocation value of the plurality
plodicigatsighsl avadepastimethidsliRivg ehe naarlatinkolsi 4 detap imdrvdl.he

j ect, al on e path in an associ at event franme; .a
281 orhenelt) of Q8mP dnckle Al BRRAEHA! Sl of e g
issi agpolddieoypt ehtanedtaya wrhe dtodbarch tterrovabendiig aveit framge was captured.

ur ' Noll .
B o te B o ARE Y ot Ror il B ol oo S Bk Wl
teetheplurplife ofpcationtenlugy ardribaplyrality o3@pturpiiimesyst em of cl ai m

30, AR dSRARMCAPH A En th BRvES o bRSboR Ural ity of
capture tines i s an encoder count obtained at a tine

3t wihe methpdofidpip @3 3d8Inng event frane was capt ured.

#9 curvd s sy sjegmn®f cl ai m 37, wherein the second
rocess ittin curve to the

nal ysi s C ri ses a
eq ety mark Fige ST FoaT S PR e WP FELE Peof
8APt Uhe mictho@sf clafkh) 27, Wherefithd ot @bmgrised A MloFevemhie Bovneviehie
curve. is r.abol a. 4#‘ The system of claim 39,
WP&‘P%mPﬁ%&?E}F\?EJe%&&mﬁ IPEXP°"%nd t he second anal ysis
P3. oc &3 mkethpd bislairg @Tprhesmshakaytre comprisesp sroke evprexdthadtrokdwyent

. T =Y wherein the event

gdgﬁ%lgllng éxgtlon (JT? Fld\é}fc%taﬁmegga[t ox?%tp% %Zh

jd
-

es a ow event, the event conpri sing
Fbt i ot oethodhef odarn 8twhateinoss t he mark point. 43. The

Y LR MAsQh afck@ln) 37, wherein the event conprises a
stroke event, the stroke event conprising notion of

darargeinhisdherper e ratbong the path. 44. The system of
84.ai MhS hethW&X cRiih 27, RihelRtihe JhalitRbr PHRRY are 35puréd) Srd TRY st
gn(;dnt i S thg apex of the (ﬁ)ath. 4?. ghe ;gstgm of claim
lysi, A Seson SIS A5 PSRBT GLAREE Of g} fess tharfvo bundicd; fragygs per
geemdess, and the first analysis process operate at a
te aof nat |ess t? wo hundred frames per second.
51% Tﬂg “é"\%f‘;gﬁ‘fﬁ%’f“ f@ﬁﬁ’ PRt her conpri sing
selecting an event type from a plurality of event types, the event type corresponding to the
motion of the object along the path; and
wherein determining the mark time is responsive to the event type.
317. A system for automatic visual detection and reporting of an event, comprising:
a capture process that captures a plurality of frames, each frame in the plurality of frames
comprising an image of a two-dimensional field of view in which the event occurs, the event
comprising a motion of an object along a path, the path having a mark point, the event further

comprising a mark time at which the object is located at the mark point;

is | ocat ed atpPeheEsIas¥19923
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a second sel ection process that selects an event type
froma plurality of event types, the event type

waeoeoosasgondi ng to the notion of the object al orgr/Ukm05/019923

pat h; and wherein the secoldd anal ysis process

determ nes the mark tinme using the event type.47. A
nmet hod for detection and reporting of a plurality of
events, conprising: determ ning, for each event of the
plurallty of events, a corresponding mark tine that is
afirpispleqtion proptss Baticherses PIWAIItE pi avere fremesrfforrb@e plugglity of frames,

mg 1) fﬂﬁtsaécﬁbrnbreesg 108eeS MBI RSOR @@ﬁaen R¥ilidacd thERhOSHET i§
a correspondi ng deci sion point that differs from

lewedé@%eg%mrﬁ AR of thffrelws&»tyaf Ve RIS Ndi ng
diﬁfﬁh p@&sm&t@ymwglufah@ ofl ptusd t@hes GBI BYSndiRg tdtﬁ@ﬂm@ﬂmg

ality. of evets are vari abl r

6 e ech Enniord i oS RT P e s g iction Ok ime a
wlﬁtutﬁemeﬁtbﬁtﬁn@vgnMaWa&apmfeﬂespond| ng report t| ne

t follows th corr rk tine
1%1 é'me}%sils PTOCess tl?jlgcomd)u e a OBIO {efﬁgg\%r?{l val?es ei,?a}/ loFaalPré eyof the
pzhﬁral&y efibationt Yabues wspoes pon diposifionepthe bbjedt aleng)me patlein an

r ing.signal to indicate the correspondi ng
a(r%%rc{gggi&%gpﬂ%% The nethod of claim47, wherein each
graedad phatnsisiproogss thedetermines the warky tine peingthe pliality of leeation values
&Qm’e%ﬁp&%ﬁ%tﬁgﬁ{%g geurs. 49. The nethod of claim

7, wherein each mark time is an encoder count that is
aal ouiprigirecsss that praducpsyesignal afA Fepprt tile theidplievs denmrk ime biepdelay
iaedelr s. 50. The nethod of claim47, wherein each event
of th pI ural i vent s conpri.ses flow eyent,
3 ow 5 & e%ﬁ‘aﬁé.aw SR eI TaRSYTe e gferlpraliy pheaptuie thmeSis
diRhdod ottt obttuhai at @ nme atpeHichi tgcorrespkndinigeRent eﬁmowsd cdptuicd)

ti at, whi obj.ect s.the mark
e B At oF St ipH i st Pross B o B e & e
tp ttherpairéhtwofdcfcamne/ams and themphsaity of cgiturekimesevent , t he

L1 Olite SURRLorERIPSL Sl BRIA0isApaBoipl] oC! advanci ng
0 an reat| ng froman a € correspondi ng mark
‘tlrrre'fhwﬁgngf‘:l@mﬁ@ wherdime at whi ch the obj ect reaches
thd&rREXan apés; add'e Method of claim47, further
conprising sélecting an event type froma plurali ty of
thesepqnd aypbesis: progesy furiher comprisss daiorpining be %pﬁ?éofctgﬁqueepo ndi ng

4par K hd $yBerh 9f ¢ aﬁﬁm n»smev&n ho edchtcofyBdRE a HYW BvenD e IdW @vent
met hod of _ cl erein the plurality of event

OPBELnLIBIHIRP g@gogecfﬁ%wg\?gﬁf kno¥be and a stroke event

43y pe Thbdstent BECIARI T Ofheddin the aveid doprissh £tk et BE ktiakgevent
t he .even oongalve to ﬁ'x humannmachi ne

t
?OHPEW%B%}‘OHQQ‘“IVW%”% m 47, wherein the
de| affhd system vhdlaim37swelesiii ed responsive to a

tneﬁrhnag\mpre]e aM‘t erface.

the mark point is the apex of the path.

45.  The system of claim 37, wherein the capture process, the first selection process, and
the first analysis process operate at a rate of not less than two hundred frames per second.

46. The system of claim 37, further comprising

a second selection process that selects an event type from a plurality of event types, the event
type corresponding to the motion of the object along the path; and

wherein the second analysis process determines the mark time using the event type.
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wo eoospeaaduci ng each correspondi ng si gnal

56. The nmethod of claim47, further conprising using a
first-in first-out buffer to hold i nformati on needed

corresponding report tine. S57. A system for detection
and reporting of a plurality of events, conprising:an
anal ysis process that determ nes, for each event of

the plurality of events, a corresponding nmark tine

that is a function of a time at which the event

43¢ c updnethpd &y dptpctiop andfppering ot 2 PN OL STRE-SPIPRERE t he
dSRFfifIE L O Fadh®vEM bkihé pIERIIRLf vefis)d B EPHUING Gnabeihshans a
poi.nt t hat di{#f etg‘s fromthe. corresponding mark tinme by
fonclion ofadiRsREIVRich R RYeRi BHTYRPES™ and the deci si on
derhiiyifg the corespuntidg mgrktitmetobarydt 8 catdspopdiag deisntpsintthat differs

var i abl e; and an, gut put process that produces, for
fromyipe %‘\Vg%ﬁomg?g PRk gﬁ’f’ §¥ %f(?rfeff’ ogén%{i/eénﬁiorsl l,%el%?" 8?)‘? r espondi ng
tigd dgrisibn ddlaya caospopdipgodhayguralép of events are varlable; f ol | ows t he
o . . | ar v, _
FEGHE R A Bt LBy BBl bl e cing
repogisretthap fedlbws the eoresnonding methiiok by hdelasoniewshandi ng
u@i}{g, e AGEHER of B plurkliy of %3hiS M¥orredpBhdBgiéportiRiceid €ach
mark time 1s an_encoder count that is a function of a
cpireppongding\iigna o infeatebe puepoRdinggarE Bt occurs. 60. The
Y St €18 Blthdal R b1, wHiEH 8dch naAGineaY Sidporidnalth @ time at which
lurality of events conprises a flow event, the flow
HFSP%%&%?V%‘ A¥"Roti on of an object across a mark
4001 Nfrhe hélie GO E1aIAB4ITOWhkiré1@ et blrki tinfes sradpaieséoust thabisa
fti ne Whi ghhit hti obj ect .cr 0SSes the mark point. 61.
Wgo%%t&t’gfﬁa yhigh the foreespondife VM OCMIS b event of t he
30! ur @hd thethodfof eluigrd7s whepeip edch ewentofshierpblcditeofements domprises a
ol QS BRI o EATBED A AMIEBA bR B Ao it pdtlvANCT NG
O ARG Tetreating froman apex, Thé corresp%n ing mark
coirespondggpowisiinperesponsivettp atime at whidhdle abiret aspes dhe maglgpdigs
522 € FENethddof A7 YA ENARh efehdfBeluralfiy 6 ed&His comprises a

nmprising a selecfion process that selects an event
strokseevent.dha stroksl Qe comRyrisige motiemef ap g bjedt advapeipg ip apdetreatinge
TRRPAYDLS HRICOFEFohdHE Bk HnReSspbiifie ¢4 HirRSAVRth 1 oBRktlfeaches
time using the event type. 83. The system of claim 62,
Fein the plurality of event types conprises a flow

ﬁ?/emlhdég@ﬁ}daﬂ!dlﬁiﬂqu]ﬂK&_c&ﬁ@{ﬁngt%pe. 64. ;he systerr:c of
claim62, further conprising,a human-nachine interface
SFlﬁ%{F‘gia%eVﬁgtég’etf{S’nbae‘?%érgﬁy ?ftiee PERY 9 pe. 65. The system
vilfereft] deteminihg tHeltbirdapanding mark tinerigrespohsivean therednt type.
i.nterface that, is..used. inte

6. ChSapdatE bt e o BEr) or b 5 Mmblb AL A6 event
typerasd a stroké evestityrgut buf fer t hat hol ds

54,  The method of claim 52, wherein selecting the event type is responsive to a human-

machine interface.

55.  The method of claim 47, wherein the delay interval is selected responsive to a human-
machine interface.

56.  The method of claim 47, further comprising using a first-in first-out buffer to hold
information needed for producing each corresponding signal at each corresponding report
time.

57. A system for detection and reporting of a plurality of events, comprising:

at eartiI/US2005/019923
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i nformati on needed for producing each correspondi ng
signal at each corresponding report tine.
WO 2005/124709 PCT/US2005/019923
55

an analysis process that determines, for each event of the plurality of events, a corresponding
mark time that is a function of a time at which the event occurs, wherein

the analysis process determines the corresponding mark time at a corresponding decision
point that differs from the corresponding mark time by a corresponding decision delay; and
the decision delays corresponding to the plurality of events are variable; and

an output process that produces, for each event of the plurality of events, a corresponding
signal at a corresponding report time that follows the corresponding mark time by a delay
interval.

58.  The system of claim 57, wherein each mark time is proportional to a time at which the
corresponding event occurs.

59.  The system of claim 57, wherein each mark time is an encoder count that is a function
of a time at which the corresponding event occurs.

60.  The system of claim 57, wherein each event of the plurality of events comprises a
flow event, the flow event comprising motion of an object across a mark point, the
corresponding mark time responsive to a time at which the object crosses the mark point.

61.  The system of claim 57, wherein each event of the plurality of events comprises a
stroke event, the stroke event comprising motion of an object advancing to and retreating
from an apex, the corresponding mark time responsive to a time at which the object reaches
the apex.

62.  The system of claim 57, further comprising

a selection process that selects an event type from a plurality of event types; and

wherein the analysis process determines the corresponding mark time using the event type.
63.  The system of claim 62, wherein the plurality of event types comprises a flow event
type and a stroke event type.

64.  The system of claim 62, further comprising a human-machine interface that is used to
select the event type.

65.  The system of claim 57, further comprising a human-machine interface that is used to
select the delay interval.

66.  The system of claim 57, further comprising a first-in first-out buffer that holds
information needed for producing each corresponding signal at each corresponding report

time.



