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Met hod and Apparatus for Visual Detection and
| nspection of Objects BACKGROUND OF THE | NVENTI ON

woe@bsd243i7 t he | nventi on The i nvention rel ates POI/US2005/019793

aut omat ed detection and i nspection of objects being
manuf actured on a production |line, and nore
particularly to the related fields of industria
machi ne vi sion and automated i mage anal ysi s.
Description of the Related Art Industria
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Automatic inspection using photodetectors has various advantages. Photodetectors are
inexpensive, simple to set up, and operate at very high speed (outputs respond within a few
hundred microseconds of the object being detected, although a PLC will take longer to make
a decision).

Automatic inspection using photodetectors has various disadvantages, however,

including:
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insufficient for inspection. Instead it may be
necessary to analyze a pattern of brightness reflected

wo c@sna1ext ended area For exanple, to detect BOT/@8mPe5/019793

it may be necessary to analyze a pattern of brightness
to see if it corresponds to a transition froma
lighter to a darker region; It may be hard to arrange
t he photodetectors when many points on an object need
to be inspected. Each such inspection point requires
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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 determine the status of the object being inspected.

In some cases the objects are brought to rest in the field of view, and in other cases
the objects are in continuous motion through the field of view. An event external to the vision

system, such as a signal from a photodetector, or a message from a PL.C, computer, or other

2



10

15

20

25

30

the objects are in continuous notion through the field
of view. An event external to the vision system such

w@sgo0a/1s43gnal from a photodetector, or a nessageCT/USIMH019793

PLC, conputer, or otherpiece of automation equi pnent,

Is used to informthe vision systemthat an object is

| ocated in the field of view, and therefore an i nage
shoul d be captured and analyzed. Such an event is
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Some prior art vision systems that are designed to read alphanumeric codes, bar

codes, or 2D matrix codes will capture multiple images and vary the illumination direction

until either a correct read is obtained, or all variations have been tried. This method works
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obj ect nust be brought to rest. Sone prior art vision
systens that are designed to read al phanuneric codes,

wharosapgdes, or 2D matrix codes will capture nuPCT/pbm05/019793

i mages and vary the illum nation direction until
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Some prior art vision systens used wth objects in
conti nuous notion can operate without a trigger using

wa@20vstibod? of ten call ed sel f-triggering. These BYBUSIMB5/019793

typically operate by nonitoring one or nore portions

of captured images for a change in brightness or color
that indicates the presence of an object.
Self-triggering is rarely used in practice due to
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have improved from about 1/30 second to about 1/60 second, only a factor of two. Faster

computers have allowed more sophisticated analysis, but the maximum rate at which a vision
system can operate has hardly changed.

Recently, CMOS imagers have appeared that allow one to capture a small portion of
the photosensitive elements, reducing the conversion and storage time. Theoretically such

imagers can support very short capture times, but in practice, since the light sensitivity of the
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have changed from vacuum tubes to solid state, nmachine
vision i mage capture tines generally have inproved

wo e@snasout 1/ 30 second to about 1/60 second, Pot/YSH05/019793

factor of two. Faster conputers have all owed nore
sophi sticated anal ysis, but the maxinumrate at which
a vision system can operate has hardly changed.
Recently, CMOS i magers have appeared that allow one to
capture a small portion of the photosensitive
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not ki@eﬁrnﬂmmrmpem de&cm chllud|fycal plae aody prodetsogsibave been

d
g%@%ﬂ?ﬁg kegtl%gyth leﬁﬁﬁigo‘fi’l%% Q’irqeg%v:dézx)ébgé'%te &rra{egngaqo ggsF%iﬁfsp%c%srf ng gﬂements

MRhé ﬁnﬁﬂvedqwms o8 emwbsﬁramd mns»perate et mAies inlgreess of 10,000
afReRE @bohdCORShASY Sshal ;ﬁogeﬂ Qfe}naﬁts ﬁ% Eevel%f?rqf’rﬁ{eh ¥ capability

ex erlnental devi ces cal |l ed foca | ane

f d doJigital image pnalysis. evyeven ﬁ%ddlt is ﬁotry@ts@@r pyhether such devices can

bammtwaut@ﬁatedTmﬁﬁaldﬂs,sb&@ﬁ integrate anal og signal

proc (gegm h} qE%d;{s and hot osenS|t|ve el enents on one

subst 08? 818 “Eyanpeer aéa'éf“gF’H‘?"ég phgtodstecioss; angkthe

1i83d0B M gesrd Eimitgions sfeaged madhe vasrmlsmen%sl ieaa ks a%&ﬁéiﬁrﬁgdﬂé&i
eyere in.capabili ar e

t o%'a% g Sn R U o e o b s s pd 0 Geosg e

arlabysip Qmenrh’@rl dstgnuhn arehvinspentiont affvbpets ayipduisiidl hamuAcitrmt ed

i ndustrial inspection. Considering the disadvantages
stMamMrey opngenrRyEN®foNphot odet ect ors, and t he

" di sadvantages and linmtations of current nachine

vi si dhe pyshienentidnyesides sys@ms andaedthdds ghr Btﬁ@datﬂ‘c@ﬁtoayﬁrbﬁﬁs

Al et e oBRAS P o BT B P bt Bt
ﬁﬂ‘ép@m lorwh@h amblyjmt@mdﬁecvtﬂbmmspacaﬂ map betbeaddyaridnigen
é%l%ﬁe gl:aggsj'%ﬁd M@H_écg}]ﬁ;r g‘ﬁes? Jrgﬁﬁlg cf %@o‘&g I %E/ze pattems of

rovi des systens and net
Bess &fliesterhirem erdended dreps, hawdte mm@@cw atuesh on i ebje,

ROGRA AR IESBHahch bk tﬂx‘o%ﬂs@hwérgﬁx%é o g&d%et egtts,ggmaﬂaﬁé

field of viewin which an object to

?W@H@@E‘%‘E ’FHW agdess expPeRsg andaqqgerttﬁ st uphan Brior prgmedhine vision

Syﬂ&g@ andeoperafdRkinilg heBer sp ée@@ Thesd BRRMs WEhEARIs AREeBiRAS
é{ﬁlﬁ'ﬂ gaettegns f brl tness refl ected from extended

B LIS PP ) mAFCE PHIESS: PSR Y O TERe POt

appopuatdylsyhehrdriized oatpi @tgﬁﬂs( aidSprévideQi8hsi SidfidaiiRh €uddBRANS,

‘%ﬁ“‘%ﬂﬁ% l%ec%ﬂ%%” ai gﬁo% g{eiggg{je obj ect | ocati ons.

are 1858 8 “Ftto set up than
pri oWhac the pressnt maentlorsls dinected primarily at applications where the objects are

in continuous motion, and provides specific and significant advantages in those cases, it may
also be used advantageously over prior art systems in applications where objects are brought

to rest.
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w@enspasti ves of novi ng objects,

systens, and operate at nuch hi gher speeds. These

systens and net hods furthernore nake use of nultiple
oper at e wi t hoRET/US2005/019793

triggers, provide appropriately synchronized out put
signal s, and provide other significant and useful
capabilities will becone apparent to those skilled in
the art. While the present invention is directed

pri | at plications where tiie objects are in
cont i trﬂgﬁf CSHENtoR &F 35/aBRA s callprba Yiiprtdesaaidr, that can capture

m@nﬂ&ze@aﬂueﬁﬂ\bﬁfhﬁa@@%hlgﬁ‘m Eﬂb@&&h&?ﬁl@ﬁaﬂi VidioBerd. 2R 1194%3 in
systens I n

R A ROhAAE BRI 5 Rab AL B! e Thorsieat vhichesmes are
a@pe«zdtanéanatyaei calledtht jfiome idse, amuﬂp@mﬁﬁglﬁhat%{olvﬁg oBlect is seen

W rﬁﬁlﬁ)[ﬁe &)% ?&&vg E’I‘amg]ag Elt p(ﬁ:sasn Béiaéee%egy rl) Jflj‘ ?.()VQ) (Singg the objects

sequence O | nmages a
vlpgqs sPmeyspat hetygeen mcqsmgf@mes) ittobatal is eqmprecpemﬁdmam théSFOV

ERNkdASE ita PR WARH ?lﬁ 'rv%gﬁ% ﬁ)ax%gecLYeg and 0()051 %r}s %ﬁlve fo the

ich franes are cap
HHematighe rate, is sufficiently hi gh that a noving

obj ednothsr
JS S o£ & rag}%gﬂl:]bf 'ttﬂﬁ éﬁ\}é#tteeh e ﬁn&f\i/’c?iz \%‘ﬁ Wm;c gﬁaﬁ %hszs %or
%‘Eﬂ dmgo Jﬁﬁ%@éca%ﬁw%nab@twms &ir which thaobisct is located

inshel fiehiadf @ﬂwl dhd gl a(ﬂssﬁlt BRE b&dﬂﬁ'ﬁhﬁoﬁ 5 elvid€nck Main@¥bm each of
ﬁ]gsgr efor dés see rogm nmul tiple view ng

perspect 3 f ‘E‘@ng:?mraél"%"faig‘?ﬁé’vﬁfcf’ﬂph@ machine vision
SYStBIus‘iﬂlﬂantake)dlemsﬁnolﬁdgﬁonaﬁ‘smgﬁtﬁaﬁnfe the invention is a

net h L am c im for inspecting
obj e??tsang agp%f tgo\rf?jﬁ énvglﬁﬁng%ﬂ%% éﬁ?ﬁi‘f’sf‘f’ ves! flgtectigrs faror
defeciing evengs tlﬁjﬁl@!‘, pecusin ttediatded view. Ainevehti ah Be BfobjebtPassingnd
bagd ﬁg;]g“; t Vi dence ob ai ned
FOSUEL fld S b DR D e RiePlon e sP 0 e dofeted
‘@fhﬁﬁqt?q’@%@fﬁﬁlga@iﬁla@@és over prior art machl ne vi sion
Syst A tidnAPdspd¥B l6Bih

JXet_another s pect Qggé@hg@?%ﬂ&gﬁg%gaﬁ bgh Hg(%yh()fg' o Hifires and
ca's é@SWPE%sW@V@fﬂn detection, for detecting events

.t hat Oﬁﬁ?aﬁvﬂﬁagu bf th@m&th&is fheed gaIQtfls MR reséﬁ ifo¥idh £t 3{3‘1}85
=Tl jth é’h thr cE;h the fiel view, an

ug \?E 3[“51 "\‘?8 fhe gEfREs ?Weﬂ#@wm@ viessipg mpectlves and

pdfethys tMonttllmlllﬁrmhzhﬁn,m@ibnfd@fectar i Eﬁlgﬂ@ﬁak@h S8R reliable
ention will becone

Y

bt AP AT Ym0 TG nSbesit s abiss progmove
appurdielative to his eyps vrshhh@heltmmake Anere aﬂmdleaﬁienof t he

et hgghe a8 ent ntion for

noVi N e%mgct S ?S;tﬂ%t @f ‘9{)0&% E%%%ec Fihﬁ%ly WE"“@@F’@%‘H&’@M
serhas? Photpdetecion Fhis liedlm%covtl apduimplifipe mqa&nrbm\a&asamwd a production
l@@tslbéh\ﬂfbﬁ d6! si.an

i o elz StS gﬁ ffe}éﬁt ﬁr&lutztl'iﬁ njla!kjn ﬁﬁ’f q{l}fmée ipthe yision defactor

ﬁzd’f“gé? {m‘%HaJ;l)i IGPPS§"9%FE‘M“0dje’@§Pf as a human inspecting

an ohloeﬁi advRYag BTN b isidh b L1 IS pdsRioR b P £

moves ﬂlro&mh fitel% orIIBJéw and determine its speed and the time at which it crosses

some fixed reference point. Output signals can then be synchronized to this fixed reference

point, and other useful information about the object can be obtained as taught herein.
In order to obtain images from multiple perspectives, it is desirable that an object to

be detected or inspected moves no more than a small fraction of the field of view between
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Anot her advantage is that objects can be detected
reliably without a trigger signal, such as a
This reduces cost and sinpli fiBGSI/US2005/019793

installation, and allows a production |line to be
switched to a different product by making a software
change in the vision detector without having to

manual 'y reposition a photodetector. Another advantage
is that a vision detector can track the position of an
SHspeseive faands.tofigpneworne thap a v nixels. A tlught béreiyj iig/gergratly desirable
gt |s WJ&ﬁmbﬁo?l bR RS RRreARA af:nlﬂ@ ofe- c{ﬁ%rt&tof b Féb Jﬁagﬁeoﬁ'ﬁ%§

sone fixed reference €0|n can t

Ep1relismoAdiners Romers than helessod e & lswslmble {ogh hischeaehieved

Ha®Y sowing oW AR kb RifacRBRYbrobELUP BY FiETidinaR sxgﬁm%gr ﬁﬁﬂ ﬂ'gm?l%te
ht herein. In order to obtain inages from

Bbawgﬁaé’apc‘? Yaigm therframe rafeuts pt Igast 200 fiames/sepondind én anpergsarple the

frahemteddlat teasti4n SpEChesh oY RE Al RhiEP6geckshd préseMBBib lthe vision

fraction of the field of view betweensuccessive
etecior.
rames, often no nore than a few pixels. As taught

her eiAn exerhplarg sypenes aaghy thdegh batplﬁireaﬂdhﬂzﬂyzfe |il§ thﬂl]O @'ﬁﬁles/second.

b t
*E'BE é)}fi’@m%ak&%rs]ggtr a1 [traasens rlvg Hnrggg 3&%&?&% fﬁ%er %Flé nlaﬁ Byorag,
|3101|1 gysieme fThe high Fammvnytallows @emhma Huaerttingt ustnig wryldgexpensive

EEIB ilmtl&gkvhkﬂ IIISJOHI | CI e nt l%@gf r1 g njn&g {)plxe?s aﬁmgs

by providing a su
‘é%é?’f‘ﬁﬂ dMmage SARie t‘lﬂ@ Thedmpser istinterfagedsip aldeadtSlgﬂﬂ @rocessor (DSP)

ﬂlﬁt&ﬁ?ﬁée‘iﬁ%ﬂ‘ Qore?ﬁ@l dafd sﬁﬂ%ﬁb@ﬁslyemlaﬁmg &% V%B&nﬁsuéﬁaﬁa&hods

IS l.east. 40 tines the average rate
%la’b%% atimplementedhy meags of ﬁm@@ﬁ é‘?ﬁ"@fe fomthe PSR i thmeyto
mteeem:h Barheagéfdrillyldambe 1epito GaRih WelinRHde RO R déﬁtﬁre% 1k frame.

0 franes/second, Thi st em nakes use
TiRr B ST are TRM st iAo ey e giedishyfime
e By cagafglly\nagdhong tlsey:sp%ilﬁes oflite ithggh) DSB@d iliuvlidaioiviions

Sl 0EE R B SR N et e PP B pifeogre
mpqtmmm@mogfsysma s allows very short i rrage capt ure

Ui Megne hbifiod cﬂﬁaﬁfﬁﬁl dvéht bALeRbd RGeS tc%tlg‘mg g q1e1§nce Cﬁ%fl‘lg

processor can receil ve
aplying %?ﬁlé@w i9 dewemdmyes that appsaend isiogrustinglds hasgmmd] dsn

\hﬁlung%nt H&Ec%bﬁ‘us'éﬂ‘% defEPtl o@_ﬁﬁ.@ WREbuPYe HRA a%ggéﬁjéxgtn@ {hg analy51s

SO tine to ana Ze each
éﬁ”ﬂ}‘e E‘ﬁﬁlwenf?éh% é’b?blf%ls\kﬁcﬁ‘ﬁﬁl in thefield ofviewneed ed t o
c apt u{j & ekélﬁ;ld}?ifkthf)d msremdemas ﬁlalt% fdﬁ@o@d’\%lu@{hﬁﬂléﬂ?h Sbject ]
H)% ufseﬁé g}ﬁ%{g@gg lllqsysl?og 1?] ﬁ&l@%rql%\“ ctt?qﬂ}gca?ed 1r§e t?lé tr'leeld of
b 8hé Valueiney bok sﬁﬂplﬁ yedimgdbice m%du&&ﬁi hllgh bﬂﬂwféﬁiﬂd%e w th
ntugnﬁerg%lt §llﬁ c!at\e/ easraﬁ) fe o% fével v grg{glﬁ%gsﬂr %Igzel{eﬁgﬁn;gl ar %tccgmeys
aviernve. r%le\ﬂmpdmofsy@taembeﬁshesomeﬂeh dakzplogicivalug |ﬁ1r&1\tﬁi’é§cnbed

eqbq [ .sequence. of fr rres and
A5 ATHESrSSRL AN ST PO
ke dgentsdhaged on imiggrfest evidencoccur r ed. V\hen vi sual event

det eqnb ri*dﬁﬁgg $b?ecfj<ﬁ* J‘n, ? th?scl{lzﬁie%r egc?llﬁtamte I?oedecﬁg gﬂ?er the

a trigger_ si dy
evidence is sufficient at an object is locate in the field of view. If a simple yes/no value is

used, the evidence may be considered sufficient if the value is “yes”. If a number is used,

sufficiency may be determined by comparing the number to a threshold. Frames where the
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woul d determ ne evidence that an object is located in
the field of view In an exenplary nethod the evidence

wo 20052432 f orm of a val ue, called an object deCEU$100$019793

wei ght, that indicates a | evel of confidence that an
object is located in the field of view The value may
be a sinple yes/no choice that indicates high or |ow
confi dence, a nunber that indicates a range of |evels
of. confidence, or any itemof information that conveys
EVidcpesiis eutfiepns e called berive s amesc Nota thatiwiwé porktitutes silficisat dvisince

sz Yatdl P@ffied/ B aHﬁmaﬁ et QEJ co%ﬁﬁés'ﬂ%%l&%efebﬁr bRl ah DAt

no ITHChI ne can nake a perfect decision from an I mage,
HPftFTLBdE 9 ths ReqlieARPlRaNeY A Bese ey stadeictemuiomgtisellp anplies
em@amaam\ﬁkaemgaeaa‘c@foﬁa ng obj ect detection, a test is

made ‘%‘gr each me to deci vvhet er the evidence is
suf f i ¢rEeme ?rﬁ‘éﬁg° ctelgieeion. e ? bieLiasng throghdhe field of visw will

piodwue niuftipte asmW[ﬂaEIeydi?étc_Mle kigh &am ﬁtelb$ﬂi§ wisiol Get@dtérdﬁ[é&ﬁ:lr%mes
| s i Ci i f .S "yes".
%%n(ﬁ‘%% %89@ ussgc SUTYTEy E??& € Fﬁa g’éﬁsﬁf fﬁ“ﬂ@%&ﬁﬂﬁdd of
E@W‘fﬁ&_rq may btelseinﬂuWaag pdrspedives) viasieo b(ﬂldelisafBE hish e @vidence
f{%ltqgé’ ébgegﬂg Focﬁtg’d lﬁlﬂIefﬂefﬁl of ewallsr ne ]J 1%’1c1en%i T% oaeeL% gensfri’tile that

> what constitutes sufficierit
detectiprmelan pbieks begins dvhisya activeiframe is Swnd, hialoeomf énguntiis: ninber of

¥dnSdciVe ARt SR EAMeDAS Rt d %@H Jnsb% RN ggér%ﬁrpx% by a user.

specific application at han eV|S|on
aut orfes 255t Phactiys Sameshas heen fonatl iﬂm WAeTTEIPORFER Amopidct Bassing

ﬂllﬁﬁlgﬁihg fisld ob¥i&n ltHEHJs@a[blE B QeM%%nlﬂ%gl%lé farc‘leti eftifrd Whether an

R T BP0 8 e Sty o s o

sdtiee fransis Omlldﬁ‘tg&h‘d uinberldf@@Re fraREPHe SY of 1R obfRt detettidalwelehts,
wever e as the object passes

?1?1 vsereacugl{_] 3§ det cg weight ‘Z&)am

fougn e FreEryv s ‘ere may be sone view ng

per sJée thoyescamples afivisea emndhtdcnmme mfeﬁded\mbd)hustrﬁ:ﬁze and not
t cat n.the fi

RS Rl W SO ik Slo sPERLRR AT et phiia Soans

Ppdactiqny within th¢ spirki obbp emnubegmmnmwoanm drdigar§ skilire i s

f oun d"he &Hhodj&q%aﬂﬁ’é i gganglggl > V(ﬁ‘ve@ : man gxtd &1%2% g CI%U.I l%le

I nact ive franes are “oun : I'S Nnun
fxames t jpspegt pn phiech yhere (finsnect” means tcad%mnnesormnﬁomum dweishe

dnass ohaele Bbﬁe&llﬁdndé%&h 188/hiS Heth8S R Aehnds 8F & bb %@d iRGlde s Whether or
%g thr hthefleld of view |t is desira

%er"tl%l‘rf‘é'lt%ic@sffbasééﬂrmeﬁé ARFFEL her an .
obj emSohﬁaspbﬂdaaﬁb lbﬁﬁfbt ; ndi?ﬁmt: ﬁ%g&te %ﬂ'&ly&s Es%fnbifﬁéd WilAlisal S
ons ne.s i stics.o e ive franes
B 3R U5 e R oS bR e i vent fEeckmpehod e
anky used bydbe dypério image amTﬁ ,meﬂige tEPEA YR oﬁjéptemtoﬂféﬁisﬁ&tslogme
e aboye
O tho B0 bt v e Y R T 30 3B v o
trigger sigdbr ehensi ve. O earl y there are many ways to

acg 0%'5&!3 ﬁtaﬂlg 15%511%5 ltOVC%?éHRIIle Jtlcﬁ:}f(?el t{la‘i }.‘r}% %B e&%&‘i t 0 n

wthin the spirit of the 1 nven SeR
iRection criseria g exsiaplaty. metited, theevidstceds indyerfami of awalagcealled an

oBfeed S sBork, IR InR SesCANYSf D BRE dRPAL Xlﬁéc@ ChrilRes tHe r?AsSectlon

criteria. As with object detection weights, the value may be a simple yes/no choice that

indicates high or low confidence, a number, such as a fuzzy logic value, that indicates a range

of levels of confidence, or any item of information that conveys evidence.
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wWoRkjosar4311 n one exanple of this nethod,

frames to inspect an object, where "inspect"” neans to
determ ne sone informati on about the status of the
t he stRETIESNS/019793

an obj ect includes whether or not the object satisfies
i nspection criteria chosen as appropriate by a user.
In sonme aspects of the invention dynam c inmage

anal ysis is conbined with visual event detection, so
that the actjve franes chosen by the visual event

det ectiestunettheebiost way lrf—’eletsﬁ@sedt%@dstwuqs lo6thel phjeatpass scores,

buth geanaiterhy6dr perbBtiRQE thk Gbjbd 2&? Cdords Nhe Qtlgfug ﬁl'éy algd&)e%g%ned

ect sd f t he invention, franmes
RS SRR Taites SufiiRog reishod avege prapighiedcpercantia s fbaotiest
detédt]mg@eghts Woighted statlﬁi@@éﬂ‘eﬁt@kféﬁf Wi @H&ldeﬁc@ﬁ@g M@a@i‘ij fr&n frames

d t bj ect t
%ﬁé‘gg 4 elc% i Vrli;ce? g’i" énﬁr tﬂ?tﬁhe(?ﬁe ctg&@ﬁ%}l%}%gatégzp Iﬂgfﬁeldtoﬁ wew for that

Ganglence is in the form of a value, called an

obj e ok di cat es of . confj dence
C bt TR e S8l el I ol ek R rofmoey By Gninias e i
mifmat@b jakastt om 8ot mlwr@m of thet dbgecw Al wmalmatuﬂ@es aapomon of
C 4 E?!ac@ wi&Sih IR aﬁllg téﬁttér&%& 0G4 c;tenstlc ofq ngl eg hslﬁ conyeys

i dence, suc as a
nfpgpation ab%laﬁle greseneeyidgrtityy or $teiveaif shewbi ectohght«tanlce&,rmmard bR Yy

pro€se d?fcorhlﬁﬁéﬁf)ﬂﬁt ;ir&réssEJ‘ ScluGap U\ﬁ)éét e ?or}ggect-{{]m aisgifs)rh gr

%the ect may be deternined from st rcs o
Shpdet o Q‘érc%?%ﬁ"@é or iglgrap] g the gbjeck\ps dinestly fipm pevuresritterng to
1hé otijsve Obj ect pass scores. The status may al so be

det er nedt% hted statistics, such as_a weighted
aver 842 Bt QEhe Ry tons s gsthed fos obtaiing gvidenee, isludiag object

mntwenghtS\md gi]ées pastb@Eltb? dn@fé amﬁ% lopératfhf V\;&P&de \srelln%frﬁ
TOI romrtTr S erein e
9@%5@%& gxﬁe\éégp’ f95 cﬁ frawgr? t"ﬁlﬁ% ﬂ}er?éldgﬁf E&ed{e@ I&m}epﬁhs method,
theyiageeahalysis Qmagatlf)m einpueh a wedwremeant badadibn the piRE vallsiisl e €@ion
Jrefer@PivdiEd ﬂ@%e%ﬁltr r?eﬂt i F]sg an%)t%%}) | hd %B}oéfla %{;{g}a&erls{t{ﬁ%]&a

exam ni ng ornatlon
Wikle fsﬁtelﬁéﬁthe P@sct offhe mesumme@tcs conyerted i ddbgic faheetby raanessola

d@@ﬂhﬁdnoéhd(ﬂfe 15@@%?@1; %&nmymg@ﬁs & %é{gﬁ are Qg};xl;mee[i "% pro produce

he aracteristic of em
%?V ?F& or $e feamsy Therogic yahues eande binpry Qhﬁlllwogl@vahss,a\tlm%eof

thl’ﬁﬁolﬂbmﬁcégcauog{btnaﬁ@{beb@ b@ﬁlyfolr ﬁfézﬁ;\é Ypridfe0CESS OrF
conbi,natl {%?%gocess%ﬂ i hcl udi'ng t not limted to
r ef | €€t T6h SV AHRETINs BIgsRACe that ap %bﬂ?cé’éthcgﬁd infthefieldnfisw is
effidtioely défined by thé REIOAY oftirderésh et dddhis, tﬂéshdldg,fhffgﬁéav froma
to.t h bj t th
PRt AR oot i L B g st polctively calld the

nventi
coiftgiugtionag thyb@ sentdetdeioreant be khoaei lgzhihﬁeraﬁl 8bpeddrigts For R 3f/8n

aﬁ;ﬁﬁg’tﬁﬁ of ﬁ]? lnklgfﬁ)igr? Sﬂl%ﬁi!rlﬁ S[hescoo %fg}lg 0#1 tg? %&mo 5 ct%?:] geq%ges what

ions of interest eac

yepeudfiqient giédedesd. | n exanpl e of this nethod, the
|rra% surenment. based.
On thé aﬁ?f;)eéﬁfn{%%:%ﬁégﬁsf %\Q&ﬁ&%% glﬁec? g?tafets e In, g{)ec%l%czfeéla is

alsoy gffeiively; detinad by ﬂ}estomf@w@mcrf\ﬂ@ visiongigtegtomppr opr i at e
Char@uetasiebtSoF e ifent@n includes determining a result comprising information

about detection or inspection of an object. The result may be reported to automation

D

equipment for various purposes, including equipment, such as a reject mechanism, that may
take some action based on the report. In one example the result is an output pulse that is
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visible feature of the object. The neasurenent is
converted to a logic value by a threshol d operati on,

w@pastuts1t ogi ¢ val ues obtai ned fromthe regi onBCD1S2005/019793

interest are conbined to produce the evidence for the
frame. The | ogic values can be binary or fuzzy logic
values, with the thresholds and | ogi cal conbi nation
bei ng binary or fuzzy as appropriate. For visual event
detection, evidence that an object is located in the
prodiiegd ghengiesan phjecefsfletetted & ayloiﬁefexénmﬂe lﬂye rtshhalsrae gutputpulsé
o e el st R in 8, Bt nothorexample
Mestd o5 conggelling a sgiest wa%éhq rosailt § a@awnoetcpulsh@at is produced only for

@gea‘w@amahbt@alsgfthéﬂﬁ)e&ioalcﬁfanget ector and are chosen by
a user as appr 1]prl ate for a given application of the

i nventogRT aspschf|the inyentigniga mehed foppragycing optputisigaals thal asm
dﬁﬁ:l&GﬁlﬁHd 161§ fitag) SBafvdiEddeCRBRL drtoﬂkleeﬁlerﬁ wafleCthBAMdi@ME AROLH-

anal ysi s, evidence that an object
s B Rl RGO it 1 ¢ E{oRn e oA BB PTGASIENR! |
d&fvldesedfohtyatlbmammcﬂﬁ mwﬁbmﬂmwﬁct ih It rﬁanﬁﬂaam@@msas Ofhich can
vention .i ncl ude ermnjn

o of a
R TPt ! Ry SR oG o AT [ o
|nsl§:ect| on of an object. The result nay be reported to
MS%PHQNW i ous purposes, incl udi ng

eqw suc anism that may ta
sone HV‘IB‘H‘OB ﬂlel%? e f“ﬁié “?‘{QBB’PE Eomﬁhegﬁ'@“@‘igé’r?ﬁf@ c{eFfélptmn:
insjhbctios waliithe adcpiipanpivg ﬁglrédﬂﬁherélﬁ produced whenever an
obj e et ected. .| n.anot her esult is
an oﬁfﬁ%“ ! BOEEP AY |a%mn§rvbsbq?é§sgenbghp§/%f“8ﬁpecg8%38‘:&@at hat
Blaﬂmogblyhrtehe i nspection criteria In yet another
exa A tor
oo B o EAISael Pl oRlrik oA A Rpr s "
BRfhinervisionsysterio not satisfy the i nspectl on criteria
ANOt fureSMeRd pridk ark B@pehﬁb‘ﬁ%@ bbiQs dn% pRodiBiol Afie ITISE
roduci ng output signals that are synchronized to a
g‘\tPélete‘ét?féft encoder count, or other event narker that

i ndi Gagues snb@shxﬂnusﬁsﬁve @ﬁlb&iﬁﬁer@ 605586h RiekioXREorliRE f%&ﬁ‘é“ ce

on.a on line. A synchronized signal
gff’%?{}'i 'ﬁ‘?gthnnfl?‘%q"ﬁﬁ‘gl b‘ﬁ"tﬁwm‘%‘ﬁ@q I8&ati on of the object

i Nt Fegureeishbaect timdlingthpuiasasiss a ippicat bpezaing DR lefseLhvidich detector

v aut omati on equi pment, such as a
%%‘\ﬁn%%ggger%%é ‘8¢ actuator. BRI EF DESCRI PTI ON OF THE

DRAV\IFlm 6Tshews atingahing that illstrhtesretypienl epekating yyclerforeridianidtector
&t% %M owi ng detail ed description, in
Wi th the acconpanying figures, wherein:
F| g u nFegurp Tshowen tinehing et ibystratereadiniend omasmgwycb)f@taemmnsmctor
beohIPRAnBR £ OB B REAMELIRA! | ne: Figure 2
shows a tineline that ustrates a typical operating
cycl Elgyre 85hoyps adrighdlpyel Waekiggeanyfos ¢ wisiomJeiqctonin a production

environment;

@

Figure 9 shows a block diagram of an illustrative embodiment of a vision detector;

Figure 10 shows illumination arrangements suitable for a vision detector;

Figure 11 shows fuzzy logic elements used in an illustrative embodiment to weigh
evidence and make judgments, including judging whether an object is present and whether it

passes inspection;
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Figure 3 shows prior art inspection of objects on a
production |ine using photodetectors; Figure 4 shows

w@poosiibasst rati ve enbodi ment of a vi si on det ect PCT/US2005/019793

according to the present invention, inspecting objects
on a production line; Figure 5 shows a tineline that
illustrates a typical operating cycle for a vision
detector using visual event detection; Figure 6 shows
atineline that illustrates a typical operating cycle
for gl 2gHusaeehomorvidgede ispvaghed fog gerami igngd analféignne 7
shewsiveeritol@lehire that illustrates a typical operating
cycle_for_a_vision detector perform ng continuous

anal ye§uee Brillustrates hom-rvidgnee igveighed fos dynamicjmege alysiomgnagher

hiughutivesrtlodilemek di agram for a vision detector in a
nviyonnent; Figure 9 shows a bl ock diagram

prodycti o

of aﬂ:‘%%“lr ¥ Q‘éﬁ?%ﬁ S/ EEBHARN ofd st obsoftyargclements (et oM

mstguetiens fl)t)a(;j shipoer iebdalla:ﬂ_ﬁirﬂ’éa;hin?gke@ﬁi ﬁﬂﬂ?ﬁﬂﬁ%ﬂe&@bﬂi&éﬁ kPanhiQFe
sign.detector: Fiqure ows fuz2y logic

gfﬁéérsf’eﬂﬁ%g Jlbdegélarﬁ P ﬁengehmi’l%’ ﬂ'édtcroﬁ'f‘ﬁ\‘?létp%tﬁ% ¥ment to wei gh

evi déigues Brstowsekertjon dgai?aazzplaxz oefigoliatigh df'd 6ligion detvdi@ ia€ay

c an, ether it passes inspection;

%LS%%%%C?%%@@%?%@Q%OW evi dence i s wei ghed for

dy nafigyre gsbevsanethey pprsion of thenconfigungtivn edriesfendinodhc@atplary

&hpWFeigdd 15/ | ustrates how evidence is weighed for

dynam C | m_a’tlzje anal ysis in another illustrative

embo iyt lluysirgiesragnethod Sor gnalyzingaegiony afinteeesi to meashredrigleess

Ot coiabtWas Gisible@md,S (€.9., programinstructions of a
corrpgt er readabl e medi um used by an illustrative
T

enbod 1SR Husralss method for spabwing rediens of inigrestrie detect sippsedges;

| npuFiguredq durtheinillisirbteOthEiidd f6F BiRIBiRg refibrk ot Srickedt UGS sRp

%orstl on of an exenplary configuration of a vision
gtect or t hat may be used to i nspect an exenplary

obj e€igyureRD flmstentes @ nethouSor amdyiziigregimk bi igkrestfto 8dhkt ridge edges;

conf i I ondi to the exenpl.ary setup of
Fi gur B2t e PO B Pl e SRBRg Hef 5 o e
el apd iilhvgirates ginesthod 6ir ditedting either dtep areidgauigespr i ght ness

and F A\ S - Flgure .18 .

I S0 $honR rofhit Mo taf3h U BBl & iban machine,
iptgriage (FMD) faragiser dqjyjes andmnagipulatein ofdento ket parathéters for déteting
digdshod for anal yzing regions of interest to detect

ste pFigure 23 illustrates a method for analyzing regions of interest to detect spots;

Figure 24 further illustrates a method for analyzing regions of interest to detect spots;

Figure 25 illustrates a method for analyzing regions of interest to track the location of
objects in the field of view, and using an HMI to configure the analysis;

Figure 26 further illustrates a method for analyzing regions of interest to track the
location of objects in the field of view, and using an HMI to configure the analysis;

Figure 27 further illustrates a method for analyzing regions of interest to track the
location of objects in the field of view, and using an HMI to configure the analysis;

Figure 28 illustrates a method for analyzing regions of interest to track the location of
objects in the field of view, and using an HMI to configure the analysis, in certain cases

where placement of the regions of interest must be fairly precise along an object boundary;
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edges; Figure 20 illustrates a nmethod for anal yzing
regions of interest to detect ridge edges; Figure 2 1

wo eooshes11 | | ustrates a nethod for anal yzi ng r epdDOS200$/019793

interest to detect ridge edges, and illustrates a

nmet hod for detecting either step or ridge edges;

Fi gure 22 shows graphical controls that can be
displayed on an human- machi ne interface (HM) for a

user and mani pulate in order to set paraneters

f or é%“éi‘: i Frragtwetherd fgyanalyzine fepionsafiinieress tostraniethb dation of

plyjectsin ﬂie)ﬁéldl’bg vie® @ NSn®dn HVIE R'cBftiouteh %l%fst 1nScB?ers %vi'hera

urth illLustrates a nmetho or "analyzin
Elggc‘ﬂ!xﬁa %eté’ﬁgesfzﬁ detect spots; Figure 25
i | | uStiguat %Bhavmwhadatifvefep&@s’ﬁtaﬁéd f3fa 5&%&6}%&&@?&@5&&%
$iSoh A% 118495 Al og of ob{mé‘cts in field
and using an o7 der BREPR el yeed industyal programmgng langpege;
f ur t Hégurg 31| sbwsrmmsg dlagrat thatvifl 06 u@d & &BlaidGhoveBida ASEeQbr
bﬁﬁﬁg@ﬁqsa} é,ﬁghg&g%e&he | ocation of objects in the field

vi ew, and using an HM to configure the anal ysis;
F| guFEuEA2fshowste pxanipﬂq;sfmreaauasg the timé hiodhidchan o@&abmggemﬁxed
fef2El i@ fand AEEH C n of .ohje
00 e T S S 3R R o5 B P e
gUidaMsBRee; Figure 28 |IIustrat es a nmethod for

anal ¥iguigs3 EReisan sudit bl a
o c@:ﬁl nSL S fllé dtbof r?lfag%vhsegg eﬁ’gﬂg%g’;“ %% ugesr}o
Ogln? g Fate %feaﬁ H&PYsis, in certain cases where
pl ac EigerB4 sowsla@ortiegoRRSHI for HeLiRRk: b ool Bhdclich

lﬁfaﬁ’% fse al ong an obj ect boundary; WFigure
usttates a nethod for anal yzing regions of interest

to tFigek 3§ Hews e partidwof tinf HiIbfoe GeSconfigurkiRn bf 6t RipeMioh W
e@él ng an HM to configure the analysis, in cases
where objects may rotation and change size; Figure 30

S E owEigyn 3¢ shoes a sertiercofiteiidbontsat doofigukaion afqugﬁ di@hlsof
t
e EiQLE}E B REate® Bneqrzaé/"ﬂf gdnﬁglﬂgthg?&gn(ﬁton oe ﬁ%gﬂ?‘&ﬂ‘?ff’]‘i g

adder diagram a w

dletﬁ?]ﬁﬂéi@@‘m@i‘e@@?@@?%hom a linmng diagramthat will
be urigde sOillesRleab I I's
e s et s G B
AU RS f?é‘“?ll%r%t%ma’@h an obj ect crosses a fixed
r ef efigme?” ifloitrates oy & GafigRARH InkSboPRIES] mﬁ%? %gnal when

calibration, and object distance
c%té(‘?%dl}geﬁﬁ(ﬁ space; Figure 33 shows an out put buffer

t hatFiguse 4sibabtrates gy at @niignRoihs BRnESTo RS S8 Secf Qfnal for
dﬁ'&Y\EbﬁHI%f‘?}feﬁ{‘Jch%o of actuators; Figure 34 shows a

portion o “for user confi guration of object
det ddgurey} illustrates one way to configure the invention to perform continuous

analysis for detection of flaws on a continuous web;

Figure 42 illustrates one way to configure the invention for detection of flaws on a
continuous web that provides for signal filtering;

Figure 43 illustrates one way to configure the invention for detection of flaws on a
continuous web that provides for signal synchronization;

Figure 44 illustrates one way to configure the invention to perform visual event

detection without tracking the location of the object in the field of view;
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paraneters; Figure 35 shows a portion of the HM for
user configuration of object inspection paraneters;

wo-r@ansi386 shows a portion of the HM for userPCT/US2005/019793

configuration of output signals; Figure 37 illustrates
one way to configure the invention to perform visual
event detection when connected to a PLC, Figure 38
illustrates one way to configure the invention to

per f event detection for direct control of a

|
reje g%lglg%fff}ﬁllsgfnes If-“iieé thearggsed by angtlpsiratévs ewhedimeny of 2ovision
deten‘torgmrﬂ@nﬁﬂgappmym pedincied s ﬁas&cf QSIS R b M%%ser

conn ure 40 il | ustrat es one
conf |efq re ttﬁ%hef H@gﬁlﬁs estﬂEf‘t fg wsed by i iYyrativg Qg‘rbadlmﬁnirof a
tisiow detectw fidrleanigfapproprigiefataniiet $anQY baséd Bk Snflds shown bya
lidel-ustrates one way to configure the invention
perform continuous analysis for detection of fl avvs on
a conigurasubusests thd?msg of zepm&-lbéklew Bbp m;toQﬁlﬁsdi\@ﬂie bGect

RRhiaA S t [ ti.on
gontt:a%ﬁlorﬁ[g ah\j\gg dré?(?at Br OV deexstra %F&% R ‘f“io’f‘f‘l’éelslﬂ]‘?bl?resem
ﬁv"gﬁraémgmiomn@@%yrcamm sieeanday to configure the

[ nvemgumgfmtrggtt@é:gﬂe& n onti.nuoys web
’ggr ovi des for sl gng rp(&?%lé r@r%?@rgﬁl‘%ﬁ‘sedﬁ?@l}ﬁ%m&ﬁve
?"F 05 Mat es one way to configure the invention to

perform visual event detection without tracking the

DBEAHLEDPESCRINBON)FETHE INVENTORNI el d of vi ew;, Fi gure 45
illustrates rules that are used by an illustrative

5 t of a vision detector for |earning
lscblﬁsboﬂmfgf‘%r%r aneter settings based on exanpl es shown
by a h; . rther |IIustratesruIesthat
ar e E%&rg ! Shﬁg'%lf)lnﬁ usrfwr'cg't“F VR HBi5e U ip inshectpbigets op p
Riedugtiondipe. ﬂbjectls &y N2.AY, appnd pisinRvelef & @gneblez{ cogegygﬂ 108 $iach
Sq¢l user
P B@&tﬁ%@& aﬁ§ ceﬁ!ﬂgr&ﬂtupe%/ fgl' %il(gihg |1%9 (?Bd%m_ibz“ tQpJCCtS

|ustrates the use o hasaT
‘?FQH%%‘V grapyigctused @@tbem@mwma@n nme feattues, onmay Ka@e algitamtd

feannsst geamel dcP110R) f i.nes that
E‘? resent osz%g(zbss At grﬂlﬁ %%%Fh g)?lg fr?at e%%%éndgl lontlm?ﬁd][‘oémn%
YGUY & RG-S PY ¥R apcoderifl whigsends zmgndflﬁ&ato BEwgtammable logic

cemfoﬂmﬂPIeC)Fihd, used inan illustrative enbodi nent.
DETA}, E) QSES q}l Cﬂ: THE | NVENTI ON Di scussi on of
Priof _]tec move past a photodetector 130, which emits a beam of light 135 for

detecting the presence of an object. Trigger signals 162 and 166 are sent from the

photodetector to the PLC 140, and a machine vision system 150. On the leading edge of the
trigger signal 166 the vision system 150 captures an image of the object, inspects the image to
determine if the expected features are present, and reports the inspection results to the PLC
via signal 160.

On the leading edge of the trigger signal 162 the PLC records the time and/or encoder
count. At some later time the PLC receives the results of the inspection from the vision
sysfem, and may do various things with those results as appropriate. For example the PLC
may control a reject actuator 170 via signal 164 to remove a defective object 116 from the
conveyer. Since the reject actuator is generally downstream from the inspection point defined
by the photodetector beam 135, the PLC must delay the signal 164 to the reject actuator until
the defective part is in position in front of the reject actuator. Since the time it takes the vision
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wdaim5/134847 116,

Figure 1 shows a prior art machine vision system used

to inspect objects on a production |ine. Qbjects no,
and 118 nove left to right on BCT/US2005/019793

conveyer i00. Each object is expected to contain
certain features, for exanple a | abel 120 and a hole
124. (Objects incorrectly manufactured may be m ssing
one or nore features, or nmay have unintended features;
ct 116 is mssing the hole. On many

B GBIS FTBHIH (R BaPeR ot somesoriviebieris e ool o
the m&tmmaﬂa@d&r reldiife tovihd e SRR SHuRk r&o%@lnﬁ_%‘@ §L€ A ﬁttne delay

RL, &80 controller (tPLC
o e past a 1R ST ESE 5 Grogme enstagh sep: é’fﬁﬂﬂ%cﬁe%@mwﬂerls
prefgived. 135 for detecting the presence of an object.

and 166 .are sent fromthe

gLIo? S BRAlP b ﬁ"“"ﬂﬂi‘i%!ﬂ“ chypogidbe pravidedhas approprisie
%cy%rﬂlémor@oousmﬂpapewﬂldauwnglme of the tri gger si gnal
166 ﬁrhlﬁe Wamb R FGE: ¢ n&lé‘éogec% R tlg rg?e §P‘?ﬁ%ﬁ Iglg}%g]e%e are also many

obj. |nsoetsthe e 1o

@R E‘fné g)r dich thegrsodyetion M‘Bm brings objeca0 FestSin FrB& of the vision

dystspection results to the PLC via signal 160. On the
of the tri ger signal 162 the PLC records

It ﬁ:d% 1gﬂr§% ﬁ‘dys&r““?ﬁ’é"o‘aﬁrﬂ Ysiaaigsta. typival ererming atlerof 4 prige atthe
rRichine ﬁﬁeﬂl S&@tﬁmt St wh Qfelhd cg)el‘aﬁngtslﬂa%s fol? ﬁﬁ)ee%rhﬁa?r { hg{{%}op %nd 210.

M:$L9 ) Sid n‘h E) %) vari ous I ngs
SR AP PEPIoNEIPs: thgger @%awe@antwe 230] a@alyeey240, and
f@l@mszumgnba et bedicledl otk 26b 7th Wiligh SLEAN idrd Gﬂlehﬁqeﬁ.ﬁe@%?

[ ect t.he conv Si nce
d?ale‘}glgé t? c%fe ﬂ}%o oy oé%rﬂee{agq ﬂl%%‘f?’felj éé?ﬁ will 33y sigeificantly
amegg)@@hqamnSpou nt defined by the photodetector beam

135, nal 164 to the reject
ct i e e P4 he Al Bellia B AP n e, g as vl oo
pfrtectar 139,198 2 pgysenetfroana RIE, ovmpuSir,roe ethérpiecs bfMRtobdatidiak €S

etllhﬁnéﬁtSI onsystemto conplete the inspection is usually
sorreﬁ!gat vari able, this delay nust be relative to the

AMage GapyTe step230 stargs by eosing ¥ e dimetsniliarmay ath d/ or
pbaesaisitive elelﬁd@ cdl¥d pikéls, G briéF felidlE cAHEL MY mlte%raﬁglp Ors u At e
nﬁsp (T;]anlm & QYlg%beél‘h%)S noVi ng at const ant

othef” 58y Bitet on e a5rap e feats Eaghi pixet @ee@mdms
Mm;sltystﬁ Oght ifdllingron Iit&llhhlﬁg the $ité HiméeOLie %e{hsﬁreg s i W% are then
.Ovarlousne oas we nown I N
B{eﬁﬁ’c{d@ a?m?r%%%ém %%%Fim&e pemony of the ViSRaygect s ar e
| n d?}’ﬁltlg the ensdyzerssern mothe Thieh eys&ﬁﬁ)palaﬁﬂoﬂm@éfo@@gﬂkél GRakdsons
0. S objects to
usfu%r méﬁQJd?Qelf ﬂ%wﬁ?rp@%ﬁ {o et ne tgg%%?ﬁ ok% ﬁ}e Qg;‘eg gljn% H‘ﬂ%ﬁte‘é

rest in front o e VI SI
Dygingdhe rpportsiep 250 the visipn aisEm cambygicata infofpRtied bog et o f

théoédt R t hown are the
Oﬂg a?| aﬁﬁﬁ}ir%ag@ég{&ﬂa&on é\%glbgl&tss}{ﬁ]aargghj Idé] ects 200 and 210.

Th e %@B’@ aSP?WFg’f’ey%fF igspgeiion af obiecs ou r peitiegtion liderisigger 220,
photodgetd?a Woubiefer 26800bjedRako/ £18, 194} Pre, A8 %hbel 120, hole 124, encoder 150,

reject actuator 170, and signals 164 and 168 are as described for Figure 1. A first photodetector

320 with beam 325 is used to detect the presence of an object. A second photodetector 300 with
beam 305 is positioned relative to the first photodetector 320 5o as to be able to detect the
presence of label 120. A third photodetector 310 with beam 315 is positioned relative to the
first photodetector 320 so as to be able to detect the presence of hole 124.
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report 250. During the tinme between cycles 260, the
vision systemis idle. The tineline is not drawn to

w@eaba243and t he anmount of tine taken by the i nPCTES®AS/019793

steps will vary significantly anong applications. The
trigger 220 is sone event external to the vision
system such as a signal froma photodetector 130, or
a message froma PLC, conputer, or other piece of

aut o E) prent. The_ inmage capture step 230
star ?:‘g }o§ 3‘@%%3@?%@@“%15 BpsudispEpipbriedetesiors 490 and 310 on the leading
pdgetoﬁsgramsk frvf pROtEIFRBILE330 BleleRRlindHhY es?encef dt ?eaﬁré?, ﬁoeaf-xd 124 If

|| ed tthe integration or shutter
B B0 AEE 36 i Feretiest SOh e arkay oy swiabieddsed

Eaedwormnxcgier BBaskmete 4 ddecliveloBjasd ffom @88 cdnb@bt falling on
it during the shutter tine. The neasured intensity

B&Ld@&rﬁt,ﬁoitﬂ}gsgn&%l\{t%;lt ed to di g| tal numbers and

stored in the menory of the vision system During the

an al )Fi@r@t @pwLA1ldskivélembsiimSiy of @mlapﬁe%{oﬁactc&ﬁmé Q)ethe
J g%xel val ues, usi ng nmet hods wel | - known 1 n~t
%lre en&uave A SRS ORISCHS P13 Qfgdl@por)(lw@ %g.}né@zter ]g@’prmgports objects

forrgype odlatisle mBetrienibetnieen me&gécfs anll €ie tt;lglﬁ?f ¥1E\b ef \%‘iéli&{ (‘fé'ﬂector 400,
| 1 on ou e status of
CHRLET ST 8 PSSR0 st i
@gcr@ecpf_ocF 1gHie d uA @isign ddetemvs 4@rde@tts the prebensdFeh biJEct BY visual
r. [ ine.using phot odet ectors.
%g%asag‘&i?ngnnagecﬁ ﬁ%%c {8 gﬁbi g ﬁpecfgrhg alifi ct 3 nggqtlve
t@ggsmlh@qtqgtog_ sepds signeloaeio rq@@actllae]r emtto anbwslh@dsbjth Bom ﬂi&d

' &h@e@éﬂ streab® 4ho&dodtP ko @Jng ﬁ?uaﬂﬁ@&rdlﬁgsg@f&%{ecto A grgxr Egses itto

flrstrp t odetector 32 I'STu
ipureRIepef %éay signal 428 frgm tlgprpngqgljeré@pnt whelgel@mbﬂ:ct crosses some fixed,
iphgihag M@ﬁk@poua% wiibdnbrap ggz% it e%ﬁértl 4R PQ%F,gﬁét% o %

bt% tge .i rst phot odet ect or 0 so as to
Jerse P e f&sence of |abel 120. A third

phot bokataberhae endib@imeht, the bﬁﬁﬁﬂ&éo%r's&d@ﬁ@iats't@ﬁ‘?gc fo? Ivﬂo'ué’ e
ctor.320 so as to be able

ot det
p&l@) ok eW}{ %rlgaﬁl rlﬁécz en oe%8 g JreichasalRr p| ¢ 340 sanpl es
si gnil apotB8 Embertim@B Juitablerin pdueinel mga herd sppﬁ&aoﬁmd wﬁérgfhen
vﬁs'ﬂﬁ‘n dleﬁagr' c@&o‘?g Ha?ol}péeteﬁ 0 rese{?cae,:6 5 & (8)} &k a h 9 ood%q%glg_lg ﬁse o

to determne th presenc
dgtsgt theypresence of a@@bmt@gd sends asigualitoghe visiog naectotm thas pEpat.

t 0 I RjyeCnoB&leHBb@hent #idre td?sme)/e 0 j%l:tg%gp rtar?xarsn§ %ﬂf.ﬂ%ows past

encoder 180, to renpve a defective O
thegy FFMP“OIB’%‘FIEOGYJ%PXWIWW#W Iesﬂemasd the/materiad is ikspeptade
céntintieusly, A sighdidbed dead byvifle ANBPEH TR o Rfonftidd ea{ngﬁllent such as a
Pﬂﬁt ect or accordl ng to the present inventi

SBERVPRIobj ect s on a production line. A conveyer

| 00 Whanmsyixism detettl RELS tHePresaidS 6F diBletlob}E ﬁﬂﬁ@
and ?he fi eI d gf vjlée\s/vmgbfé Vi e

t he .obj ect
3& %’M E? p&fi‘&“g ‘Jh‘ﬂ f’é"? fenigtectiop snodg Whepyg visipa detP‘a?félleteQIthe
piessinee QIfZﬁs:reE K)bjedemsmk&ﬁ) ixta‘gﬂ sigRdl &ch daﬁﬁ:&rhl @bl‘i&ﬁoi%tg&%ﬁft & s&id to
t ect t ect
bgﬁ%&%l?%g%ﬁt%galot{ mo%e gVChfn V{)f/lgli(}li? @qﬁeé:ﬁ)r gc?ntlgurously 1nspegts %%teflal
it is said to be operating in contznuous analysis mode,

Figure 5 shows a timeline that illustrates a typical operating cycle for a vision detector

in visual event detection mode. Boxes labeled “c”, such as box 520, represent image capture.

({1

Boxes labeled “a”, such as box 530, represent image analysis. It is desirable that capture “c”
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WO e@som3det ect or sends si gnal

appearance and inspects it based on appropriate

i nspection criteria. If an object is defective, the
420 to rej ect acPCHUS2005/019793
170 to renove the object fromthe conveyer stream The
encoder 180 sends signal 410 to the vision detector,
which uses it to insure proper delay of signal 420
fron1the encoder count where the object crosses sone

$ i na ref erence point 430, called the
%% G56H ‘H‘f‘g ef°"s%r’3?ﬁ‘d*6@éfla1¥%s Aoef theseserentitage dhe ey (fornariygie)
balslelsi stens3b by zés1hd i@Rgk cai)ﬂilrea'ih @bﬁx?er sfbgtsﬁ) ﬁlmé’%&ﬁ.@ tanalng]s is

et ector nds SI nals to a PLC for vario
pu?’%%&%‘ 5 it ‘%&V&Rt\%l HB sensr pslsis wil %PSherteéetlonger than
G@WﬂﬁkﬂmﬂmgnnﬂmammEﬁmﬁﬂhﬁﬁlnEﬂt suitable in extrenely
e the vision detector

hi gh cati
ca n n (I)ttsd%l,?rﬁ% (gﬁlajydl e fn &8 Yerlta?%d’\sﬁee@@ Atwhiglt 2 Yonydstestor cangapture
ahire ineaseis detsrnmé tly the laledre€ the t4pRIrPTifS S1AGK: MhlysH Yime.
@gk 804 SpAds a signal to the vision detector for
thatgﬁérpose In yet another enbodi nent there are no
di scrét esspjiavention afjows ebjects &y berdateeted mhabhl mmupﬂﬁgget hghal

SMiEHSds @t ﬂ@%@&f Wa p@l@t@&été@fép b li/e’fenfug to %?é%rnpl t%ﬁ gera?ﬁlal

thi,s case the naterial 1S i1ns cont |
g ingieate ea?feéeng%ﬂ%ﬁnwefwdm Bigups @lemee&:nqnontspomlugm@nmp

smqumpﬁpnmnnﬁgﬁazas a PLC, as appropriate. Wen a
detector detects the presence of discrete

0 b i eg? &G agAOSD B1EUTg 3R RArgH S ofjthe timelinggogresponds o the inspection
of P ﬁrsaobjefmg andcovtaitibl thle cHHRH &d@ﬁﬂﬁﬁdf@&eﬁﬁ&ﬁes M@&E‘n ortion 510
(%%ét sgﬁﬁ§$§8&lge ects ‘ gsence of discret
cts using an & Tséfcﬁlglo ng G Foniainsive famgsom g
phot Buh perbiisisistep fitst ¢opsidans ttle evidehes t @h SWjéchi@ pheSen® FEﬂeE‘ @here
i S et ect or confi nuous]
el égggxgzté és@ngtﬁréa?t?épﬁeﬁll&[%}we gnql)alstsgpsot‘ér ?fﬂ%‘?’%at“i‘eﬁ gre Is}?pwn with a
ﬂe@#hor% S xamRe apalysis sterchdo. IrFmguMseatszemmean tnhsﬁainbrﬂ&f an
bj b@ub | hish bidd
0 ] edits 4cBie RanlehPlo g.fﬂ even?sa‘gﬁe p rﬁé’num% Sgons%:&%es

n detector in visu 1 0on

"P&tbvs esqre found, Inhgexamply ofBigure § dmpeatiomof thevirgtebiealbegine .
“maesﬁrdt &bﬁb ﬁﬁne ébrrespd t@%n@}@?é st@& 940 z{hg Qﬁcﬁ%tﬁ%w%con%cut}ve

nmaw é i s.desirable that captur
SR G d AR B 8 FH%%*& awlxsw S?H%ﬁ“§/§1d§48 Hotefat fon the Gst otent,
smzfag)ectws frahéevtre{pondingeis anab)sR step BAlidiRk Suffdi&PoIaRinate fhe

&ﬁgﬁ&%es the image captured in capture step 520.
imeline, analysis is shown as taking | ess tlne

t ha EM dhepsimertisat inspectianrof gteglﬁdfcais cangkty, S‘d)rsexéihﬂlé at Fﬁ ANSH B Ysis
e i cation
st e5t4al(a&g£6ns El% gr?{ély %c&gs loy,@{:}%asga an E}@ ﬁ@&pnefl ffrem
the agtive g@mqﬁhm@h ilstyatize gnbodmte&lctf Qi 1nslﬁﬂcmlﬁﬁlﬁrhlfe601aﬁﬁjve frames
w&@ Eudd Ben HBE Rcohside 1e9 evidénce %??gnrqbgefc’(t\%@g actpally

apture tinme and t e ana ySI'S
p IFSSWE“ and serpperghipp eQfipues paifpa dchve fsdmes)wsre (ﬁh]néd)ﬂiertr@e Heobject is

i etia0sbder Such. 35
et AL

dete[rr&& S s&atust & Fxample pass of fajl. g@éqnegpémgqhods may be used to detect

objects and determine status within the scope of the invention; some are described below and

many others will occur to those skilled in the art.
Once an object has been detected and a Jjudgment made, a report may be made to
appropriate automation equipment, such as a PLC, using signals well-known in the art, In
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to indicate the presence of an object, and in Figure 5
there is no corresponding trigger step such as step

WQ2®si1eM3Fi gure 2. Referring again to Figure 5,P@I/US2005/019793

portion 500 of the tineline corresponds to the

i nspection of a first object, and contains the capture
and anal ysis of seven franes. A second portion 510
corresponds to the inspection of a second object, and
contains five frames. Each analysis step first

SUH & C¢P8 A EePPY SR it e en Zatin Figwrashyvertd appear prthstimeline. The

EaiiROf RiREfe® cbR@pidk ﬂ]@t@&ﬁo b Sersihufd é%'sﬁtmn 1@??@1%%' Wil the

a.CtI % Anal %IS st eps for active frames a

Vi PR SR ISHREYB Fope! @ ‘FW‘S@%‘%F‘% AckypAr Y ) vip ssanelpmsm I'n
m’llsldbrhigsﬁerpahtmtﬂ)fm_ﬁbtrﬂ?ﬂl% activD ERA&Gtak ﬁ@aseés B Cgﬂ%e%id of

We\gtgem n(?t E’ gtlt\/efr is found,
STre " hUHBEcsOr Shmatst the Motk time 254 and 852t %{Wﬁl@,ﬂlaplaeqt erasses the
mnrktphmt cn dfnsd thatm‘f cakds hes@ afb enchdid P0G ised) R fmakih@nd ik b&ally an

hsts act e fr
corr gé"ggﬁ gie[i]e%d o an ac{grsm gttnérf:? g3 \El)ouma‘i‘fﬂ g%’l’?@‘ém\tﬁ“ihﬁ“gte%%y LA
@nm@wmsweng ¢fa<pmlse/ef dppxap:m ducatipn @sixoridétaguiter 100) &liyedds
SHtefR eéé]eehe@ ﬁm e M Eodb 1Bhnt fr% he hif Séﬁoobj ect, a

singl e |nac PVe Prame correshass ysis step
542 l\@t‘ﬁb%t theggport S§0aray be delpysd melh httyend themspest}umcdf bubseqAént

MT@tstshcﬂﬁs 510 2thelvRARR Y6kt s we kn Ok ﬁ&{;’ﬂ é’ Pst- gQﬂHFﬁ) Bugrer OF

ex ()?d; the end of analysis step ecl sI ONns -are
WEFE@ fhe tepoftsygtildhe appwPRAg e based on the evi dence
obt aIOﬁeéinép%ﬂi&h b@ obfeki 1&’?)11{1516% 'tﬁﬁ VISir(r)g dé}&:térlnlldﬁt%ﬁtﬁ fu¥1§ ste
i ¢i ent nunber of active

5%5'3801} E’oﬁﬁﬁ’dé ?%8??? %B}'an deRP fhs s igeses. shoupminesmmotiect
wigiilanwe, thdnsit naneed loj l&dbokﬁ@ﬁbr&ﬁ objadt kil UsEeRaHt a nédshe Kue.
RPRLALE SRR & B b hvnchid ™
eHldn’'é orfrigies mdewrﬂ remtnmct thelifatirhé ofehef ilaniestion Sysfetrigeslisé he Beeehn

BeQeptQbRuMANge idfeSiest 2t US, for exanple pass or fail. A
\?aﬂqety ofgﬁﬁrr%th3 may be used to detect objects and

det eFigiusé shavetafisneling thitillustasesadynical exferatifgecyiclei@matvistm;detector
i @XtEina ﬁr@gg&qﬁ&ire' &ﬁ%ﬁ&‘%{eﬁ? %o%lm&gﬁﬁ o ox}{l\ﬂrl tn%%eg & 226 0

those skilled in the art. Once an 0

fegpeienstionnte Grs isghA sveneace %lm@p@pmms 539, 63nded B3¢
B ﬁdﬂ;}foh&h@arﬂlﬁl@ﬂ&is ls-ﬁlﬁ 68.0Hd Wtused%&fd@mﬁﬁc Fndgl S}xagis‘é | A4q

v1sug Vi % 1 n (P 8@ | nsuch £as <
SV ?°B? gdegit Eﬂe%f %aal?eeratz b%\ﬁﬂicdenﬂbb@bﬂlaﬁ the
dbj'ea mavaed snral fradiioa o€thafigll of ﬂéw Edt@ééﬁ Buclesifs frﬁﬁd@ q{i’gﬁno more

set sugh ,as [ n Fi o,
e Vi g‘ f‘éolﬁp L8 ?%9 xed 2y }1\@ %ﬁ’bard%ﬂ’i‘gf’]?‘é%(‘rhased
opgp@gatloadctallit 1lhc evidé@cevibeinsd Q‘rma Ianaél52ﬁ of By fraess aed toﬁ&kta he

fﬂﬁ?ﬁ&gﬁ\gﬁ} oﬂfthe S| Qﬁlts ﬁpﬂhg S’I;éTclt th%cﬂ % %%te e f r gl%‘ﬁﬁ%f %ct or

passes t hrough Vi ew,
aglemplpRieaspmené inpereportisiepesosEflowing ﬂEEQ)OHEtepyhn adte sidpeseo is

eﬁ’t@ﬂe@ Giktil B S ﬁ%ggﬁ%l) Wtk’dt B%H 'ins?%gm mtsgco}up (%tec{ fo CasSeS

where an encodér 1So IS u
act uBanefhes pmbadinaru thedengritstep tsidelayeéazdemarm dqumiem testhatnd

slidwadtin Figiite 520 ¢hif ShbolinteANhE mBrkUSedsd i0 s Ll %}gﬁc%gclz%omﬁ

corresponding to the trigger step 620.
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report 560, consisting of a pulse of appropriate
duration to the reject actuator 170, is issued after a

wee@siissidel ay 570 in tinme or encoder count frper/Ukm®05/019793

mark time 550. Note that the report 560 nay be del ayed
wel | beyond the inspection of subsequent objects such

as 510. The vision detector uses well-known first-in
first-out (FIFO buffer nethods to hold the reports
until_the appropriate time. Once inspection of an

obj ecPeyre’ g p dmelnepillpstestes o tygiselaperatingressle fmb aisioadetector

hlfﬁoﬁtu&bﬁhnaﬁﬁs mWCFradesHrERpliRd ‘%H&l&z@fi] %d rpbted THY, t%lﬁ&lslty One

? bI e for several reasons. maxi mum o
‘qu SCORIRERER CAPFRFR 108 apalysis sigp 7&”03“5 éeppléétkl? B8 for an
Obj ect until just before a new one is due. An idle
Hlusipativg Appagdtisii nat e t he chance of fal se obj ect
detection at times when an object couldn't arrive, and
wi | | Tagurehghownahigh-fexel blask dingram forialvisionidetactorima prpduction

Ekﬁzﬁalln‘ﬁ@t tAhasibd @RkRr %3k cQﬁqe!ft@(P&) aPtirbprididta H&Qlaﬁcﬂeeq{ngk&t 810,

6. shows a tineline that ustr at

ur e
W&}’ﬁ?i“ B%“r%tqsrf@! eetypetpgiors,pd/er P‘bpfedwoae bymean of signals 820.
Thet vedionad etetior @@&lsoﬂ% dénnededitb b G@Rdn-AichRe ReraceHVT) 85, shid as
QF’BS} :]!Ph o $ r art trjgger step 220, begins
nspec FId dyvics byjmeaps of] ﬁggagsts"% IigiseiREstuprnd mage
weptonng ast mpysheGdtgved %zmg aorchabRdducaiiichse th ﬁ%ﬁ&régﬂl L5
are use or nam ¢
kR b E Rl i i ol bl b et 67 ide: Wit
f°§mde3| rable that the frane rate be sufficiently high

t hat nglﬂfe PRHGES bl&@ﬁ%?raﬂl o? gt?hlhstlta{l b(())(rillmOf r%%? gls{oﬂ gﬁecéor A

VI ew bet ween succes ranes, en n
igip! signebprecessor (QSPY 9P runapafvarego fsonkrebbamuwb@alym répoaing SIMI

doREnuRieRRASE, aap SteNQs pnﬁaﬁsammeeea lbg ﬁ@*ﬁiesfap rdgtg%@ *%Dsp

the r%adﬁﬁ tai ned rrom anal ysis
LB R&METPIY 1 whighigehudrs hugh speseé rasdom apsess fempy for
wbgramnd and déith &ddl nof-velade ﬁl@iﬁ@l@i |th1§811:1 prbgrad M isdEfinfoPmation when
}%% egrsnraetn{ognd e&u% : 315 i n ort st e 650." Fol |l ow n

he T eport aAsq ftﬂnge"?fi é:me‘g’ SRe Bptarpvides signalstie
aumahwrrqulgmentsdnéﬂdlﬁﬂt@rféch ado, bﬂ@ﬂﬂﬁﬁatﬂgﬂ S@aE 549 En@ﬁn #nager 960.

anot odi rent, the report

zg%ggﬁﬁgo%gdefﬂa%eg%gm the' by BUGTQ ”"V&f%fn\?’étf gie IS RD:  shown
i n FIeUPE B0 canrbe eufyi @vmrtnpahlmmgltaltcbmpmoh mﬂoffmtlﬁﬁﬁomgie

nal n
BB s GBI Ml LSRR L
WWP%%& 3 Bl o1 aymioyqpracessoroly isdasitablg thetthé BSK 99p bainesipshsdie but fast
eﬂ&lgﬁ%‘d hdlé th@ﬁ)ﬁﬁrh@l‘d%uﬁ is3Re. (&S]ﬁgfy%ﬁja?lt bE r:a% ? ofa}gc%%/mg and

B g ana and report ontin
SLDE} %p‘&j fia %ﬁﬁ?ﬁ?‘%&“@a‘fﬂﬂwyﬁ@ prageenalysisal ysi s step

710, maldihise Roe emBédaRent SFigurd O, WRtlohy aﬁ@ﬁ?{) }%&:gﬁw si on

Fi | block d

ripafisfos !ﬁ&%&aﬁ%ﬁaﬁvvoéw%%ma 1 Boaliql Bpriphera

Iterfaee (PBT) 9&2? (t)heSA]ISPFBIEGl 9P bod r&BiREsIREel d’dtﬁ‘rcﬁ#ﬁltg R4k 0, and
el ec

Sl BB lo idibyy e ihe 3 i Dl SfeGnonperss LUAS fhasnel afis

si@ghge in memory 910 The use of the PPI 970 and DMA 972 allows, under appropriate

software control, image capture to occur simultaneously with any other analysis performed
by the DSP 900. Software instructions to control the PPI 970 and DMA 972 can be
implemented by one of ordinary skill in the art following the programming instructions
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The vision detector may al so be connected to a
human- machi ne i nterface (HM) 830, such as a PC or

whanndatsid devi ce, by nmeans of signals 840. TheCHNB2005019793

used for setup and nonitoring, and nmay be renoved

during normal production use. The signals can be

i npl enented in any acceptable fornmat and/or protoco

and transmtted in a wired or wireless form Figure 9
| ock diagram of an illustrative enbodi ment of

h
g‘"\%’m‘%ﬁ %htgﬁéPé%wBS? Blackfip Prog¢sssiHgrdavareRetarmss @art (BRGR) 82-
O@003-0Nsand ¢HetBMRKSn DrocBRP insiRlctiGAd: RE@ren(%rt?ekyrﬁl%er 82-000410-

Sy R G Rt A8 A —

APSP-BEP320MA ADSPIBF583 de e hdve iRntaIiRbH: an%m? 82 Bibhs and can.
pr ogr ans

j d d

R o SR F e By P ol % sppromateme. and
preceippriirmfree fredepBn  when power is reaned The DSP is
P s L A -

ghals To autona I'on
fa?ﬁe ithat kave been uesd impribn hre vigidOsystamsl Iein déstrEtgethat ¥eQmadhr be&Ns

&ﬁghg ot psensi,tive elenents of
e e Rl BRIy M Bt e <
‘B‘FXPE‘?S@’Ft Bminagions tispfurtss desirpifl othateit bemhle sd digitigpeand atgmit plxel

danit6 e DSE firPastt hed pribir Gt Vidon ?}lsi%gl? it 1§ mol'eggér g%ﬁnlge {}H at it geot

gener al - pur pose conput er,

ﬂ?@?ﬁﬁ?@%@?@&ﬂgom4§W§ﬁde3|rable t hat the DSP 900 be
i nex pfbassobj@nkaastm& 86 incfHYQHEHIink @ Bﬁg&'&m%&h gh{)

i s furtger desi rabl e t hat be ca

s'ét‘?s t1vit¥/ il lovgeﬂ' Gesel tWé\ ﬂgﬂsg(gs‘e B}égréprfuft &lﬁ&p{l prstepsdp the 1llustrat1ve
eg;bmlmltsla méﬁgwby tid itrlagdr B@GEanAINY 636 hﬁnuf&dﬂxﬁ National

ot is an
Sieln!iuﬁu mé&ffgnr%g ﬁgafaacﬁlg@% L/&/% ?@Bas B2 o€ 125 byN@P wisels) for
a3l of $1R08.crbeus 24 thines fer allah elpicRigriopirevidibn dyktbay frﬁ@ﬁx&sﬁﬁé )
iy flar €, pr
.
PEQTHIE 0 Trshes pergecpnd whsorseidor wﬁmgrosémé smttéﬂm) alﬁihmmive
efloligh (1@&10&%%99@&!09] a@m&osgéogd sh-{;ﬁ& ]9]? %l maE jon. TI9u7O

under appropri a
‘eégl.‘i’i‘?‘bvr“?‘% br?tf@'é“"dé’%tf% fo9 lewfosa moff ssrswm but nﬁsmusisuﬁﬁmnt for the

fatuye dbtehfb“n t&ﬂﬁthat%fe&hf&ﬁe{c@feg@ﬂth P??esteﬁ‘tqn@% n%%gcué%ifn{eﬁ%’e
i,Q ntro an
séfﬂ?a%er it n(%l g%%yelg%g) beollng eﬁ]gl}t?i byiqng pf qreingry gkilh jngthe art
f@anthem@tmmmoﬂtghwmmmmo Duta BhD RSP Nb bR Jdopy, t he
WE gﬁ%mg %%kfln Processor Har dware Reference (part
§ ®%nd the Bl ackfin Processor
I nstIFla desiraie @ttheFﬂMrmnamn am(bp inekperdivedad yé Brig Obln ro hidw
Ha L refer Note that the
s ADEHM&@%%&%S_HH a&‘gﬁﬂﬁﬁ% e?ﬁblgd 4 b%ﬁg@u@pg Bsity red LEDs
operstipe W3 RmAngmeters ésusedhﬁw eiamdbrﬂta HIMIP- ﬁnmgmmﬁ@d by Agllent

Téchd16giks L Th @itstheR Brbda fbiknP fright- W%BWIS AN %reabl Jﬂpéement

d|JIu trative enbodi nent “to In an a
SS¥reddlyminatior nance tradeof f .

In the illustrative embodiment of Figure 9, the I/O module 920 provides output signals

922 and 924, and input signal 926. One such output signal can be used to provide signal 420
(Figure 4) for control of reject actuator 170, Input signal 926 can be used to provide an
external trigger.
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The high frame rate desired by a vision detector
suggests the use of an imager unlike those that have

whe@yizssed in prior art vision systems. |t i s PEFUSHDH/E19793

that the inmager be unusually light sensitive, so that
it can operate wth extrenely short shutter tines

usi ng i nexpensive illumnation. It is further

desirable that it be able to digitize and transmit

pi xel ,data to the DSP far faster than prior art vision
syst enb. o 179 SIHBPESFRITCYREFerPARyides iRens 14 eaptyes and store a digital

Imm Heﬂﬁllﬂmtrz&ﬁd erfiBod@ndat @F%?é 9, §Hdé5 Effture dhgs 680, corﬁpnses DSP
an |1 ma %

0S] ng
PR R Bl B, P rep o B mion i tssomg otoranmctons
t h 0s e‘\susetheba;n qmranmyzeapmvmessneaﬁ fS:Ve&&l?ﬁ%f dighaltdag, ingluding but

Isikhd Aty di e 1 mager 960
hét uv%%c? d\r{@ E;'Qgt id‘lrlg"' g a‘i\Yﬁt ﬁ‘gﬂ‘fw‘e‘é@ﬁfl&aﬁ aiﬁéflb?ef%ﬁﬁ
WS@I%&PQM €aleinbpryon, and adociated/BEBcahia®rades dlsafwRE
hdficBons 100 pi xels, for a total of 12800, about 24
times fewer than typical prior art vision systens. The
pi x elAs usgdehere) aopipet) signilenpyevides mads i prodmnsaxﬁmlpaf .«ﬁgnal
REFMi b 15 8n EHa bis. Ith B0 1SERed L \c/?'d% ent o e%mLf A utélgnﬁﬂer 984

r ailnes er secon en s

rovi de
%Wpﬁéé%gadn"gﬂﬁﬁ"@la M qwput igndl 923 sensi tive enough (in
nost Imn 8 Jinde@todd bPdHeds &@Qarlrinsﬁﬁ B2EMQ0 ﬁrgﬂgi{} §ifknatdS! N9

‘fJT’ B o nat| on This re uti on wou consi dered

ar gef“&% ok SYEPAnd sofyvazs 1piuctipat B cowd be pssd gifhin ghe scope of the

weseitiinientivh ¢ Diplenteat dheaiddlcapnee BT bNarlaBSdt Sgot Qﬁ'bufﬁ{lteslgnaler
Jshe objectives of the present invention. El ectri cal
|nterface and software control of the LMB630 can be

i npl arfenete of doginesrieg tideoifctiambe yiadsko provitidertiignt 8pekation of an

mlTI

%%g@ﬂﬁg}g?lhgl% tljlerbiés%d‘ﬂ ﬁlgrglﬁférz Fo)% %g;%fgﬁig ggmljlc%}qg h(gonmder th%?‘ollomng

defRiBMsor at ed herein by reference. It is desirable that

the bl | uniaBhicPthe ROV 0@&1 fel ﬁ%ﬁgpéﬂn&?oﬁ?%o% &l thee orrcggrtls the

enough tosa)l | ow short s utter
i |1 ust r atiSiple fedystip e ispectad detanminsd bhp@msmmthenmcaly red

LEDs opem&@hlﬁéhtlaﬁoﬁﬁél RBRNGBE Blashibvd b le
the HLMP-E n;gnuf ac?ured by ,g\gl1 r%t&fﬁgc %’gl?(aggp In

anot her é‘?‘?ﬁ&té? HE28SeGh-i ntensity white LEDs are used
to iqmpl elﬁaﬂtondmeF@ﬁtdlbdddéﬂzﬁa&ﬂ ofldtot he illustrative

enmbagdi nme e ul e 920 provides
out g’ﬁt sza% il g I&'ﬂ%’ b‘f&rmﬁm “fhfng?Ché’PlﬁﬁéNﬂl ypisallydge
such out p8@t: signal can be used to provide signal 420
(Figure ct..a tor | nput
Si g%lajll %)ac&%ﬁet@&ﬁtoﬁgi S u?%)? o& éh ?@%%?ng{aﬁ%getenmned by
trigger. mgn @émmgleqnémnnsan I mage capture device

pr oy des a_di

In :ﬁhe i ?%Wﬁ?%@q%n%%@gq?%@ﬁ%b s e‘gjgztmqnﬁﬁg@%ms
captir e Haxiue fogon ebip FOY dt the pigeet 90 0moverbeiyeen AERssive

menory 9ﬂr£inesadhgseﬁ§&@&brﬁfb@% @du d cal interfaces and
softmare lnstrgctlons use ereln an analyzer

provi des™PEaHR ?‘B‘i’raﬁn‘é‘PV@P@e‘b?H@Pgﬁ\tahlleS data, including

but From these definitions it can be seen that
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not limted to a digital image. In the illustrative
enbodi nent of Figure 9, analyzer 982 conprises a DSP

w@O®s/1a3menory 910, and associ ated el ectrical PCT/US2005/019793

interfaces and software instructions. As used herein

an output signaler provides means to produce an out put
signal responsive to an analysis. In the illustrative
enbodi ment of Figure 9, output signaler 984 conprises
an 1 /0O nodul e 920 and an output signal 922. It wll be
under st ood by one of ordinapysgkill that there are
many al ternate arrangenents, devices, anﬂ sof tware
instr the s

the. proshofobblk oAbyl KRR B Mot R BB R e o i
dideasici0%0 Bor, dymamit imege ar@B/Bis, rashobldbe 30 lebst 21 Tradee it 3FdrtheA
WRErhis Mat H&RE & aobf p 121 §Qie

prciw dﬂéla g}Eefof%jcr:b?ﬂent opd;[?%rtglf}% op %’ﬁ%g%tﬁa‘?fa us da%é’b c})e%een
fusrosstee fmesent i nvention for a specific application.
Cons g illherifehlboinel. ARbidbihbRRmg Jb%&%bﬁog 8%, 1% -

qccupi ed by the portion of
é%sdﬁnpﬂéegw 1>, - dhat @ﬁt"i’ﬂu@sﬁh@(@e bﬁrmnm@mg thatian object would

dﬁﬁdﬁfo%d?@ﬂﬁmbéboﬁt@?@&tﬁ@d\hﬁ‘et@&h InGAbs. Hﬁl&ﬂhﬂé&% cgﬂhlt%ns were
g | ens. 950 sq as to achijeve %god use

fhetsiT % e 5iae e Tovouldwsgdio be gtieaskapproxisatelifiOdimes He

Bt presehiaticngard p Ao Handmtirgdbjbcgfr%s%t%t% ,rz%t@om %ﬁfélll {:Elaf{]{lfm
0 ec W
08 5 inlslol AR eyt e S8 Bl sl beypi e, Bpenagso 1
Thierare@oyld eavbicedd uging e EM%m&dthb}/m% 2] EI B alﬁﬂlb'e"cbﬁtgshutter time, as
esent n . rate,.gen

RRPA 0% L e Bl SR R e s AT o iod
W?%ﬁvﬁléﬁbled‘fchnmﬂovoulh be feas{ﬂm to laghisyt this thie usiny ibageneen

sen based on above values; and r
ﬁﬂ%ﬁﬁn%%wf%’&g@?g?% 1%T{iosen based on above val ues. From
t hes &Vighths same jliyptEativg enphedintsat asé @ highds abjestpreschtafiay rate o tals

Fz, (hé)dedifed ﬁaﬁ&ﬁte%ldgﬁggeééﬁﬁ%)ﬁ & 6 ‘21?% 9630 could handle

sol ution of the imager esi r abl
t{n% rate by’ usglg at most a300 mlcrosecond shutter

@

In another illustrative embodiment, one might choose b = 75%, e = 15%, and n =35, so
that m < 2%. With s =2 and p = 5 Hz, the desired frame rate would again be at least
approximately 500 Hz.

Figure 10 shows illumination arrangements suitable for a vision detector. In one
embodiment, a ring 1000 of 18 LEDs, including exemplary LED 1010, surrounds a lens 1030,
The ring is divided into six banks of three LEDs, including example bank 1020, that can be
controlled independently. The independent control of the banks allows the illuminaﬁoﬁ
direction to be adjusted as appropriate for a given application,

In an alternate embodiment, a rectangular array 1050 of 16 LEDs, including exemplary
LED 1060, surrounds a lens 1080. The array is divided into four banks as shown, including
example bank 1070.

The capabilities of dynamic image analysis according to the present invention can be
enhanced in some cases by controlling the LEDs so that successive frames are captured with
varying banks illuminated. By considering the evidence obtained from frames illuminated

from varying directions, it is possible to reliably detect features that would be difficult to
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at | east 50% For dynam c i nage anal ysis, n should be
at least 2 . Therefore it is further desirable that

w0 b®sobi3ert noves no nore than about one- quartBCT/U820051€19793

field of view between successive franmes. In an
illustrative enbodi nent, reasonable values mght be b
=75% e =5% and n = 4. This inplies that m 5% i.e.
that one would choose a frame rate so that an object
¥¥ou| d nove no nore than about 5% of the FOV between
Pisriedth 2 fixed lwunaiiop diredien. Aseradingly ike nigsens inyeion eliets analysis

AiliZinpearyingQirtdtie AR luin@aBor witHbGhd WBREst 0 be at | east
appr oxi mately 40 tinmes the object presentation rate/>.

ZP +Be§ponq\%1§ct present ation rate of 5 Hz, which
i ndustrial manufacturing, the

d esi rﬁghré [120Bwd RALE IWlQnéﬂg uddd, ih mﬁst%ur nocﬁgl?rﬁ 'f(')z\{veigh

This rate could bé achi eved using an

fdanceand makejufgmenis cigeladingjudging whefheran obiscllippreseaisind waether it

pmmspd@ﬁ&yms |s arranged so as to fit within the 5
[1i dfr period. Using avail abl e technol ogy,
wdﬁﬁ’ G e 5.1% Dé‘mtbﬁf batwspr endl Hhag repessents,ag iestinaterpt

ccnﬁgme 1hausbidé fhetific tindition B BaeltA hilieQPOD siphil@lnioh Mifdande Wit the
nd a _hi gher object

I I trat
Sl R e B S B G Uil s eebipreate
mtwlssllghé'lmermedaaﬂevalspfmﬁdmteel y 500 Hz. An LMP630

coul Gth 91'3% Jﬁm&gp b nafyall;)%lc 1s¥1 ul% ?ﬁ%%}i lgglis:’ trvg%e\}lée confidence values

m crosecon
FAFsEicke fetiust 6 lngmfommm smbdglinzent Eék/mbed Ferdify ¥int BescFusry =

R A the d r ed
?lgﬁguérsgfﬁ{eus\i\%s ul ciﬂ tgA%fvE b@gy gl?glcl eas p p ry oXI Pfa‘fge‘i y %ﬁl

%?afa‘PiF Eﬁ’.ﬂgéhofg"%‘ﬁémlaﬁdl withi 2 gquiatenia binarm drsirametisodon ipatatue

for gusy hsSdu&F!y 198t bR bre obﬁm@é”ﬁmﬁ F%Eﬁéa@iﬁélhems y fukiga Qﬁ)old

ﬁ , including exenplary L | Ol urr

ﬁ‘é@( 0% es g7 abtpingqysing a&izv "&ré&iw(dnll%fergns(to ikl log granirle@
fliEDates a|1 Fﬁiyumeﬂlgldeﬂaﬁ'mdxf% 109 Ii’éprelz&@sfjh raly l?xgﬁsufeﬂﬁntbiﬁld ﬂlle “axis
R E s rPETBEERER. pishiAduicBi. YR e Grrestinglitep @ possble
mdmmstuearheajsampﬂfo@@fan@heoiﬁtla gi ven application. In an
alte t. hbodi rent . a rec ar array 1050 of 16
B T P A
&@mlowmeshandnmzoi mddmgmﬂdesﬂom m1022f @erespbiRiMeSo f&ints HIOWME,

' ' ilities of
i’gﬁbﬁ'ﬁbp&d%&g'ﬁ% sho?d can ae %gn?dalgrqﬁ eqb?tl@g ent

am c 1 mage anal ysi's accor
i nvention can be enhanced/in sapp cases by controlling
&0 idrle captured with 3
id

the LEDs so that sucé&daipymeax
varying banks illuninateds By'cohsidering the evidence

0 bt aN6# thaf thid Firlci GRStk J{ﬂt’g Wﬂﬂﬁlﬁg Itlf<r tg :@ﬂiégﬁﬁﬁbﬁg an altso be
C { OSSI e.fto reliably detect ea ur es
‘{S 5? ?/\%fﬁyghff’bd&l sf‘?‘faémets“gf”(?@et ect with a fixed
illumnation direction. Accordingly, the present
i nvention allows analys §_——_(x Hic €]
where f and ¢rare threshold parameters. In embodiments where simplicity is a goal, a
conventional binary threshold can be used, resulting in binary logic values.
Fuzzy decision making is based on fuzzy versions of AND 1140, OR 1150, and NOT
1160. A fuzzy AND of two or more fuzzy logic values is the minimum value, and a fuzzy OR
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utilizing varying direction illumnation wth noving
obj ects. Fuzzy Logi c Decision Making Figure 11 shows

wo eaozg2430mi ¢ el enents used in an illustrative PCT/US2005/019793

enbodi nent to wei gh evidence and nmeke judgnents,

i ncl udi ng judgi ng whet her an object is present and

whet her it passes inspection. A b zzy logic value is a

nunber between 0 and 1 that represents an estinmate of
nfi dence that sone sFeC|f|c condition is true. A

{? SeexEpum valieqizey QT Qf g | ¢4 il degicis ideaticalith binary when the

ﬁﬂi}dbgld:@mlels&e&é’sﬁﬁted%osérﬁm fies high confidence that
t he gond is.false, and intermedi ate val ues

t
si gni t§! ?lwgg"ﬁ@aﬁb werjl.avhenevers hagd e Telssrfiegisiorris aeaded, @ fuzzy

Togikivaliis cdmsma'ed/tnheagilt & at BasB0.5USAT it &flest WAL Y 5! 00 C,
restricted to just

wher ont ues .ar
and Tt VHF%% ?le E[)Or %le rsﬁﬁ?fi 12 s 3t ‘ﬁ?re Efé’é’@fqgk?éﬂcah@oéﬁ the ‘tahﬁ% 0
wdd s fisgd imcohnpgion withl fuers ldﬁﬂ:memﬁleAﬁySmﬁl:ibeﬂéohﬂrb@ @fqdd\{@represent
lgémd&%e& a\é@'ldH'ﬁ)ﬁ is t}%et d ngy 11% niglgal?eafqu}#‘%fyse%q[o (r)eE)resent

apparatus usin 0se va
high fopBideagprthay ﬂﬁ&m}dlﬂoogﬂ felseywiith mﬂermedlap el kdpBesendiiGintetfiediate
v Yodri@stice val ues are obtained fromraw neasurenents
by u3|ng a threshold, fuzzy |ogic val ues are obtained

fuz?p}aghreshol d Referring to Figure 11, a graph
t'es a fuzzy threshol d. The x-axis mo

repr t me nt. he axis 11
e DR 2 1 SRHLETE oS R ire Bt in ron
atve gohagdimen. rirmhumo@tnlentpm@cisioas caled the ps e eddichs,

mRfbedase range is 0 </< 1. In an illustrative
engodl ment, a fuzzy threshold conprises two nunbers
shbwl 2 ABIEGhOT 2 56k o siblp Gguren pEaniabled:, locatetli® e field of Viewh

t ha. eEB&) Iwhatlis the dtdtdof thebjee@PONdi ng to points on the
funch}éon 1124 and 1126. The fuzzy threshold can be
defi PR CHEPTISERE SYIAC 18k a8 obiRetes lpgated irf theiBield ofwiewois kalled

ap ulyect dgeorien ivezgm ﬁﬁfot'matloti cdrﬁpnsi% BRdentd oSk dif Be GRS (ﬁ' éﬁ ?bject

t.h th
R e
cemprised \p&gﬂlesonnhlﬁheotgecmahsfres trxypebﬁon&n'@ﬁﬂl:hose% 2§ SypYepRibit 8y

S resul t L nary.
e 18K 86 R e, QRS T bR i Dt i
“RAEY 185D8FION T  AND 1140 OR 1150, and NOT 1160. A f uzzy
AND Rfurd ¥0shWs tWBpfotsd b{ﬁgc}( d%!i&% Igt%ou gf?d (fbl]Jec{ Lp?étfo%

val ue, and a fuzzy
hogfzpptal axes of fhe Mzalgts F%@F@t 8 &ame:ssmen@aiumba ifFiacteframedhen

réptegented 57 X véra@l HneVﬁﬂclUﬁs%xﬁflﬁe fufSbds cted to 0 and 1. In
ratlve enpodi nent, whenever a hard true/false

an i|
deci8 }hsﬁ usigatiye rphodiment qf Figie 12opfiiest deteolinn Weightsoresfivoim dazit
vdlues &}, tepresentingSevidenck @asdn ddjedt is oddiifn the FOV ih Rarh&S éhdtapéan

co(}np%ted by the vision detector on each frame using methods further described below:

Object pass scores are fuzzy logic values Di, representing evidence that an object satisfies
appropriate inspection criteria in frame i, and are computed by the vision detector on selected
frames using methods further described below. The vertical axis of object detection plot 1200
represents dj, and the vertical axis of object pass plot 1202 represents p;. 1

In the illustrative embodiment of Figure 12, frames where d; > 0.5 are considered

active (refer to the above description of Figure 5 for an explanation of active frames). For
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It wll be clear to one skilled in the art that there
is nothing critical about the values 0 and 1 as used

WO poosoz3eTti on with fuzzy [ogic herein. Any nupdEDS2005/019793

coul d be used to represent high confidence that a
condition is true, and any different nunber could be
used to represent high confidence that the condition
is false, with internedi ate val ues representing
internedi ate | evel s of confidence. Dynami c | nmage
RfRipnge jading23e whera 4 =i03 ig plotiest biedi doteaion weighte aridpassstayesdior

f@ive ﬂMﬁ@%@plémgﬁsoﬁ@am@ ' 1§r éxﬁ]mﬁg pblhtg Wb il e.and e for
enmbodi nent . hi s enbodi ment two deci si ons, fed

PRIV frames A r&%}ﬂﬁ QRT8 cirglis<for gramplg geints 1214 pugd 1346, Ia@pre@t

ehbaihdats, 86 objéct hdab ﬁelglﬂaéru (L) c&ﬁp&a FOHRALRR FrambO GaTIEH tHen
t he fleldﬂgf is the status of th

V] e e
gBposipest of %lr#&z ﬁ%ﬁarﬁﬁ‘fﬂi’ﬁe .ffﬁéT | Fgmese Whether Aot dgsmeth | asiye”.
is |da ﬂieeﬁbmlﬂ‘e dfFegufel 1) 4l dffthe\actaw&aﬁlemhb@dmaa ﬂ@lnjsp@chon ofa

ete .| nfor risi v
BRSSP bRt BBy G, Yl RS rame
0b9¢n$pa$smmMeﬂ3nmhwnmar|ous |IIustrat|ve enbodi nent s,

the s aﬁe%%bs;@lm%ﬁ} %%Jpaqgug%e rﬁaggéee%% her ¢ B nli¥er iheie

Ob ect satls erra C osen
ﬁgp«rsdm &kagedsgorge tb@ehold An andter frobddowinh gy otgert tu,udgert to have

Bééﬁt;iet@éi'éd' 1§1§1& &%l &t Heﬁ‘&ﬂ@d:\xzél ofdr bif 5.3 'v@wﬁén?es Sl {;%e? s

sai d "pass_ i nspection” igure 1 OWs twWo p

@EﬁS@%(i T&@S@ dueshelds 959 st as ppyepTistedoTshgi ventapplisation fep FiguR 69).
The hee Zlﬁx@ﬁ'@ﬂve éﬁﬂﬁﬁm%t firgute@, Rl Bledt i€ faBSR z(g[ﬂﬁs iAspb&RAE

égggzg 5 each frane |s represent

feplg a‘fefaﬁ%° W‘a%mesf%fﬁﬁa Fach eigaied byohe CqrigsRop@ing object
ddtderiod welgtit\eatesabtach. MR prétisel] tBe16iecl Passe®@PRGliondet €Ct i ON

wei ghts are fuzzy | ogic vg{ues d\ representing

evidence that an object i _%Btated in the FOV in frame

/', and are conputed by thﬁifLSEOﬁ detector on each ®)
frame using methods furth _ddescribed bel ow. bj ect

pass scores are fuzzy logit values p \, representing

evi deter tlteh&ihnﬁﬂibn(ibdn@ﬂzﬂl b Mﬂeg Thapicodithiefofmula is to average
@ns ec t lon crite uted, b

bisERofrbulpoPebtiealFuRpes P n r @Rl R ooy
dldapmannﬂhesmas;bmdmg)ﬁrhm&v The vertical axis of object

dete G %Jpﬁtbﬁktg temﬂ‘c%gge { %’?lﬁ% gg él?dlg c} fo &%g %}s%ecﬁ?n i3 ﬁiag Lt\?eﬁzllge of the

axis o ect pass plo

pligctipasy %@pﬁes/é a@pﬁ@w-’r rhbistis egfivateny tor aewdﬂltedfawamswhmﬂraé ofithe
Qeight@sr€equansi dered active (refer to the above
description of Figure 5 for an explanation of active

f r amgithe exagiplecf Bigwi d 2, thewaighied ayaragy patspcse ig round). 85, which is

Pb1@dtaS e 1640] ’ﬁ{étnuﬁisér %P Acki Rk BNt Sand B 1RADS; egtqgt@%n {veiht
active franps ar é@;ed as solid circles,

I8 2R - Syt 6 15 defested apdpagspriawestiop. | nact i ve
f r am@ipuasie 1lnisﬁzttésendw@$1d€ﬂa€i§ weigh€d B5dynhiBic irBaps BilyRis AP4nBihsr

&lustratlve egnbo 11%1gnt In r'r]us example, object features being inspected are difficult to see
and only appear with confidence in a small number of the active frames, primarily frames
1300 and 1310, when the viewing and illumination perspective is just right as the object moves
through the field of view. As long as the evidence is sufficient in these few frames that the

features are present, the object should pass inspection. In this scenario, there is no way to
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enbodi nents, the object pass weights are only conputed
for active franmes; while in the enbodi nent of Figure

wa2gostibsy7 are conputed for all frames, whet her PGT/URIN5/019793

deened "active". In the exanple of Figure 12, all of
the active frames correspond to the inspection of a
single object; as explained in the above description
of Figure 5, the isolated inactive frane 1220 does not
term nate the inspection. In one enbodi nent, an object
krowj in eilyente tdrichaf the baie fretatsedll eantairf thisleridengerJdps, oeighted

Bl LS QR RS LRIRL e, 0 001 1)
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b @nRa ﬂ@b‘éﬁ@&iﬁo&lﬁﬁ@evﬁd&ﬁ&sﬁi%echlusmﬁ% emboiaSR ot Hsurd{ £ a

set. as appropriate for a given application (see Figure
@%ﬂﬁahﬁ“ﬁﬂéemﬁPﬂ§¥P§?lve enbodi nent of Figure 12, an

obj e e Wi g]hteudlg@@énﬁxe mB@sSis bsPeThE Biktibh Ot) 6f 1R YhiHe dhere
?‘ %S he object pass scores, each weighted by
RBEE EPTedS B AHtPhg obj ect detection weight, is at |east
0.5. Mre precisely, the objec passes inspection if -
- >0.5 (5 i where the su EQ is over all active
frames. The effect of th@&)f= is to average the (6)
obj ect pass scores, but to wei4ght each score based on
the confidence that the object really did appear in
t he dbe olgerp s metigedtofpasa HO(P) imatdgastabine theeshadd & ighetillnstiative
chig'ﬁrd 144926 st hifAs oﬁé&%p x?e,tlsfbnA réas Qﬂe RVBEAB Eror
j ECt pass scores Is eas . IS 1s
@ﬁ&#@&P@H&eﬂ%ﬁa wei ght ed average mhereln aII of the
vei ghfssrudeRavfl iadbtaire udidpies i PIces Of +. Fd)rgskde[nﬁ)lelﬁ‘ t tSB% the

%ghted aver age pass score i s around
dsedsio pass Hspestion i %Eelﬁ?}%‘é?dwé‘fsc‘aﬁtsl%léasfﬁ Mtqd
ﬂqadlaxﬁmimtmeo weipibd @bﬂa@é} butdﬁﬁl@fdpbﬂiéh Mere gﬂ'pﬁ'oplnﬁte af 931h8 dases.

t hi d .
ForQjsuE . DE PP /T-507 PERTrs phCooipeL i Beechg ony it
the bgineletlhiog mdjym“ansfthe weghecoaasadnds foactive famed Wiktre the pass score is
il t
et ER B RGN pe L Dedal BysF BRI on QR T e gt
fipyre davewipess scunthatdest deastiprThe objeetitayalsrbejudest tq res la:tpmtwe if
@fp")1 E%?eatepﬁlgtn?r hkc){ ,rrfeﬁrﬁ%? a&%%e%ﬁe ilgﬁ]i%me%%g sé at 1s at

Vi ewing an um nation perspective is juUst rig
ke#érobj ect noves through the field of view As Iong as

the eyifd@BCRefubvaiitichi B &ojct i Ehdgéaeé Bash ﬁ%e@ﬁ&\md bRAL total
the features are present, the ject shoul d pass

VHEPSOPP g1f Pats e &t et éﬂsiie%ﬁ ofefrfeffa&nqnsof ol walﬁhtt oknow
i N ady@inuemivs edbodahent, B@e@ﬁhle%ﬂfoﬂ@dtﬁéd wddlon@@ahabmhe

S 2 A e seott 1 T B caiATat o ey 25 Rpethod
wmsanmhanmbwagtsméamMe pass score exceeds sone

threshol.d i n_an th tive.fra
al t effﬁa bI ghoye, Eeﬁ% )P%ons of inetRodd For weighing A G Sce gl'(lietermme whether an

object has been detected, and whethef it passes inspection, are intended as examples of useful
embodiments, but do not limit the methods that can be used within the scope of the invention.
For example, the exemplary constants 0.5 used above may be replaced with any suitable
value. Many additional methods for dynamic image analysis will occur to those skilled in the
art,
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objects on the basis of too little evidence. In the
illustrative enbodi nent of Figure 13, a weighted

w@ersasiti e method i s used. The wei ghted per cePtT/Ug82005/019793

method is based on the fraction Q(p) of total weight
where the pass score is at least/?: k b (p) = - (6) i
The object is judged to pass if Qp) is at |east sone
threshold t. In the illustrative enbodi nent of Figure
3,/?=_0.5 which is plotted as Iine 1320. A
%8%‘@?5%5‘6?‘&“‘??frﬂ¥‘sqfﬁﬁeﬂl¥ve¥‘%ﬂ“ this case woul d be 10%

Usef ul. iLor..is_obtain si_ng, di fferent val ues of
For ;ﬁégﬁ rr% Fég%ﬁo‘fv? th or‘—galgﬁﬁq & ?ef(rj?é %&Sf"gi&mi eien}eﬂtﬁ §et HF s s
imsyegionsiof A coriputdn ecadableginddinth) eed ibg an loarative nballime@as bfaRze
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buiflaed -t Qo PaSacH JTHRERIRD cafel m'lsgo L @lgss%ﬁe%e{m?;'

2 ; 1 2B&ptable
majority of the weight corresponds to active Anes
RIgteRmingdechnigue apd/of languasepan begsed o parmrant the procdsess Ygsctitred
ahkiect will be judged to pass inspection only if all
of the .ﬁ\ctiv ranes have lg‘a%cﬁ)ass score that is at
| eastS3usFped. glgssesyithadpited hosden sush g Gadpet dasp18e are abstract
bass plassési thud db hot @Xigt)by item@dl &8 betard Béd ko Builddeh&ble ARABS clhbAt

rane has frane.. ss score that is at

f roid g

an tive. f
i atlosuof s ot ey ShEpRSFRent AR i tag can be
preatefonid titrpyed 85 haedldytilicaser Hllﬁ&&ﬁig /eg at dpplidagibri) hshvg%inghm 830.

r ore is at |e 2. instead.of the .
(el FuRRnBo R bk ST e S BB arsigned vin
gpepifie basdware o spfbvdiotisdusces Statlc biectschlverys exist anthdanof bé deated or
id-RERE pyREL &Gt he pass score is at least/?. This is
equi'val'ent to a weighted percentile method wherein all
of t HYl algieg pre derisied frawGiariget qlprs 149p audsocllobierty thaiomsingidnces of
8 tBREkShé W in WRue 4N AR CEEEL gqtlﬁﬁm@%mms&%rev&p

bj ect has been detected, and whether 1t passe

Btecti on, are intended as exanples of useful
enbo g wriains thabesh bel chobddtbyliielisdr, t he net hods that can be
used.w t.hi.n the, sco of e I nvention. For exanple,
e LEARREPT TR T ol e i Ve i bR el
W t h gadggts sundka pldgmernd and colehyutatidpdaispnal et hods f or

dyrami G, J |l ~occ to those.skilled in
the S BT Puatdie thin o be conpiiibiy e ooy B ppgton
Fi fuhss ond sush pemetbrahap candom used td iovertahe lagie edtpaii. es HiziVNOD);
elemgpis (e.g., program

5. can be run, which causes its logic output to be updated based on its parameters, logic

inputs if any, and for certain Gadgets the contents of the current frame, and which
may also cause side-effects such as the setting of an output signal.

The act of analyzing a frame consists of running each Gadget once, in an order

"determined to guarantee that all logic inputs to a Gadget have been updated before the Gadget

is run. In some embodiments, a Gadget is not run during a frame where its logic output is not

needed.

The Photo class 1410 is the base class for all Gadgets whose logic output depends on

the contents of the current frame. These are the classes that actually do the image analysis.
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instructions of a conputer readable nedium used by an
illustrative enbodi nent to anal yze frames, nake

wW( ognee3ts, sense inputs, and control output SPOHEEDN5/019793

The el ements may be inplenmented using a cl ass

hi erarchy in a conventional object-oriented
progranmm ng | anguage such as C++, so that each of the
el enents corresponds to a class. However, any
accept abl e programm ng techni que and/ or Ianguage can
BeeryBhstp mepseres soge gharacteristict o tagivg eSinttestdRODed the@nmdnnirame.

fﬁe Rd)l' édﬁEs‘b@ﬁ(ﬁ th 2 GRS ﬁa%revﬂnttﬁb dBj egtggggﬂ C;fé&écp Shis Fﬁ%@g@:ﬁt is

et class 1400, are abstrac asses
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The Input class 1450 represents input signals to the vision detector, such as an external

trigger. The Output class 1452 represents output signals from the vision detector, such as
might be used to control a reject actuator. There is one static instance of the Input class for
each physical input, such as exemplary input signal 926 (Figure 9), and one static instance of
the Output class for each physical output, such as exemplary output signals 922 and 924.

The Gate base class 1460 implements fuzzy logic decision making. Each Gate has one

or more logic inputs than can be connected to the logic outputs of other Gadgets. Each logic
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The Photo's | ogic out peXT/US2005/019793
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e po§ of e

Phot os can nmoved SO as trac
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sear imensi onal range in _a frame for an

edge crpleﬂ??@cg @'B}“ thy OpbigetPasg ﬁ“dig%Prﬁb‘F?f&i leveljhat jndicaiggywhether the
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of t PRufUS Riptesénts $miR "vw@a&tlwﬁl@)iﬁ bl%@clt 15‘36‘509%511@%&&@1 1)

(yi HE' ar¥ out put . sj.gnal s 922
an le 1512. The object in thiS example contams 6 v151b1e features to be inspected,

corresponding to the two Locators and four Detectors further described below.

A Locator 1520 is used to detect and locate the top edge of the object, and another
Locator 1522 is used to detect and locate the right edge.
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The Gate base class 1460 inplements fuzzy | ogic
deci si on nmaki ng. Each Gate has one or nore |ogic

WO ppatis43than can be connected to the | ogi c outpul/ESWH5/019793

ot her Gadgets. Each | ogicinput can be inverted (fiizzy
NOT) by means of a paranmeter that a user can
configure. An AND Gate 1462 inplenents a fuzzy AND
operation, and an OR Gate 1464 inplenents a fuzzy OR
operat| on. The Judge class 1470 is the base class for
two st B‘Eﬂ%ﬁb?@%‘ftt@ 1530 freiseddp belp diect e Prespaerof tapmbieatn this
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an o b@sehﬁt objest morpirah &ft 16 Aght dxaupihe fiald of fiew eNle Gifion detector,
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ﬁﬁéf@tﬂ)ﬁﬁ%@t 15¢i Boghtizess gt 1550, sind Bige Detestpr 1561 to b atnil correct
?Jsm*oﬂ ﬁela%ragtoqﬁe AR, ¥ daor %E@&né&ssfolg by b MR mﬁ%l Vae%al é,*as on

rail I Ng e occurs sone tine a
of the epiecin éhe feld; off vigw srepqsitiggng ﬂlem@eqt@gbaeedmmﬂmjoca@cfn qfni@ top

BEthEstiset. ISt alNRMbE 65 1R ohiGl 4idfi cates
\%hggt heraﬁhe rr%%t reocentl w?spectnégﬂg%rjeé@t passed. The
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re anpl e o ow Phot os_can
fe%‘éeéi‘ ?“Sg%ﬁtgfb%vc‘i’agéwgo% fadiopa 1@@?@%@ r Lagons s fescribgd below.
i mg @1gufe lohaata llrs]gufmé»? E@mﬂgﬁmﬁné.dlagrﬁﬂ Bdr&hlﬁ)hdlgg ioalabeel

e ature, 124 th superi pse

%Xrgﬁ spl ﬁ? gegl ant MHG RSBl %%Etﬁ t?"% “§eﬁﬂ§
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CS.0
Sl e S, AT B UBHLID OBl DO S5
mﬁwéatw Aedigplag pbgedents aaﬁ thels jasistintars@Deationst cai an HMY incalledoebgic
#4810 and a hole 1512. The object in this exanple

contains 6 visible features to be inspected,
Referring still to the wiring diagram of Figure 16, a Locator 1620 named “Top”,

corresponding to Locator 1520 in the image view of Figure 15, is connected to AND Gate 1610
by wire 1624. Similarly, “Side” Locator 1622, corresponding to Locator 1522, and “Box”
Detector 1630, corresponding to Brightness Detector 1530, are also wired to AND Gate 1610,
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corresponding to the two Locators and four Detectors
further described below. A Locator 1520 is used to

waledosae43and | ocate the top edge of the object,PEmnus2005/019793

. another Locator 1522 is used to detect and |ocate the
ri ght edge. A Brightness Detector 1530 is used to help
detect the presence of the object. In this exanple the
background is brighter than the object, and the
sensitivity threshold is set to distinguish the two
The logistonipstof (B defectoniicd isinveribd g4 s’slombqoa@ stailaitclea6p2 gyl as

ter
fEht %%8%@3" Tc():&g%% Sttt Rl lsntel Gacki 1522, and

t he Breilegit momlé@@@rlﬂisewsenﬁrtwp‘&éow%f dege faat thg top

e@&%% ot)j@ct]hhgqﬂ:@n Je'fb@fed Ghe l‘péﬂl &ieb oﬂﬁesol}j&ﬂ{bs g&hQeik@sh, ardShe
further ‘descri bed bel ow. Contras Det e 540 i s
baekarourdhag petbesn dleﬁ%tedp MR rldence s hig Fh?r all {1@ W‘ésr?“t s

cBigHdende $s k@éh&ﬁdﬂhetobﬁct@t@éﬂ Ha8 Bden \deretted. Die: e yutﬂmmfAHD @ate 1610
when $ gnt the ¢ ntra

t | d_ be,. hi Spot

rreb B CHBHPHa G 50 Dot oEaYE Berelbt SPetas s
fiased to detect the pr esence and position of the | abel

1510,. | f, t ,

hor i %Bﬁtﬂ?;ﬁ lf)g?c IHBW%%}%? C gtﬁ%t Judge n{tf’?? %adsg d%hggﬂ on tl'Te current
fauie b vigén detestoEd gperdei @ctiomnl ewcm Idgtedggn mede/ T opgratgin externa]
(L OO B G Ao bt R 106 ob ook ¥ ot ol
apaysisguade) nothirlg wonld tgivized igcHidetack ect | abel s are darker

colo PG Setetddis hfahid byt usbr Hafdl oh RicNIGIBe
t he ﬁhﬁée&ﬂt\%d%%tgggrehe Vi si on det ectyz)r : Locatoo%ﬂéSZ

qf &a@mwﬁtw& Ip fhg eramgiief Fagures |2 andg coiserdpay beess
B E‘jﬂ%ﬁtﬁ@to@ﬁ@ﬁ@@édgm noteafficle@3b inket eaf Mlobjk&d present.
r |

t 1 Det ect 15
Lo 12 bSO e iR 6 SR T & OPER e dieet™®
Lgﬁ'@éﬂ_@@ andle{apLa ﬂﬁsqm?ﬁ infthe préﬂilytlona:lyd:laLoaamr is20 migbt occasionally
t .1 { 0
i e s R 0 Beebirp Pl Dels P A ol ) b
cohitidno by meige oHAND Geteakio cibject denctgnerlﬁanale rgligelat or s can be
or i eﬂlttﬁe:jmng%ﬁﬁg%aargl (fo%ff!\slt Bgtect& “Hﬁﬁ’p 169(? @orE@ﬁUn@lH M Eontrast
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Since the logic output of ObjectPass 1602 has been inverted, this pulse will appear on the

logic output of AND Gate 1670 only if the object has not passed inspection. The logic output
of AND Gate 1670 is wired to an Output gadget 1680, named “Reject”, which controls an

output signal from the vision detector than can be connected directly to a reject actuator 170.
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Referring still to the wiring diagramof Figure 16, a
Locator 1620 naned "Top", corresponding to Locator
WA 2®8/12431t he i mage view of Figure 15, is conneRtBUS1005/019793

AND Gate 1610 by wire 1624. Simlarly, "Side" Locator

1622, corresponding to Locator 1522, and "Box"

Det ect or 1630, corresponding to Brightness Detector

1530, are also wired to AND Gate 1610. The | ogi ¢ out put

of "Box" detector 1630 is inverted, as shown by the
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as strongly as the object’'s
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@aﬁg@maﬁl ng to Contrast Detector 1540, Brightness

Det ector "Label " 1650, corripondl ng to Brightness

Det ect or 1550, and Edge Det Label Edge" 1660,
correspondi ng to Edge Det4det 60, are wired to AND (7)
Gate 1612. The | ogic out put YiAND Gate 1612

represents the | evel of confi‘dence that all three

| magehéreal inthes” Reye aben tdebespadingdixel dray 1wl &clthé 0
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di690e r Somihe eehtdr of tAdNkeriish togh<l ®itdr of Bimb weght,c out put of

bj ect Pass Judge 1602 is inverted,and also wired to
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—te

| ogi
°9 C t?léi{ Pxelts near the center are weighted somewhat higher than those near the edge.
One advantage of a center-weighted Brightness Detector is that if a bright feature happens to

lie near the edge of the Detector’s ROI, then slight variations in its position will not cause
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of Obj ectDetect Judge 1600 after an object has been
detected and inspection is conplete. Since the logic
wo@oeiopar43of Obj ect Pass 1602 has been inverted, P¢I/8S2005/019793

pul se will appear on the |ogic output of AND Gate 1670

only if the object has not passed inspection. The

| ogi c output of AND Gate 1670 is wired to an Qut put

gadget 1680, named "Reject", which controls an out put
ignal fromthe vision detector than can be connected
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one enbodi nen a—Brghtress—Dbetect6+—Hhe anal og
output is the L ebselle GRS Ve t hin tHe ROI. In an
illustrative enbodi ment, a kernel of positive weights

1700y e%ﬁﬁﬁﬁ:ﬁ%& 64, %%ﬁ&?ﬂgtle&& ﬁu?a&al%@ ﬁtg&t‘?s ﬁ@%@gﬁ%@w&fm

t he out put
d\ﬂ@rg@géevgks WhhMOINm llhlswﬁive ¢mbyidimpent, the grrayhcé pesitiye iwglghts

Ads dsed toofPfe QQ&gﬁ&psQa{ﬁgérﬁ'gevPin&ﬁl gray level. In the
IlTustrative enbodi nent _of Figqure 17, the weights

approxi mate a Gaussi an function pof digtance r fromthe
center of the kernel Qw,@wp.ém[%wpﬁ each wei ght,
~ -

L) 2
JJL) A= S (11)

i

(10)

In another illustrative embodiment, the analog output is given by
C@qni)—Claio) (12)

where the ¢ values may be chosen by the user. Useful values are gy = 0.95, g10 = 0.05.
Figure 18 illustrates a method for implementing an Edge Detector to detect step
edges. A step kernel 1800 is created corresponding to the size and shape of the ROI, and the

intended direction of the edge. For step kernel 1800, the ROI is a circle 12 pixels in diameter,
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wW(r) ae 2 (8) so that pixels near the center are
wei ght ed sonewhat hi gher than those near the edge. One
wa@edwan2gge of a center- weighted Bright ness DeP@DUS2005/619793

that if a bright feature happens to |lie near the edge
of the Detector's RO, then slight variations inits
position wll not causelarge variations in the anal og
out put In Figure 17 a=99, but any suitable val ue can

d. The value s is set based on the dianeter dof

Fﬁté’P of thg pdes 19 |y degrgesitiom horizoptal \ibe gamlsanchisng is ag
ﬁipﬁbkirﬁatﬂ;ﬂ of the-firdt Rrivakife AL lan ithdctisi Jf Alstad@ + BFRARY d¥BMo the

%&H{]ﬁ%@‘o‘gﬂé’l{t put is defined by the function C{q),

gray | evel such that: where gis a
percentile chosen by a user i nverse
cunul ative wei ghted distri lg,ptT}iE;ﬁf‘l gray levels.
Vari ous useful val ues mff)ﬁare Iven-in the follow ng (13)
table: In one enbodi nent of° a Contrast Detector, the
anal dgFigute8it =98, uhaystitehdanide cka\be ateid dn amﬂlutthﬁvgarnaypdiment,
hgsRA . In an illustrative embodi nent,
%‘ﬁl¥§dg§rl%geg¥vﬁ%%5|tlve wei ghts 1700 is used to corrpute
a weilystewikesehisoin with taduds &t taorpe considemdbiotbe theiprddugitof artiflesk
&sﬂ% 3fateet£x@a§aaélgﬁpdgmww& i$y i ven by C(qhi)-C(qlo
(1 ) where the gval ues may DPe chosen by the user.
Useful val ues are q - 0.95w glk|=0.05. Figure 18
illustrates a method for inplgnmenting an Edge Detector
to detect step edges. A st&p-kernel 1800 is created (14)
corresponding to the size and Shape of the RO, and
the i ntended direction of z‘rreer&dge For step ker nel

1800&{0&%& ﬁgldéaﬁsu? eﬁéer t%‘he;%atéeal e3+1i V{}heg {c E&{‘ e’s;?ogging to

the direction of egrees
the Plagkopi vehite region OEQt@d(eK@ g, andgbohensti 44, @ppﬁp@odmgm the white

&Tblicll}@egfidnfo‘fkte;ﬂﬁe&ﬂeYﬁbd ve of a Gaussian function of
di stan fromthe %B%e to the center,of each weight,

In Fil§ P“ecof%asbc andgepighffdmommalized forel#ion & af threstepdemgland a

ligatlapell RORKith pikél Shlu&L] M BlRHH.0dI ment, equation 9 is
used with = 0.5. The step ker neI 1800 wi th values fa,

can be considered to bf:é*g:g an ideal step
edge tenpl ate b[and¥Yx Wof‘ ‘Qﬂzt ve weights w: e
= - (14) k bf W Note that ‘it he i déal ep edge tenpl ate

values et are + 1 n fa > 0, corresponding to the
bl ack on white regi én" §y,step kernel 1800, and -1 when (15
fa < 0, corresponding o the white
2
3]
RZ=MNE J

v

The contrast C uses the standard formula for weighted standard deviation, and R? uses
the standard formula for weighted normalized correlation, but simplified because for step
kernel 1800

ZWie,- = Zkl =0
i i

Zwieiz = Zwi (19
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on bl ack region of step kernel 1800. Define contrast C
and wei ghted nornalized correlation i 2 of the step

wlegonet43and a | i ke-shaped RO with pixel val ueBCRUS®05/019793

follows: C - (15) | v. The contrast C uses the standard
formula for weighted standard deviation, and i 7?2 uses
the standard fornula for weighted normalized
correlation, but sinplified because for step kernel
1800 W An orthogonal step kernel 18io with val ues kf
i s alAsortltopesd sep kehet 18iGwithdelues 5'al alsawocreatd thet spdekiagahtelthe
0 The ratio is a reasonabl e
seg%emg%oo% r?t%t%&j?(%)egg%g&ﬁfﬁttl%e angl e between t he
actual and expected directi Q| an edge, particularly
for small angles where D js|alsol a good estimte of a7
the angle itself. Note that Erkzq t hogonal step
tenpl ate 1810 doesn t need {@ bej created-the val ues

cor 1 E&FRIF AR T BHL B R PLoURT HEE PPN LS Bl expeted

, diirleétfoﬁ bt edger, dﬁnculﬂyg’wsmall Shgleh ohsre Pasaltdregood bsiestel@Phe C,

lT

a‘nglF ng} te H)S aél gﬁ%ﬁég ep It m)la}el'lglégngll&?eg lllc% lpe%gea%q—% values

finen thostép Hmplatetltoat:arwe usadlgmt bra&sme@ng tddheqitelsdralneran ﬂlGIRiQ% n
C are net: 1. The RO |ooks |ike an ideal
(?Egénttgﬁ&s whi ch neans that the wei ghted nornalized

corr Eigane.la showsbpw tigaalpesdids Comd P aseiged digismmeitesheenglog puiput
A 111'u§ram/ége!?nb031meﬂ_th)@ tlfé@ager I?e?téctog O ol B YohfideAthdt ¥n &i‘g@ M&

sone noi se threshold; and 3. The angle Dis small.
hﬁ@?@q‘ﬂc@@wﬁ@’r%ﬁ%’éﬂlo'&ﬂ’?@?‘atl on operation 1900 usi ng

RA. RIRoABEksHikesm 13@[9 2? edg® 3Mick R4 RSthe wd?@hteﬁlonl?ahzed I
contras usi ng step kerne

1920"%;1'”’{18‘?&06}@6‘ F%etﬁta?%t‘éﬂdetéeg%@] E‘ﬁl%y t hreshol d
o PEr Thd @ntrés%& sigmfmarﬂlyfabmz yorhaxgise thrashalds ah®4 2

g ﬁ.gtl ngld ﬁpnfl dence that the contrast is above
V&M e ghted correl ati on operations 1950
an d ASgRghted sompliR@Icort@ation opdrasion ke weirg RYA0L0 apthilep kernel 1920
I
Shpasera, cﬁ#ﬂ%g%‘%ﬂ?sg HSIfEROPDR APSE) M) R ifiplls ¢
wlsclva eppaerted By Byzzyf fh@ﬂg@ IpereiindPy igpa iﬁm 1eﬁ° I@W%‘i’n@(bcaﬁng
ﬁmﬁ&ﬂﬁdén@@th&t twe%htﬁastl%%vé mgh&s%tlév@g Wéignsd%ﬁbmﬂ%seramg

e angl e between the expected and act uaL (fl(l;
Jg@'ora@égqsb yaing ROE19#, step kernel 1920, and orthogonal step kernel 1922, and absolute

value of arctangent of ratio operation 1960, compute D, which is converted by fuzzy threshold
operation 1970 into a fuzzy logic value 1972 indicating the confidence that the angle between
the expected and actual edge directions is small.

A fuzzy AND element 1980 operates on R’ and fuzzy logic values 1942 and 1972 to
produce the analog output 1996 of the Edge Detector. Note that R? being in the range 0 — 1,
can be used directly as a fuzzy logic value. The analog output 1990 is in the range 0 — 1, but it
can be multiplied by some constant, for example 100, if a different range is desired. Note that
the logic output of an Edge Detector is derived from the analog output using the sensitivity
threshold that all Photos have.

Figure 20 illustrates a method for implementing an Edge Detector to detect ridge
edges. A ridge kernel 2000 is created corresponding to the size and shape of the ROL, and the

35



10

15

20

A fuzzy AND el enent 1980 operates on ?2 and fuzzy
| ogi ¢ val ues 1942 and 1972 to produce the anal og

wWo@uiopa2431090 of the Edge Detector. Note that RECT/DS100%019793

in the range 0 - 1, can be used directly as a fuzzy

| ogi ¢ value. The anal og output 1990 is in the range 0O
-1, but it can be nmultiplied by sone constant, for
exanple 100, if a different range is desired. Note
that the logic output of an Edge Detector is derived

ifitk1RY BiRRHE I AG capd Portridds kdngk] 106 iR id 4 oiﬂcteuzmegah ol d
that all Photgs have. Figure 20 il]Justrates a neth

diggeter i BRERCTARP il degires Pembaizoptah Shefudse Kerngl Py e
8 ﬁﬁl_atlo‘h d?flt}fé@&oifdé‘ddﬁeitlvg 00DGAUSsi et Gl fakh &S1eIMEHhe 8dge @
%ﬁe Si 6;?lhape of the RO, and theintended
*%%&98 Lt he edge. For rldge kernel 2000, the
RO is a C|rcle 12 pixels_ in diang , and the
di rection is 15 de ees frenthogizpntal . The ridge
ker nel 2000 is an ap% bx?[ IbgiIOf t’he second (18)
derivative of a Gaussian Yunction of distance r from

the gdg&id 0 4%, 66h fEuanfle et taBd @B, in dohkireive @mB&Yirdent,

= 99, but any sujtable value can be used. In an
%W@H%?FéFVV@%@hﬁ%a§nent equation 9 is used with b
=0. 33ne ukbi6f rlﬂ%@}ce@lﬁel bdooly @m{(l&fﬂaﬂﬁat ﬁgﬁéb lteSneb1800. Tﬂd’cogﬁast bat
rne The co Cis, co ted u ng
cpRauEl e i G oA SRUT Rl forplF ekt B e
Kemehwahies it he Osum of the kernel values is not O: Note
that this fornula reduces to the one usgd for step

edges when the sun1of§£ ern Pyaﬁﬁf is 0. A
diL oMriidefithe angle D

different nethod is

bet ween the act ualg?and’ ections. A (19)
positive rotated ridge rnel\*2@20 h values k is
created with an edge divgébhan—gz}h ,| and a negative
rotated ridge kernel 2010 iw th wal ues|k is created

with an edgg direction - a A parabolais fit to the
t hr eNotgdah forﬁ@laxed@é%mhﬁmeels for sigp edgen whemtheun ¢fdhe
RekeARREAisbS a good estimte of the angle D between the

Pow B BERRG Hof & eamis Ba i 1 beruieh et lend Atpee
e%e{ & I%%tlo% tﬂltlgéa }rc}ls‘a](t;?d %Id%q:/ l%rréﬁl}ﬂ)%ﬂfxﬂféxesg é* 20 gg@xgléh an edge

|LZ
Bl 08 o S5t AR P RSPyt
ddBe GBI @ b A%FarabblAN fitdSthe BledPomiBeS RO' 2110 and ridge
kernel 2120 to conmpute C, which_is then converted to a
fuzzy logic value by fuz §:gﬂge hol d 2140. Correl ation
el enents 2150, 2152, and [21844%4e RO 2110 and ri dge
kernel 2120, positive rotatéd ridge kernel 2124, and
negati ve rotated ridge ker 122 to provide input to
parabolic fit 2160 to co £iangle D, which is then (20)
converted to a fuzzy |l ogic VYal e by fuzzy threshold

2170. (—a,Zk{J
i

The x coordinate of the minimum of the parabola is a good estimate of the angle D

between the actual and expected edge directions.
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w@eosdys1Det ect or that can detect

R2 and the fuzzy logic values are used by fuzzy AND

el ement 2180 to produce a ridge anal og output 2192 for
ri dge edges.PEDUSHNS/019793
Edge Detector that can detect either step or ridge
edges, the ridge anal og output 2192 and anal og out put
1990 from a step edge detector 2188 can be used by
fuzzy OR elenment 2182 to produce a conbi ned anal og

out put 2190. Figure 22 shows graphical controls that
can Beguchi23 shewsddwdire raige kivielsfans used tosleternine ti¢ alog utput of an
BNl ol OF 6k DBl RRLHTRICE! chnd Gl el

set o) I cal cont FO

e e@asrdetsélom wagglﬁddlg@nahwrcaw@@t@n 810p yseg BOI zéélﬂ @éalﬂgai@tr@lr
ﬁhﬁwwm@e ﬁaéamﬂs;t $ho Méﬁ,?Wof Ao eﬁ’iﬁ lﬁ@ge fﬁfar A th §on§ﬁuf@ ¢, Vhich is

enoug gure bvi ous one

ey qorl@@ﬂ 9 atfh@y Zﬂgtc vAlyaLY Blzwhrgihp@clwt Waﬁm%nqn@ﬂso 2152,

812%154 3QR G2} 10'W8d ﬁdf@ %&helbDo \ﬁoﬁﬁ\(/eaﬂl‘ate@ a4 @rkeﬁiel@@ﬁ%ﬁ négative
name. Tinme | abel 2202 shows the %I me taken by the nost

roated sides kemelpiz2fo PEouge nputio, parabolig kit 7140 to %Pé'&“tez%ﬁfjs%%“
BelRd@abd & itz wgtc valg bﬁﬂ@ﬁtﬁ@ihobd&ime and may change
er chnar, t eri c.to

col or h , or .ot naui sh .
bt v e G e fbet g e PE R AP St sl o oo ahidee
ahleg kinp 22 06 an Edge\ieteatohatged c'letect mme edgesl tFptian Hdge Detector

YT i Rl B ke Bl A ofed BRI B e Bl 90

(rﬁh geieeedgbieicckn 3iss tanrbe omdtby Gizzy QR 2lement @18@ toauioduce a combined
% t?Lné%&Photo in the field of view D aneter

sp|

2 is used to change the dianeter of a
Det edigyre 22 phovsErapbisal conitolsdias capkp Jisplpyed gn agiHM fog pueen to view

a1 nﬁﬂ@ﬁlat@%{ S8dr e set ﬁhrérﬁb?er@ﬁpﬁl@@gD@cg@& Aisd %Pérhﬂﬁbal contrcgs

Posi tion, dianeter, orientation can al so be set by

?fﬁ%‘ﬁyﬁ‘h‘{’fhWB?i’” & S?j’f“&ﬂ;ﬁdé@ prrAmeters isieallfd appigiierer Yev-dRanpl e

peenetdiRigR fori et PHotdslisgsithieur dbughtd Fesute)Xehdt i e/ella 0 6tviotd &0

are lﬂsed to iel ?\ct thett)%%ﬁ)es of edges to be detected
po y

§ifigtkin the gt by foqopsty k-to-1ight step,

I ig htNaine teslietvolk 220D amnwsdnaxsér tor vwbg end eatretla Gadyhif s naind Jkime hbel b2

eI e at i £5,i i S a
BX ovgse p o ¥ cr% he n%s rnec%‘a‘rr]l e ﬁado mer g&%\i\gﬁqf SRgsa
Giviget(szarrent logis petputfvylua apémam'liaage/cotou csﬂape, Iwaothetrhmr@bgieﬁc to

SEEa el ndiE i s 0, er BRI A ol iy
ﬁeottplghemm‘artai og output will be used. Sensitivity
re [
t hr eSRahe- Y0 A BB dUMpbih HBGFe k) B3karki as further

sensitivity fuzzy of a P er o- pol
qeggsibed beosv (figwred®)- val ue to 1120 (fi gure 11), whi ch can

be sebsify céﬁfo@s%o'&}e u%d 10 BbsitdR 2 PhotPRBIPRIINGT vieAP Blan’#p 3

shows value T1 whi ch can be set by one-poi nt
Pingfer223used to AFP&B"()‘@@ digpgerofp Qﬁfé?mfz?%c“%%ﬁ%‘“\? FFé“ are used to

Srithi 0 Hd g SRR 1oHé Spbetddf edge dREH0A. Polifien, dadki@g and orientation

can also be set by manipulation of graphics in an image view, for example the image view of

Figure 15.
Edge type checkboxes 2230 are used to select the types of edges to be detected and the
edge polarity. Dark-to-light step, light-to-dark step, dark ridge, and light ridge can be

selected. Any combination of choices is allowed, except for choosing none.
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output is also shown graphically by the filled-in
region to the left of anal og output |abel 2255, which

w@hoosnks1and grows i ke a nercury thernoneter PEI/NHR00§019793

its side. The filled-in region can be displayed in
three distinct colors or patterns corresponding to a
first zone 2256 below to, a second zone 2257 between
to and ti, and a third zone 2258 above ti. Contrast
threshold controls 2260 all ow the user to view the
cont diggle spihnaragosdiows heussotetspersly a paramstert/ inych dhabihd Edae940

e s RS Rl BRI Blid s iR RO
msition wittothe hleh@ @vPowputond besediser to view the angle
bet wg aﬁlu%ﬁﬁh%gﬁoﬁ@éonﬁélgzzﬁﬂ(ﬂﬁgtstﬁe%s&qg &t E&&ﬁibigﬂﬁzz? #@8dlold

set the ditection fuzz ds 1970 and

of la@eto.Lsrr ot dabelgest ah%vswralu@ fnd128 &igarenid h idich gan herset by zero-
p%ﬁ?r%licfef bt Pnd- immeﬂ z@ss%wsr\@iué 114222 0whi@ @& B set RAnedpbit

her nonet er di sp romri ’ht to left instead

SRR AT B2 P B SiTe RO Ot 8 TP CLis gridog
&@uhis giaf §hofwH é?afjhﬂ:eﬂlg {b? thé &R r?gh_'cbxﬁfl e tléft:’oflaildldg&qupai 186l Qzlss

or . | mentil n DO ector er ne
e AL B e g s R g e PR h & 545 Tl emiot
dah®e Rﬁﬂlayed:mrﬂllﬁ@dﬁtmkte:bm&l or pafdths ctbrl‘B?deﬂ?ng tosa flast@bnebss bilow

T ern 2300.i s an
55K e BTGNS o ol BRR i BPSss B8 & Bhcsi an
f unc CoarestahreghoEtcamimés 2z60fal @b leser aidvethe odniradh € akdsehthe
t

SR g B o kB B HALL A
sspedtivitk dweshdld c@00Is R250.si il ar to that for ridge kernel

2000 piV&iofl B & LoitRis Mool &H the 9§e§ & vfi’évs} 80 andleMReSORE LASH afd
are conputed using the sane fornulas as was used for

qxa@tqduea@éinﬁ@kow andeseifhe diregtiondprg dhreshoids 190 aah370- Ehsspe |
dofitré1$ §férateln the ks @hd thinBerlal the 361 PHg 1BrEHAL colifolddso, except that the

L T I
@BPUhd e higha Hiemnlogio vilugUr 19 except t hat angl e D is

t
Cor SRS Titsfiies WiEtion Achhts Ry RSITBHESEA spotsopst 2o

cotdubresBdinCorthe sizstand 4@p0e Qfswm or 2pbl Beraah asog, pimROI isa

0 i en.
SEEIS AR g AR ot B I R
dfgLapssiap fingtiopef distance & frggléh# denterfaf sheykernplity the eqnten of ezdsmelght
Jsﬁlgeﬁ&g&ﬁ% and>P H andf e ibadithent 44D.c. Mot hods and

Hurman- Machi ne I'nterface for Locators Flegure 25 shows a

pai r Tht usp phspet kemel F300tissmilagite thatifer rideekpryeh208b Yeeighisd t he

RResIREd &Hel@ﬁonlalﬁ Gt QhasfC ﬁx‘ércgrhﬂﬁedtt@m%ﬂle kdrhd 45 inkudds iy Was used
fnr;godl In a first inmage view 2500 and a second
forigdgp; %‘WQSOZ there is one Detector 2510 and one

Loc aFipire2% ibws hone the@pd RémeMid sed b derridir gt zillﬂag oltfif of an

Egsir vgﬁwg?cg g’ré 8#1%‘{‘1)8? ﬁs}ec‘to& 1L En? (r>f tge Sli)ot B&ector 1S lglengcal to the

Edge Detector embodiment shown in Figure 19, except that angle D is not computed or used.

A weighted normalized correlation 2400 uses ROI 2410 and spot kernel 2420 to compute R,
Contrast 2430 uses ROI 2410 and spot kernel 2420 to compute C, which is then converted to a
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Detector and Locator. The reader will further
understand that many alternate nethods can be devi sed

WO e005ape3i7 guri ng Locators within the scope of P¢EUS2005/019793

invention. In an illustrative enbodi nent, a Locator
searches a one-di nensi onal range for an edge, using
any of a variety of well-known techniques. The search
direction is nornal to the edge, and a Locator has a
wi dt h paraneter that is used to specify snoothing
fabynepid Viduedst dierzy thirdsiodhd 2480, RS therfuxug ldgickvainearewsyldy fikiae
t a Lo s on the particul ar

?eﬁ%mﬂé€§¥?%mégg?so aBgPﬁBB%gge In an illustrative

enbodi nent, a Locator searches a one-di nensional range

livlefhoc&r@nféﬂg@muwweﬂmf%for Lees9fin met hod of conputi ng a
| | d
D oS b s prpB e i gt e A eSlottbr

Dovetortianm@ndingio ah illpstofivd mbbdimemnmal fire tmage iewaso0 and a second
05 T3 o PG A0SR S5 B0,
téatlthafeﬂthmesmtlormfmteaisr 15kneand b atox nﬁmppar%mmﬂly(to any
fg%%c%r%% E‘édaBP Th& %Ehep%ﬂ Li’aﬁ%% {ufdelq e 7 S'%z&lg alltemteq}{eg}hotdg gaélé)e

( ['ocat 1 on accur acy anot I ment,
deisedoler ¢opbiguring Lbc;atos-@altlnmnhmgopmf the ipkeationanal og out put

usi Ngy SNBuBIHR ABLEMER 2 IQkathil sOd#ERs 4 SheXUimElsBHI Bangelfor an
once again interpolating to inprove accuracy I f

eflgejupiggiany| of a xayistd pellprye teebpiuesgThespasghalireation isaiqamal fp the
&gb,tahd gmmshe@ R&Nidth BRSSster Wit B Usedd &p@a@f\@ﬁmmg QAdi8g thé &@te

ncl ude ansl atio rotation ees
‘?’Eéb‘a gsrd i yel %‘PW“ Baye FE%H“HJP%O‘EHE °§‘k€‘?°ﬁ'€ﬁé Fpds ﬁ’gﬁ‘%\Pﬁmc“ ar
iﬁemodl&ecemémmhdédgdi rren3| onal Locat ors to p03| tion
Phot os i. ract vent i,on
i oo e Mielenbhdtfent: X oS s o ot ioh o ¥ oPh ede
wsongaticovadl-knofn olathad ef cpmgaitmg p euhjedtinn df thetROd iparaldsl tophe alige,y .

: Bﬁ&u% E%% oggé ?TQHS?CEIQ &ﬁ%% tl?e%l&clpﬁﬂgeebﬁemﬁg g&eﬁsri&h ofiiIQ is

ere on bor der an
@m@mdwgth apae-disenyionietige kesnsl, and the jogation aiihi¢ reab BRgeor

gdﬁ%%ghdlgo ink ﬁ)cgioﬁ '3?&1@ Edge. %ﬁiltel'&faﬁgﬁ rsuc%%é’%e bes- %%%fagﬁlc
hand| e 2522 f s1fe3,to its wd and range, and

intsfpelagion, ameels @W&W@ﬂﬁgﬂgetlgcaama@etr%caﬂn amﬂrer
EhsdtiEent &’DedE:cdﬁlb\é ﬂf&at&%;@éﬂgﬂﬁgrfar 4 ek RAldhitputdsity m@&@e

i mlar_ han as approprjate to. lhejr operatio
or PIIBES 18 4 i A e A T PRI A PSSV SecpipRat o
d r awln maﬂlammm&gel ntya deataﬁsl:e&c]ﬁe@ amltg&hmemhohﬂ réhgt, nﬁmglaren-
ne S t. ca unger 2530 e W
PRl Bl B ndioe Bk Polan 201 B el e feolof riifbe
tlear tohma pihllﬂdgmthe ant\hctvmtoeurrpfoy insiltodimensional Hoyatas togesitigdPhotos in

é%&%iéé P% lijrﬁ)al%&[&%hsro tﬁesfo fogﬁr( O&fdcﬁ'%‘oﬁ Wi tﬁealfnﬁ%eh % qnb! ‘auﬁe'ﬂﬁon%ij g€

] earc range, and
Lmtommhlg}earemhfmsidlh@ﬂl@tmplwﬁyof a detected edge i f

any. defectepzsﬁ%@ bcsatog?stlf&h mowa%ro%hﬁfﬁ%?e@d\ﬁb)dai@%i n

d
the center e range. 2 Locat or rail

ahaie Pfhthflh'éonﬁﬁf gluirfhagaglg Detraton 20 hs gesize hagelepspo for changing
#Qidhsehed $RY LYdatol 2512 has a resize handle 2522 for changing its width and range, and a
rotate handle 2524 for changing its direction. All Photos can be moved by dragging the

border, and have similar handles as appropriate to their operation.

39



10

15

20

25

30

wa@eos/1o131more | ocat or s,

t he plunger but extending in both directions to the
edge of the inmage view. Every Photo can be |linked to

determined by the particul ar enbodi nent of the
i nvention. The nunber of |inks determ nes the nunber
of degrees of freedomthat the Locators can control.
Degrees of freedominclude rotation, size, and the two
degrees of freedomof translation. In an illustrative
e b oth theeiti bstrativeeemipadiiment wf Figurb &5, adfocattc'vrriﬂ«ka\iwsintamn@n diew asa
L h L

1 A e L Al BB ot
ame shecviunsermnd: ﬁg@ngmmal tp Blelplgan A leraterdgerienigd prguser so
thdT B4 lun ?s aﬁspeéﬁﬁﬁmyspaﬂla 16k bdg%@o ﬁeqomeﬁle r&@mgia atoqu%

a Cco rel ative di stance he rail or ra
seqyeh lla%ﬁ?a%“é the plusgerishayys the logagon qfﬁwéfacteq qdee if any. |1£f50t ngﬁ IF ve

&f@&ﬁd%ﬁhg&hmedrhwrtmmnt@aoﬁggmtw Iulsn ng aI nechlam cal
anal O sSucC hat one cou actl ua Ul a l

out éfgmgqt?r@e% Y2534 Séﬂﬁfh‘fléhefﬂﬁﬂ""oaé&F?%@‘Eh%n‘gatt‘%@‘%ﬁ&‘%é‘%m
tumplhr@emvmdnamg REeboRBdiRCtvAY todlfe K18 ¢Taise imbge vigap! | ed to

t he El un re 25 thg Ja{onkargtg from Det ect

51 0Bt Pt b ke 10 icr o Ty e sy RN fsber
detegmdédjoyaliet patlkeldr éntboDiatenicdf die i ekdn ihe nprabdr o2k detaumghes

|
té%orgl%lb%rbé %ﬁéﬁh{}g%a{tﬁ ]tcgcgtgrs c?n J&%ﬁt ﬁ%ﬁg&? oit fne%dd’n?hlzlude
motatidn, sizh mdpmstwoudsgr@hs afiieedom Dﬁmntlajtodehl am‘llhatrme tmbasiiradst,
B8l PTG 35,1y e
qoiEdiedl e such points t o the rail. A Locator's rail is

onl y ASReM définet iiw @pm&mwep&amcatef 1ung5wv)és BB vihg an
has an emtter, di anond- sha dr awn

eégwmémégeomweﬁaﬁ%? defipgg to g%’aﬁ‘tﬂ Péwfeé*f peqngpnt salatie g5
EdtAnkd t%ﬁhe’&&ﬁ% rangfthe CahiOfs to>wHich %ﬁsmmi Intag illugtbltize enfboliintekt
s.create r ag- dr ing, a to's emtter

RS S drap B e, g s S b Bl

lﬂﬂw@ﬂdfafptrmlxyeh felenhedtedngd bedviagd dnd khe Pbotomwatlhmoverie thh samesyy
Qr del et i,n t hbe used. The user may not create
r%esfaﬁaﬁpliegm%gnunrﬁej% nunber of allowable |inks from

any RHGgwe 2Tibe ligkage foom Detecior 288 prelrgatnrisesinclugs aiod 294p.gvhich

iggﬁﬁlggﬁ'éfchélﬂo giatgamois%ogoplagty)ﬁesc;Q\sﬁJ 103, skl 3440 ot i81xLA0 kno@é P

rovi user

Famg dheaait 15ep. bt avhich dellds be radaf dght angles torfhe wajhyBhe B?saejglr% oa the

HhePdeRb O PHER %&hrm tHe wg%xtsﬂa@d %Dl@?bs@ 'Ehr&lfﬁh me%elﬁérléms Photo
-it stays locked on_an ed can one,

3l dosess of e eadgpsiic sueh R to el d*rlafﬁgtpwwélswalaa%w if
tmbg@h &dgpr 1S detected just changes its search

rang Iun er._does not tive to.the EOV.
Nor e gw o G oF A e Al SRR en it

toeder. lFboamﬁlﬁle Betyctalmtomai @ittdd 2550 andt Locstor 25 12ihaecemiftdr agsgi Anlink

1F ﬁ‘gﬁ? c%agtvﬂrwgmg g?t% [5}% ﬁ%gr 2 %n;! p%ug torl? 3 LoGtor §hHS ]Srﬂ(reXrewy

exists, the drag-drop might delete the link, or another mechanism for deleting might be used.

The user may not create more than the maximum number of allowable links from any Photo,
nor any circular dependencies. To aid the user during an emitter drag over a Locator, a tool
tip can be provided to tell the user whether a link would be created, deleted, or rejected (and

why).
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woewosiz43nas f ound an edge,

noves relative to the FOV. Any plunger nmay be dragged
manual ly within the range of its Locator, whether or
and any |inked PhotP&T/Ws1005/019793
nove accordingly. This allows users to see the effect

of the linkages. As soon as the nouse button is

rel eased, the plunger wll snap back to its proper
position (roving |inked Photos back as appropriate).

In Figure 25 Detector 2510 is |linked to one Locator

2512 Draggihgad.oca@ dbesamtdhatge dre bdha}jroeef igfplung@edicys Bcked on an

&%Q ¥fr1t d:axll on-grbg I‘(%Ergg tﬁ ﬁ'le%rentésr rlterﬁ)g %s' d?agg%% Q‘?C{Cﬁtglo wl]ﬁn:ean edge is
@htqcteduqucrhamés ﬂmar@me @p piveger dags s@mdreiamg@ thej RQY. More
%egﬁ d;WhIaE%ﬁg Jl?c?cat{gpi?eggr c}{én%g gﬁﬁs&gmoﬁ %n?bﬁm@farw}gciqgs i

! an edge

Pragginga Lopaigewill thayad lepgils a3 gedesspig o inpure metheb?hoto
ko tddhiveR ke fws not changed, but Detector 2510 has
noved to the ri ht to foll ow the plunger, which i

f ol | oYY REmERs may Bedragsed mapsihewithin hy “inﬁ%?fé‘is &P@t%wem fgot
i b fomid iaf Bdpefand A, 1RIREE~Hot0b WllBhbve abdordMplly. RIS BiddWs Gifdrs to see

ectaqr 2510 _noves becaus
B SRRl s 565 B mitp DOBOTS eleatet et gl ik g ack
1oiits brobhfpoﬁhdnr(gﬁmng Filgd Peotébackveuppréprip@). 1 of | mage
o e 0 BEELID, D S By e
fgedoamid ceniroBelo ek depragef fieedom ﬁﬁﬁﬁlaneﬂeceﬂgﬁdl@&bﬁ, wisch means

L 0, 0 560550
WO £30p theeinger 3530 hesgneved toghe nghé@dfdmkazfsem e¢get(rgs shown) in the
ok NoteQhat B pf)éltfoitm the ﬂO’?’Q)? go&ﬂ)g 25 £RRQ A6t cflé?l‘éedz ﬁéa)eteu‘al; 10

that the two degrees of freedom are not i ndependent

brs stieddo ths sightde Follaw thepiunpesgutich is follayine aedgp af a8 pbieptand

AESfoRIblI e nBtidni ogukabja& itselIOHRAF mBBaBQE ng MRELtor 2510
view, 2602. with_ first

ew, 2600, f|r
3% DRSS i AP0 T 2998y 2, b e s e
pllvpan) in the |nage and second plunger 2634 has noved
tot t, and sl
cdge THSoShO P RE Py v o B tenen e s, B RERRra
Bétedtaydikedrtes tvd 20aterm dn 2 680irge reem 200 gidanerond infagd view 2602

Bﬁéﬁ&‘z% isARL t%ﬁrsﬁ?&lcgg¥ gﬁl\ﬁd QQ&Q:OE otcgl JGﬁf énfdtsg m]; ol I ow

un ers,

@@fle@qn dazf@leStOﬁﬁeeém@la@ cpmqlledMTh@degms qmeefbm a5t ingheglirection of
ﬁl@ﬂ r@@ 5623 dndSdcbnd fol 2835 NoPREN 83 ine Pl esRBAIF 2Q¥dont 22 Iﬁﬁ fn@épendent

noves because it is rigidly attached to first
?eawse Beppe pR) orthqseral Hypdlesgnd emijiprg afegotbewhia FigFq 262636

by s &empalingestorfigy, ge Net ssoi Wi firkd imBde vidw 6V, firBAchgh3824 has
to the first rail 2626, and second

I
EIPY' 3&?%@3@%&5@? 35]%69% showghig ﬂgeé%%?dmﬂa?qoz%@engeﬁw has
mbvedanﬁe kit hﬁi&h@h’c@l’tgw:l heit foggd;f% s&&:ﬁ? eggbilnd‘ﬁ etmz U\jibwu : fdﬂe
t 0O a
P Piah e RDF el ookl e i Eenot chBodit i Dol e

moeet] dblvieand ltd the keft to follow the plungers, which is following the edges of an object

and therefore following the motion of the object itself.

In our mechanical analogy, Detector 2610 moves because it is rigidly attached to first
rail 2626 by first rod 2622, and to second rail 2636 by second rod 2632. Note that first slider 2628
has slid to the left along first rail 2626, and second slider 2638 has slid down along second rail
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useful to set an angle limt between the Locators,
bel ow which the |inked Photo will not be noved. This

wG@r@sa243an be indicated in some way in the i nERET/US05/019793

such as by displaying the two rods using a speci al

col or such as red. The ability to have Locators either
at fixed positions or linked to other Locators

provides inmportant flexibility. In Figure 26 neither
Locator is linked and so they remain at fixed

PwsThe stidess slide tlbueg thels i tydremedriip gonaltLofdtore eire hiolesid tte NS
nelative to the illumnation, which is often

o‘le5| rable. Figure 27 shows a pair of image views that
wi | | IzePhaioardinked toxywo adarly pivdlebledsaipisoits redtion world be urstable. It is
+| i egettaf?aégml iPFRY R fre LD L\‘i@a i b “mfchma%kém&mu hdlbe

to the o |rs I mage view 2700
wexed disisipiesan be sdicatedon sqyeq waytipthe prage view, supledy dtselaﬁng the

tlolrsids ukiREAdpREial 218Psudis ré. sSecond Locat or 2730. Second
Locator 2730 is also Ijnked to fjrst Iﬁgl?eator 2720 via

rod Fhespl ‘%@é\a"eﬂ?&?"mﬁ‘ﬁ}&r &) fixprbposBionsor {Reqthes qoptors

mbvidie ﬁn;ﬁinaﬁtgleﬁ&uﬂy RH2girof6 deitlies Lodatt lliaked2na Eb th%h"elﬁam at
Phot os

hat there n f.
TR oriRs BTy, ot g elarelh s Gp it BHee o P B
ik bfidntdesigblen t he nunber of |inks one Photo can have to

ILgC laltFo ey &7 sﬂ] V\{s\r;\g) eéﬁig@%e v1c=9v$s tlc'azflt il & u%{d to r%)tlagxghg Be{hgg'r ofa

rsan
Dartems lipked cntvod grases mrefone@dlmﬁoc&ns orléhkedio dtepthep EBDfitsis

g&g%\é %7?% %‘ag séc%&gl{n%% ?r v e §Dgl: 291'0 hsqgkétﬂo Qs L(())cator 2720

egre I rst Locator
¢nri @igesend kocaler 3780 SgcordsLagpier 2r7mﬂwslmﬂ<¢¢<te dirst hoqamzmra rod

ﬂ;lﬂﬁ Pﬁ@zt Sl{dsshé’ér 874§, csmﬁér%a a;heé RorfgGhil % sffﬁest foRRorS.
a circular feature 275 npar.i

e
s ec 0 metq tﬁ@é&ére\%\/bez? bpiitign the npmbeg of l’*}?&lj éhawaewe hﬂﬁ@g 03 he
Cdchiot iiRldedreadfile@om Al B 85 the B Atshr GiMRs o2 PUSHb Bgh Hadd fo

722 t0 nove o .to low it hi s
s S PSPt g0 B ate s s IS Bt oo e g
doatralietl ar twa frakdlakion dgrebhed f&adml pasnd Laator @b finked tont he
bj ect ,..and is [o]0) cat Of e 0
RRBP 3 ecTBy o AL R8RS OF rrbd g mird MoSardeSran s liphe o
nvdroeatbnsnﬂttemmniﬁredﬁmeﬂw m ght mss the ri ght edge of

Chat DELoSBR Sninfl FRubl sT24584 Hpy 8Aks S Moublitdire
- Eemparing saqend; lmggenewa@ﬂzaw&rtfﬁamgaae Viepiza00, tm ?@tﬂat_%etmeé?so

1af S3vaUARD Wi Qals@p3hiPF722 19 8P Gowinlto foRb it ho@hbotl Detééortz%o
find the top e qg_e of circular feature 2750. ]t can'

g speonthLasaterATep donp e that Petpclgpirat is at thesame prsifion rf&frhéfafOéhe

gojé'ét kd o 3 se@‘dli_\d [[,B%a&fr 213b. %tﬁ,ls dakitable ih fisleede, lfbbatu@é’@%cct)nd Locator
ecause qne or. has n can't. be

PR g Mg £ ipmieh et Be e pse aL e T5ftue Fa0 Bt Beyes

i dne dein. No® tiMis wemldmesbd gictilentatic #theletgeadf aii objet2 thid itnhge

findg%gggtop edge. In the exanple of Figure 27 the

Wo'ta® "-eft to right, and due to thehigh frame rate
of aFistSocaordeb bastno Lotdine tolnpwedt lefirmdehicn laytodind gletidpyedge of

m%clh tfeatu%ngho '%t %ﬁ“t Hrﬁé tL Yecond Locator 2730 because that would create a circular
chain of links, which is not allowed because one Locator has to run first and it can’t be linked
to anything. Instead, the motion of the object through the FOV insures that first Locator 2720
will find the top edge. In the example of Figure 27 the motion is left to right, and due to the
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first Locator 2720 will find the top edge, and wll do
so on a nunber of franmes, depending on the speed of

wao b@sobisert, where the top of circul ar featur erQi7BS2005019793

close to the center of the Locator. On those franes,
second Locator 2730 w il be positioned properly to
find the right edge, and it will nove Detector 2710

| eft and right as needed to keep it in the right
position. Figure 28 shows a nethod for handling cases
lﬁgm&faaletrheommntdatebter thoabjudt inyvea ohlp slightly eadb&ame Eventually,

USSRl 0] 1y 3y TP o
thecapeiaf the ofjkét.swheest theoidp ofoircdartfeaturs 2740 & gloseftp hetcentey obithe r
Locthr bH ﬂ]ﬁéegl%&%s %Jcaﬁc&&gto%m wifi Bk b&ﬂloﬁ@ie%gpeﬁ?{o%ﬁsthemﬁte

so there hance of

qd% smeWﬂlh@Ovte @pfe@dlg?éméﬁt dnd gight s neetiebo bespéidn thepgliposition.
t hr 0@ bR e Y mehBd RRBHIBNLASRSE %h!ar’e KR elidditS be feﬁ&ﬁiy@ﬂ%cator

have paraneter that can be used to specify
deesrnk exienl inyasirgichidine g eppdacergens of %@éat?rﬁn%%ﬁfelﬂy Hfgmff-‘(ﬂlong
thd\6hj REHRndak) €his WRABS codld®e BRATETirst PaEdorat Hﬂ’l hhe2rd gﬁi

by an anount  that provi g@é sufficient oy Iap so t
PplicaifgereiaRicts Moy Fat e gk e and R Mgt

1 19pl bdbe 2Rirsl O3NBe bjdcOMmted thradG e WOVD | our svveeps rmt

e gl e et B A PL T HOTL 18 Ui o e
Bmbeqnf pﬁﬂl@émeﬁ}dﬂe ank iP@iRhingfoe the Iadnghwwg&pel ereispaged apart
a?%lglglre Ld5e By R am! ec %n@rgm%g g\&ﬁél%} @\ye&)l'a}g tnétﬁ{e e i f;lf om

r §raph an edge is n 5"t ound
@meamﬂleoﬂacltshéﬂlsmp‘s the Locator reverts to the

e nt @fgm%fzs GRS, f%‘fﬁ@a‘&)r&ﬁlﬁ Wk Hue svcéé{i@ thd? hé@%‘urfd aRe e%ﬁ the

mar ker for even sweep coun ure 2 s ows
oo besa fiomhelah Toeneulscaape am Tkt e i SURPIFGH oS
PArESs BNPIRE 8518 AR thbvh SIRRAMITREHS sWRE fRtaBglé 3626 M@vmd
transl ati on degrees of free% m ar e co&ggplled

intgeerpnce fipgythe lpcajor grapcswityin ﬁgﬁ 150t s P%faﬁ‘r %F%*
18 DitatoEiebats dntle tonRNSHRY e/ refiaigle (Whichis/ei’t b b s\8eep marker
gggect rotatlon and si ze changes can still be handl ed

YERSPEBEVYS) n different parts of the FOV can
t r an¥ligate29 dhcfvfsabﬁ fibéayors can bessed wedrndlootgéct fostiemand size change

L t

087 PPt AN PAREE 1 BE o RANARRe Bhfipled. The
reggétion tafanslition léwx)rosmiesa@nsx@n@le@gnmm @S‘ tralrdsearlencvi ke dhetuger,
ﬁ{t] lao%\slacﬁpﬁv&eaaﬁ P}z’ hAGRL O stilPH 1B dled $ic8PhAL ﬁfl‘iﬁ‘eﬁhtﬁ'ts

e translation. Referring still
@t@qﬁ@f ceg tragslapq disfgrenjtiyriyresppnsep dilferontdaeptoss. §€@1<1> H’-I?“PW&?Q%

YIS ParS04e \%Tpa{p@foﬂmﬁteﬁ by ShnslAB6R il a4Hdl regdn Sf—‘lﬁ@F\OV S0 as
Det ector 2912 first Locator 2920, a secon g@go

lpuas Phojagjarg linked FOdit |egst aegiearbyyboratop: opiggt rqipoR A

bblkedrahaiiogar by first Locator 2920 and second Locat or
2922

1ssmg

’Re?emng still to Figure 29, a first image view 2900 and a second image view 2902
contain a first Detector 2910, a second Detector 2912, a first Locator 2920, a second Locator
2922, and a third Locator 2924.

First Detector 2910 is linked to nearby first Locator 2920 and second Locator 2922, and
will be positioned properly even if the object rotates or changes size (as long as the change is

not too big). But second Detector 2912 is too far away—a rotation would tend to mis-position
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will be positioned properly even if the object rotates
or changes size (as long as the change is not too

whe@p/128ut second Detector 2912 is too far awaREHUS2005/019793

rotation would tend to m s-positionsecond Detector
2912 vertically relative to second Locator 2922, and a
size change would tend to ms-position it horizontally
relative to first Locator 2920. Third Locator 2924 is
used instead of second Locator 2922 to get the

sdteiid Dé&étor pAs vértialy flatise sadndidoant BL2, Zﬂﬁﬂa%;ze ahdnganivorgd tend
ect

overal.l a tio I t .
tcf x?nrsg)f)sntchclgtto&zor%lﬁ éee} at1ve B) ér% ocator%%kgh'lgxrlrld %8 ?or Sulg«idl ucl)srg]ead
of smbondemcmm‘ 2D tegt e vé?@@ﬂposmon bfrsecqnbpetgctosvmallsmlwerall

ect rééaglc% 10 Cl{éndléc{ il'ﬁét rélg%tg ﬂsl[ E‘&cat%pf%(ﬂ? g%d 'fo %e ﬁ{fﬁ lpgﬂlon

oOro one
fd_r(smnd)k)sete%@amse thorelijeBesize sould nROVRDY Tavel. Eﬁlil%‘ﬁ*flé@n needs to

Pﬁe[ndléﬁ’ o Aliki¥n to@&%%f 4R YoRRGANProb RO atbt, Elr ge%@x?d E\étéch)r 2912

Irst i mage view 2900, the object (not shown)
aWBVEﬁwdbﬂﬂﬁ@ﬂbight and rot at ed countercIOCKMAse mhlch

can Bfnpass se@éﬁdtlrhfge R 2903 viih £4d ind2e t/ﬁ@tzﬂii) Sth@é’bj Jch@ot shown)

Locators follom1t e obj ect edges, Qb
hasyneed o thepeght giddotaisd Mnfﬁiﬁl?ﬁlf"ﬂ?e yhish cagbg S?ef‘ }2 “1080“ of the
eteb®ts ab §6 b &ior2B ROV 810 objBA bdde) BipteIhal Yecoddseatbieotzhaad third

e U e T R TS

| ogic view, based on a | adder diagram a w dely used
Alﬂamasﬁapgiawiwlaglgéndﬁen@mgramguage The | adder di agram of

Figure 30 is essentially egylvalenﬁ to.th i, rin

di agPEH? S SRS ArETIEEe TS SRtAn f0f o8 VP B 8t Bdeh e

d&@fsﬁl 8 @ideBfusddaniaetial padyh:ﬁdiiﬁg Fandvag. Thd 1adder digunameof Higuhs3O is
illu tra\%&gve enﬂi?ﬂ t 3 S el ce%ﬁ]ﬁvvi tchtsttgee%me

crglly eAienE W iR Lo, p T e fiipich

seti ofl Gadpiats ahd melf loglc amdcommtwmrﬁl[am ilm$tentizeinbodintentpd tdgregan

P SiE o b Aol 4582l i DL Rherarh & i 2F

I'ag ran1 For* 4 ¢ I'on o gets one rung
m@lp@h@&h@@ﬂlﬁe@heréa@hm@dget that has | ogic inputs:

Gat g, IHLGESe Frﬁlgbq ﬂ{ %ﬁ&er IQ@deP&l%r&n ﬁfr alchii ﬂdﬂgﬁof i's

t he automatica térm ned run order for t
(@da@eeqns rung dscseated foy ee@r@dsqt thadras logis inpylst Gaies, %usges,éaé h

OB The Wk of él@hhé&Vi@ﬂe Worﬂe[ﬁcél&‘?l@teﬁﬁﬁedtrblﬁor@@&@ﬁe Gadgets.
Cont acts are_nor nal h%{o pen Ht,?ﬂpl nvert ed

Raghhivag tangifs obane © Fh B et oy i fo the Gadger
CRRBE & nSMElly beh foANGh-fRdrR8 corinectiofyind abrfally Gosedfos divéred,

d f OR th t act |
g Fet TP e et rzct s e PEOR B B P el
pagtig elLabblh adsodigedadthreacht centadt ndichie tHemgie ofi thypGadget Tt is

t-he | adder diagram the user nmay choose to
‘ﬁwﬁtﬂiﬁﬁmﬂﬁ?% ﬁﬁose | ogic output is connected to

exacTb simplify thedaider diagpurt, the faseamay Hopse@abigeamy\Gate vehose logic
ﬁ)ﬂt & ?%géctt%q? 8% Fy%% io%f& mle\pmn?Lh ?@?&@ge via Qh&ildiﬁ{;&te& he

e I s not ns ead

wmwmt Wheng Gateia hiddep:, the rung IfQiélélt Gﬁe ismet digplayed. B}ﬁfé‘ﬁl the
SRR mbiRle MR theHBMENIF BRARERSE B3t WdHRI HREappeared on the one

rung in which that Gate is used.

Referring to Figure 30, rung 3000 shows the inputs to ObjectDetect Judge 3002, rung
3010 shows the inputs to ObjectPass Judge 3012, and rung 3020 shows the inputs to Output

44



10

15

20

25

30

rung in which that Gate is used. Referring to Figure
30, rung 3000 shows the inputs to QbjectDetect Judge

w@®3/1243ung 3010 shows the inputs to Cbject PaspCDUSYE5/019793

3012, and rung 3020 shows the inputs to Qutput Gadget
3022 naned "Reject". Normally open contacts Top 3030
and Side 3032, and nornmally closed contact Box 3034,
represent the inputs to AND Gate 1610 (figure 16),

whi ch has replaced the contact that woul d have

Gltﬂw suzethned “Rejey’. DO em%ﬁaoﬁme @nd Sides0825 and normally

I
PSR ERE Pos b Sarbe R PARD B b0t bBrdys) which has
repizrcarhihb yontoethat conll detesipbiated o8 M@ 3000 bdvause DU Gatereep is
o Q&ecﬁ@%%cﬁ&é\lﬁé @gg&ﬂg@%s% o2 iR Bt AN ggh,ﬁ (hi dden AND

I'S connect to Qbj ect Pass
Judg8inBigdy2 runBae1g sive2 Oorshtba\mﬂen ominagisiHplegnLabel0cand3050
SIS B 8615 ot AND
L%a?% Emk%%e%ﬁ%égﬁﬁ?a%q?ﬁﬁhose out pu)t s glg]?mhrtmect ed
cpgnected i Rbjecaydudesmi2 named "Reject”. Note that the

| addRfnBhAIEARFRoMSAY opey. chitfet ﬁi@@zﬁandﬁmp tlbed csmeﬂ)we nt
of the i nvention are limted set of, | add

camsEirLinn ANRLEFE (Fsden ANDIGRRIEP) W%OW@?“H? TR TG
b2k hamddOREedd” Users who are familiar wth | adder

di ag h Se 0 to mat.ch t
cap agf"ig%laf %‘% ﬁg(?er af? F‘Hsgusa‘?{;}' tﬁ%%ﬁ’ve'sﬁ?fr&bﬁd gpbadimant ofdhe, o
ihveplicarmend linited sutaetdf hildeo diagrhrovwsidely usdin industh dihsseare provided

p%?r g}{lAﬁr%o aif el dx% N Ladae, lgdd%xg&?gq‘ hsa'fhe%ﬁgsgt @{:ﬂ ?e% 0 leéfEh

, a nore Co e |1 npl enen 1on O
ﬂxeamtplmhtlds Qfgmamwdlawnpr Wcld@dplé"wdﬂwmplﬂgenmﬁalgwdr&eo allaws a

3% UR6: %bem&&lﬁﬁ &ﬁl&ﬁ%%w&e&%@p' lities of a

Vi st on detector ose of a PLC, resulting in a
poweFranpthengthbedimpnt a ore prewplqieimpleaieripting of laddes fiagrameist

ﬁ?«gvxdeﬁ QAERSIBS IS SIR £ hdt Yised MBHe ifdsiB consBHIRE the Q4PaBiBEks of a vision
puts, and _Rel ated l\/leasureggjgts Flagure 1 shows

B EP 5P S 1 B TOL ISR RIS O PP
daloemteise®ttnPlikiti gnal s may be synchroni zed with the
mark tinme. Signal synchronization is desirable for a

M ?tsfjm ‘?ﬁémﬁz@%%& ahd ROSREGLIQHAmBIY POSEs, such as

con r eamreject actuator. The

r eQUngeaa@ws&vJs%nﬁdg%aﬁi malusba@aﬂe @ﬁplamhm%lslbu@&tos
are present gd and ng% ar e de ected. As di chlﬁ
oty Aenals ey ¢ it &gk iR 1gm} SYACHTQEiFatigy s fpsira
ﬁﬁ% Rkt Gﬂln@tgstrﬁl(ﬁlgfeéﬁbh plifogg &ch (a.Cﬂiﬂtrbantﬂ @ umkz)ramhmjea

no use te Q

sERioh dpsigaremitl; e e e ie SLRTE e BT Sf e and how
theythexderegted.i n vvh| ch case they cone to a stop in the
FOV, Oﬁlsé:u(ﬁ)sre}i Iall)’]olilz? ; ietl® !ire ggecte\éveﬁlﬁr H? #r ﬂgﬂ Q&Jant%)éttea{oﬂ %1' external

trlgger € dna SIS
trigger (continuous analysis mode is used when there are no dlscrete Ob_] ects). Furthermore,

,_,_

objects may be presented either by indexing, in which case they come to a stop in the FOV,
or continuous motion. When using an external trigger the analysis is typically the same
regardless of how objects are presented. For visual event detection, however, the analysis
may depend on whether the object will come to a stop (indexing) or be in roughly uniform
motion (continuous). For example, a vision detector may not be able to measure or use object

speed in an indexed application.
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regardl ess of how objects are presented. For visua
event detection, however, the analysis may depend on

wab@shae31t he object will conme to a stop (i ndexPeyySmn5/019793

be in roughly uniformnotion (continuous). For

exanpl e, a vision detector may not be able to neasure
or use object speed in an indexed application.Visua
event detection is a novel capability and suggests
novel output signal control, particularly when

cont i Yisraleyedldpteetion gﬁrae@eﬁ watbibity and suggests no¥el oitput signal control,

gaatdiAl et M{m&uy 4 é ﬁ}cacﬁf { ntlé)lgse(p?t i& sﬁabieQBzﬁ 9%{09 detegctor

sone external actua ei t her direct
heahle g gentiobsogpe Prlemal pRaon eihgedireetly ardy sevrg st o PLC. This
El[g@&%nfo%dnﬁﬁhoﬁé preRAdfion at R, tab@ie lilnHo 09 oRput QiEﬁeﬁ’sLﬂe r?]lated with

ab s be related w th reasonabl e preci si on
ORebls preqisiondo {hs @pint 1R Mg pherthe phiect passed ap?éﬁ“f"ﬂ@'uﬁ’%fﬁ point in

fhe)pﬁﬁucmeh Abw.i 1 the BLaniPled T Wedute0nthd ﬁ)@WpOlhﬂs I‘nhﬂt p@iﬁﬂ«gﬁ’ | a8d ﬁ’lﬁhe
POl and I n the

t he f [ oi nt | mar k
RRteT ot Snd e B Mmend Ry B o0 R 1 e e s
mmam" Mdth&&ﬁﬁndOﬂefEb@whﬁy Belysed fGteddiofBme.S mark time

3100 5. Uy S0 GH TR0 £ QALY o bR o120
Hd@ﬂ@sa@dtowectoh élamxpendsahﬂlmmnggmondmbf thehm&rk titng Pihisasignyl,

@h@ﬂ%ggs&geigﬁﬁ ﬁ,&aﬂlt(eg%%agq%%w 15 P afifil% (anax

ge l' S
60 Xtp synchrenige vigionyygpm D@lauts withFR dapmsirean actustoa Thovisigesystom
gu Aeleoh® 'ﬂ%ﬁhllﬂs@@ndg Btes WO 28 MbS ta?ngblé Yo HeT8d without

out S Wt downst r éam act uat or . e vision system
HOetlBeRItb e many nilliseconds later, at a tine that

i's fame b&gbnt\flﬂfdn&m, Whérﬂxs&ﬁn WM eVdnl d'é%ﬁon mode, can provide outputs
%gﬁhr OBI zatl%g he. p(&ﬁ%ent i nvention, when used in
oftizegl {ogfigso {Eé’&%cfswﬁ e magsme, WHeer & cgpiql figactuator
diyeathherasiszdlel 4 RLC. ©as conadrh o Rees, iisstha IIIkéM tiklod HeteMhikunlike a
B Do PR Ra O P e bR pSh e
the marknlnsyEQr@mrﬁdﬂla dblaskmaya) el *addﬂe; dem@ndingontiosi many frames

gﬁe gllsaﬁ Obd £ kes aséeef eyg ?'“;mg tl?ebagéﬁre}gn)%%sg eéc?e%e ”BF ¥ime occurs.
del ayigyepsl Ebovqilﬁlet Q@bjectldtesblogic ovipy e and)the ObjeciRassrtogie output

{ERRBR t%@ﬁl@ o@ﬁ&b&a&%@g@gm to%gﬁt Jv&a%s&e G648 Yhich %

t he _acqui re/ process time occurs. Figure
%Seifogﬂ Slgwésy@s*}r@e%w Q@iecql’asg logicoyipy A SoFhangescstate. e
dcesllsEaFs afpeats 6n Olbj&dﬂb'éte@ﬂaéi@ outhlat fad RAdn tﬁcﬂﬁamsmn is made at

ect Det ec ci ut put. when. done”
SRR e e PR Aol BTGP gh i 510 1 e decison
sy e eay Badarighle. Obj ect Pass | ogi ¢ out put 3150 changes
st at et.ect pul se 7.0 ears on_(bj ect Det ect
ogi o QffhfeeShE Sl ot iand Ol Bk Pubitairg agpvired o
ANDiGaiecomnpyiwi(mt siddbPwillNetpedbded bnly berckeshiesi that pakssayspadicidis

h Sj 0

AL TP o St B e S B RNB G PR S
@pfjshawrpanly wherg @J@Uﬁlﬁdﬂﬂs InpBtieriedstéctedd t o an AND Gat e,
a pu I'I'ﬁ@dééaﬂ;lﬂsé Qﬁw}hd JeL 1n9€:atﬂg ?stﬁﬁg gbjgcp héfecyx,'a Gha failing object

obj ect that passé€s i lr\‘wﬂsl,pec
detected, are all useful. In an indexed appllcatlon they might be used directly by actuators. A

PLC can use an external trigger to synchronize these pulses with actuators. But when objects
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detected. If the logic output of CbjectPass is
inverted, the AND Gate will produce a pul se (not
W@ bwdn43onl y when a object that fails inspectiPelI/iUS2005/019793
detected. The detect pulse 3170, and pul ses indicating
passi ng object detected and failing object detected,
are all useful. In an indexed application they m ght
be used directly by actuators. A PLC can use an
external trigger to synchronize these pulses with
m%‘x"ﬁ soatiioss méieh aﬂdﬁrmx@biaemggearselsédnme piilies DEELEANTTDbd Ged

no exter nal [ es often
d’é"&i’ ﬁ@tcoﬁt?t] T li’erC%’tg???{}hec B 1%’3‘?1‘?91918 D g%l% Jé\ %rs because
of tTe inwardtionbdless des:prsblem byimbaaym%]ﬂ%ﬂnark'hme B19Y gdtthenn

I h
S5 L A0 oA e B TAPS U 540

aﬁx@nﬁtpuﬂdle&@ 3120 fiotn, ma'ﬂhmn@m(p B@felpmg sleo temnmg:dmgmmn Eigure
5§ r d3athids O

5o s SRR ekl O S o PR i RSB

dgda8o.i s an exanpl e of a report step 560, and out put

del aphe3diaP %ﬁl‘i&%ﬂ@tﬁgﬁ i@ 15%@%415%% Thé@arR @ﬂne @dn be

measuri ng {nt%e mark tinme 1s cal mar ki ng
determined dmsubenibigacendrAceiary by he,qabmﬁmow%&feﬂ A 51% aes)tqs y
vJellJ'llﬁ@{m th&hdAE RGh@ tht @Rowrl 18RS tcoﬁﬁté)&f ®BicH thé 1me£gés vadré\@ptured and

| - known thog 3 n & nown t ounts llat
PR RAoR PR B bifts o8 Sty BRI LB RE A T F
d%feml b@sheiwr ﬁﬁl% oa&am sdgekiﬁbﬂmdﬁsyngame dine,iaad ebjtcospmedr s.
cc nd on s e
acq nﬁl qugﬁl}lﬁ? %%glg}eﬂtga 1&}‘ CcFl%os%s one ?Jocgtr(])a WM se géa%ch ranée 15

shstaaiially hllonglhe ditdciien o ripdion tobn tised fmmh@qﬁhpgegk mmt is
ar ?t%a% fily cho: cﬁlosen Rove e c%rﬁtng})o{n"f‘gﬁﬁ Lot ataff” %g—taﬁ AsbiseB hRRE, thdtRark

of not1on The mar k
ppmt intn nnmgram’m reference pbgintowhosseeradt (eosmf@ntdh@n ¢ @W@S s lgng 35t i f

tBE ThOGAL Qh achidv MR8 ﬁesﬁ’@d Q/h&ﬁ&%ﬁ&l FRAY & sigh1Eby RfuktNRARNT

IS an | mgl nary reference point whose exact%£03|t|on

delex frpm thisasbitrary tims. If grRpiestis fiftfeq@ that dosgnot p1ogs themprk PYRL

RERY BY Riild Bants The 1Bk BB 6 Bhse@bit Sex@ipolibrdant tif agduadcs
by adj usting the delay fromthis arbitrary time. If an

oBjeE- i s detected that does not cross the mark point
dur i e dsérena@@s M&eﬁlﬁt&ﬁ@ﬁeﬂfi fher thendek tilnerecco whixethb alsjexdis

E§ g?tgﬁeéghéggpglﬂ gt ]gftefgm g%pglgé{{ogsc \%‘lh P catglfsfaleer ot l%elﬂlge
el for Sxaniple rwhbMaswbqvemtdetesnoﬁ reliss ondRdtestorepacedinifixedppsitions in
tﬂ' OI%H% gseeeFlguJ% e‘ﬁt ﬁgrokfrng atqgep ciuﬁ @ r%tekﬁd%ﬁ 'i-rﬁgﬂt 9&[@§s%[:§lra% than

en vi sual even
et Betprs arerueld; athough lln@n@@pnhc@lom ihwexibg msalbl&@dmprove accuracy

sk 619[?1% ftl{eqfugzp ggf cMubSiffin fol tﬂé@lﬁecﬁﬂe)tect MaLdsh Bld @b tikb &

oI n tection mght be | ess accurate than
Whmélﬁhﬂ‘@blatct@ﬁsgs%ﬁe used, al though in some applications

Lt NRYte BBt @Wélﬁrlaﬁ 051901115"'15!3r s?f(&rdﬁfz@dlfoaﬁéﬁnﬁk’hme if output delay
i nterpolatin

y | ogic val ue ut
)| 1@@?39&?’@2:‘{13 @H%F@@XP"&&@ idprasion figlay 3130, l‘s t‘%fﬁ“‘ﬂﬂ”f #Qe‘\(, b ue
ffRRABSdWnstream of the mark point, which is expected to be the case in almost all

applications.

When an external trigger is used, the mark time is relative to the time at which the
trigger occurs (e.g. mark time 680 in Figure 6). Output pulse 3180 can be synchronized to this

time for direct control of a downstream actuator. When using an external trigger and a PLC,
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Not e that output signals can only be synchronized to
the mark tinme if output delay 3120 is |onger than the

wo evgast31expect ed deci sion delay 3130. Thus t hBCT/US2005/019793

actuator should be sufficiently downstream of the mark
poi nt, which is expected to be the case in al nost all
applications. Wien an external trigger is used, the
mark tinme is relative to the tine at which the trigger
occurs (e.g. mark tinme 680 in Figure 6). Qutput pul se
vwhidhGs Eanprioe b yisiehdyewing &€ uted, thitkiig tanive ufed butds gederhlly not
control of a downstream actuator. \Wen using an

"8 %¥Phal trigger and a PLC which is how prior art

Vi Si Bigurs $3 thews anexempls e fimeaveningitigmarhtimbm vismeldvét tietecion

nerally not.ne ry. . F gure..32 .
RS e PRl SR B milel G ciniich MG B o R Ll
imgeles. Eashatolaing i thekigwe cortpsminfisio onesframediaptpries arld aghlyzsd by the
11‘17\%111,11&[ Q{L‘%)Q Eor t}f’alﬁgst nglﬁﬁ%ﬁl% &}@E‘ﬁ)@la@ﬂﬂe ks Itréigeerobvﬁzm isa
space. Each columm i n the Figure corresponds to one
framg mambey thatiseavgs endenaiy dhoyasy. Hinereyephshays the Hme mapidiseconds

the? the e fvad SibtufeR! HOBLrd frhs B RfecrABSmd. BEIdQWSw 3225
Frane row 3210 is a frane nunber that serves to

sheesihe ggodeneount;ah thg time thesrame Janeapigred rfdhigst fiet fopmi30;shows

1R Ibgit SHG6AE the ObfRabeleft Gudgt. FIBn GRS €28BE stek that (ARG hes are
fromsonme arbitrary reference tine. Encoder row 3225

¥ndfts the encoder count at the tine the frame was
capt usction rolj320 thosle tir ddcaticdvf 32ae sasued bjneL bk, ©riéngaLtd

to the (ObjectDetect .Judqge. ..F his i b
N
ledatonsis tegsuted cttivoto tiof center of thgd.ona@siseasch ringe.and sehever gnly
tgxr thé Q&lséjﬁ&l?equ"é’aﬁ .b@se%@ﬁ%&ﬁ%l%@aﬁ%g&s‘&%ﬁ%é Rﬁ%g{%cé)oinﬂ s&dfb%vhere
| nmoti on and chosen by a useér. dcati on

rection o
tietwepme fraroes 63 anded2awhictels beswedndines A4.2 anddl6.2; and celwa%a ends617.
sear gfyni 80gBle, HAGnic ImARAMMIysRth¥s dn@famk BE, BET VY BorkdcaiiRS -

It can be séen t‘hatc the | ocatjon crosses zero, the
ipagk ke franep re fagda\mark dms dasgd ehloFgtigpnslove i sixth o 2250, i ch

dofpREd WERNA biTREedb. The 3510 hbw, 450116 the Gt MtcBBitadnihe
619. In this exa

l e, dynam c i mage, analysi.s ends o
e s ok e W e ABOLATT 0% PR IR R ing g be fit
tb €tiepdints AorriR détivel fheHAGR €me Fow R2eaint tieation MoMs240, Andsihat tike can
row 325 is, conputed at the d of frane 66. The
Hrerds eatale e RAB AR o Rl EllPedfin &1 80P O0u {1
bet waamark timerrsedionthetingk tBR thetobjeet wak rst deteatell srshawnos des

[Q. n alternative, a line can be fit to the
%gﬁn%rgﬁﬁzo@ the active frames fromtime row 3220 and

| ocati considerahle3maunt ofadditiptah nseful iméor@@t_ivn lgen Q@@éﬂﬁnﬁé‘_ﬂom the
Ig\@aknlgg({(ﬂa?sm%ﬁgédqﬁmx?dw@m gfleespondi ng to location 0.

time based on the tine that the object was

first detected is shown_ in the seventh row 3260. A
consi der abhl e amobunt of additi éwal ufpddastsquandsor nati on
can be obtjained fromthe points fit

mark time (ms) 45.00 45.01

mark count 588.2 587.6

object speed (pixels/ms) 0.725 0.725

pixel size (counts/pixel) 31.6 31.8
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measured data, summarized in the follow ng table:As
can be seen, the information can be conputed using two

w@oiostis43(1 i near interpol ati on using zer o- cr 0SSPEIUS2005/019793

frames 6 1 and 62 for the mark, and sl ope using franes

59 and 64 for speed and size), or by a |east-squares

fit, or by other nethods known in the art. The results

are simlar for the two methods shown, with the

| east - squares net hod general |y bei ng nore accurate but

rm r eAs ambk ecen, théinforrhatior caurte coropid using tixepairge(tindaor
lallilonsulsﬁg ééro %%&gng SZ(?It Ang @% ¢ tl}%)ﬁpalr@%ﬂhe (ljotpg l{'lﬁlygeframes 59

conmunit Cca

aeq o t@n&md 4nd rsm@ &y iadsast-sadargs it o begther ooy k)‘oewn gy thegart.
162Gt ld fhig To\f% t@&ﬁ@t‘hﬁ&%ﬁ&dﬂ@@ltﬁ’fhaiéﬁﬁsiﬂ%ﬁ nffhod gé?l'em

in encoder counts are proportional to physi cal
hﬁingmrﬁc@cﬁﬁt@)hgmof%?%mbﬁuctl on line. Such a calibration

can Rek4seOni Sunfm¥Abelu8ldotuptelidn ndidQS 8plained

i ncludi ng presenting distances in the FOV in physi cal
agpver QI pPepthmay Reomimypigated tg Adtprpaton sepRmenkion p vasie

ﬂﬁkp‘éhe@ nrhd 9txerstz@ clcdlfiRdh givaya dﬁﬁl\fﬁm?'of &b tllze/ofalﬂ pieEin eﬁuoder
i ons us n

nific b
%@3 tsh g r%ﬂlalpe?i tophasicy ‘Bﬁ“{“ﬁ dongifle b ‘tcfl@ﬁ‘glea%% e
(ﬁiibfﬁion shizte wa@lfolevatietl 6ﬂ4vﬁlhﬂwﬁ pﬁrp&%g Iiryzluﬁhlg pbentibghdistances
%ﬁ;lg #ﬁ 1%1 ghygféfdu 2 Fs(zjf } t?le d e:, grg 05 nSCPO epdl%eig:wetei;| i?lon detectors
tﬁa mah bave slighyly dlﬁbrentcnrpn@d aagnifipimg b]o uctndsung thesizd dand ee&ttOh of

can be nmade using object speed,
u b og%tgén (ﬂlﬁ out a car wi ndow di stant objects

ap pe&mcet Toxeh @zemav bqn aylatedeer evarnpbierb dhepiplup pande uggddo drigraine

dbfbcﬁh@dﬁ&e S%l%&e]@ﬁe%}@pmo bhieR BardldTakRr "Jlfdi’ Constant
desi gnat ed user for rpose. In ano

SerRdHEdHeIeR hnea ﬂtmme afef@scmgg@n@iepmg ?%%%psc?dslustas when

1&@&@@% £6hr Winﬁ?\ﬁ Hlsﬂéﬁof\'/oﬂje%@ %app@a& tﬂ&{_ﬂi&luigts!bwtehﬁajﬁieﬁﬁ? bhed N

of np in ocators

or i ettt Figia s by Oingd Sz [paan Pupeig By pser o

thit h@pbdse AR amdthefrermhbadimenDh ufe@ b@l&c&&gﬂneﬂe tpo Xeehtosis@parated either

B Sl PR LSS A R PO e R R

td have deirgenrchfrange paraliel trtok direction@f mbtameDifferendee mqb!}eé gire f or

Jﬁg@g@ﬁ §ta§1§f’f?{)r§f\fodsu8?fo%tjor§lr {8 4;11%]@94 155%4 b iflbpal) éabout an axis

an axi t1o
noerndl érihé drectionodmotien and p’aﬂ’lmléf@ Oﬁthe ehiect 1fQ5 Ltopﬁéorwel@@@tﬁd mrﬁllel

tQ Ehe NREdORof Ih:étghl,raﬁd FouSRAYE paRePst i direbtloh O Ib@n fbﬁLoHa‘i@rg

generate synchroni zed pul ses for downstream control
SGP”%%QW&P%FOSW‘PWCMF@FO%W objects nmay |lie between

the PRERSS LA al Bhthil FEIhA isAQUS lobRbi Wz@d pulROdr a
FI FO or simlar nechanismis n ed to
Joprgiean Pl fBEutor. H%gwglo‘mnw ey he %FHYFGH the inspection
ot ﬁxﬁlsaamwdmanhaumpdnd wmm éhinelat medhhdidm istneerdecal@ el t he
actuator, and the | se i s neede Referri ng
fobpos oot i Bt attoe FERORTLP ool st ekehS
thoachanp arddhayglst & needed.

Referring to Figures 5 and 31, report step 560 for first object 500, corresponding to

output pulse 3180, occurs after delay 570, corresponding to output delay 3120, which is after
second object 510 has been analyzed. Whenever output delay 3120 is greater than the time

between objects, a FIFO or similar mechanism is needed.
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out put pul se 3180, occurs after delay 570,
correspondi ng to out put delay 3120, which is after

w@emonzhizobj ect 510 has been anal yzed. WheneverPOUUR2ID5/019793

del ay 3120 is greater than the tinme between objects, a
FIFO or simlar nmechanismis needed. Figure 33 shows a
sinple FIFO that can be used for this purpose. The
FI FO hol ds nunbers corresponding to the tinme at which
an out put signal should change state. At deci sion
poi ntFigaidelB sbd%i/sgunmplemfoahat cantbp uted arltliepwpase. e FIFO holds

?u%%ggérg%p {toratg% lnw dp% ang&hg%@@zq'gﬁo%ld ?%%Eﬁg%%%mimn

peRe110 Figuos ;ilxham eutpyt melse an b@iCh@mledépwamstrmmﬁqsexampla leadmg
@%Dﬁﬁiy !’»ﬁ&jmfd'ng}%g Q&gs\;lme 356 Ry FE@JHUX?(& (E:‘{ﬂo 2.\ §oh({?§refn¥n‘éf%rtoﬁﬁr

FO out put en the sc time arrives
mechenisnpfung @ sehedwer timg dpremmingdsbyhrapiinech timefrom teWIFO output
550 9didh d thb(ﬂﬁ’ed' 'rfl’ner 2A0RY it sfafeQiMite Reipht! okl iSRS and a new
Qut puts, and Exanpl es of Use Figure 34 shows paranmeter
ﬁFP%WQedPS’F ISJ%?VeégﬂmlﬂgelﬁI%QI on of the Object Detect
Judge. A first paraneter view 3490 is used for visual
Bdgni Owptte erd Exampledef,Usand a second paraneter view 3492
is used for external trigger node. Presentation
cont Figures4Ghoves prrsinstes devesdos user configaratipreef theQiscdldetest Judge. A
FR1 Yak U4 RE Gie @ Blof fitusdA ESEINbIRY & BetechibrBael drdta@EdoR@parameter
controls 3410 allow the user to set limts on t%
He o2 5 useddersrters) tagger edect i on wei ght of active
f r anPgosendiith E8AEOI B RO NRERA oBéther ifdekedVét cantiB&s object
choose the m nimumrequired count or weight threshold,
BER%ai ned above in the description of Fi gure 12
wher &ranie filtefirgy ®nirals Hioglive thiddiser hdaset lmim oﬁmlarmm pt ©raksbject
gvieéei]ég%xia\!,veli%\f?fe ar%ﬁx\lll‘l%l a%}?g.%l/jmrromoi A Snlgl)l(eé %?n al ows 15 \isef ?o Cr}]IOOSB the
mizuon eegeired golnd omiesight theeshold, Ia$ embmnmb@w mg@rd&!soes@onwff Figure
G%P%fe%g 1gﬁf:et34vlﬂa:zuﬁﬁ'rﬂ?x§m E¥nnd: %4I4Oaﬁﬁ\gs al};QIlté C]QJOLeOaV\B
user to e anount of e I nvention
wamllnu@ Hiare coynt aveighb plécs which dynamis image analygiavilljerppinategnd a
§&sioh W?B%ergad@ Feg@ildRW JTRYW RfinyoRbr8 6diive frilsGndyibBFour® This licvs
3420 al | ow a user to specify m_nimum and maxi mum ti nmes

the pser g lignitthepnaynipf tipe gwléfer}})on wiil} spepdbonyAng Phigfity ki particularly
iRl fHiIaeE oeliwamovihdébjdell € tine is fixed by the user.

If t maX| eater than_the m ninqum. the. vi

et o0l PrE e S IR A5 SR BCB T SR o
S¢pesse (Figaek ). aﬂtye mirirned anﬁmwdnmmmasqtrae thelidié ﬁmﬁis ﬁwbﬂ Withe

o) [ d. h

R gy gD G e AR BRG cof S a8ty
dbpaea_thnwwe&mnh@apbuﬂiedrraige basédhonethe méabured rattai which objects are
ﬁéﬂj%;i)‘i’% ﬁ}? Ot A ph61RKLQ0R! LGdh M’F:%Lljés%ta&ijzré galn%ahée?‘? thSasure

ect presentation
theelyeot nnegﬂnua@orfraﬂel Inm tllhmtlYerﬁenbg@em@pb%mmwca&la Aejected idle

time is half the object presentation period, clamped if necessary to fall within the user-

specified range.
Missing frame spinner 3430 allows a user to specify the maximum number of
consecutive inactive frames that will be accepted without terminating dynamic image

analysis. Such a frame is illustrated by analysis step 542 in Figure 5.
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M ssing frame spinner 3430 allows a user to specify
t he maxi num nunber of consecutive inactive frames that

wowdos/ibs1accept ed wi t hout term nating dynam c PEEYS2005/019793

anal ysis. Such a frame is illustrated by anal ysis step
342 in Figure 5. Marking control 3440 allows a user to
sel ect the marking node. If marking by location is

sel ected, the user nust specify a Locator using

| ocator list control 3442. CQutput node control 3450

al | ovirking b&E@O] 460 HEWELtset B eelmmenfafkatg nabel® iIfwearking yloaation

ul se ars on the |l o punt spi nner
%&%ﬁ%ﬁfﬁ% myst §ReEHY ¢ §° gqr Esélfg ‘Egor HSL} grrnﬁb ‘frames to
an aI (ymﬁn inodeconaslsado atlowsggser tonptbet thd-modertient 8&inghrohen agulse
%.g)w or user configuration of the
P PSS f e Mode control 3500 allows a user to

chod@an@&mWSammthﬁow&wghwsdKambﬂdgéwnéﬂhﬁﬁmﬁﬁgeﬂ%b@@m

Ei and the percentile nethod described for
Wg%%ﬂp@%#%ﬁ %? the percentile nmethod is chosen, the

t hr eBiwoe 3 showhepastmeteraiswripiser corfipurstonefithe QuicsRass Hdge.
NRSdl Eﬁ?{'ol 3sbb aﬁ%@i‘@s@r 13 eddse Hetvitidh fhe 3RighBO¥Rra ﬁéth@dmk@ibed

VI ew user confi gur ation_of an :ﬁg\tﬂ] % I\{? (F
ferdaurol2, 38dke Rererilgmetherkdssorbest fongae 1h K mreccptlt pefodis
clﬁésgrﬂ Ae ﬂh&h&@@ﬁkﬁln' REbribddcan 6& deRbigdisidgipebigil spﬁ‘iﬁéiesmt he

ogic in assed directl u
OB Ww&éﬁ %fa‘B"rterﬂPchﬂ‘r‘Bf‘fyCQ%f?gu{)aqon b %3@?&%3% Mode
cORER 360040t 8 udet Bichepsehigethe 6utinh| sighab yicontiofipdi fin ‘analgm thoongh”

ed 1 th
et Be T st fusy Rao B Qe elfLauas & 0t 0
strivhroaizaiont In Sibayid”i redle)on tobarismg edggmf the lagicdapuban eyt piflse is
s%ﬁﬁ%ﬂut? %g%?&%‘ﬁﬁde%@}a@% fR)H1 hém gs? P&én‘ﬁ&r ?ecg?rggrpmariaﬁle (or encoder

| FO associ at ed
mmm}byttmn@mq@mmf@ @g delay qcmgqjsﬁéuwduof flyration spesified hupylgy

&ﬁro(fsoﬁfo' B EnctitlBd RALHEY be blgééﬁ M 4 AROLQQRGT Riitethé Output
vi sual event detection node when connected to a PLC. A
(Wégﬂc vi ew shows Qbj ectDetect Judge 3720 wired to

3 %BF@&I@QZ TuSAkbieR bhe w20 Bdnfigui3 the @fhﬁbnﬂﬂk@ﬂbrﬂﬂ&ﬁerdw thowsual
wre

6‘5% figfﬁhplé{ngées\g}er? g‘?n%%ﬁﬁlﬁ% gﬁgﬁ d& légx(; g%wtsgg’vga (?béecfﬁ?eéec% wgge 3720

Wik gESDRRIDUITOU S Gadpet £l 06 DBt Past Tullpelyen iR Go MRassOut”
(ig ont | ng(fﬁf 3C7I§if 31[1 m%?%b%tggﬁ 8? Plg)go% %neJézgés Sl’ \pl’l'edq?{hlé ’!ﬁiées and g%

shown.r st paraneter view 3700 shows that 'QetectCQut"

Qut p Bjec%gtggglicgz 201 %orﬁ%[ﬁf ggﬁ] E&QHIIO? &r@&? fionSmérk b%’ locatlon,

sync ron ze he mar K
dﬁhb@plpuﬂhstedqm,labsm@’nurrl‘“lg'geﬁ‘éd by the rising edge of

QD] e%ﬂ?ﬁg%gmﬁiﬁg&m it SERRBDUP L@ﬁ?@&fget\ébﬁ\i\é hflidired

sho assQut" CQutput Gadget 37 i s confi gred
tp gensefech syprlropizeds JOF ms. pulpecid s affer sevw

triggered by the rising edge of ObjectDetect Judge 3720. A second parameter view 3710 shows
that “PassOut” Output Gadget 3750 is configured to send the pass/fail result from ObjectPass

(R

Judge 3740 directly to its output signal.

A PLC could sense the two output signals, noting the time of the rising edge of the
signal from “DetectOut” and latching the output of “PassOut” on that edge. The PLC would
then know that an object has been detected, when it crossed the mark point (25 ms. before the

rising edge of “DetectOut™), and the result of the inspection.
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Judge 3740 directly to its output signal. A PLC could
sense the two output signals, noting the tinme of the

wo pasngidedge of the signal from "DetectQut" anBPCT/US2005/019793

| at chi ng the out put of "PassQut" on that edge. The PLC
woul d then know that an obj ect has been detected, when
it crossed the mark point (25 ns. before the rising
edge of "DetectQut"), and the result of the
i nspection.Figure 38 illustrates one way to configure
t he Figwens illnstraied ongedyad eonfigure mmm&mempefh&tlﬂ @isnad Bvent
for dinec tr.o egL..act uat or Q
PRl 16 el S8 e et ohn SoLSE B e %l
Witqde@li@@bgctDetd@ exd Qyecti¥isy Judgye sreasdd generalp lalpglee whear fahng

Jb%'g it 08 %QJ &1%2 dat% 3516 'isgb‘ifeﬁ ‘?% &gﬁoﬁi&g@}? é&%g%tsé’:szw t{l]eg
rpwlvm ﬂnmﬂ@rrﬁqr@new mw 3&8 Glpves h@hé‘R@JM@ut” Rujpuic@adeqt 820 ls

o RHd 1SRdlast a%ﬁl%ﬂ'ohﬁedcl@ﬁ fuds: %HJ[S@ dsg &c&ﬁf‘&ﬁﬁt& Gfte the mark time.
synchronlzed 10 encoder counts after

Tirerulsn v Bej %gere‘tﬁy the 6@?@1@11 0 ¢ friledobiest; ThedPhiggtTisiect Judge is
&ﬁﬁ@eédlfmoﬁ{nu&lsfpaasén@@to@ l%aﬁ@tty lochRigh, &k &lﬁh@@ﬁeﬁ%nel udge

'S con |%ure for contlnu% resent atlon %
| ocat’iewis 3° Aheirals opuvanih ontigyR dhe pveRfiop do %%?‘afel p &’gffF frigger
1A6R whdry confiece@ i d RJILT. & lbéiewb\ﬂ\dlmls ttRroYietDRpes Al wifkd to

c t Pl

DEESIORE ol e R e eE RS SRS e sty Clap i

\gamhum @ﬂgem Avvetdigndidafl ef widlag s sel ufiR)e tosvandeGhtdsdo the logic

B0 eSS 5 BB 1 B A

lpgic inhw of ObjedDéteny depends on he PiRiysand Ddeasione Ipukdéndget Taf tglﬂswthe
f

PO o AR 4 3 SRt 0 )

latioqﬂé%lﬁ m@h’éls Fﬁé‘at Gadget that tells the Judge to

oper gi® parﬁkn&afrtvwwéo ahd s08RPaARERF vidv 30904HB vt both Dip&d
to ChjectDetect, it will operate in continugus

%g?tg,ga(s% Folqaic inppts §“Ea‘%5‘5§h&’ﬁ‘§‘t fatheyr; outpuisgmals. £ h AL equlgfygnse the
e batﬁats@ﬁalyaxﬂ \Mt&&ﬂéblﬁdmow “PhaOutb o e Ghibgedice SEMGREOUPARR

i Bl o o B el el R

dndtit@sh)ukl hevedol bigaih ﬂﬁfmaﬂd:tm Dutded) firomltke extemahtgggdg e of

P . ) t
ot cnfo ey At o Bl B Bl Bba b
donrspled toi adih.C veawlil tietto veg thePutrary Sadget coifigaration dfd igves I/ to pwéuce
dsgn | gu€ out% Pilke! REniEHERSIBE PLE b RIbtaid O MAR himba%

re the rnvention to operate I N externaFltrlgger
viginnedeigpiarand aofrveste 8 yaluablednmg on epgnegtipngo ths egigmalitpgger.
Out P ol dRbiratR Bhd \gé&rt@EdnﬁEur@fhe fivetoR t&z)eltafe lpé)@&lﬁm RigBer

nchronlzed out put pul se. this nethod the

ra%lm of digent sonffokgha r%er %ntaforré)pﬁ%% if entigpldo Ba w@s@emrshown
a8 destrded mmgare@sVeabapamhteTthﬁvmp@tmaage@ PSR Hirk®d GtfeciDefct

T PPLO TP 0 S Ol B et b B bR e P ger

axedlal figger.di rect control of a reject actuator.
Operation is identical to the configuration shown
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and described for Figure 38, except that "Trigln"
| nput Gadget 4000 is wired to ObjectDetect instead of

w@2®st124317 Phot os and Gates. Note that the mar kPET/I82005019793

simply the tine of the external trigger.Continuous
Anal ysi s and Exanples Figure 4 1 illustrates one way
to configure the invention to operate in continuous
anal ysis node for detection of flaws on a conti nuous
web. I mage view 41lio shows a portion of continuous web
Gl otishvatalysis andisamglepast the vi sion detector. 5
Locator 4120 and Edge Detector 4122 are configured to
i nspégure ¢ hillusixalss onefway iecopEgire the HRELOR & Qpsratsj¢ontigious

Mﬁﬁme%m@t%@h@ﬁ bf”ﬂlM oh b 8Rfuct web. ek vRHOI0 shWR portion

Locator 4120 and Edge Detector 4122 will produce a
of %ﬂ@@‘oﬁm’?}lﬁl”“(th%@lné“%lpﬁ%mé vigiogyleteqior.  ne web noves up
or  cioWBiot-A5Pdna Edg’e]l?&)ecWr 2 416 aikiglirb®toti@Pect thy ¥l NTth REp

Ed e Detector 4122 t relati osi.tion t
brraFse ol ds opet. ¢ besomI %%H‘Ei @“Qlﬁo‘%eé(%?f either e‘{gﬁéﬁ?ﬂqﬁfﬁ" TEf20aRgEer
B@&D&&wgﬁs vallisdueask faak bMpthloE.d gatudde0.6x Ifatie web4ibves dplor

f al
B SISE Pl G FH Bl eSS MeBll 3P R G
pddfidh to dqece the hoionbalige Hoete titthe Wit tElveb shage svistaatiblly.o

N e 4 output is inverted and
E\?ﬁ%@%@% 41‘%8?%%?@%?&&59} tﬁ‘%t gadget 4170. As can be
s eeninjafogaview T e’ Lv¢amm414€l_®9resmﬁ doratardip.cad GBatiem’ Dgtector
?N%?@én‘?s lﬂ%@ Beﬂe&o Sﬁ%séjdré iedd ¥ AND @fe AL RHSse Mo Wlput is

e out therefore be asserted
ipyieefcand fwueql toﬁ‘@.eteqnﬂe& Qu@ut 968 134 G0 hesequap RaEamefgy giew
4530 HNSnveMelt But?ﬂ oF RN 2o id PaSsel ideily foriBupaisnal t he

vi si on det eg providjing a tinug ndi cat.i on of
he. Dresuinet uanat il Tgetine b el Whene1er e Lokt e S
fhl6e. TR HidnglUvig bb Bilated wehd High frantairatel f € visiomdaddctof, | providlinera a

cont i nuous. .we he (bj ect Det ect Judge for
cg?tﬁ‘ﬂ‘&‘fs GGt QHE.S%VBH%%‘O'F ati onJ is simlar 0 ? o that

of FFigured2 dAlhstraves bie wayag eonfipiewthé irfventmn dor deiecion bEfaws orw
co%’tmgouasp e\) ¥hap 1%est He bpjeé Do actg H{dg e for s1éﬂ flltenﬁ%l(%gﬁ réﬁ f ngmlar

sane con ure ,
to);hpmﬂ‘r“@teeld: withithgee \4@60 14 and parameter vnﬁe\t «Mplmg)t is Eigure as

VA6R l(%ﬂ:quewllﬁﬁ)@é;fh e c% Rkiiod R éﬁl&;ge&)t BB GRS ect

VI ew ow t he Obj ect De e is

Tedas+p68 isrniaged hetwaen ANDA3H% 1160aanf1 Sﬂetfqt@rt’éoaw Grdestfder et e

obj eﬁﬁr&net&%ev@@on sBRIs3l the Gbj éiﬁjdte@?ﬁdéeqs ébnﬁgl[r&I Ghthief
defective 5 weh. The out put

mod e
aRPIESAg thrEeae P%}scret%@v SRS ‘iﬁmectié tﬂf‘g‘iﬂeﬁ b apﬁifaﬁﬂ SECE}*‘F%‘F
V%Chleﬁilfpﬁttrﬁédeﬁﬁseﬂsf Qfput When\WedeessiniQ S€orloupti palte isprddbeed for

e o dahet et e i e SeRECt | v e
are By ketinpalt midimuanflhnreaburt & 3 ﬂkgﬂtﬁceﬁystatchﬂwf defectipe web Be
0, MR A0
dobd tvely ieheosad in aTongsr defeetiveyporion ars a]gmﬁ]tered out. Thus the output signal
will be similar to that of Figure 41, but with insignificant glitches removed. Note that these

values are intended to be exemplary, and would be chosen by a user to be suitable for a

specific application.
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Owll be simlar to that of Figure 4 1, but with
insignificant glitches renoved. Note that these val ues
wae@siindenhded to be exenplary, and would b e cPOBES200¥019793
a user to be suitable for a specific application.There
is no maxi mum frame count specified, so a stretch of
defective web can continue indefinitely and be
consi dered one defect. The idle tine may be set to
zero so that the web is always being inspected. Figure
43 iTHetesd moahmnmm famayouispediefli g lalseetclmf defiaciyawicloeanf or
v %En?eclt%gnte?f g\é&sﬁ @01%91 tn’H%l‘f ?ﬁé seﬂ%%@rots@ﬁlat
Bfee e and an or signal
ﬂ@ywbllﬂabfmyzh@mg)mpe@mfl gur at i on | S | dent| cal to Figure
%ﬁ@@ ilthdh@Hes o ??J(%lﬁ gur&He ﬁWéntlgfi‘ﬂ)g Qétecﬁ&? 9f flafvs on a
confl ur ed ?1

as s n paraneter view 4 te in

cprainagve web theti usey o Qiect Tyt foHes 0B P@@tlwtfééset ﬁq&a@%ﬁl

sﬁfaﬁ}Bhlgé%ﬁ Eohfg@fion {sN@nti® #6 Higutd42t Skcbii that tDBRctC@L OlItlhﬁ
ect here a stretch of defective web, is first

Q?ré&eé‘blﬂ‘b'él configured 35 SRR ISIA @AFEFICLYIEAI or vi ew 4300, a 50
NE. 198tb PlparafieleS e szogmm&neam@&ﬂﬁ&&t mﬂgeqd ednfigeredioSetatfetneark

t he mark ecti out

tins o e el ‘st TEiederTal Lo RRee NAD AR Ry dp gn e
séeiil €n pafanetdr vietw 4500, aDetisabiput pulsd is geabrated 651t endelee@umto after the
n@jde wi t hout using Locators as input to the

W% Det ect Judge to determne active frames. An

obj ect 4400 containing a feature 4410 noves left to
Detegmgqbdﬁcts%ﬂ}“@\p%fgld’cwfél on detector. Contrast

tor 4420 is ioned.to detect fhe ce
oF - { Bt D asirss ong auh S R i@ B lohbrale MG £
dataéliod nfod gWwithodt ﬁsﬁhﬁb&&ﬁs Bem;mcbohe M@ictDRASPIudgedo determine active

B Bupd ) TR o flliee A s WD pBuiPBIROVRL B

epara VI ew S
defebtgh ContBstiDgtecocR I Bestieprsitionedd detesbihe prsgsoerdif ﬁfzgmrww A

lglr | nmess'lﬁlﬂe FROI Q?Jﬁg%‘ﬁ% t@ghtﬂ%?geteé&q{mh@fztare positioned to

tness tect or corres&)ndl ng to | ef
dawtghnqb@g@vmr@zaemthﬂﬁﬁwsla%@d by i separalign; ght ness

Det eghiQiic viéthoRs @qulﬁeﬁnﬁlﬂeﬁéﬁetécﬂﬁ lddo &i&@éﬁdlﬂ@t@ rﬂlgﬁtbl ect
4400 i s not cover| ri ght. Bri ht ness Det ect

Byightpess RetesacROL 412, B4 kT dirighingsh Dpgter 4@‘38&9‘6?58011‘1%‘% o left
ﬁﬁ'ghﬂws BktetibiPRORA e ®ight 28l ibhimeds@etectoBlgiib dve s tﬁ)elcgmtomput

4 d t I
i oL G B B ok S DB AL 350 R
ih ﬁﬁs e&hﬂl}ﬂéﬂs biightérthae objed 44oﬁ'h‘Eefé’anghtnﬁde[De(éetbe444lz4ﬁ@uces atrue
SR8 FS PUABHER B PG el
oﬁtf’pﬁﬂs amftem 'thefolﬁf Agmﬁwsssso Dectde@s @ trudlopic qup whmﬂle right gdge
h
tf @eét 980Gs eltlv%%g Eeﬁ%qg@h%a ﬁ@tregor%Q4§0%n@ﬁ§hVﬁh A

['eve et ween and 1 when the
R(DIgIm edge of object 4400 partially covers either RO.

Cont {88 khat the logic output of AND Gate 4460 is actually a fuzzy logic level that will
fall between 0 and 1 when the right edge of object 4400 partially covers either ROL Contrast

Detector ROI 4420 must be large enough to detect feature 4410 over the range of positions
defined by the separation between left Brightness Detector ROI 4430 and right Brightness

Detector ROI 4432, because since no locators are being used it will not be moved.
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Det ector RO 4420 nust be | arge enough to detect
feature 4410 over the range of positions defined by

wWa b@saagsar ati on between | eft Brightness Det ectPCT/BEI005/019793

4430 and right Brightness Detector RO 4432, because
since no locators are being used it will not be
nmoved. AND Gate 4460 is wired to the QbjectDetect
Judge, and "Hol e" Contrast Detector 4470,
corresponding to Contrast Detector RO 4420, is wred
to t AED@hjesetoRassedlo thy Objetietedilodgesani fiHolET Gongms Rglegor
e conf
orre Ad%llé c? EOJt&%ttﬂég%ll[‘Aﬂ{(t)le%%qs v&%& ﬁ)éflé Qg @ﬂg ﬂR%ee%e
Judgast in |tms ¢xaaple mwpﬂlﬁgwﬂ forivigual evemdeteanmrwétimct eonliplpf a reject

Eﬁgg{lgsy %yu%egeen used instead of the pair of

I'ght nes tectors, because the rldght edge of obj ect
4400Npts thatin heievasmnje oftFiguragid: § beogiar epuidgeadidy have beep stead

ofink #)mp@f EHRnbS Weie@c&% beBRNEUSFight Y8 Bf«‘oﬂj&ﬂﬁbiﬁﬁ Feldily be
difficult to use due _to I?ck of cl ean ed and where

stiagtityreadio legienT e W ke apliestippse hayrexermhir ogstors may be
m&‘tﬁﬂb LR B 1adk @BE1BinRPgeE,] 298 fvBerd Bsid dohis borabiigasion off IRgectors
th t gﬂ%’gbe used by an illustrative enbodi nent of a

b P& for |earning appropriate paraneter
settl ngs based on exanples shown by a user. This
Ieprgiwge Wi | | be used in conjunction with Figure 22 to
explain the exenpl ary |earni ng nethod . .
i || uBlengds Jhstetas siss {llawo‘tssgbycﬂ&ﬁ“%%‘ilr"ﬁ e‘&ﬁ%‘f%‘?ﬂ pigy vision
c&ﬁ&tbi 10818arhiff agphoprige parhrhdidtistiiings Ba2Y o Exampleodhden by ieser. This

b PR SR kAR S5 B  hos
S et t Imﬁlhﬁfralvh mhbddynmothms kartdest appkopeiata sattipgs for bhe sensitivity
t}e.\z %isﬁ?l leam1ag grogqgse rga?ynaﬁsog)pévﬁ%tﬁgagggﬁ%s C?E Iibe\}éhalgggt@ctors to
userbrely wlgetré :mpropmth wWHN setg @3 are|likaly i werk best. digarhiog isiby e&%nple—
ﬂ?{% grgfg;fresgﬂt oRAY Rkt &ﬁ‘egth%%:]&%q& Rlbe Bodb? Bk, arfdUill kSindicate by

y recomren e Brightness and Contrast
imetaetionovith HMIB3lse their anal og outputs are in physical

uni t $edeBingdlis oftloRM, As%ﬂ%ﬁl&)r kel s&‘lﬁié@cdﬂ%e 283 Wubfs Btrongly
meani n ear ni n | ess critical t he l?dge Spot.,
rawwmeegﬁmf%tt@ Paishie %S@P%Corﬁfé% Rgeiors ﬁ%‘ia\lseé}}ﬂf o opfpyis are if

mslmmmls Ye é)gﬁsz cbvels) that ROE nmhusamfé nRafihe Laalmaglswm tiidicdlH@tthe

%‘%&%ﬁ mB te%&geétoff\rl\p’eg?%‘%g "i%‘?oafre g'éa” n a%e flog

uhgliaéd @frel&ﬁbn vahe thadndibensionlesd and evith bbsdleietmdahiag. an edge
or spot d bee t .
corr ?aefnr%;?:l éfnoag £e.01 S {)]tlfle ecﬁﬁﬁﬁ%mﬁ%&%@&o&‘?ﬁomcangefa]\rly
®di:1}tentthatspedge pesppl has mdeeé, begin detecisst, b@m&e the forrelasion caeffigient of

lgfag% i Ad ed% Cfbé/t é&lﬂﬁgté lg Eﬂéa}ﬁ d‘@ﬁftﬂ@oﬁﬁgﬁ 29'one can

e en or exa
®rfa1gh tméé@lt tbe‘tr@@tigﬁm S h@@e%«rdetgﬁﬁd Bubvifnmfor PW@ YBrightness

llsﬂésbﬂg 2% SGO-SI_I;Hgﬁt dnSudh® &l25 ISR eARiGh Pihi S X BIPRndd by BRple in most
instances.

There are two parts to the learning process. The first concerns how users interact with
HMI 830 to teach a particular example. The second concerns what a Photo does when

presented with such an example.
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There are two parts to the |earning process. The first
concerns how users interact wth HM 830 to teach a

w@20osiizihar exanpl e. The second concerns what BCPH81005/019793

does when presented with such an exanple.Referring to
Figure 22, paraneter views for Photos contain

t hunbs-up button 2210 and t hunbs-down button 2212. The
buttons are next to |ogic output |abel 2204, which, as
previously descri bed, may change col or or other

char Refereing ofFigure 23, piranaten yigive for Blatesesepiain fhyanbe-sp butign 221mand

A3 Qotbifttor 3212, TRE blf%MﬁserP@ﬁeit t@flog?Jﬁt;fupiabéPﬂoﬁ‘ gvhmh B
I SCUSSI on, green w | be used true and red

preyiosly dospribisd, e chasge anmos ptherjchargoiegighicelo distinguishy hweqnﬁue =
0?32 taﬁ@f@ls@(%]ﬂoj) | BRor PEFRE @R thIMRSTE0NMIn, Diddeh QN1 BeAhed fobtrue

proximty to |l ogic output | abel 2204 and

apdhred ﬁqrrﬁ@sec@lﬂw@ Ir?élwﬁ‘életl‘h g8 8%- tw&éwugb%)a 231R s of5R 814 on

tﬁfmﬂsﬂ@w@bﬁt&)ﬁ’ P2 is Fdl 'Cid PRekig#iye8 Mogid Biab bl 240k hddktchihd @olors
nmeans "learn that the Iggﬁguoutput of this Photo

helps the ysepprdeniand the Brctiop o to#hi s operation is called
| ear 011dklhigrgtbsn thﬁmbﬁphlﬁiﬁbm@w @éhng ﬂeuféoﬁaiaumo@u gitpm oP1Ri% Photo

s "learn that the i s Phot o
Bron areB ePLaT el & ot BBt g OERG Bo s
do@a buttoh h21obeard Olatn thihibs bgs enprtdf ¢is Bhow shovldumoetek redx(fiixe).”

lsecxaer:rat‘?lorr]lqs aﬂ ? %%Fzﬁs-d%r ﬂleg%ieﬁi%lt}és % ?rﬁenti%heto %Q 1:1174: taQ/d

nv € ou cones in

tamumgbaﬂbmﬁeﬂmbnﬂﬂséddmmy@ammﬂﬁn¢@m@%%m%h@3mﬁjéhﬁ@ﬁm
d it D her

Y58 aldbad-SoHeR Wl in FRABEE LB OiecATRANG 151%m9%at gl

e output’is inverte I's used S to
niahiggdepending onavheiberteputpgtis wgréed@n%hqvglt uéliswd)ymreé@ which it
iehk&tars that all nust have a true output for an

.obj ect to pass .inspection. E can teach each_ Detector

i ndi YWRReRSIoRS s upiRg thiep Petepiery that Allamushiye & Fusguipuf for an object to
;%éébfﬁi&ﬁéc‘ﬁ&ﬂ@nﬁ tdn t@c% &K DefatexGhdivisuafly, daehis eamli Bd ltméchsfs&ﬂy
ctor snou e true i C
1, = oot et 3 ol e g 19 snee
disledorlewhde¥itotsie “thi‘s lisear gobdiolglect’1 Woudd meslefuibpetlt other hand, if a bad

(%He;tsise nrtesethbd ttlﬁ;?e i§ oﬁe% ng gs’af i l%.gw}%ﬁ?/ h‘i)%tebtgxg Vm;%pﬁgad to be false,

PSS ar e suppose
aé srethey! drg/generallyttaughhindivideallall | y. Li kewi se, if the thr ee

Det eﬁﬁch{f ﬁ‘rtl?e t@ ﬂ%t %%@R’J@Q&yd qgeaﬁlﬁghla% o@ﬁbﬁﬁgses if any

passes I ave true out p , t hen one
qﬁﬂgmmvw oatpuiathermﬂe anght {gaehn bad gbipry with a pinglg click fut fopp

g'éocg&ﬁ&t APDEEork AR oEREAT LAKG iRAdiBdEAN IRé hohint FweR@Chese rules
I ndividual ly. Once again, however, these rules change

‘§§¥PEEHW§S%ﬂ&mBﬁfﬁEFgﬁgﬁe inverted. Teaching multiple
det ecréa@mﬁg mﬁlﬁe aaectdit Wﬁlkorfé&ﬁckhﬁn Uamggﬂ withblt@bitfusion by

con dd t hunb d wn b Ito
et e B B 16 B oo wg e S i gt
"The birtuns ara HEpldyeS a:hcbo}ielcéd andpatzinnemdx eﬂwlfdsr eaclmtealthcgurwiS alows
re T are Gk rarinv Bbaed Qi shfRaghel e ifipeso
dpwerbution el the Gatertvdeanpth@mbs-up (-down), which means “learn that the logic
output of this Gate should now be green (red).”
An AND Gate with a non-inverted output learns thumbs-up by telling Gadgets wired

to its non-inverted inputs to learn thumbs-up, and Gadgets wired to its inverted inputs to learn
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WO kios/128te2 shoul d now be green (red).”

down) button tells the Gate to |earn thunbs-up
(-down), which neans "learn that the |ogic output of

a non-inverted output |earns thunbs-up by telling
Gadgets wired to its non-inverted inputs to |earn

t hunbs-up, and Gadgets wired to its inverted inputs to
| ear nt hunbs-down. For exanple, non-inverted AND Gate
4500 | earns thunbs-up by telling Photo 4502 to | earn
thyrpbrydowgptor mmp@am-m@vad AYD| gy 400 e mbsrup B igllipg Blaago

AP086 1daf thidsRip ! AN eaE QYA 10 1880 ANRALEGRS, Bnd/BHot 4506 to learn thumbs-

non-inverted out put cannot |earn t hunbs- down

a5t OR ANRCaRwith %TI%V&“MW“E cange depdhymehyle §’?=§° #@t lalaon

&ﬁbﬁb&&malﬁgtgﬁowﬁ Iﬁﬁuegmtolda\g@rt ed_ ougput I ear ns

t hunbs- ellin ts r toits., )

non- ARVATS Bes i iR oY i eais s iam byfallieg lapts wired

tofits @ch-ingeried Mmpits toeédimtﬂumlsqam; mdt@adgemmredtth usn’hsertém iputs fodearmn
nvert I earn

Gl Pcn 0 s AR Al o 1 s R 85 BHE pASo

45eap iteamhhmﬂdrs-up,pi’hoameu ©@Redda themb& 11§ aadoOR EGarerdsis kruleds thombs-

R A ACE Gl S PSR SRR P o

digphlsd el it igniesseesiviodosso. An OR Gate with a
non- 'Aﬁi\(ﬁ{ Gﬁg WQHE Mm{fe‘f'l@& &ﬁth infﬁP&uHhQMbv@bettéﬁulg' (ﬁﬂgets wired

Gadgets wired to its non-inverted inputs to |earn

Tofs RYSIYRERM InPuh tp leamupbs-dgvneand (Gadgetsevired Jooifst ipvertedipRitsto
fedin tRaHS . Fend: ﬁp nolEiverY OROGRe 4580Barhd MEHBQR Wby Qﬁfng OR

20Iernst down by telling OR Gate 4522 t
fasis D AR tesgers Bomsgonm M HhS dsHgp eam
taﬁldbd;ﬁpOM OR':'I%e With d measinveitddLopet ¢apnot Aarm@rn{batup, soiHatbuiton
out ut C%n{éﬁ’ta | earn t hunbs-up, so that

rte
R R R | gnores requests to do
s0. Am QBRG@avéh w invertad outpnt matnedlumbs-muby tlbeg (ﬁzslgets wired to its

ﬁoﬁqﬁ%ﬁe pLPQ’ totlegj'nl thﬁhﬁgg-g?gﬂ %LCT’ G‘Mﬁé@ &ré@to 1{5 Sy EPdd pmée(‘(? %e%g

puts to ere

ﬁhwv@-npeﬁoruemmes invester % Gate ﬁmﬂb@m}bwnbsow b@ selimgPoto 4532 to

l'ezm{ BubBel d&R, %@45&5@ %a}nqmngb% dB@H IEP@AN B e &581h | leﬁlg thumbs-
Photo 4532 fo | earn unbs- Photo 4534 to | earn

¥ AROR Gascupith aaﬁﬂvemt?l@m @nﬂ% é’@ﬂ%t@m@a@mtsﬂ dhathutipn capfe
&Bbﬁ&%uﬁi lwgﬁd}esafequbﬂmab&d out put cannot | ear n

0 utfon ca e dlsabl and
| oo BBy el dela i B bk e gttt i G B 4 i the
éqaaalenﬂbhwm&s diixked. GafesipdasthelRyva cb:)dmdeaﬂceto #fir irpstsiaf justhe

u1 v butt on. was. c pass the | earn
G e Uds 8 s s S haen R s BRI poa. A
ot heOnCaxdgeios td theboee fukesisthangnydoratba Hss exartly onesinput wired to

?ogpétxtﬁer d9§oﬁ§ SEERRE 139151:&1% &tﬁ‘éf* G%F&P‘é% 185{1 %ﬁﬁhss%& A3 tnRBY.

exac t
diwnhserbothi butiens lase e@ablqdriehameomhynds tﬁ@r@u@tﬁa@s ke pasGedt sk to gidh

mFR i BHTRR R Rl SMUTPROR W inyciO BOIB; i £ ONS ar e

Learn co tes are passed back
t o salsers need not remember or understand these rules. In essence, the only rule to

remember is to click the color one wants the output to be. Whenever the mouse is over a
thumbs button, a tool tip could be provided to tell exactly which Photos will be trained, or
explains why the button is disabled. When a thumbs button is clicked, a clear but non-

intrusive feedback can be provided to confirm that training has indeed occurred.
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input, inverted if the Gate's output or said input is
i nverted, but not both. Users need not renenber or

wapasenseand t hese rules. In essence, the only PIi/8S1005/019793

remenber is to click the color one wants the output to
be. \Wenever the nouse is over a thunbs button, a tool

tip could be provided to tell exactly which Phot os

will be trained, or explains why the button is

di sabl ed. Wen a thunbs button is clicked, a clear but

noni Hignigdp Vlustrates e e Rheta Feamethymbsy e dhumbs-dew. iy aa itlysiative

bRtk 9adh@hoto 'Tc%@ Hlyeh Wf Jtﬁfé‘tld:' &uédqhé&qsult hzg%&ﬁh@ssan@w
a Photo | earns thunbs-up nbs- down

quip{feY pigtistige Eé%&}?:h %%'ﬂ%l“dé&% Fpumn afn R@éﬂ%g ?wtss@tdsa sy of
sGh@dd MAEbE Sutpidbd Bat rﬁeﬁ&‘ox%ﬂﬁ MLl in@hn &tk hish inG SstaBileld t he
acC

output |ow statistjcs h such set .includes a co
dgwgmoéputatﬁé%@ 8t sanlard deyimomotaypuiishugy £p Eacogwaregd”or
QS 184t SomrBahd ! I ¥Hoto R RO log b@patid Dset SRsaMstRY hsFUllowdi gh
m, standard deviation of out put | ow si0 and standard
devi ati on of ouwtput—high-scan-bep——coenputed. For each

| earn conmmand, | a "Phot 0 Wilq>gif><at§lll!t hélcahfmltcg output to a
set of statistics as fol|neliverted| t waersdanpl e of Figure
46, x-axis 464)thgﬁ5gmcn5{§plﬁ@v¢ NBuipidlgd output of a
Photo. o A dis tlll otrof—out htroi—vadl ues 4600,
and a distribu ThBP? HP oyt PRt V4610 have been
| earned from appropriate exanpl e objects. Mean out put

| ow ﬁﬁﬁ@exafﬁ'?l@ %f ﬁg&@ WE, xrbl\dg |3646 @&Qspoﬁ&sqe R Lehi R df%'i’h@tt).

out put | ow wn) st andard _devi at1 on of
B d’ﬁ‘ﬁ‘b'@tloﬁloﬁﬂl% B‘Bh %wgoo wa%d%@ﬁ]oe ShRuEleY valyes 4610 have

tebilbaridd ffom afpﬁ) Hﬁ@é’xaﬁ@le%%@&yﬁ\&aﬁ &ﬂpd?m\t 43303m§&|’b‘é b g Y
fuzzty fhreshol d 4650 (efl ned

hr esh
gfeadag devighioniof PeRYdvp(ngt shaw, 3(15 été“dﬁi\ﬂsdﬁ‘“[ﬂ%é@? @lta“i?lgh
ﬁl@tkhovhl)ﬁiﬂebeenkﬁﬁputa'd’le paraneter k may be chosen as

appropriate. nbhodi pent =0. _T

ot ¥ asinf IR g SR Loope el v A
lazummﬂnreshcéditohyzotamﬁnglﬂhﬂesmldnguszt(eqaalso Biglire 1Qonput e anal og
out put and add to the oug put 1 I Qw or out put hi gh
statistics as appropnaté’?o’f’tﬁ nbs-up or (1)
t humbs- down, and | ogi ¢ ottt ~FfAmert ed or not

| nve
W e e T e
Up daflke methodsfeﬂsarmng/thwbsf @zozyhumbar-é@hvs snisasiged] byrthe falowing
ans and standard devi ations 5 using equations 21.
Phot os can aI so retain the nost recent manual, .
t ht-e Srgpee anslogioptgyt and addigthe owpntdqyper oufpuihighptptissics as

r est gfRshribt roleRintbSdlp BMhiR-ddwR fand Rieic ofifp@tinvetibdCst néiAkerted;
settings can be saved for .all Photos an
Compute means and standard deviations for the output high and output low statistics;

and
3. Update the sensitivity fuzzy threshold based on the means and standard deviations
using equations 21.
Photos can also retain the most recent manual threshold settings, if any, so that they
can be restored if desired by the user. All statistics and settings can be saved for all Photos on
HMI 830, so that learning can continue over multiple sessions. Users can clear and examine

the statistics using appropriate HMI commands.
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HM 830, so that |earning can continue over nultiple
sessions. Users can clear and examne the statistics

wa@giong2appropri ate HM commands. | f a set of stBCT/5851005019793
contai ns no exanples, default values for the nean can
be used. In an illustrative enbodi nent, the defaults
are where a o is the | owest possible anal og out put and
ais the highest. If a set of statistics contains
fewer than two exanples, the standard devi ation can be
assufedt éfGtatisties ntailing examahes defaplt valusa for ﬂwgnefamamba used. In

le ex l e .c owe al though it is

mﬁgﬁ 'ﬁeenlgP mgﬁ@%ﬁ%%hg%L I n another illustrative

enbodlnent a learn cmnﬂa@doﬂﬁmzaaﬁktector conput es

t he anal og out puts tb@t %PUkﬂX®fSUL9 fromeach type of
Det ect or operati ng on the RO e Det ector being

t augtitere aptisthé bivest gossible andesruut edtagiis theighegty K26 9put ed
stgtﬁqcs c%&ﬁlggferv@fgﬂaln ?xa&ﬂﬁlé YEHEE S HarD 8L iBbn LB 1HE Gds@hed to be 0.

Iar er separatlons bet ween  t he
This et thabkﬁﬂralna foma;smgleﬁx %hﬁﬂ wed, glhqygh it 1s generally not
{; §3Locked Loop for Mssing and Extra iject
tection Fi ure 47 |IIustrates th

phaga 2o diys raabepen(bPEIE)emt ot SpPERLH e%eaﬁcgg gomputes the
(%Sﬁfbhﬁﬁﬂaﬂﬂom&ieﬁxlt feondleakiOtypedfdRtectdt Stariag m’tﬂe E@I ofahe

objects, for productio s, that C

D s R S aHBaHRE £ B S g e o) o
sigE¥: betfePDEryuRSE Bliciees Belobkingfot Taggensepdrationd lwase;en &n Qutput low and
detect m ssing and extra pul ses, should be clear to
opipy S sy i

ﬁlnary skill. In one enbodi nent, a signal
contalnlng out put pul ses synchroni zed to the mark

Usinga Phéselodsd hpapdorgViispng ang waPbiset BIeROAt ai ni ng out put
| 3180 3 t f
p u zﬁ SR 91 ’Sﬁ%ﬁa%gﬁ‘g use@% % pléaﬁ? oclﬁig :?0%% @ﬂﬂé{ Iﬁlgagure P‘Q BH_]%cto

;ﬁk&&m&@m&ndmamﬂaanmuhm;mﬂemmmﬁgmmaﬁupndmmmmMWﬂwmmE@¢n
o%?t? %{cn 8}%)2? i e lg %)ngtgllltg?%% gl‘the Hﬁexﬁeﬁﬁ%ﬁe&%¥Lﬁfto Ehronize to a

0SCi by a conventiona
tfainlof galses,snd ’weletebq rgissingpné e palsdsoshoylé beclear i thgge of ordinary
S'llustrative enbodi ment, a software PLL internal to

Vi sion detector DSP 900 (Figure 9) is used. Re err

t o Flngpne embpgiment, g sigepb prutaring QupukPUlsehRyEchIeifsd Fos U ‘%&9

f@t AbHIVBSut Bbdal $100 &a{mmg%u@uwsé ?@O(Iﬁgﬁiﬁm) smmee toaﬁe

time W ndows 4710 during whic pecte

i o comsertionah oGt PO B S1SHeds B+ mighine 4 R &

({&e&?ﬁ@.ﬂa u@%ﬂl 6 fﬁétedt fissifgd ﬁﬂteﬁt(ﬂa @bljectsi THe féqdbey of ﬂrervenq:gen d i ng
o) e end o ndo is

coBred exaan tsr aoniang e E1 s B Eled ghisfasdf A

obj efaniiustigive embodgneant, aifivereP13Ontemalrte sision détertpr tDtSP Ao k
lne 4740 forna Lon bou at e,
}gareﬁ? is é‘feﬂ gl{ gﬁan%t)% 3 seéue%‘y of ﬁ%rﬂnfe? %8 ggke‘a%y b

jec S can be report
safitvar RLL titompuie p n@respoRdiggiseguedd: aflting gqmdaweglq dysing which a

ozf%? [ egtted Bf oo MNE bvird O, iR E Skl ho UG intelsoP issing object is

detected attime 4730 corresponding to the end of time window 4720. A mark time 4740 is

(22)

detected outside of any time window, so an exira object is detecting at time 4750
corresponding to mark time 4740. Information about object presentation rate, and missing and

extra objects can be reported to automation equipment.
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enbodi nent. Shown is a plot of mark tine on vertical
axi s 4800 vs. object count on horizontal axis 4810.

wea@b/1psint pl otted, including exanpl e point 4BRDUS2005/019793

corresponds to one object detected. To insure

numeri cal accuracy in the cal cul ati ons, object count O
can be used for the nost recent object, and negative
counts are used for previous objects. The next

expected object corresponds to count 1. A best-fit

| i neFig83aS8 ilbistraasphetoperatimi ofl g nevelwoilighte P lussd st arsifj ustpies
Jﬁ%%ﬁk%gntf %Ho(zvﬂ Wa ;q&%? &h&%e%ﬁ vachal 1{13648\“3\"'5 g{bé/e%t (%{lﬁt oh lﬂgﬁz%ﬂtal

recent pol Ints nore stron an nore
msgﬁlarﬁaclpmnﬂtp@ﬁedrmhéme grample fod 4829, |Ct>rrqqumés 9@k es

deftBre® %%ﬁreﬁ’iﬁﬁé‘ﬁ:@f ﬁ&dr&:? iP@E tAGatiSRotidtEcduhtFean be used for the

correspondi ng to count 1 gives the expected tine of
Qb repRay pbiesh jarckRegative ceymts RSO HRIAYIOUS ablfe?ts( d8e pRTheapctedf
SRt (PR SdpokdB edLntA0i Nts are given equal weight, and
ol der points are |ven zero wei

t hat

r ecemtPegdtt ’l“’s"s%{’r% Htpd U WAg g‘?ﬁlfleqsés(%@‘i‘f?sa‘ﬁ%]i“ﬁtfémﬁbl ng
déSibled elow l]?h@ﬁelglﬂst ae EHobdn t@Wﬁl@l&ﬁnoré\ﬂéfbnNﬂlﬂts K616 ¥fongly than
met hods ar e 0..U - squar es .. .
o AReR spioR MRS lons rieRi i SeameR B g B B pegog, e
thetimy étirespondizg o ichunts 1 gazt:s tueexpadiaicinmef the nea objbtts 4840
oot 1 SRR ndeD oG ML 5 SRR RUBE Dol o LGB Seiant
dnd lotderrpoings atrem'vqnable weight, 5¢ tatldnly deneptepdintsiarefused. The senqfutose
oﬁﬁsf)&gé%seq Qé’u;r@d m PR fahtL\'fvaf kﬂou/ﬂtmeﬂﬁd skd/ to update the

nte In SO tvvare as excel |l ent vv-pass and
lsqstemuare%qwﬁlscé aTIPH RREESCAS @@Pcb@d ol peEisEremeved. entire

hi st @f 3 iffstriBE kmbddiRsnt, mgﬁtsqm c&%smalagtoethmfpaﬁ@mfonge@f
control frequency reg?onse does not need a FIEO

Aicres Buttepor mtmws Adistete l?uﬁswoah Blir isgpaeelerriralyer
Seinipbd, infipisd isnpkse teSpordealightali ISwphse fiftbrlthat fs ety ﬁmiélﬁnted&ﬂ d

SRl it T S SR Sl L
lasidrp of mark titnhe hasmpe hdjestableppramsier, to whitohfraguéricy tesmnse, and does
m%?ee%%ﬂ:db“ﬂ?y the synbol W The effect of the filter

0 convol've the input with the inpulse response,
whi cﬂ‘hepmﬂmﬁ%mﬁntwef gﬂm‘r?dmwhéﬂta‘g’eﬂloﬂpumﬁ 152 g 2\6 i ous .
i nput s, ere the wei S, af.e s are the
vaIOues - for/= 0. \fg.:ggﬁwf{fé_gﬂ)t \lvo‘rth PLL, three (23)

Butterworth filtersYar&-u%&d, corresponding to the

st at Iw‘ﬁiljefﬁ dnRpeeOMpUt e a | east -squares best-fit
l'ine the nar tlnes b ett, where = 0 corresponds

to the nost recent object f'/—2§/70 to previous objects, (24)
and i =1 to the next o ect Furthernore, let all

ti rreén‘b"earFé]teé‘PF%eftefi"stcél djvelgcityigmms. o The f ol | owi ng

vei gitRinsid 5 vl Eni@e 41, xy= b fori D, thd output is the impulse response,
which will be referred to by the symbol w;. The effect of the filter is to convolve the input

with the impulse response, which produces a weighted average of all previous inputs, where
the weights are w_;, Weights 4840 are the values w_; for f=0.12,

For the Butterworth PLL, three Butterworth filters are used, corresponding to the
statistics needed to compute a least-squares best-fit line. Let the mark times be #;, where i =0

corresponds to the most recent object, i < 0 to previous objects, and i = 1 to the next object.
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I J72 = - i i i Note that the sunmations are over the
range - < < O These val ues are obtained as puts of

wo b@stibser Butterworth filters, which are gi vePCT/HRuD3019793
P1, P1, and t\ . The follow ng additional values are
needed, and are derived fromthe filter paraneter / -
yx I f best fit line 4830 is given by =ai +b, then f;W
'- The value a is a very accurate neasu re of the
current obj ect Eresentatlon period. The equation of
Rutherimpreeletdliinise berskativet to tocizd b el Oskhe fallowingysiahied qumseark
Jebd¥g: at any point in the near future. The weighted RVS
error of the best-fit line, __as a fraction of object
presentation period, is whE 2bwiis a neasure of the
variability in the object priesentation rate. A new
mark tinme to be input toyjkedlvhrige filters occurs at (25)
time ti, which is sinply theiel apsed tlne bet ween t he
nGMIObJeCt and the nost ?ecgzﬁv ae to 0. For each of
the three Butterworth fifter édjustnents must be
made to the output and veIOC|ty terns to reset / =0
and Note:thaﬁthé summdtiensevwvebhernge -¥h is< 4. These gadgs areybfamed as

u 0 r 4 cal
B e et SRR R G Bl e fnl B, BUREL O ¢
ever Vha ﬁq]zmvmg Mditionad velugy aretrieesied, ahdare ti¢rived fipra daefﬁltbltmrasleter
howi ng the corrections. Prines are used to indicate

new val ues of the outputs and velocity terns, and the
uterms are tenpgrar walye ed! ut =yt +vt' yt' =ut - t
A Butterworth PL oquutAﬁnd vel ocity terns can be
initialized to correspond to a_set of values (a, b, E)
as fol lows: yt =ayx=Ybw'i3=x,¢30) f (a+b-y x t )-( a+b @6
+vt ) ct =f _f a+ fi - ytl ]-Fav t2 =, , +b)vt

C:(J’xZ yx]— _ f (1 '"yx)
Yy 1 f+2-Vy Y2

If best fit line 4830 is given by #;, =ai + b, then

o))

The value a is a very accurate measure of the current object presentation period. The

equation of the line can be used to calculate the expected mark time at any point in the near
future. The weighted RMS error of the best-fit line, as a fraction of object presentation

period, is

5o Y2~ @ +by;)
a

(28

which is a measure of the variability in the object presentation rate.

A new mark time to be input to the three filters occurs at time t;, which is simply the
elapsed time between the new object and the most recent at to = 0. For each of the three
Butterworth filters, adjustments must be made to the output and velocity terms to reset i =0
and tp = 0 for the new object. This is necessary for equations 26 to be correct, and also for

numerical accuracy. Without this correction, C would change with every input. Here are
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This allows one to reset the PLL to start at a
particul ar period/* using equations 30 with a=p, b =0,

w@rwsHE243CAt al so al l ows one to change the fil tB€T/US2005/019793

constant while the PLL is running by initializing the
out put and velocity terns using the current val ues of

a, b, and E, and the new value of/ In an illustrative
enbodi ment, the Butterworth PLL determ nes whet her or
not it is locked onto the input mark tinmes by

equatisnscfer thedyree filers shdydng thé copisftvos. Primasare irgd to indieate neweglues

' PLL e al ue of E.
BB b B e e A B G L Rt T or "t e

next n objects.. OWewt f@asy,)r Bhj ects have been

seen, the PLL |ocks, when E goes below a lock threshold
JSi, and unl ocks whén ‘E gdes above an unl ock threshold

E. In a further inpromengnt, an unl ocked filter
paraneter/, is used when PLL \i_sq~unl ocked, and

al ocked filter par g’ri‘ét_g)f"-%?&i bj;‘l}seév"\’/\hen the filter

is | ocked. Switchimg, Eiut-ef —parameters is done using (29
equations 30 to i ni)%,i al j Ze, th‘;, 913} put and velocity

terms using the curr®n "‘valf"ﬂ%s‘o *a, b, and. In an
illustrative enbodipesty,, -p &8, -F90.1, E=0.2,/ =
0.05, and/, = 0. 25.lr,pfaf ﬁ21 cfﬁéec)l)ft';? VZ %bj ects are

n ssed, the next objreTfai FiVrarrive at approxi mately
tmtl =a(m+ ) +b (31) _Fro hi. tion and the mark
time n of a new obj¥ t,y%?lmgt‘zrragtl%gﬁrm nem tn - b m

=r ouAMButterwbrih BL)’s d@ipitaspveldaity Ripsadah begitiblived torverrespond to a
Buttglrv\x%rth PLIf?][for_rect, one must insert mark tines
P valpes (& £ 0% ng obj ects. This may be

acconpl i shed by uspngahr+ ~ (33) "2+1 m+ 1 tines as

i nput to equations,29. ylzt 411 be understood that any

di screte | ow pass 7711892 can bg used in place of a
Butterworth filteryhodwptiwed a PLL according to the
best-fit line method ¢f the present invention. Based

on the nethod descl’ti’bgd above, equations 23 through 33 (30)
woul d be replaced as a r%pri te fgr the filter

chosen. The foregoppg 4 & Oyl ,‘;("ﬁ #31) ed descri ption

of various enbodi nents of thefinvention It is

expressly contenpl at ed 2a ., Wlde I e of

nodi fi cati ons and addiifwlag dod hereto wi t hout
departing fromthe spirit and/scope of this invention.

For  gXi@AMivR.one to reset the PLL to start at a particular period p using equations 30
with
a=p,b=0,and E=0. It also allows one to change the filter constant while the PLL is

running by initializing the output and velocity terms using the current values of a, b, and E,
and the new value of f.

In an illustrative embodiment, the Butterworth PLL determines whether or not it is
locked onto the input mark times by considering the number of objects that have been seen
since the PLL was reset, and the current value of E. The PLL is considered unlocked on reset
and for the next » objects.. Once at least » objects have been seen, the PLL locks when E
goes below a lock threshold £, and unlocks when E goes above an unlock threshold £y. In a
further improvement, an unlocked filter parameter f; is used when the PLL is unlocked, and a
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the processors and conputing devices herein are

exenplary and a variety of processors and conputers,
whodok/1s43andal one and di stributed can be enpl oyRdI/U82005/019793

perform conmput ati ons herein Li kewi se, the inmager and

ot her vision conponents described herein are exenplary

and i nproved or differing conponents can be enpl oyed

within the teachings of this invention. Accordingly,

this description is neant to be taken only by way of
IoeKedMiMep araectr ﬁ Btusédovteh ke filerselockedi Switching Sltes paramétens k5 done

|nvent|on ]

R GRRRO B P by o o el st 1 oA B o,
mmbﬂing the object relative to a two-di nensi onal fleld
fn%llugi%}ﬁvé)&ﬁb%ﬁ Qr%eét ﬁQ%'p)F =9, N8, 2036F =05, %he, tllOQS

feat f'éatures containing a

| easlf menesesitizé eHiestsfageamissed,; thengptobiertiyll ariye GtraQP‘iO{“W@b’
frames, each franme of yhe Dhirahipy of frames (31)
conprising an i mage of THe field of vi ew, such that

al | Frbmithid @ubtdatand the matk tinled, famew bbjudtanbiney deeaminees
are located in the field of wiew for each frame of the
plurality of franes, andr&mm("_ 1jthe plurality of (32)
frames i o conprises a plurality of /| ocations of the
set of visihle.feat j .
det ef?‘rlf ecp ﬁl& eql}a%%ns gor{slﬁll \e/BQ"eutt IQVOHH FLE, l:(?} 8{3 ;%dls@ﬂég?t Irtlalg]ketlmes for
aplofithamissipg offjedts ﬁlmemay ke acefslunllsheé bypsingsi ng i nf or mati on
about the status of the object; and reporting the
result. 2. The method accori to claim1 wherein the 33)
first analysis conprises is &ol uting a plurality of
objemnqpﬂ&ga§mpme§amamneﬁponding respectively to t he

| h. gbj ect
b1 ur vt Ve b RR oy @b 36 s BEREFinplacl ot
Bdl’tatwottli] li@ lnq eplensaita P:ﬁLI ae®rdillg to @&Sbbsﬁﬁh binej mlp%i@lf the pyresent
1§vre{c1:t:110€nr ased the %E&EOJ%EJ&‘BQ:} ﬁtgﬁegg s bPnfohudt 59 wolld S r8j1ated

pass score urality of object pass
asamnwaﬁeﬁordhﬂﬁitﬁt@dseﬂesponsi ve to a 20 second anal ysis

of a i faedcAb RN @8 Yariols &ﬁb@dﬁfeﬁtﬁ&fﬂle’l
The trhé tﬁég&g%%g})éengtt&é&g e§§| %n 3 V\haélr ein thle S

aPRtgpolt & eSS U (YO BpeE O M BeotB SR LSy

BelniHdethdrdty Wﬁﬁou@@p@f‘ﬁhg @B e SHET A8 scop@bfthik Mivérlign. &‘osedamplé

measur enents corre ongén% resgg@tlv(£% t.0 tE ol cors and

thepregessgFsangd egnyfn feRape ex B N ﬁ trie

Sauterdk, UrRatd e ahddistetpdiean Meentpivyed ’mlpalfc&mtcemplsatloos legfein.
eof25theeofv5|bef [

:HE ‘?dﬁﬁﬁ?@ﬂém39%§ﬁgﬁgl p?wmiﬁemgb &ﬂ Eﬁ%%%hﬁghgnts

impvabyrdifferipgempsnamisean be employed within the teachlngs of this invention.

Accordingly, this description is meant to be taken only by way of example, and not to

otherwise limit the scope of this invention.
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5. The nmethod according to claim4 wherein the step of
conputing the obj ect pass score conprises converting

wo b@sas31pf nmeasurenents to a correspondi ng sepCDIS2005/019793

| ogi ¢ val ues; and 30 conbining the set of |ogic val ues
to produce the object pass score. 6. The nethod
according to claim5 wherein each | ogic value of the
set of logic values is a fuzzy logic value. 7. The
nmet hod according to claim2 whereinthe first analysis
further conprises determning, for each frame of the
PLaM ity of frames, an object detection weight
@’8 npri.sin .eV| dence that all visible features of the
PIpfaPeEhl e features are located in the field of
Vi ewn’fethbdfdﬁﬁlslﬁdcﬁdiﬁ)faﬁobja'dneoﬂ’@ishigd according to claim?7
SO ol b S R P PRI STRLLSES: REPRIR L0
@ynpnheg ot ofosyidaftangs, dis) seteif v@bbéenturcsrcom:lgg tt. les@t ong lnigible
od according to claim7 wherein the first analysis
urther conprises conputing a wei ghted average of the
objueeg 2 plarskly st faress, eae fpmeend] th plurdlity of lamessqoomdsingypn image of
ﬂ@ fi&@ Bf hév@ sﬁ’(fh thedp 91 ngl@ ‘Péatugé:s‘ to?ﬂi& bl br MIQ ﬂ-taﬁres gng locItQ@m the

accord ng t laim 1 wherein novi ng

f %Wmforrwh ﬁgmq ?féhedﬁ'ff@léi offepmep rapd %Uﬁlatbaﬁh@hefel&y plframep

§drifds @ lphrdhity afn&wldagebmﬁeesrét SUEHRSBANEs hHRMRE R2hiehhe
lurality of fra 11.. The net hod according to claim

CIRRRIDINg; TRsPOpRivede 8 fsb”f“%%?fﬁbe Rlvrality, efcfeames, 7 TRy copaprising
mhjnﬁa{onaﬁouﬂmégaﬁm@ﬂ’ihe‘dbjeet arcent of the field of view
et[j1E su cesswe frames. 12. The method according to
frein the capturing of the plurality of
2. r aftesneghod atdoslirfgi to sihimelnaheysn the Hfst dnalysipEamnpmisést y  of

AR PR PR sofe Sl Vot Ry BRI of
franzdismach Qbﬂﬁetmssscmh of e plpralyy of ehirst pasnigorcheompesing ¢vidence that
fhOBREd: §a%§ﬁe9589d§§dn@9m€éau&%@ﬁ5n pul se and signaling a

rejeéct actuator wth the output pulse. 14. The net hod
%CCW@%d@@O@%tM@%@eﬁ% the step of reporting the
éa%l%ﬂ éct had¢ dcbRlof & B]ﬁfdhﬁz‘%‘f olﬂé& PME LB ARoBMiRIEspB RS 4 N
Sy nc ﬁlzatlon W t h gl ject crossing a fixed

?eé‘?né §°56t|1‘??ﬁt on?LSGgloiTﬁ nY‘??FtH’E)H’egé‘E‘Sr ding to claiml,
4.ur THeeletda Ao dSgRe claim 3 wherein the second analysis comprises, for each object

pass score of the plurality of object pass scores,

calculating a set of measuremenis corresponding respectively to the at least one region of
interest, each measurement in the set of measurements responsive to a characteristic of one of
the set of visible features of the object; and

computing, responsive to the set of measurements, the object pass score.

5. The method according to claim 4 wherein the step of computing the object pass score
comprises

converting the set of measurements to a corresponding set of logic values; and

combining the set of logic values to produce the object pass score.

6. The method according to claim 5 wherein

each logic value of the set of logic values is a fuzzy logic value.

7.  The method according to claim 2 wherein
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providing a trigger signal that indicates when the set
of visible features is located in the field of view

wa@p@saeenti ng the capturing responsive to the PET/Y§I05/019793

signal. 16. The nmethod according to claim15 wherein
the step of reporting the result conprises producing
an output pulse in synchronization with the trigger
signal. 17. A nethod for inspection of an object,
conprising: capturing a plurality of franes, each

the frsrena§sist froghep tampaiséstdptemfinihg, doreschdmme of &1 plyradity df frages, an

b% ect%e{e%h%e[gﬁpc%@ﬂgh é\)lcﬁlu[% ﬂ’gd.ft ale%We ge%{uﬁ{s %HBIE EEQ of visible
responsive to a Tt 'ana ysis of the plurality of
featirerers loeatadlintha Fipld pf véw flsjhediamdet ect i on wei ght's, each
sngﬁs!;neﬁ#S&&&&ﬂdﬁgta/mi&htwueﬁi& he plurality of object

etection wel ghts conprising evidence that the object
thesfirsiaalysisfusther eqmeprisssep@PEing ¢ weighted averare ofthy FHiRCHRASRCPTES

Wi R by AR @PIREL oBied Ackiien waghtght of the plurality
of object detection weights correspondi ng respectively
% o Thganthed ageerdipe 1o A WEHIN ty of frames; choosing a

t?é fikEtonAl s fﬁ{]theii ﬁddlptﬁesfcﬁﬁﬁig_ﬁag ) Rn@ight%ch Svepige!6fathd db)’f']ecqffass scores
I , ,such that each . ct, detection weight for
‘%“é@’fnf}ag’yg}‘?éo‘B‘?Sp?rﬁg‘gBFrﬁ@gFeiolf‘g‘e(?Pjecgg?tFWS“ WP@%S i ndi cat es
WU fThe aiethbd aceviidihe mc@aitnhatheteire obj ect is located in the
ield.of vie conput i . sive .
et Pl Yy S R b E R b e TR of view
EhweembucteysiGffrapis; efthe parslsy sCianes. cor r espondi ng
ff’l.eSﬁ%%e{hxgh%oﬁd@]g?@i&ﬁmflfmﬁﬁpf the plurality of active
ob[’ec

rames, eacl _pass score in the plurality of
thtercef mesisg insludes arp ving thsrobisFimg movs tievfive persent of thfiekhefeiaw

Sfbdes flcEsSsiifrahf@@st one inspection criterion;
determning, responsive to the plurality of object

Baske getpd according éaselaim IWISEM si ng i nf or nmati on about
t}i@&bﬁﬁ{ig st pll_bitﬂﬁﬁ&f fhaadel &gli wﬁrtthtﬁglﬁts cifﬁﬁ@lmdﬁf}lec;fﬁmfgs is
i nspegtion criterion; and reportin e result. :
pleﬁfégff‘Féla"rﬁfategbﬁ%Fe&ﬁ tﬁﬂ‘ 8 [P"érfdéei%%afkfs %ﬂ%erc%’fdn the step of
et e Method gccbiding adoglaimtl wdeterct | on wei ght i ncl udes
eterm ning each .obj ect detection wei [ s L
P0G ot RGP Snfites POHETI RS Al g BRRRDIG
actuatohwitlf thaomput p@se. The net hod according to claim 18
Wefh%in{émtoﬁ‘ﬁcc&]&i?%%?Qﬁllyﬁefeir{w”pri ses, for each object
g of the p

déetection wel urality of object detection
thestepaf sepoigriba raswhfughes sempfsesasedygipg gt BBseiespondi ng

dRchRGEhioSith thebbiedfer@bink SRS r@Bende BBinON Of interest,
éach neasurenent in the set of measurerrents responsi ve

Po Heawtrdacerdingte daiprl. rihrepppEsingeat ure of the
V@RS a trigfd signal that indicates when the set of visible features is located in the field

of view; and

starting the capturing responsive to the trigger signal.

16. The method according to claim 15 wherein

the step of reporting the result comprises producing an output pulse in synchronization with
the trigger signal.

17. A method for inspection of an object, comprising:

capturing a plurality of frames, each frame of the plurality of frames comprising an image of

atwo-dimensional field of view;
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conmputing, responsive to the set of neasurenents, the
obj ect detection weight. 20. The nethod according to

W@ Lb@bme4897 wherein the third anal ysis further cPOPUE®EF019793

converting the set of neasurenents to a correspondi ng
set of |ogic values; and conbining the set of logic
val ues to produce the object detection weight. 21. The
nmet hod according to claim20 wherein each | ogic val ue
of the set of logic values is a fuzzy |ogic value. 22.
ddtiweninieg, kesponsive oradirst gnatysis of e putdityof Ermesna plurehity obplaiect

| i elghts
d%%‘?@r %é fét? Adh otbj'égt dRlebt o el okt thhegnlmana offdBreet d%ﬁ@ﬂoﬁ%v igﬁt

el A responsi ve to a ysSI'S of at | east
comprisinggrigence that the ebjestis locgjed lﬁéheffle%sirﬁ viey $or the fOTRPPIENG
ﬁ%ﬁl@ QLdi dighet (ﬁte@tlioﬂ'vm ﬁ?oﬂméeﬂhﬁhlﬂy by eEtrHefeGno%%igi’lﬁlcSrresFondmg

nprises, for each aheCt pass score of the plurality
f@?“%ﬁﬂ%@ﬁwﬁ§@§w§E@Fé§r'Uﬁﬁﬁ?Pﬁg a set of neasurenents

cRVsIng & PRI 2dti9s PARAsIHOE] the mﬂrantp of fidmds Sac tharRschiodigtton

g%ﬁg’g Evgwgﬁégeaabfgw%? ?1\7 é)[tirag?yngf @ﬁtﬁ're grgrlneésrlpéﬁ?eg s%i?imgnt evidence

Mﬁlbbbjectiseadateﬂﬁltﬁéﬁdlméfxdﬂw ect; and conputing,
onsive to the s

. bj .
SERHBL4 el AR e Dy b oe
objeet phds|scqﬂesa;nmésymdmg fagpectiety to @aqbrﬁlase of thepluralityjofigrtivsames,

¢ . )
Sl ARl R o
oplectdméeﬁdﬁbasb biedipeqhian entgrmr e. 25. The met hod

ﬁﬁf‘ng}g R&pdRive {o%é'ﬁ}lgrﬂilty"gp&b?écfba%as@&esl @ sl ébﬁ'lpﬂégnﬁilfo‘iﬁﬁlon

gic values |s fuzzy | ogi c val ue
ah%‘tt m@a@thg@wbmtﬁalsﬁ@s tha %iqaﬁt ore mmeftwe CritgrgRpfIds ng
iRGesatpl urality of active obJect det ecti on

ts fromthe plurali of object detection weights
1§oﬂ%€§ﬁ@ﬂ@?ﬁﬂ'W%§ﬁ$@P @&%éﬂPo the plurality of active
tﬁds@d}i&ff det&nﬂm\gmer abijddt deknen@tvmtghoﬁlcldaﬁs aetammngeatlh@neces ul t

dg’ﬁftéo&wegg{ i Eet%? élgen\?(lél t oal%/sgs?of pJTl one H’% og glgegérs'}élg the frame
10| aihenhodvireording tct dimnsémﬂdmamalny?eanslymmnpem c,fgm@eh @eegt
&Pm@qﬁ%e%ﬂbc?ﬁ%ﬁh&ﬁ]&yegfo%‘é@trdgg&oﬂ efflf§, ODj ect pass scores

cOrrespon I ve object detection
ompgtmg a s@@f mﬂseremmaemmrgdmgctw@y tol the ahepg ophisgien of

IBtQK%StSéagl‘%HgdSIﬂglﬁény fithe TR ur & RAR Fds SRSivE B laCitratidriBet o a

aver a of the object pass scores weighted by
‘ﬂ*iéeﬁétﬂ@@ﬁfhiep@e%fan@he active object detection weights.

BhputiBEredPohishRdo M6 §e? bthdiSurbients| @k Bbjdcf darasrEwaight.
20. The method according to claim 19 wherein the third analysis further comprises

converting the set of measurements to a corresponding set of logic values; and

combining the set of logic values to produce the object detection weight.

21. The method according to claim 20 wherein

each logic value of the set of logic values is a fuzzy logic value.

22. The method according to claim 17 wherein

each object pass score of the plurality of object pass scores is determined responsive to a third
analysis of at least one region of interest in the frame.

23. The method according to claim 22 wherein the third analysis comprises, for each object

pass score of the plurality of object pass scores,
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the plurality of frames are captured and the first and
second analysis are perforned at a rate of not |ess

W b@s/124807 hundred frames per second. 30. The neCT082005/019793

according to claim 17 wherein the step of reporting
the result conprises produci ng an out put pul se. 31.
The nmet hod according to claim30 wherein the step of
reporting the result further conprises signaling a
reject actuator with the output pulse. 32. The nethod
canafigh segoftmeagiranems 3oraspandmg espdetivedit te theat lease porregionpf
1r{t)elﬁs% 8ac% measufrelflr entqg Ehe%x% %Pﬁl'ﬁ;ﬁ%&x%me reéb%b)é“\% tb Qaia%{eﬁéﬂc ofa

i'n-synchronization ct crossing a
visibledehturebisheshyest; poi nt . 33 A met hod for det ecti on of

[ Lty of
L FShrs LS AhnfBRie A po P L)
2¢ommghqr§acmdmmg:@%z3 ‘Hhﬁtf%thé thid aalysisfirter eqnepriss
cé/ \¢ @)E?Eﬁgfrﬁéagﬂemén?ssts’geﬁe\!&n&ﬁg gt b 16&¢ vaal gl s of
e plura rames plurality of obJect
C@i@‘t@&%ﬁﬁ‘ﬁ@%@ﬁt’@“esé‘hgﬁ‘i“% h%e?lecﬂ@?ség‘f’ on wei ght in the
2B th@nbihdd REor&ikd féc‘ctauﬂlzl @Bdréipn wei ghts conpri sing

eV|dence t hat is. located, in the field of
é%?@“epﬁg %Pﬁ@@ﬁﬁﬁsﬁﬁ ?f@‘ BWEN obj ect

26 etlﬁ@inbtﬁdsu avedrding toadairh mefqﬁdmrcamlnismgof obj ect detection

cH)él g%}. Ehpﬁlﬂytoss o ngl?_] ncﬁ% eec% éh\fseilr(}én {hg u I af} off 'E)ﬁjg(‘; d&gctlon

waiphis ¢errapindng relpictrclyito memhxr@ﬂtbtczf aﬁmrﬁiambfealpﬁl urality of

ng I{elnq}:le e to? ﬁcwl ’]mrxl/ﬁ‘éégljg is I%l;ﬁé? {ésf;@,kw@ﬁqﬁb Fhsrhilty 6t defpfeeCl

| cat es I'cl ent evidence that
objeeidgtbytwolwenghm ocated in the field of view for the

zeo%sﬁleﬂaaﬂ%fe&d&%%ma@wrmlnl ng a result responsive
to a second analysis of the plurality of i ve obj ect
thpeseeond prstysindirihat @mptlwv%‘ymaa CRY YRy ‘1? ﬁ?f aPlﬁ‘ath% ficores

weRAkH byhR hedspdniRg akive GEJedﬂ adiecpeeweiget ect ed; and
report| ng. the result. g The met hod accor di ng to

28| hegBOdprorrding oA 28 BPYIER det ecti on wei ght of the

R sdéoall bikayysidffurthoy cdeiprisée tm;latmgla waglght average afdliebjettiped scores
re si.ve to I east one region
Vﬁ?fg%&ﬁgéép’gg?m‘?%ﬁﬁt“kg‘ef% gf %éetec? ?rié}tﬁ%wod according to
20| aThanﬁﬂaoﬂ\hnemdmgtddlwnﬂhwhetelanal ysis conprises, for

t@eb(ﬁural%éﬁ? ?glie%gptrﬁrg e%]stt aﬁg seEJﬁﬁ aﬁ%.llﬁfs el pfeﬁforﬁfed atarate

Fon wel ts nmputing a ‘set
Qfaaéusmm@unfbﬂ’r@%mn@nswgml espectlvel y to the at

SS9, pa LEBRD Pl Ty Shesh, each measurement in the

nmeasurenents r esponsi ve to a char acteristic of
the siapif Fperting the TRRWt GOMPIFFE DI9BYCINGan OUfpyf pulse.

31. The method according to claim 30 wherein

—
£

the step of reporting the result further comprises signaling a reject actuator with the output
pulse.

32. The method according to claim 30 wherein

the step of reporting the result further comprises producing the output pulse in
synchronization with the object crossing a fixed reference point.

33. A method for detection of an object, comprising:

capturing a plurality of frames, each frame of the plurality of frames comprising an image of

a two-dimensional field of view;
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conmputing, responsive to the set of neasurenents, the
obj ect detection weight. 36. The nethod according to

W@ b@smeg57 wherei n conputi ng the object detectipI/vusiogho19793

conprises converting the set of neasurenents to a
correspondi ng set of |ogic values; and conbining the
set of logic values to produce the object detection
wei ght. 37. The method according to claim 36 wherein
each | ogic value of the set of logic values is a fuzzy
detperniping abapensive 8o 2 fiskanpiptihef dheaduraitdplfepmes aglugality Fbject

d’&é@ﬁcﬁﬂ aéht Ceach &’J}ec@fieté‘cﬁ&?vﬁéléiﬁ uItﬁ@plQJaHt"y%H ééét @Jtecﬁ&Hvé{Qlts

] ect ection V\Blg sens et erm ned

‘iﬁ’mﬁﬂ%‘?g idensgiiané tha ohigd isdegaisd fn %ﬁ% 9ﬁ veﬁrw ffe/éthg FRTEesRonding, ot
HRRSEh biGedp @et&%d W& inﬁ@f)luﬁﬁtty%@ t)m&rﬂda&h&mégh@&m;lsbﬁdmg

met hod according to clalim33 wherein the plurality of

iespgeively iy ochhispna Rty plselty ‘Pfé'rafnie?sst and second anal ysi s
@b@ufgarpﬁ@ﬂms%f adfivedbjedtidete@ion Raights €6 theialtty\6r db}éﬁtdfeﬁdlon

nme r. second. .40, The rreth d accor
i B e T e ot el BprTaeg, PEraepieer s gte Dihe
cphg‘wﬁmlblcmgi mthed’mtdmﬂmewl%rsl& dDﬁijbondﬁngtﬂ’aﬁlep bj ect i s
(Tg': tlglgl Ilé a res#l%‘res OnSl a S?CHl'é a%’l%lor d I fq}% (i'¥ gfl arcglve Ob etectlon
yoaigith, the m;ult Mposmgmformﬂos gbduhwhetlsy thc lebjeet ﬂlzsmeerodttemed tand
%é})?n:%%eer&tmtcr ossing a fixed reference point. 42. A

m for 1nspection of an obj ect, conprising: a
Horithe yrsthod hesordngria Flrmcd sthgretoy es t he obj ect relative

dabh ShjdcVRrediidHRIS: h@Gﬁhe ]_glhrglllt? opébj ¢ E¥betidnei R i€ Gdtermined

conprising.a se Visib features, the set of
rgipeRshiedo p e grabisis esﬁtle&ftﬁpwggla@ of intgrest Hbﬁé frem% i bl e

4se atnd nRtho@® a@ﬁrdﬁﬂgwamﬁ@ntwm@mdwmarmm cohidibdd] Beadh object

luralit ranmes, . each ame of the plurality of
‘? e&%‘ qjesl?hr‘f@htﬁﬂf‘?%ﬁﬁtgd@eB'font"f?@ ield of view, such
doh@hmglalset\uf ﬁiekshﬁmfeﬁﬁtdﬂfegﬁndjﬁg fedpectﬁelp t(ﬂhe wleastkmheregmn of
S _are

1f1teregt eac m?zﬁureanE 2 %e{ (o) &ea%ureme éS resgonalve % %CE)?I ﬁCt?I’le(hOfa

pilble&huutqpfdfeomlearmé conprises a plurality of |ocations
c%tn Lllﬂ'ng r%%tonsg’\te 1 {hﬁé ?mgagﬁgﬂén%sthég Ery ﬁetgétlgﬂ g'elglit vi eW S
an anly hat determ nes, fesp dnsive 1o

¥nalhp giethod pccolmg i elrim 35 wner@m cpmamas the gbjeet dlgiegtion welght
&RFRES S ng information about the status of the object;

and an out put signaler that reports the result.
converting the set of measufements to a corresponding set of logic values; and

combining the set of logic values to produce the object detection weight.

37. The method according to claim 36 wherein

each logic value of the set of logic values is a fuzzy logic value.

38. The method according to claim 33 wherein

the step of choosing the plurality of active object detection weights ends when a
predetermined number of consecutive object detection weights are not chosen to be active
object detection weights.

39. The method according to claim 33 wherein

the plurality of frames are captured and the first and second analysis are performed at a rate
of not less than two hundred frames per second.

40. The method according to claim 33 wherein
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43. The system according to claim42, wherein the
first analysis conprises conputing a plurality of

W@Dbjosa243pASS scores correspondi ng respecti vel ypeDUS1965/019793

plurality of frames, each 0 object pass score of the
plurality of object pass scores conprising evidence
that the object satisfies at | east one inspection
criterion. 44. The system according to claim43,
wherei n each object pass score of the plurality of
tieisjop of repatise hewsutonpricoprpdiicad an egpws pelsa/@lyt i tha objedt ind
datré&é&/si s of at |east one region of interest in the
frafme. 5 45. The system according to claimd44, wherein
4 h@he metbortiacaarding toi claimp dPrphéreias, for each obj ect pass
B3R %ff%@o&-,ggem@}em%?ﬁaf oSHpri9RIpRIhciRARS ofFRpAS in

cal culating a set of neasurenents corresponding
synshiopigatiop it the @biepferagting afixed refgience Bgfiton of i nt er est,
483G sy EA S uRPRASN difan bhiect SBIpfingTeasur ement s responsi ve

to a'characteristic of one of the set of visibhl )
acgmeyRr et eoptiguquslyppyss fhe objRg r%aﬂafswwgl}en?@ﬁ) gﬂ@ plrdew, dhe

b6t cEBprisity a¥BIAE VikiBI¥EEes, b Sot ODJisH1E RS cERAMiny at fst one
Tk % stem accordi ng to claim45, wherein conputing

ks é]“éct pass score conprises converting the set of

aARAge capiRaldSick thabcapifes @ ploigiof ramest eaol frairagpichephiraleyof

nd conbi.ni ng_t he .set. of .l Qgi C v .
B SRR Dl Sor P neflor B St BTNkt BAEHER R
visthle fahtereeare loegiethin e dield of sikw éorghchtftame oéthe pluraliyif frames, and
| i . i G . ¢ visibl

oY T pcfh) ffhes ek Tt M Loc B8 SOEERr it

feayresiethe Sigldpf Vises det ermi ni ng, for each frame of the

aglghglﬁkﬂ thit d&brnlifed TEPonsRB tPDiirfiGhat MR S @l pRital¥YES fSHhAnes, 2 result

nprising evidence that all visible features of the

comprisife inioanaypratpuihestaus ofthe obigdA"d in the fiel d of
aﬁioﬁfﬁhmﬂcﬁ%flﬂéﬁiﬁatfdb&mhf e it Tlhe system ﬁccor ding to claim
48, erein the first an SIS rther conprises ..
0 b I e rE e 40 BB 0t Rl BB QTS o
pEhigH gﬁxﬂj eb@paish@or&ﬂbﬂ@mh@imgelzcdmbemtthmhdﬁy offramag iegrht .
0.. The system.,accordi.ng to clai m48.. ' .
PRy SFPRART RESTE o SR i ind Dfe bl B obiccy
satsfiesoay teas ond inpediop edterignass scores wei ghted by the

or. . . .
{ierg PRRRCLRAaREIL a1l hen s SRUB: SARL Sty of
ahfeetriabsscargsds eanpys( easparpiveie aserendplyss offblepsh pre regionof
i?t@n%ét%éfrﬁﬁ of the field of view between successive

ranes of t?]e pl ural.itz}/ of frames. 52, The system
49¢ clbe avsism acepréipgiorplaim 44, wyhereiaithe segond e‘@%lémpfﬁﬁvgg ahe

DRkBfals sBste FRhEpIEBRY of byt ey eered, of the field of view

bet ween successi ve franes. . . .
calculating a set of measurements corresponding respectively to the at least one region of

interest, each measurement in the set of measurements responsive to a characteristic of one of
the set of visible features of the object; and

computing, responsive to the set of measurements, the object pass score.

46. The system according to claim 45, wherein computing the object pass score comprises
converting the set of measurements to a corresponding set of logic values; and

combining the set of logic values to produce the object pass score.
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53. The system according to claim42, wherein the
i mge capture device and the anal yzer operate at a

wo a108/12f31not | ess than two hundred franes per BET/ORIN5/019793

54. The system according to claim42, wherein the
i mage capture device conprises an array of no nore
t han about 40, 000 pi xels. 55. The system according to
claim42, further conprising a reject actuator; and
wherei n the output signaler reports the result by
43r el systeqn aacording tp whainpdd, séereinabchdoginade of the set ef legit values is
aﬁbyﬁ} I alugS- The system according to claimb55,

ern ?he out put signal er produces an output pul se
48n Ehy swtwcmwz@ng toglaig #3 whereindyj fagtenalysisduitheg coanprifes e d
d'f'eu friin nﬁ C}ﬁ- HQ fPilne oPthe plhPFityF FhRES, %&%c%&&h&rﬂv&éh@b&ﬁpﬁ%ng

r|S|ngatr|gger signal "that 1 ndicates
e\m@we thqtealls\@%bl%ﬁeatwes plighesef @aisiefgatires rplogttein ths fieldof view
i@ farf Vview, and wherein the inmage capture device

capturesthe lurality of fr in_response tao the

4y i Thg gystewy agppadms gl amw%% %%ﬁ@ﬁﬂlﬁr% HEEIPEFGh 57,
eeh@ﬁtﬁﬂg R welpBte® bcpidé oﬁh@ab@écepaswcaeywa@tmyaw dottbsppudirp@bject
iff %nch oni zation with the trigger signal. 59. A

et i nspection of an object, conprising:an
somerhe sy ept aaécﬁdm@tmclam 13) &Ihet@ﬁ[]ﬁdﬂ‘rﬁ&nﬂysm fontleet comprieds

Cfé)lronﬁg] ng'a. wegﬁ ed aveﬁage Oﬂ{l? (gbée% ﬁosu%gﬁjﬁ% xtﬁ%( O s at{ft?e[%ﬁ’ dspox%dmg

pe'roemzle (zfmhembmbtydzemmh@tghﬁet erm nes, responsive to a
Sfll r ﬁﬂ:ﬂ'] a\g@dr&ﬁn 0 cfanl‘?d) Mﬁé@n'tﬁé/coﬁ\fe {)rn%@sﬁ e@o &Jc sl rﬁ&rbﬁﬁn

0]0]] ect etection wel ght S eacC ect et eCtI on
cmngmer ofithetfield of vigbpiwesn wyEcessiedieme tﬂéedil‘ilf@iﬁy NelTagse- s

5320 “i% gy%teﬁgacs&fa.ﬁ@mﬁnﬁ BRLbRR B ernfovtQRAsHRLt AdIndrB Bian
view for the corresponding frame, each obj ect

ﬁi’@ﬂ’é‘é@‘!‘ W%l‘b?ﬁ“e@fl’w PHCEREHAYS ff"g?’e%f obj ect detection

sethél nﬁltsﬁteﬁfwcecﬁ&@g)mlan@ 47, ohpehitheimbye daﬁtu@alé\hcd‘ahdl?ie a@ilyzer
the plurali oses a rality of active
PPreL? f@?eaﬁv ‘r‘FéS tB‘Im(ﬁ"'gl Fﬂ;ed%anﬁ gﬁ%é%Cg cguch that each
5abj 'Hﬁ%ysdaﬁt aeairdm)gno\mlrgm whereinelgedmager capraredevitevemprises an array
Ingr al | t?(%o e efsr ames indicates sufficient
ncet At p‘o ect is located in the field of
551 émesmtméngw@mﬁglfwelwmnsmond anal ysis of the

apljcfé&%’:thét% Qxfdv@l%tef ve franes, a plurality of object pass

ores cof respondi ng respectlvely to each frane of the
the enimk signplepfepertstihasesult by poducingpa lquigwjpalse tigh sigaalsdheieiscti n
dchgop! urality of object pass scores conprising

evi dence that the object satisfies at | east one
36n S’JB)@ éysfemqaceqrqh{l%golcgﬁn 53 yperein the output signaler produces an output pulse

in synchronization with the object crossing a fixed reference point.

57. The system according to claim 42, further comprising

a trigger signal that indicates when the set of visible features is located in the field of view;
and wherein

the image capture device captures the plurality of frames in response to the trigger signal.
58. The system according to claim 57, wherein the output signaler produces an output pulse
in synchronization with the trigger signal.

59. A system for inspection of an object, comprising:
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w0 b@sobisert satisfies the at

determ nes, responsive to the plurality of object pass
scores, a result conprising information about whet her

criterion; and an output signaler that reports the
result. 60. The system according to claim59, wherein
the anal yzer determ nes each object detection wei ght
in response to a third analysis of at |east one region
of interest in the frame. 61. The system accordin
ag [mdgerc@pOire deivise Siarraptuess & Rivrality of Bppesi eacl Bampe ofdheplurgl of
ﬁ%@x@@coﬂﬁhﬁﬁé andfb&CIr b QRo-WiRletnalteld dTSieR} Ural i ty of
Ject detection wei ghts, conputing a set of
appeabigeidiint s corresponding respectively to the at

dlel@?%ﬁefs Qe ohsB &@Qﬁl?ﬂc anbl?:i@éf&l%plurﬁ?ﬁ br fRRS lérpﬁiti@iﬁ}t oﬂt oBjetthe
Se 0 neasur.enen responsi ve rac s
dgtecfion iwsiehisseach Qhyeet %fecii%évee%} e phgiliy @?P&i?aﬂe on' i
cbﬁﬁrﬁbﬁig%ivi‘dalcb that theotget is chatﬁd?ﬂ&hbr f&tﬂaﬁ‘tv&w foihtke @Jln]espoiidlng

det ect dij.
LT TR AR, SRS B

r&péﬁﬁ@ﬂ&to@cﬂﬂ‘ﬁe&éﬂxepmram'aﬁframesents to a correspondl ng

L L T
detgstion mebicior @pm@amemfdieaahmlmd aplfve fiaings le@eaﬁeslsr»@p@ntmﬂwe
t%th%%@e&%tlo&fedluﬁgéﬁeléf@f is a fuzzy logic value. 64.

stem accor to cl’aim 59, wherein the anal yzer
compes wepoativsHo ch ﬂa%%ofél@ml@al&f ofiagtiverframes pipugaligof

B ﬁﬁ;s s@cﬁé%o§€s9&ﬁ§1g&%§&9%ﬂ 16 @achQrathe bihe uf%ﬁ@' oY EdtlSe Bimes,
a I"'east one r ege on 0O interest in

t he
eaghabisih DeRsEe eI iRe Rlvaley of qweewaswm?se@ﬁmflﬂ@ %vrﬁevca that the
o%jé@ds%ﬁsﬁ&s # RAP bhSigPection Erite@@har@bj ect pass score of the

' £ b . t _set of .
Biecirbnrar-So b bl 55 DR bR By Pl Shason
dbaa sihethéreherobgticatisfiés thewdt dame he ingrctionwe@sey, ement i n t he

set.  of a nt ponsive to a characteristic of
ano%ﬁputsfﬁneer%gat e@ L Ireﬁte obj ect; and conputi ng,

GOeélﬂne mteumccqndm&@ cm 5% fwheneiagherasplaet determines ol ehiget pass
o% A ﬁggt in I&Fon%é/ DaGRd aaﬁﬁ% HrA0hedsPorfe r&Hid® P Ruerddhia rtlﬁa' ffAme.

anal ysi s further conpri ses convertl n
@etﬂlesysmgnr@n@wwm 60, avhergin theshaplpigls comprigss. pb@plbobject

AeRbLiRSvei AN tteiRhiY H¥bbjebiRieRBion Hei _fh@,gl c val ues to

produce the object pass scgre. The, s
BRI ) O BRSPS BN PSSP [ty & TP e
ifiterlestOdacit ﬁ@stﬁeﬁdéﬂt 148Be deSofanchduzemiénts @Gpdhsivéiouharfiferistid e a
S%li em agﬁggﬁ b ng to claimb59, wherein the anal yzer
RRe fragure S %6“% urality of active object detection
somp@itigsrefpomsinettdithe gt of mtasiryments, the object detection weight.
62. The system according to claim 61, wherein the third analysis further comprises

converting the set of measurements to a corresponding set of logic values; and

combining the set of logic values to produce the object detection weight.

63. The system according to claim 62, wherein each logic value of the set of logic values is
a fuzzy logic value.

64. The system according to claim 59, wherein the analyzer computes each object pass score
of the plurality of object pass scores responsive to a third analysis of at least one region of

interest in the frame.
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of object detection weights correspondi ng respectively
to the plurality of active franes; and the anal yzer

wa@ledoened3mes the result further responsive to tPEI/US2005/019793

plurality of active object detection weights. 69. The
system according to claim68, wherein the second

anal ysis further conprises conputing a wei ghted
average of the object pass scores wei ghted by the
correspondi ng active object detection weight. 70. The
&Sy Shihe pristgmcrseaddipgjtotclying b iwieis® thaihied anplysig prmIpsiaas fatieach object

pﬁ&%b&ébﬁhéﬂﬁr&l‘&%f&b%aks%%&escm cul ating a weighted
aver age of the” object pass_scores wei ghted by the

pEpying o3t of Peaspgpeniveorworiiederecively i thoH lqw.oamegwn of

idterest MBcES bR BM@E AR nle@sufdnRhid ré3FonsiNER@hdtadidiBtid dTage
capture device and the anal yzer operate at a rate of

Vﬁdﬁlefe@%@o haAYeskehundred franmes per second. 72. The
BWPhtRE) rapeBiv@iid@e b olheuburerhés, th 6ljedt Pash h‘ﬁrel mage

d f
Godtt Gt g e 35 S ie MO B R BORRRE SneB% i m
<59s;ertmg ﬂreeetroftdaaummbmmo as:mgesacbrﬂmg sepblopis valhes; andsul t by
c§r gmrrg%%et?)?lo és tﬁ_groﬁuce the oaject gss%%/o% em according to

er ¢o actuator; and

67h élihe systemrscagdingiotclapu b& &/hsnelgwadhsloglmgﬂue@jf@cset ablogiavaves is
/o Tc]%ﬁ:v%l\ﬁét em according to claim 73, wherein the
ouf%gt si gnal er produces the out put pul se in

&Sy ridp pstemAasedrdng (wiclahn % avheiginect crossing a fi xed
tﬁeeinﬁl&fe? fifthBQth8ses afffuralfly SpaERBbiet defdBtioR Weighfs O tRdblurality

eCt, conprising:an 1. nmage capture device that
of a{m Agtectign }yﬁlalet%ﬁ=qr{e§z>084m% rﬁa’ﬁ%tsvely dfhpplpralinet @PV? frganes; and
thd dhhigber Hoterffinef tha PRSIt AR FdsPdnkifle RNRhd pRREAIRY & acfive object detection
-dinmensional field of view, an anal yzer that
rm nes, responsive to a first analysis of the
9l UMhabysteyn méordmmmm 63, phereinlthetsycond amlysie ftrtherabmptisenn

C\((g)?lp g%’wmgg{éil aw%?z{gg 81? thed c%[é%f é' os@or\éﬁvgg}r bgrv egs%rrg %d%lgtahyve

Fon Wel ence
dbleetdmptmtwelgt |l ocated in the f| eld of view for the
700 rlﬁlgﬁ‘)gr gﬂdicghgdlﬁg A Faim 68 er@#ﬂjt}?ecsgcoqg 1's ﬁﬂth%oglgﬁsep f

the p obj ect’ detection wel

@@vlﬁ@gwhwg ayegag @E"h? Qg Paspscerze welghtedﬁé/ thy perqqatile of the

d@ﬁ\"éroﬂjebttd\éteéifonf\&"e%ﬁﬁs chooses a plurality of active
ject detection weights fromthe plurality of olaagmyzer

7det1@6 BYStSP aReATgRe 19, da% & Wirran theARpseLRRIITy éevé‘ﬁj aagthe

d@%@@tdmoﬂ@dtg&ﬁwq‘a&t@@ fﬁaﬁfeip&h@aﬁd evi dence t hat

} obj ect cI Sd | oca ed " hgl'gl?l the 1mage cggtm\é Idgv\i\c/:efcomprtlsgse an array
Cor e SAACHIURS Qire™ A ¢

of no more than about 40,000 plxels

73. The system according to claim 59, wherein the output signaler reports the result by
producing an output pulse.

74. The system according to claim 73, further comprising

a reject actuator; and wherein

the output pulse signals the reject actuator.

75. The system according to claim 73, wherein the output signaler produces the output pulse
in synchronization with the object crossing a fixed reference point.

76. A system for detection of an object, comprising:
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determ nes a result responsive to a second anal ysis of
the plurality of active object detection weights, the

WO e®@aliz43conpri si ng i nformati on about whet her tPET/UR}008019793

has been detected; and an output signaler that reports
the result. 77. The system according to claim76,
wherein the anal yzer determ nes each object detection
wei ght of the plurality of object detection weights
responsive to a third analysis of at |east one region
animagn baptusdevicn thahapturea apluralig. of frhresssach Ermeefdlarrireidy efo

Sk &T@Ksm% s Lol BGo-litehbraldEviweonpr i ses, for

each et ection wel ght of the pfurality of
a@Bﬁwé@Pr tection wei ghts, conputing a set of

JOR AT 8B BAPe ¢4 ﬁﬁﬁeﬁ%’ﬁé S¥Ghe ﬁ%ﬁﬁ? bit fv@deY, alpRurdlifPofdbject

| east onée region of interest eacC In t
dgisgtiop ﬁvewhta,semgrb?mﬁt deteclionyysiaht Wéhetpéurﬁl% ﬁfiq%&e{@ F%‘i“u”%?‘ggF
c@mﬁﬁsﬁig@vﬁeﬁc@ Hatth@otgdct 1s N atedinaied fiel dooTalie6/AoiHE d:dfl@spondmg

TR P T vt oLt PIOgLY BT SIeGT g S R
résPectivéltoath fmréwmelpglrahha)fﬁ’amesc;t det ecti on wei ght

{ .
B L
vastghtsoduch theti eachveati veanbjetiolefpripd meight indicatds jsefbitient eviderce tat the
‘ngtﬁplltocme%% thl?@ld%??tﬂg @é%%%%&k&amg?ra&la a‘,}.l&n 79, wherein

oglic value o ic values is a fuzzy
detsnineswagsuleresmsiverio@ senpnd aniysicelhailvglity ef actied apiepigletection

‘w?ﬁﬁ i l‘JSlh?CO%ﬁél iﬁforrgzﬁfoﬁ EBuD @R HeP Be b§Sthds bahRRtedted; and

éterm ned er of consecutive object detection
%@P@%S@QFT@%&POWB%@W%O be active object detection

Meims Ey%ten&%eormhgto&mﬁﬁ 26NwAGER i A 8lyeDdetdrimingd ohbh obme r e| n

the i mag evi c nd, t he naI er oper.a
ENGHTAC AN TS SN TN TR
ﬁmﬂﬁhr%ondﬂmeerssysﬂtﬁmrmor ding to claim76, wherein

‘{82 al Iezgy%% 0%8516%% cg wher§1 eﬂ%ads anglgil? td: (s:egz;fap }F@%e%t
deteatiomwaight oftilerplurality bﬂia)bwgttqgt@t:tlos |V\g®tser reports the
co%%w#n% g?%&t of &9%%@&%%3%%0?%&%2%@2?& Iﬁ)ﬁclg'té’ ztlt géca%ttog@regibﬁ GEL
injerestedach mepsurernent utthessegqfame@srurqmee@ ERseeBsivaie asharpianistin Afde

\hs”blec'fé%fé ?ﬁx’e%ﬁ%ét%dw th the object crossing a fixed
reference point A net hod for .detecting 3{1 obj ect,

GoREUIEe: TEsPRTSHTe g the seé REPersrepenls; the object dejertigveight

RO M isikeRbiced iR t4/dlaits 78 whkidin@binpiting ﬁlefobﬁé’fHStectﬁﬁt(itBlght
%&apggsof the plurality ‘of franes conpri sing an i mage

converting the set of measurements to a corresponding set of logic values; and

combining the set of logic values to produce the object detection weight.

80. The system according to claim 79, wherein each logic value of the set of logic values is
a fuzzy logic value.

81. The system according to claim 76, wherein the analyzer determines the result when a
predetermined number of consecutive object detection weights are not chosen to be active
object detection weights.

82. The system according to claim 76, wherein the image capture device and the analyzer

operate at a rate of not less than two hundred frames per second.
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o a two-dinensional field of view, choosing,
responsive to a first analysis of the plurality of

wo ea@sesi31a plurality of active franmes from t hePCT/US2005/019793
plurality of franmes, such that the first analysis
i ndicates sufficient evidence that the object is
| ocated in the field of view for each frame of the
plurality of active frames; obtaining a plurality of
capture tines correspondlng to the plurality of active
881 Ahesystemacdordingta plainr €6, wherein gfe imige cpiiture déviiqeygomprises an array
o?&?&&%%mﬁgﬁﬁﬁﬂﬁﬂb ggeonding to a tine at which the
correspon active franme was captured; conputin
8fe %@mﬁem@cqoaim tg gleih 1P, svherriy depuppt Staﬁéewm Fhetrsﬁ‘ﬂg by
p?ﬁhél?/gean ﬁ)ﬂ?p%ise @nl? kﬂiﬁé’db?etcﬁﬁs @drecte@cat i on val ues, eaC h

cat1on val'ue of urality of | ocation vaIu

8 e Jpotisiemaceorling 1p slain ?‘g Wheypmn tﬂﬁ@u@B‘] sigipler poquees the Oélrpat e
uYéyﬁt\!Hrérﬁ‘zaﬁéh mﬁﬁ&b@éce&o@ﬁatghme&reﬁfm%qﬁmconput ed by t he
second rEE(ﬁtg{ysls gnd d tern1n|ng thg g t c
86t ‘%ﬁ%ih?ﬁtff’ <eiffgian §OIEHeAR AefPrining A prap iy

camghisidge plurality of capture tlnes 87. The nethod of
claim 8 ein the _char L e rk
e o i SRR PGS Bl PP ARG REg b RS o
aﬂwxddmﬁmmmﬂﬁmqmﬂwnw and further conprising producing a

clslci) ? res%!)nsﬁe OF 11%5’: USI ngytlur:lalﬁ?};L &%eg Ia llﬁmff%ﬂ% ﬁglyles

rva ere |ne (0]
fsmgmaplunakny joffdnasat seclathat@ma&rﬂ aralysfs nt(gr@te@ pjfcient ex@dencertha the
JBRENOM A ugihé (A %E’wgw fJreh rABE @mz ﬂhﬁﬁtﬁbh&n{?@ﬁé&néﬁ me

conpri ses ting a l1Tne to at | east ree capture

obfaiping apialiboeficariye Harngpreweatiied thy aluplisy of gothg frampggeach
At @he Of thE hiddality BF caphudd @ lcoe@PaRding td ¥kirkSdt RBich the

first-in first-out buffer to hold I nformation needed
PBIPHIBEEIR A W2 gMES at the report time. 90. The
oﬁﬁlbllfﬂhg r@sfplolﬁislva ttd1a ﬁlondfaﬂaﬂﬁsh;&if the @hpdlitysif agwaﬁumesga plnzlity of
ect relative.to
{1(51 \?ﬂﬁ% £35 Illcicgtmn}yal&ls ﬂ%t% \gﬁymﬁtﬁ 8PI§ca on v hws] Fesgongveht\é a%)%ltlon
dfdreabjeam 1hé fielth of idy man ,assactlatemnvedimetas tanmmted by the second
%mnst(pan1p05|t|on that is separated fromthe mark
%a%y a di stance determ ned by the constant speed
datednmhs the ehasagteristicenf (halobjed usingrthe plieality 9 logttios valnemagdihe
ing adjusting the delay interval so
&ﬁ. ?% fgomﬁgreamposnlon corresponds to a desired
&7oc13!9 imsthodf dlaira 8gpyherein 92, The met hod of claim9 1,
HOGEALEistiD Cort}Risdsa@chril ARG GRE HRSIBNSect Vasabtated at a fixed
actuator |ocation. 93. The nethod of claim92, further
hﬁqm’ts aurther comprising

producmg a signal at a report time that follows the mark time by a delay interval; and

using the report time of the signal to indicate a location of the object.

88. The method of claim 87 wherein determining the mark time comprises fitting a line to at
least three capture times and corresponding location values.

89. The method of claim 87, further comprising using a first-in first-out buffer to hold
information needed for producing the signal at the report time.

90. The method of claim 87, further comprising

moving the object relative to the two-dimensional field of view at a substantially constant

speed; and wherein
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W@ 20054243¢5 an i nspection criterion;

judgi ng, responsive to a third analysis of the
plurality of active frames, whether the object

produci ng the signal further conprises producing the
signal only if the third analysis judges that the

obj ect does not satisfy the inspection criterion; and
the actuator is a reject actuator; and further
conprising using the signal to control the reject
theddcatdnonf theDbject T4 ehemepoti diche of 2 ddvaismeagripositiprethatiinsepdsgied from

thCel?l?arl?]?otnﬁ rbgﬁgis%ngelﬂgenrﬁﬁed% %rcbﬁs%t s%?edoami B Uei2PRRAAl t he

obj ec ur enent he const ant
9%p é’b@lmethmf&la}nm 8¢, %H@lelt dempritneAdustingdhe delay indery spibpdirey e
%vgnshﬁﬁ? 8&11:1%19 Eon%%ﬁ&js to 9 Resirdd B ciBA Hakk (Q)Eecp | ai m 86,

urt r}prlsmg nmovi ng the object relative to the
92 mﬂhﬁmﬂ%@@ Slaim OF, whergin e dgsiegl/logation carsRndsiojag petyator
1&;9%% ant speed; and wherein the characteristic

ri ses an obj e t he obj ect speed being a
ﬁg Pttt C@fm{’%g“r@ﬁﬁq‘é’f”ﬁﬂ?ngspeed 96. The met hod of
J&Hgﬂlg %@&m\m@& ird adalyeis 61as plataBtyios idtice framds hetrethenip vbjees

ect distance; f.urther conprising using the
Sﬁ'ﬁfl‘ég ‘@B"é&‘&i“ e“ﬂ%’ta&?ﬂﬁg?f%the obj ect distance. 97. The

proiudingihedigral faither 9amprisksgreiuning the sigiwhorly telr thitd aalfsis ubess
thag{ﬂg roi)_lec% Ao ngf sxt?sk’y tﬁé E]%)D St?oln'cg{eﬂ&i , and further

ISt ng ect eéd to determine the
tlmacmhtosxszeemaacmatoatandnfurﬂl@som wgnet hod of cl ai m 86,

%%&E?%&maﬁ?lﬂ?ggﬁyﬁﬁ%rt he object relative to the

nsi ona of view at a substantially
9% o1ibe mathodpfecdém Shrhesgier ei n the characteristic

thRRbh S REc ﬁrtﬂér %Iﬁ}kﬂstesyan%he&@b&&tﬂl&dbﬁ@tj@eéﬂ%ﬁ@5 pefdiei@nt of
to a pluralit separated locations in the field of

thy copstanhingeds Ject rotation in space; and the nethod
alljktinid @He d@lamh[ejrﬁal ¢ @esptﬁ‘klmgtotﬂ‘ﬂaa)bjﬂcweddi ty of object
S ép he ohj.e rotation 99. A nethod
ad ¢ Ef’ li:‘fo,mpg det ermning a
mdvafgahbto@yebﬁblamwd the tveo-dilnpreingl fieldmpview iaregsubsiantislly canstant

ofe] Emglgw ng notion relative to a two-di mensi onal
P 1%’3" View to transport the
the characteristic comprises an object speed, the object speed being a measurement of the

constant speed.

96. The method of claim 95, wherein

the characteristic further comprises an object distance; and further comprising

using the object speed to determine the object distance.

97. The method of claim 95, wherein

the characteristic further comprises a pixel size calibration; and further comprising

using the object speed to determine the pixel size calibration.

98. The method of claim 86, further comprising

moving the object relative to the two-dimensional field of view at a substantially constant
speed; and wherein

the characteristic comprises

a plurality of object speeds corresponding to a plurality of separated locations in the field of

view; and
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obj ect; inputting an encodi ng signal responsive to the
noti on of the conveyor, from which can be obtained at

waele®sna@diti nes a correspondi ng encoder count i PCi/Us2005119793

a relative |ocation of the conveyor; capturing a
plurality of franmes, each frame of the plurality of
frames conprising an i mage of the two-di nensional
field of view, choosing, responsive to a first

anal ysis of the plurality of frames, a plurality of
acobiegtaoiiarie spate; o thevaethod freer txgmrmsmg ranmes, such that

ﬁshx% tif ;ﬁlﬁﬁht%‘tad s§ee'd£‘f3'd€t@1trﬁ‘§e tﬁél&fjécﬂo%Bn evi dence t hat
ocated in the field vi ew for each

e
?%« atﬁelegpd R éet?ﬂha% 1 qbjegt, gpd d&t?fmlvleg f F‘&ﬁ%&?ﬂs‘f’dﬁf e Abipcy a
Rmpkighg:t y of capture counts corresponding to the
plurality gf active frarres ch C, Igi Eﬁcount of thteh
‘ﬁP’ﬁPz&P‘i“W"r F"“&gdﬂ?tl?f‘ée ?f’dﬁfﬂastwﬁ “FFQ‘S‘P Eﬂ 87 & fodrapspart the
éwender count corresponding to a tine at which the

rrespondi.n ur ed

B eORuPEs B Inpeiv i Byt Sths fveyp PR gy be

(ﬂmﬂeﬂ @t desicadeimes acqptespoading gncm]fer tonatdndiating aielades lo@dahof the
l9¢ation value of the plurality of location values
i’e5ponsi ve to a position of the object in the field of
eapigying aplamlita oS haneateach frmtei of the plusality of Srawesompesingan imbge of
,ﬁﬁ% éﬂ’%hM%'elﬁof@ing determ ning the characteristic of

usi n% the plurality of location values and
¢hResing) wmmwefo afirstanalysip ef taenlwrekty ofl fimnes prdurpliy picgtiverframes

E&ﬁ‘ﬂﬂ‘pﬁx%hty\/ﬂ?%ﬁéﬁs&ﬂ&aﬁﬁ@fm&%ﬁ{rd@h&h%é&Qﬁm&bﬁ%ﬁdéhcm%he
count that. indjcates the encoder, count carrespondi ng

qbgpetis focpted mﬂeﬂ eld e vigpjferepeh feame) of thy plugplityof getve framesmar k
&ﬁdnﬁﬁg a piindlit Uf daPpRfe GONPIOSpBRHinYt6 thd Hlungityeof attH6 Bbma! eadh

ort ti t.hat. occurs when the correspondi n encoder
Bircout: B by oF Gt SO R esDOp S 1P i odes Gt
@ndspumdutwo b hime niedochi thd aomspoﬁdlﬂgmnm foelwat capuml; cat e a

c\:/c\ﬁné%r{ggl%%pg ni;qu age%t?cfa%malyms of the é)tﬁﬁal{%‘? %%ﬁ”%’re se%ﬁ ?P{nfa}iﬁ'
llocatlen Yadileateaxthddatlomhhleef tbapltluhe of yaation Vduﬂs responsive to a POSltlon
oﬁ‘fe%qgﬂl'e Gid OE%@\L 51102{?1 ays%&h{@éactlwgam 43%2 tl{% second

cl al er conprising using
gnplysy; apdt buffer to hold information needed for
&&&qﬂ&'g% chasct&iswthe%] ebiGing @R Blutality dFRochdA Vmimeand the
nmet hod of claim 100, wherein the | ocation of the
Wl of cagiure RS eport time, is a downstream position
tdoarhelnseﬂ@epﬁaaﬁl@d Whetwin t he mark point by a distance
lget erm ned by the dei6 C unt 104. The net hod of .

£ R EDC BTk P 1 Hiicas e Perir famt Gapggnding o a
tira wlien St objeaitwas Reated at a fixed mark point; and further comprising

producing a signal at a report time that occurs when the corresponding encoder count differs

from the mark count by a delay count; and

using the report time of the signal to indicate a location of the object.

101. The method of claim 100 wherein determining the mark count comprises fitting a line to
at least three capture counts and corresponding location values.

102. The method of claim 100, further comprising using a first-in first-out buffer to hold
information needed for producing the signal at the report time.
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downstream position corresponds to a desired |ocation
of the object. 105. The nethod of claim 104, wherein
wa b@sdesiTed | ocation corresponds to an act uatPCT/US2005/019793
| ocation. 106. The nmet hod of claim 105, further
conprising judging, responsive to a third anal ysis of
the plurality of active franes, whether the object
satisfies an inspection criterion; and wherein
produci ng the signal further conprises producing the
198.da etbod 9f dldfim L wherkin thedoratiopsif $hejobitefed thetieporttime, is a
BRhESIm J0GHn IR is §ébtalla1.%ﬁ Yrohis thi?f Bﬁﬁttt}yg'als%éetcﬁfei'tﬁﬂed e
the actuator 1s a reject actuator; further
delgyrprunsi ng using the signal to control the reject
1@@ 18 hidthod dfkfaim 16% AFBENSFpAingtdd fﬁsﬁ'ﬁg% de 86t & thel e

characteristic conprises a_pixel size calibration.
dppyastreary BosHOD GeRREsBINdE o 2idgsired ipcatih ot e phitche

105.2Ma &de@bd 5t dlfm 104, iWherein EIRIHRSifeS BBatidn cOfidspiils Wiak baitde;
and further conprising using the pixel size

Iecafiomhr ation to determine the object distance. 109. The
1061 The ehethbd Gfmmlgﬂfurﬂﬂbﬂbﬁpﬂslﬁdle characteristic

. i br g
SRR R B  Hi R s PR P Pl AP R PP Pt

stils@ief dnghsgeatibn uiterion, mddvhanmobj ect rot atl on i n space;

Ay ST SOTREL TR SIS 1L e
thaﬁﬂmomﬁ doasorot saisfy the ingperidm cateriensandhg an ob ject, and

HEL AR RiaDeRadtiRh-a6E Rihs cbMp@ingt he obj ect
conprisin an |1 mge cap ture device that captures a

‘Elnathlﬂgt%l%%‘FonF?léWé@e"téMPrf rame of the plurality of

T0t7 2418 SneBOHBS d1fitn 99, WHerein THehatterdstit WoingHise¥RipieDsiAl calitr@iofl
of view gggqlan apal yzer that chooses, responsive to a

108 Thp mefha AMAPT. WHEeD) yral ity of frames, a plurality
thd chamtteristic ﬁfrﬁﬂ’&ﬁmﬁﬁsﬁmﬂ&bjﬁcﬂlmﬁ iid/futifier f:crrmmsmg such
the fi S fflClent evi dence
‘fsﬁlgﬁhetpﬁgl oB5i° ébtr ahiog qyd%f [Py hEk Obj%clﬁﬁ 1€1d of view for
@acﬂleﬁrremt)éofxﬂmmﬁé vgﬂewmaher ¢h9rac1ﬁr1$1@mmm15¢sr ames; obtains
| in th
A Bt OB B ORI 0B r n
field efaiet gndof capture tlnes corresponding to a tine at

M&)ﬁa rbHonGRLph&S RANKY MGhRFrHLcohipRiFy Was capt ur ed;
utes, responsive_to a second ana ysis of the

lpﬂna the|pfursfitsoef pisel siapealibratiprsgo deferpying th qbjegt rfatiqng c 4t i on
M8l Al§StemEBCdeteb@iEah bBjBct 4l terdnidghhithdiridlid dfhedbject,

| ocati on val ues responS| ve to a posi tion
comprising:

an image capture device that captures a plurality of frames, each frame of the plurality of
frames comprising an image of a two-dimensional field of view; and

an analyzer that

chooses, responsive to a first analysis of the plurality of frames, a plurality of active frames
from the plurality of frames, such that the first analysis indicates sufficient evidence that the
object is located in the field of view for each frame of the plurality of active frames;

obtains a plurality of capture times corresponding to the plurality of active frames, each
capture time of the plurality of capture times corresponding to a time at which the

corresponding active frame was captured;
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of the object in the field of viewin an associ ated
active frane as conputed by the second anal ysis; and
waledwsnmidnes the characteristic of the object uBCTHYS1008019793
plurality of location values and the plurality of
capture tinmes. 111. The system of claim 110, wherein
the characteristic conprises a mark tine that
i ndi cates when the object was | ocated at a fixed mark
point; and further conprising an output signaler that
coryslites atspsnsive koL stond anabysistoli the plupadityt of lagtivp fraaiesc d plgrakity of
si.gnal, at ' : el ion
Gy s PERRA bp gl Pl B0l B MBRIICTEp e
of the otgevainytieiel deftvismrin pesssacknted pelivk frempes qeynppied by theysegond
#a?;gg.&g at least three capture tines and correspondi ng
cation values. 113. The systemof claim 111, further
determmyines thie wharastetistiosf thepbiestiusing b Plupstityrod }Ocetl?atvalh‘?ﬂaa@the
phid gy FRbgnRBimeeded by the output signaler for
gro uci ng the sij ﬁnal at the report tinme. 114. The
151, Thesystem of plaim 19 hereihy t her conpri sing a conveyer
e BiradidBRSRApHSes b hRrkaPieaRd: indRhtad W tliembjebiewas located at a fixed
two-di mensi onal field of view at a substantially
rfd SR OB 8aher ei n the |ocation of the
a0 Bip@ kignddr tahddic@garbeatiomaf thel objeat by pradstingrasignplos b teporh time
th i s, separated fromthe mark point by a distance
ﬂ&‘ég’hwﬁtﬁ%ﬁlg%)?niehéag(e)las?ae%’tgl'speed and the delay
11 2tThe syadem of $l5im MH evherpaitteaangfzee fei¢rmingd the makrtimedy fitting a line

1§ %qgagtitﬁi e t%{ecr&%gs%xﬁ Joggs Bm‘{g 1&diidtshafied he del ay
PAtervar sb ha e O\RA’]SI. eam posi tion corresponds
1f13 The shstsinrod dlaimpld t furher epmprisiag 8 Hysifirstppgbulferbatholds o
i i DHEien RSN prédubitls 8 sighdl uRhOfepditiithalg a
l%%‘%“%ﬁgeée}o%%ﬂ%h%{gh tgg act _éorn ut h% ogj@g%:lt; ar?%l wher ei n
1l hThel axstemend claige Byl YA SPPRISIHENds to the | ocation of

4 d3BveR& bl @kporth 16.objbhi@el i toalk who-dithankional fiéld ofwiew etian

the anal yzer judges, .responsive to a third anal ysis of
SP\’F@“B?IUP%IFSFWS/JPS?%’ %@tvfh\‘?rgmf rames, whether the object

tﬁﬁbiaaﬁf)ﬂ @f&heﬁﬂ)jeicl_j smmtelbcmllrﬁnm[ is h@lamtreant prsition thptis sepirgtadifiem
roduces .t he.sign on if t ' at
forah b Mo RS ) de il R 48 nd HEPRRNLNS.
T1b eThasysteat aficlaing 1 6, fughe comprasingatcortrollentent adistsshedely integval
use ol & | ; system
STRE S AR b RonbOF ek Bl AL AR caichidt e R
Wériihesestem ofislaigh | e furthggsemprisiige obj ect speed being a
Jﬁ%@lﬁ&&q{lﬁﬂé a REation from which to act on the object; and wherein

the desired location corresponds to the location of the actuator.

117. The system of claim 116, wherein

the analyzer judges, responsive to a third analysis of the plurality of active frames, whether
the object satisfies an inspection criterion;

the output signaler produces the signal only if the analyzer judges that the object does not
satisfy the inspection criterion;

the actuator is a reject actuator; and

the signal is used to control the reject actuator.

118. The system of claim 115, wherein
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the constant speed; and the controller adjusts the
del ay interval responsive to the object speed. 119.

wab®sagsstem of cl aim 110, further conprising SPEI/US2005/019793

conveyer that noves the obj ect relative to the

two-di mensional field of view at a substantially
constant speed; and wherein the characteristic

conpri ses an object speed, the object speed being a
nmeasur enent of the constant speed. 120. The system of
tod chinavtaristc fuyihe celprises annbjegtraredctheptiest spgedrhging ageasurement of

OIS §RefBn®b] ect distance; and the anal yzer
determ nes the object d| st ance res%on5| ve to the

thasoaelles st thelefy infgryal Es5ROENS 9 theobigrtiiPeedo,  wherei n
1t1bem6bﬁfe&pdf@rainshlocmmtcaﬁgsnsﬁ@nprI ses a pixel size
callbrgllt‘lon 61‘6 he anaI téer d termqgis tg &I xel
agopvey e et ppys HbJF%t§?Jd}Y§ mensigpg! deld of Hewata 122,
stbsensys icemtanf speddaindvwhtfin f urt her conprising a conveyer
t tra orts the .object re atlve t he
dhe B G PetpiPes i S B bt s bilad & pssurpt of the
constedit gpaéd. speed; and wherein the characteristic

]?g'@g%l%ﬁerﬁla?%f@fw Ihdei9f object speeds corresponding

separated | ocations in the field of
e ahamoteristin further copses arabiegttditmcd; Ak pace; and the
A7 HetbiGhRE e B68c WBnQREp G E%ﬁéb 1 p8&PONSi ve to
ew urg ?/ mf: @bdect spesgds1V 12 l%Qs,)?stem for
Hét@éﬁysﬁg“tfﬁ agp] Wewhergid det er mi ni ng a characteristic

1R chhfdGlerRRL Rfether cGl‘ﬁﬂﬂ?s@é Shikd 51zé3caﬂbﬁ@JhVﬁiﬂer havi ng noti on
relative to_a two-di mensj onal of vh‘gftspthat

the AR 6 Aetermings the jxglsize cdquﬂﬁmpoa%m g the “tei ves
20, ’Hﬁ@ﬁmf c&ingl'lm!,ﬁlrlf]lﬁﬁ'm&ﬁﬁisu@bt 0 ”‘3 noti on of OIt he
conve rom whi can. ed at ired tjines
e e SR e R A Do Ipeiogethy HR oE gy P
substatiallyrcostant dpeedcanwdpreiny,. O an i mage capture device
&lhcehtara“?stngr pI urality of franmes, each frane of the
T UF ames conprising an image of the

& parality n&qucmeﬁds ¢aresbpgnding tpiaglyralisnaf separated ddoptiansp in the field of

‘%1,@ EPooses responsive to a first analysis of the
ura

of franes, a plurality of active franes
an object rotatlon in space; and

the analyzer determines the object rotation responsive to the plurality of object speeds.
123. A system for detecting an object, and determining a characteristic of the object,
comprising;

a conveyer, having motion relative to a two-dimensional field of view, that transports the
object;

an input device that receives an encoding signal responsive to the motion of the conveyer,
from which can be obtained at desired times a corresponding encoder count indicating a
relative location of the conveyer;

an image capture device that captures a plurality of frames, each frame of the plurality of
frames comprising an image of the two-dimensional field of view; and

an analyzer that
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fromthe plurality of frames, such that the first
anal ysis indicates sufficient evidence that the ohject

wo goobozgted in the field of view for each franmeCDiS10085019793

plurality of active franes; ohtains a plurality of
capture counts corresponding to the plurality of
active franes, each capture count of the plurality of
capture counts being responsive to the encoder count
corresponding to a tinme at which the correspondi ng
dioosey eespansinetovadizst eughitsisoé the plucalipyof &smes; @plpehiyiof activeframes

1%% ?g?lu?dﬁ ooﬁrhf)« Oluch Gt tﬁ% bl s ﬁﬁlf;ﬁéétshﬁ‘@leﬁt leidEe thk the

cation va ues, eacC ocation value o
‘tbﬂtf@t ip l%?tgd inghe fiskd of giewtforeachEmses the eyl aeiive Sames;

RRststaipARal®f offcBfur® Q&tﬁf&tcoﬂr&p(;daﬁlg fd ﬁ!a ﬂuﬂflty‘bf £fivd ﬁ‘alﬁfﬁ each
aSSOC|ate active frane as Conp y t he second

CRRETeeyE of thepfuiglity of ?ﬁpww%%b%ﬁsewﬁ ity gncpder pqpat
@hje@aﬁdmg&b B gmb Bewiidhthadorbipoftfing REwtfaaR waakdpasedand t he

ural i of captur unt tem of ¢l ai
By, psboutive SRS raBIRp iy Py e e, i ey

Iotutitn vahgks, cadhdScatidievakie eﬂﬂeplutamymf loctioh @SR ReEpdiGive © aposition
ect was

SRR AR BRLE in i FouRETAcTRe Bl ebtREH TR 0 seonnd
analgsigabes a | ocati on of the object by producing a
S g RAE 1t T 0 PERUOR IS0 i e
Rlwakiy o ptarectetlray count. 125. The system of claim 124

WaeriRistdn6t BRALYE GherflRt €7 M Nes the mark count by
f|tt|ng aline toat least three capture counts and

hegastgristig coraprisescednarty ppupthal licatesihe enppder equat erFesppding to 2

ﬁh@wmh%b ebtUis R Ated A AWikbdSthatl péint! AddFhrtHeRcdip hﬁﬁ out
buf f er that holds in ornat%é? needed the t put

oy tpyt signalerfhat fndigatge 2 1ogation et s Qfesf b yaqror{)mlgg pl f" athR?E time
tha Beculdiehes e icomespindinp andatiek 2dunt dfers Goin thdigark emat byarnield
thet object, at the report tinme, is a dowstream

5681 tion that is separated fromthe mark point by a
WissTierystenuietclim il ZHeshemin thignalyedr aigtexonas the nia@Scoufitbg fitting a

rﬁ@% Sﬁﬁaﬁfthrgé c%t)tﬂ}e ]%Jrr dnlf E&Pe‘é‘ on&QQ{%ﬁAu%h Oﬁ ee@. dg\%ﬂg[ ?'e'afnr
Hésﬂteusrﬁtﬁncqfrcm 3030 ﬁsth@r@ompm| afisg-in istaquit buffep thatthioldls

ARkER{on ndedSh by EouBBLiGH epfor ﬁljo&ﬂcm?]:l%%l gnhi4f ﬁt@f‘aef)ort me.

QHEISIH an actuator havi n ocati1on from ich to
Bt The systeeofsisjne &34, wheigin tméqcétqa of the obieat; 3t &g 19peRE HIP.dhe

GoWnEtREIR QB Fonttiat Is'@%;afa@a‘a%tohﬂﬂe Rk bRt FGleh & detetndfled bR
wherein the anal yzer judges,

i%gtentof claiml
i ve to athird anal ysis of the plurality of
2,01 Thé@ysfdirﬁ(ﬁf&&im vive fulftBér comprising a controller that adjusts the delay count so

that the downstream position corresponds to a desired location of the object.

129. The system of claim 128, further comprising

an actuator having a location from which to act on the object; and wherein

the desired location corresponds to the location of the actuator.

130. The system of claim 129, wherein

the analyzer judges, responsive to a third analysis of the plurality of active frames, whether

the object satisfies an inspection criterion;
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the object satisfies an inspection criterion;the
out put signal er produces the signal only if the

w@pabgze7 j udges that the object does not satiBEHUSI965/019793

i nspection criterion; the actuator is a reject
actuator; and the signal is used to control the reject
actuator. 131. The system of claim 123, wherein the
characteristic conprises a pixel size cal i bration.

132. The system of claim 131, wherein
thereuina tignales produces the fignal @@Hﬁﬁeé%%yzawu@ﬁﬁf @etttheoqbse@%ﬂ%%not
saingy hbpsRB@inARfoslet erm nes the object distance
téesgonSJ ve to the pi er size calibration. 133. The

19f B ¥FchqHPERM \herein the characteristic
theigal is 8%d & qahma{elréjyct@&uawrxel size calibrations

r.respondin a earatedlo atigns .in
{55 o B s Pin e et ' peist BRRaRES el it Bacof
laﬁdrhbbyetemxﬁ‘lcwmtmdwh@ﬂm nes the object rotation
th Lity si ze
%Qr% fsngutnge g%PIQSI/Kyglrfg.ib#%t lﬁ%"cpf]ﬁ(agatl ng a plurality
thef analypee determinse thp bjsét digtancewespongive tocthe pikgl sige catibratidre
c that the object passes a fixed
1@5“1&1@'#53}{1&1 ieﬂ'\r%mwrielr%lg, for each object of the
tbﬁ@ﬂ@PtPrﬁ?C@ﬁmWB‘j’Sects a corresponding mark tine
d piethisabe grekl WRLRBrRARnORIrRGon BASR Pl dNB, Jf'sﬁﬁﬁiteﬁﬂfcktlons in the
oi nt vvhereln determining the corresponding mark time
igwandy correspondi ng deci sion point that differs

gﬁlrogmttra@tloﬁqrgpe@pmdl ng mark tinme by a correspondi ng

e s by OB et rerape b MY SRR ng.

d‘alintrratiz)ach obj ect of the plurality of obj ects a

r rrespondi ng report tinme
];5%4 ’B?‘f% 91 nfglrra%l é’ﬁ%d%f? comrfglmﬁgtl nme by a del ay
hoviregreachl objestrod ﬂmsﬂw@,ty df@bjeeamh@ tjemblectphssestafixpd maklppiny
d%{enﬂiginé%%acht& ol 'ilfe%ﬁﬂ’&ﬁfa}d eEt? R es% atl ﬁfarkttnﬁe 1ndlcat1ng

corres I Nng Si to I'n catea

Wisp éetobjeq passes métrmkdw@f “@Pramm 134, further

&fémaam@ R Yoshdid m% nfafmﬁe dcani atla Sbrr@pndil fidcBontpBinh @kt differs
I nformati on_neede produci ng  each correspondlng

%qr@ﬁaporﬁsp%@%m%Fw@peﬁwq%@nﬂl@%wwm HaY; b6, The

m@dda@idn@élay@h&k ohaﬂgtdfm@m@mnymﬂ]@gaﬁa@ﬁmwj ect of the
I _conprises. mavi g[the

!g?ff é‘{?g lf(lé{ieg‘gl ObeeCt Jf f'urah ] tf g jects, a corresponding sign

corresponding report time that follows the corresponding mark time by a delay interval; and

using, for each object of the plurality of objects, the corresponding report time of the
corresponding signal to indicate a location of the object.

135. The method of claim 134, further comprising using a first-in first-out buffer to hold
information needed for producing each corresponding signal at each corresponding report
time.

136. The method of claim 134, wherein

moving each object of the plurality of objects further comprises moving the object at a

substantially constant speed; and
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waelomMnat43eam posi ti on that

substantially constant speed; andthe |ocation of the

object, at the corresponding report tine, is a

i s separated from t heCTES1005/019793
poi nt by a distance determ ned by the constant speed

and the delay interval. 137. The nmethod of claim 136,

further conprising adjusting the delay interval so

that the downstream position corresponds to a desired

ation,of th ect 8. The. nmeth

BERisoRoF oL Bk e i el g Rbson Tt

sapdrated foom the @atki point byl B@stande daérmidd bpthe cosiattispgpd and the delay
%ﬂvdallty of objects, conprising: using a conveyor
avihg notion relative to a fixed mark point to

137 dits petiod ebddimd B, dathenfontphisingddjustitg thydabdly imbiva s thatshe

&o%gtretalggoﬁl%necsﬁes @ﬁ? o &egleedfldcﬁ(tﬁ)q ?ﬁl{a% &' nt; 1nputting

an encodi ng sli esponsi ve Moti on of the
B8nlheyasthod pf @mnvlﬁ‘r’ dﬂle@mﬁhws@étl@amoaesp@@s foraadctugipres
BcafOL ' espondi ng encoder count indicating a relative

| ocati on of the conveyor; determ ning, for each object
159 4 methpd {or lacating a ghuraliy] of ebigcts, somsisings pondi ng mar k

g Alconveetr adihg Botioh eelﬁlmsmxemuﬂktpoﬁ%&@ﬁsp&msucm Bbjtc@ oBthe
t he obj ect asseﬁWéhe fi ed mar k poi nt,

n
MH%Wﬁmﬂ’ﬁﬁFé? Hetfhepige §ﬂdﬁﬂ P %ar k count
P etidgSn aicoding §ipiiab RE@AL V1Y tH@mitich efthg@hvilyord fierh wilich tarte

f t ti,m th bj e fi k
o koo e L Ebsinarigy e RAR sy el Bt ot e
ﬁmﬂﬁﬂmon del ays correspondlng to the plurality of

@’ﬁe'é;%% g, B eeatcﬁ’ Sbg«%c? h?!ﬂﬂ;%‘fcdbggts of Bires g&%‘ﬂmg%ﬁﬂ? ﬁmt‘? dicating

rrespondi ng-si
boencedsp omvdi g9 gespetpmgtto o tipre wheéngthe @n@wassev\m ﬁquheark pomt
sRk&gespondi ng encoder count differs fromthe mark
count by a delay count; and using, for each object of
detramiging the| coESsPITling Ijagkcaount opEs % & FerEssiondias drgision peiptthat
difrErR r6th teitneGitich B8 PBBA piSes Medikad mhR pbittyGdofesponding decision
| ocation of the object. 140. The nethod of claim 139,
t®er conprising using a first-in first-out buffer
thedeBlod délﬁ)}fsabﬂabdrﬁﬁhg Relelpidrafitg of w@d;u.ed‘ vagatggch

co ondi n e corresp ort

EpHH e o Eoenhi| A ot P ol 755 R E R

dooespbnding re[forlttine thﬂm pmts whert the treresondies@oodt coyntrdiffay from the

%%ﬁﬁ%mﬂ g@@%ﬁ53§n1p05|tlon that is separated from
pol y

e nar a distance determ ned by the del ay
wstngrfior each object of the plurality of objects, the corresponding report time of the

corresponding signal to indicate a location of the object.

140, The method of claim 139, further comprising using a first-in first-out buffer to hold
information needed for producing each corresponding signal at each corresponding report
time,

141. The method of claim 139, wherein the location of the object, at the corresponding report
time, is a downstream position that is separated from the mark point by a distance determined
by the delay count.

142. The method of claim 141, further comprising adjusting the delay count so that the

downstream position corresponds to a desired location of the object.
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142. The nethod of claim 141, further conprising
adj usting the delay count so that the downstream
w@o®st24sn7 corresponds to a desired | ocation of P€TES2005/019793
obj ect. 143. The nethod of claim 142, wherein the
desired | ocation corresponds to an actuator |ocation.
144. A system for locating a plurality of objects,
conprising: a conveyer that transports each object of
the plurality. of objects sotht t he ob passe
7 TR OS5 S ey S PHEon GutBheRHa g S
|&akdh. obj ect of the plurality of objects, a
ryesp d|n tinme. indicatin V\,henthe obj ect
lﬁgﬁsé@ 1‘?‘1 pﬁ’ﬁiﬂﬁy PloES: C\%’B?sg} #h the corresponding
ansaﬂidéydr HaetrinSpotie h bbjae df thé plaralilg of dg@ezd ithagthelelgecs passes a
fg(o% that differs fromthe corresponding nmark tine by
Bk LBondi ng deci si on del ay; and the decision
ad ehadyper thay detersprendorageht abjectnd thelpbirait afipbiséts, glspreespandigg mark

L

eac ects, a Iocatl on of
thdmerr@empm gk finey @efpmgned at:morre@p@dm degisign poingthapdiffers from

lem.%l he
tgeg({ogrg% on il ﬁ{ﬁ@ﬁ’}r& ?Me%n&ut?&gglglgﬁ h i nf aeﬂrdv ?ep 145 The

twt@s@ml érflaye F@rqﬁmmg twtbﬁnlwérty de’r?ffﬂs greygriab t-in
ahioliplit-s@Hilerint: fr@cated) 8r ei&'oﬂj%ct ofhe ploRdity@n owjﬁm £lbchign bhie

out put nal er for ci ng each. .corr
Biet i prod e o ST o BRI Tept i s the

cSMé‘sb&fdh@fmaﬂiﬁhéTDdeblayMéimel n the conveyer transports

35 St LS R b St AL S o ot st e
infojnaatibn neededttiyehecmipuesgnalediorgyodusing each comasponiding signal at each
downst .t jtion that is separated fromthe mark
cﬁg?sﬁ?ndb@qggoggﬁeance determ ned by the constant speed
Hndhe hetededfalpin itdepbeatin 147, The system of clai m 146,

th /oM br tFREPBE ecdcﬁ‘t F]]é?:t SR fi@hite@ b dbitak a detstdmla8y tdiStaktQpRY;

Interval so that e downstream position corresponds
g a desired | ocation of the obj ect. 148. The system

tlﬁé loé‘a{tl@ﬁ o tﬂé‘rﬁ)_]ecf Hﬁﬁé\%ﬁe@@ﬁﬂtﬂ{g r&jonginRis aﬂb\ﬁiﬁréﬁn posvibmatds
ocatjon from wh act .on e ecC r
SRR AR aaty Orp St CTBmRes DoBy HESpy saps g Loy ol

ihldgalact uator. 149. A systemfor |ocati ng a plurality
je 0 a conveyar .

Play BRbGEbT oo Flee Bl cn PSR R b By vl

sohjaethe dodnstréven isitivatdrtesponds tobfleiteddostiort dfdte obleet. obj ect

&%sﬁlgssy&egmeoffciaﬁg g47'%er%8ﬂn£ﬁs'ing

an actuator having a location from which to act on each object; and wherein

the desired location corresponds to the location of the actuator.

149. A system for locating a plurality of objects, comprising:

a conveyor having motion relative to a fixed mark point that transports each object of the
plurality of objects so that the object passes the fixed mark point;

an input device that receives an encoding signal responsive to the motion of the conveyor,
from which can be obtained at desired times a corresponding encoder count indicating a

relative location of the conveyor;
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an i nput device that receives an encodi ng signal
responsive to the notion of the conveyor, from which

w@ a0vshei3obt ai ned at desired tines a correspondP@rUS2005/019793

encoder count indicating a relative |ocation of the
conveyor; an anal yzer that determ nes, for each object
of the plurality of objects, a correspondi ng mark
count indicating the encoder count correspondi ng to a
time when the object passes the fixed mark poin

apjeeatzerihdl determien. fprpasirbiccnthepbity Hgbiseis.@ cemfﬁ?ndmg mark
c%ﬁ ﬁ{d&aﬁ{g 1§ éﬁ@Jd%ﬁ&:Hﬂ%%&onﬂﬁg kSd B WikinMe dbleat pasked thefited

fromthe tinme when the object passes the fixed nark
7k PRICYIEERIR o r espondi ng deC| sion delay; and the

RREhifin e the dSRYHdRE MaRSPRN LA at @cdrﬂa@ofiﬂmg’ c&alcﬂsiby péifit that
an o na

jects are variabl e; ut . Si
e e € e sPen st e P BB PP o gpondin dession
&hyealis, a | ocation of the object by producing a

r.es di ng_si gpal r n ort tine
"EehcgeflSlS‘g g%e}yg R 0%? he to?éer @lérgl S% °§°§’ﬁe§@ %Inec e r?elo count
atiloﬁfpelrsgnﬁlem]nt fnidizaten fdc eanhwhjectioytha plaelityyof cbjents, 2 lotS®n ofthe

e%t %Fm%%f o@eé&aﬁﬁdm s#%n%ﬂ ?5 c Miﬁ% Iréﬁorﬁmflé ﬁ%tocé:u?s when

S |n needed by the
ttmtom&pomi@mt@pr qoumt differscftpnt they mefés@huré by # éelayonHitng

5b9akystin &%ﬁl?n w ﬁ@ﬁm&qugwmﬂ ficbtl W bufitPihat hbl4S
B%stemof claim 149, wherein the | ocation of the

freation ne&fledmyéheewﬂw&@elﬁaﬁowowws eechicprrgspordwg gignal at each

&g@@gﬁd@e}ggoﬁ%etl on that is separated fromthe mark
0| nt \éea dj st ance, det er m ned
THETS

fpg sthe B s i Rstioneg i bt s Fr ERig g o
tﬁﬁH‘Isra@b{zvﬁtrem pdsitidtl Hasik Sephiard e aly nepkipdint 9 a dismhcetdetermined
d(%hvm La eam position corresponds to a desired |ocation

Wrhe 4y S ct . 153. The system of claim 152, further
orpieisgiengofahintilftrtber chmprising azoftmilert thay adjfistscthe deftey chunt g

B ine Wi ggn ?&itl?)ﬁ%(brlre@@ad% grd% d {(})D’cﬁ:‘ioﬁi Gthd %ﬁie ctocation

corresponds t1on O e act uat
153. The system of claim 152, further comprising

an actuator having a location from which to act on each object; and wherein

the desired location corresponds to the location of the actuator.
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