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Met hod and Apparatus for Configuring and Testing a
Machi ne Vi sion Detector BACKGROUND OF THE | NVENTI ON

woe@bd24fic t he | nventi on The i nvention rel at es POI/US2005/019764

aut omat ed detection and inspbection 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

fac reli ut qmat i ¢ j.nspection of ..

év@ﬁsanzi&saﬁamﬁ%&epéguw anfiForinE aMashing Yision
i nspection that has beePetetteHmmon use for decades is
based on optoel ectronic technol ogi es that use
el ectromagneti c energy, usually infrared or visible
i ght, photoelectric sensors, and sone form of
el ectroni ¢ deci si on nmaki ng. One wel | - known form of
opt oel ectroni c automati c i nspection uses a device that
can capture a digital imge of a two-dinensional field
of view in which an object to be inspected is | ocated,
and then anal yze the i mage and nmake deci sions. Such a
device is usually called a machine vision system or

BACKBROURD GrSTIAIMNVISNRON The inmage is captured by

exposi ng a twodi nensional array of photosensitive

e f.or a brief period, called the integration or
Eéﬁﬂ%ﬁ%@“??ﬂ%, to light that has been focused on the

arr gy ﬁmJ ralgt%s to aﬁﬁmﬁ{eﬁ @éffc'tﬁn &ﬁllﬁsﬁ&tl&poﬂ o@iﬁ&? Beu?%" d the

i ndi Vi are ca |xe S.
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michfe $itibh hfiautohidRd inlf26 afBa8Ur ed intensity val ues are
t hen converted to dlgltal nunbers and stored in the

|on systemto formthe i nage, which
Dﬁgggﬁgﬁﬁhéﬂ di gital processing el ement such as a
nﬁﬁj rfxgtréh@% aﬁﬂnlaﬁmgpe@hoh@f bt&tsHelngt O
detern1ne

us of the object being inspected.
masyfretuted Sang f@m@f@wp@eﬂcgnsa?c@%% beep 5 copgion Uy forfecad i

babddh pBliectofiWiecRidtholeh that 36 Ele&@ﬁﬁ@eﬁ%e@w B6dll§ idfatedioR
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viglhle light photpglecirifseRpris; 39y S eéeﬁtf?f“‘é ciod PRKIBE £ 1 om a
photaelgtierichn, for@f ofadploEiscdge alﬁtblﬁiiﬁcansﬁ’d:cﬁon wsespdvize thaogan

th f t
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is 1dcetbd) amalf thani aﬁﬂl}rzeahﬁinhg’méhmkeadealﬂlonmﬁ'gﬁ aslh'ocﬁl islugyelly called a
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hlne 1'sion stens mtations t
dlmamss)eal becjao.fsphowwgvtlmle@ente&r 8 bk @eMs@He%fhe tegiatey Qa“
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view (each object 'may be |ocated in a
W@gﬂfaédf @pindiyidyalipiepeats preralisd aixpo Jah RS’F?I mggspres e integsify of

héi’lpfaﬁﬁg oh B Qﬁrﬁlg'tl% sBitkeY iR erhs HeRuRe fhdnbifvaRBs AtheRlcoaverted to
decisron is based). This single £OSItIP & rovi de es.
digital pphstsiapgsteredip the memory of the VlSlon ystem to form the image, w

analyzed by a digital processing element such as a computer, using methods well-known in

S

_»’J"

chis

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 PLC, computer, or other
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single view ng perspective, and a single orientation

relative to the illum nation. The use of only a single
w@esspesté ve often | eads to incorrect deci si ONnBCT/UB200E619764

| ong been observed, for exahple, that a change in

perspective of as little as a single pixel can in sone

cases change an incorrect decision to a correct one.

By contrast, a human i nspecting an object usually

noves it around relative to his eyes and the lights to
pifR 16 RorfRIOR edufinlefDls GisddQS infrfithe J}@&Jyyaan Waﬁﬁ%jewﬂ)% in

have additi oha Imtations arising fromtheir use of
the,figld phjresy: aad Gergfore amjinpagg shayld Wa@wfﬂg pgpenlyzefl. ivsh anRYRE &
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pﬂWJ&¥ ft@ﬁ Car on%r}gspgmlet? Y U‘fa g]’ﬁtllﬁéﬁél A0 BPan'ogﬁct or

use out pu gnal s e synchronized to &
trapgaitted pleng 3 page Bsawp easgﬁowh » eandiipn prenedfbp aufficiept torigliablye

d@éc@gh%tahgﬂleéth&eenteﬁﬂ%@efd dehaty. are typically provided
by the photodetector that acts as a trigger and needed
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of rrachlnewsmnssterrs%{ se i.n p %ﬁ@?se he
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real[qlt .‘tg gvents happening in the field of view Since
SEHBET "I 8h systens can capture anew i mage
si mul t anBleusdion systéns respaidytss dowlfy firlsef-tigeermpto Work gasomirion
maxi whi ch a vision system can operate is
det %ﬁqﬁgggﬁﬁhe | arger of the capture tinme and the
anal ysi sThe mehodeeyided to desert whin antebjestispressitgreinbl sfivient in

factﬂ%yscés& getermning this rate is the nunber of
pi xel's |

The vision systems do not provide useful output signals that are synchronized
to a specific, repeatable position of the object along the production line, signals that
are typically provided by the photodetector that acts as a trigger and needed by a PLC

or handling mechanism to take action based on the vision system’s decision.
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conprising the inmager. The tinme needed to capture an
image is determined primarily by the nunber of pixels

WO pooshaidiidrager, for two basic reasons. First, PEEUS2005/019764

shutter tine is determ ned by the anmount of |ight
avai | abl e and the sensitivity of each pixel. Since
havi ng nore pi xels generally nmeans maki ng them snal | er
and therefore | ess sensitive, it is generally the case
that increasing the nunber of pixels increases the

shupkgy oﬁtﬁé‘lﬁmﬁﬁ%&%ﬁh c}hﬁ’ée%ns?&lréyﬁén%' a?iE'e fﬁ%grt ﬁ%g:%s@ Gm%y b
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art _machine vision systens.. .These teachjngs
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Vision Detector Method and Apparatus

The Vision Detector Method and Apparatus provides systems and methods for
automatic optoelectronic detection and inspection of objects, based on capturing digital

images of a two-dimensional field of view in which an object to be detected or inspected may
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appropriately synchroni zed out put signals, and provide
ot her significant and useful capabilities that will be

wappanetct o those skilled in the art. One aspkPCI/USI005/019764

the Vision Detector Method 4and Apparatus is an
apparatus, called a vision detector, that can capture
and anal yze a sequence of images at hi gher speeds than
prior art vision systens. An image in such a sequence
that is captured and analyzed is called a frame. The

belrl%tagd aha WM &Q@Lﬁ@ﬁﬁ@ﬂ? %Eseanﬁa Akidb ggtlsﬁo[ﬂg AR Ysfaf anf Abth&H
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FOV. It is desirable that this be achieved not by slowing down a manufacturing process but

by providing a sufficiently high frame rate. In an example system the frame rate is at least
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LED il lum nation, which in conbination with the
relatively small nunber of pixels allows very short

WO pga23apt ure times. The inmager is interfacedP@DUS005/019764
digital signal processor (DB5P) that can receive and
store pixel data sinultaneously with analysis
operations. Using nethods taught therein and
i mpl enent ed by means of suitable software for the DSP,
the tine to anal yze each frane generally can be kept
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understanding of the specific application at hand. The vision detector automatically applies

that definition in making its decisions.
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that the object is |located in the field of viewis not
sufficient. Therefore it is desirable that detection

w@booan2sibg ect begi ns when a active frane is foRemMpUSHO/019764

does not end until a nunber6 of consecutive inactive
frames are found. This nunber can be chosen as
appropriate by a user. Once a set of active franmes has
been found that nmay correspond to an object passing
through the field of view, it is desirable to perform
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|ns ect the Obj ect. In other aspects. of fhe Visiaon

ppthadkal s imaggAmalysis freolves [ptyring ukanalyzipg mpltiply
frdmés dMH@Bdt an bJ&gevieRalnyRtis nRanR thésteml ssmdinfonnaties pansibe

al . h
RS SRR RS B ST DA bl
nolt the pgedt saisfies ﬁnspmmmcntdrta chazen ®xpprppratebpyrmsisdrod, t he
evi de T e0fe ab ectls O tﬁehﬁtslﬁg P@e&(gfl o%l aHt? hll: e i

objec pass score es a con |dence
antlysis is Corebingd] VethtVlSsdteN@It d@@uoxh €0 ihﬁélpﬁeﬁ@tl‘i’ecﬁﬁn@i* fhogan;by theps

vidilaf J\]/Frﬁ RLEG }) ar’e 812 oW uEHAbS theld @in&h e BB si0 Srefod to

sinmple noc0|cethat|nd|caes |g or ‘| ow
mspsﬁfthed@weteln oghen epnprtyof the Yasiondetetor iYieshpd pRiyhRpatafs, fas frames

tolbB aded 'b? @lﬁrﬁﬁfcqfﬁa ahﬁ?ﬂ&aﬂf)e &aﬁﬂl@d% ﬁgpoﬁéé% h ﬂ@@eﬁ Qign@r any

|ten1o I nfornmati on hat conve %ﬂﬁ éﬁ 5, %gtus
of A Ye) e IWYB@ tpdare Rutoncs Wk B CLERES BF ¢ he
mﬁiéi:t@ﬁkn@ﬂ@ $n GRQk&Eplar menhocaaxeaﬂdamers agthe furmpea cabwef called an

of t he obj ect.
ohat PR oG o oL oapdedte B Behier iR Grtierion
criatr Ageittosbjesededeti@civiightsc tha v ilheemayUwiangnldes/ob poge that

“&}g?taﬂ éh%rl] O\é\vgf:f(])gp&e%ce X\‘ﬁb }g‘?ch%% é‘h‘zz%hb%évﬁ& \Aﬁl&ttlﬁ&f&lc&( range

erern
ofdevals |oﬁennﬁéenms ohang litemn Of hMath)e thabgoavdys pwideaest ual | y

: 0cahe Gabdoffionlohithdl 18UoUnfila O stalles b AIG G pAR0GES,

for JE‘C t I nspection 1 s obtained by
sugl sV eIEe AT Pareanile pﬁfnhe ptmcbpchp@h Thp#tis mayealsgbe dejprained
by %é%ﬂ?éd%ﬁaﬁ?fcy Isrch ana vxfeﬁﬁte@g.’de%é or v&@l’ﬁeﬁ 'p@ﬂcﬁmfee@ﬁdgrﬂ% dbfecta

Ion O wherern anount , at}ern

dectien welshus: Metgbien §{a %l%qffeetmele/tvv@wht ffvmceelaﬂﬁw% y from fratts

whé?&ﬁ’ {HaREAFRBnA RAidhet (AR HRIBRERCR uallyiBEHiddLil the BBl Sf Féw for Gt

the object. Light can be emtted by any
frame.
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process or conbi nati on of processes, including but not
limted to reflection, transm ssion, or refraction of

w@2@eueases external or internal to the object, PCT/US2005/019764

directly froma source intétrnal to the object. One
aspect of the Vision Detector Method and Apparatus is
a nethod for obtaining evidence, including object
detection wei ghts and obj ect pass scores, by inmage
anal ysi s operations on one or nore regions of interest

in egagdhcd fo@ eck @étec‘ﬁ@ﬁ £ 1ﬁsE&:t1@ﬂ’1's dBRA& byexRBRE d fratd for
exanpl e of is nmethod, the |na e anal%5|s oper ati on

infoRAYOR ot one BEB0IP SRR EASEER] TR R DEFA isibl feapurp {s@gortign of
thd $tfect \ﬁlgiréimthe Ambunt, @awesﬁ, or whe &mdc&ﬁstmsmemm cdrveys

ve to sone, rlat characteristic o
infppreip @hopR RIFERSSr IARHHD: GHJAUEC e RBeSHEH FaRS sed By any
PrERET\OL cdrﬂxﬁmahm & prazgdses, inalludigg by nat lmtmb@ﬁ)h@ﬂledtmp’emmnsmm, or
L TR R I e e e
thé olgare. The Ioglc val ues can be binary or fuzzy Ioglc

val %éagpm sﬁhév@ Lwega&%%om@ Akgﬂét&ﬂ}:a e f&?FﬂtQﬂng

bei ng uzzy as ap or visual event
eviflenceon¢lesting @mr@m@ontmhtsaind @ln?cémss scarep, bt dnasg analysishe

opfeiaﬁé)rg oﬂt)n Vo §rd BgiGis o?ﬁﬁérééﬁhﬁa&i%fain@ & which iR viaeth RhSeded.

interest, measurenents, thresholds, |ogica
In examle R HiDRhod, Fhg TSR @Ralysis OB FrEiOB COMpUiSS (RS RRSA} g oo
th& k& ivRlues\Hh6 Feph Bf mfdkdse Ghéry ﬂlb YneSsateh@at i Ronsive to some

configuration of the ¥ S|qg %@ECt r and are .chosen Qy
apgroguaty characteriste gyt Yisibl feagire ft ﬂwﬂa%‘&’e*?eaws gevefed to 2
logi6 vatind byQrihreshioldiopexaiiion, arid hies lagimalhgsuslaztmadrfronf th¢ hglom afi on
1n%get teCt o b e %or% 8\M}ﬁt & Sefrllcgetf(l)l'é@% ﬁ? % n?lé’l];efll C% saI&es b%%pl‘?ﬂ%
orsfatzy k)@ic@alueshmth ths gresshéldsang fdgtcalrcombingion being b;lﬁir!e ot fuxzylay

%% fed by the configuration of the vision detector.
gcu33|on of the Problem | mge anal ysis devi ces,

i ncFaulisvgl avent Heterionsiegidense pigmahisctariecaiaddn bp fidd pbtiewiss
e elyRBARABY ug%g%ﬁs Bpiniefeapﬁsgsure@é@scm&shoTasp:og@m y,

configuring such a device requires use

compingligns.cand Pfé@rgﬂaraaﬁ@wéw@b@esw‘?%@% Wé&h a%@“chvely Galled the
confpARE Bf 184 i¥in dtecidn andzi@é &fé&e‘é by @ u&e?g diiﬁri@ﬁxﬁ‘dt@fdr a glml e
user ures.an_i e e Q C er calle
onglaigh S RS 8 QIR PN wht
cdﬁﬁwwﬁﬁﬂﬁdﬂmﬂﬂﬂmwBOSItlOnlng those tools on the
trai i.ma d. set eratin anet e 0 ..
achi ﬁ‘/@g%{ma Egang @baTYtgfsf ({ence LObIrgts e%s i gsalgiaﬁle that & cfich chikriais
alsar effectively defined by the coffigaiatienchf thedisiondetedort | ons as close

to the actual production line as is practical. For

Dg&gﬁ&g&@@ﬁ@g@ﬁ that operate in continuous notion,
however, this can present difficulties for

con \mﬁgelaﬂamis d¢visdspinclBding ithine GeioR ﬁ}@ieiny adl \hsﬁarggtectors must

t b t
b gethaD BireEabltr Topip ot R MR devider el sl A
toaibtainert 1eksti orictobjenortese dppearanianig Fepresamiges qfa&ptobjeetsl tq be inspected.
T EBRAF ! B i o He8HRE, AR} Al i, WAy

choosmg image analysis tools, positioning those tools on the training image, and setting

a

=)

“3

operating parameters to achieve a desired effect. It is desirable that a training image be

obtained under conditions as close to the actual production line as is practical. For production
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which to obtain the training image. During

configuration, a vision detector nust be tested to
waledoenzidne whet her its performance neets the PCT/US2005/019764

requirenents of the application. If the performance

nmeets the requirenments, the configuration can be

consi dered conpl ete, otherw se adjustnents nust be

made. Since no vision detector nakes perfect

i nspection decisions, testing performance generally

linksRdt ¥ple e HABRinASSE %%%UE 'Plbw@sfe faecaR E)fégbﬂpdl]fﬁchbi edfbat a
correct decision_wl| de as to the status 1%%%

copygationgyvisiogisysiengsy Cefierayy jaéfaager stegtlinst pgised to ohirina
trafiidgQiagedivitbthé hibE@int BGitatidRCf HigQES netioBed/foye. Favitermore, the
deS|rabI nder one jn 10,000 o

cts) this .
sy date tar el AAhe 0 Bt eSS LR Ok R BRSPS prrsgegive from
wﬁ@ﬁbbﬁhhﬂwhhﬁmganﬁﬁrge nunber of objects be tested,

docPLi o bl 3 Bio B SR I Mherk B R EG b
pefbiimahde\viehss HENEquiteroents cﬁﬁp@pphcuttm If the gerformance meets thes

(g%ré&ams th%@?nﬂgﬁllap&dc% f,gson&@&éa %ngiefégcgee séaag&pr ; t&hlsO8e

UCtIOﬂ
miderfiince pe Vision Agjecian n@bestpﬁﬁ%m@emudwﬁl%, tesding perioFBIce e

geﬁé}ﬂﬁ/] ntxd(l:] e :Ts‘soﬁ‘}é Q&Eﬁﬁﬁ:ﬁt 3k Y Ffogzﬁﬁ“‘dr 03l a oRedt BQRRINIAbe iﬂaclel as

ng actual manufacturing _and inspect

to 8@15@@@ €e.2.pa9510 o) ofgn obiggy < uEthermgtes: Wise &heﬁgaf e %ﬂ?ecény
de@ﬁ?ﬁ’s) Eu@"ve@ 1dv (desraBly ﬁh&ﬂ&{e in W@fo:&)ﬁfectgrﬂuﬁé&esh{i@t Ndniblﬁ Oty
det ect or uc a Sl gha or I n CllI e
il Ehgetorpie SestNR PR Gierey MR TP W bt A AT G ose
1ikelj i€ fpfesdnfinconiattidatiiors baadsessed bamitk Homasusey t hr o u gh the

field of view of a vision detector, which captures a
sequence of images of the field of view The frane

mﬁﬁkﬁu659§#ﬁgm&V§ﬁff high that a plurality of inages

are cap for each object as it passes through the
fi elonsfasnpptdhy, inveRiipnmreyidss sisieme and raetizags for eqnéﬁn!rrn,s 2 vising

dettéafﬁ thEreﬁx%‘?ltaﬁ‘:MfgfimbMalﬁeﬁ fromh aQJrMu&idnﬂMe Sferatibg th:bﬁimuous

The sequence | mage us i ncl ude a._varl
mQtiqgfp Pﬁj" pEVidp M}W%uwmaabnﬁeafway%w g‘? Bﬁp%ﬁb{f%@e
aoafaﬂmwurdctuhxyguna @lspattict] FObjetis |Aetning TRGSScanbesteained vithpw (aiiy

the f I f. t
neg = Fkerigndl et et o b e el - i B B 1
mngmQMEabmﬁslnages are displayed for a hunan user who
o TS RIS e MRl i1 i B e colilo bl ld feing
thmuglethaﬁelé OfJI\rl@pbfawmcelscbtegipr, ohick Gﬁpﬁn@laémuelfce of MEES% the

fid1§ oisxfr‘e%v "fﬁ?fréﬁk e 98 ‘isashfﬁcleﬂtlyetﬁglhﬁlét%gﬁah ithdkat §8 ehpfired fﬁr

portion o e sequence s at_one tine.
eagh elject prgbiAssss mglp@e field af Yiow @nfgﬂls praugpeeiis pyficientlyilong that it
confalrfd luhég@@fo? PP S btecRIVRIERichdd %f PREdsivAN tHuQinBl8de a variety
di spl ayed forward or backmard in the 3@3@ % H
O FRAMEREIPrPEFIiFRE OfiFashh Pl wret Of rstse il pRiflly glsp pelude images
whéish&dﬁe‘*ct 5 W%ﬁh tHeTRUIEST vieWUdr whard ah Bjbdy B@nBParftially ;aSsemn e
q he yser issues scrolli % g &éo advan
t o Teiaep o dit CORTES SHPE SidPREa B P SBALE ALV O
wﬂfdbktﬁgil@éi‘ﬂlélﬂhbd debgdtor. Mepi€allyst if aud prhciicaltd display alisedithej cu;dged;

1rrt1a%esba? onscléI fa’cf a! dc stFag trelleution sufficient for the user to see useful detail in each image,

so instead a portion of the sequence is displayed at one time. The user chooses the portion to
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simlar in appearance to the typical objects that wll
be i nspected by the vision detector. The user wl|

weh®messidtdhi s inage to be a training i mage. Si NEET/US2005/019764

mul tiple images of each of %rultiple objects have been
captured, the user will have a choice both of which
obj ect, and which view ng perspective (i.e. position
inthe field of view), he prefers to use for the

training image. The user will configure the vision
bedRbiEsH ? 1£Mn§§c?d?ﬁdg'&9mﬁ§&ﬂis W%Iﬁé‘ﬂlb B&'néﬁ tolb@ @RplayRd Eorward
Vi sion where a vi si

orns a Sui
or pagkyard éfhfap v@}legm% F8% Bariigsio 8 dlav?%ys% ?teﬁe *are Prﬁfie@Pléfé?c?H%ﬁs
se\fefaﬁlﬁﬁt‘fgei gﬁtcaﬁlhau%@aSEMs@ﬁéﬁ%Egr will capt ure and
analyze durin e course of detec [ ec
o bl er ey P g en R o dtt e S e R R el
batiwerdih tﬂ&eequteﬁoa |uﬂm1rag inhaga gyeforind ﬂpemé osenjudgds totessuffioehtlydi ng
SiI{]:‘l ol%sa{pﬁ ance g}/ aI obrl Iclsé tha?wi) elns Qcte% g%e%mt %eLQt§1uﬁ'ﬁe

e VISl S ca I ns
usaxiwill Elaoosd this amarhwradmmltg lmhw $1nm rmlmge mma@@f eash gﬁmﬂhﬂe

ob e?t? h&v%%@én c%hnefi aﬂt;e%ser%?ﬂ 418)% a%@l@e{%ﬂ; dff Wﬂlcﬁ bJE(Q § Geicen

nterest view,” anhd setting
vieypieg perspediive G.c ansitien in tl@fﬁetdr@ vighvy ihe refessdp ussdor thesraining
lmg%zl rable results are obtained. In an exenplary

odi nent, the inmages are displayed using a grgphl cal

usedhy ‘Fﬁ?‘éﬂlée@g(JW‘WSlWeﬁteﬂty ceting and cepfieuring at [5pst gasy
visddn @&mﬁé{]@v&%ﬁoawﬂm 8 @ultaltSle ahdgk ﬁffalyrsis Rpakhtivd Oi/a Bdgiohld€
iC IS rtion
iniget i B8P e PSR AU T GRS ) PP FUe B Rue o
defeRi atll ingecirfg dbjeets.t Vigioh ewislard ci@agd snd ®nfiiosaning theloboskrow
enou h that a usef ul lgﬁlan%er of i mages can been seen at

s PERAMHACHES that each image is
suf fici eahbbsyngdlﬁtwel of dision tdoktowmeteLtb insith ératibe wkibn togl is

T SHAEE oot i SPRY BRI Qe (HnSHEEET 0.
of the p@pom@ﬁcailmgées alat/orfoumtatweg %lteB‘Qﬁ of iptergpf re aitve

I ma hélMVNl QW4 As the scrolling commands advance
thegﬁ;‘atih nst I9I paflorward and/ or backward, the inma

di spl aye@tting oparting Rageetess ehthsyisiendaphap fopt d&FlgaBIeWﬂfs are
advaperey f orward or backward. The inmage view w ndow

may _al so cont ai n raphi cal disp]ay of an i on

t ogl L an-sxgmplary eB‘W“F‘H%“’ Frages ag dfsﬁizi'%é‘rgm% #?‘F%?iﬁ% nto
intefth&® (@B Phefostioft Bﬁ&dgers‘ﬂﬁplayeﬂ Iaeoneame laree:dntsleqiu& agnsolp
wzgg%g?fﬁ]%e w?—ug{l glem pgﬁlog Oélglﬁéers B4 s %ersr%%l_of gov&hresoh%oh

“thumibanilamages. H%)esclommmf the chuhbndihimages $5 cheseq 8t bedevo enot;gh that

- E5BE Rl 5 LB o R85 P18 oy e

suffiiigntle d@abtl m@d:s@elqﬂmgrelhog cdnmergdsare mfovlﬁﬁi blﬁlwnvelﬂh)éal GUI
a¥hsion detector creates and transmits the

This exemplary embodiment further displays one image of the portion of images at
full resolution in an image view window. As the scrolling commands advance the filmstrip
forward and/or backward, the image displayed in the image view window will also be
advanced forward or backward. The image view window may also contain a graphical

display of any vision tools created by the user.
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| ow-resol ution thunbnail inmages for display in the
filmstrip window Only at such tines as a new

wo posA2ws®l uti on i nage i s needed by the HM f opCTHUSPORY19764
in the image view wi ndow i 90t he appropriate
full-resolution image transmtted. |In another
exenpl ary enbodi nent, a configuration of the vision
detector can be inproved using additional images in
the captured sequence of images. Note that there is no

requh 4 ﬁl?@é}tmo@ﬁic%%ﬁxﬁtek&ﬁblédﬂ ahbdaibhett, H3Ragithad &hﬁ@ce of
i mage be used to configure a vision detector. [

S
imgeeHFeTed 1 & el e SRR EEPE G} § gz opa sepirae

hushaS in@whitkeihRFha@ r(HMmr cofineérll toahe/viidn detetidh BOmEas slect | ves
of a.varie and t

dj,ust t .
e Piefce, 16 lsiEdinne s Gk BS pisdft toransmit e
exﬁwdabmremqeencm ilnagea to theHM, tmldrrc&teaﬂongeeimag@trmoitd thie

low Feso u%%]? ﬁllllliﬁlg agefm%s‘;(%g I‘otr ﬁ aﬁ%; 1|n¥1'1 Sﬂlbl‘g;ﬂ%l nvgglcé%\?/ Q%R %ﬁg&e; Ra
new fgllwolu‘ectnemagm ngetled by tef i hfordisilayah the nn@gecytwo@edcm inthe
a@g@hg}%ﬁﬁ_rg 81?1 e?@{m&%ﬁt efot simlar, as long as they

taln Itions as closetothe act ual

pr odw @wﬂm\expmnleryaglbp@mptﬂe@aqon@ramrm@h@ls:wrh@mtor ganbeng

inp VI E SsidE aqﬁ‘ihoda[‘ﬁﬁag&%n E}E CapFBROLGuHALER finddes. RBIe@l thbid is no
present in the view, or where an_object, is

regpifeineploF Pffpsvwnﬁhaégrémne traiping igpgere piged fio;configyrs aian ¢ hat
ddt&eor. gp@ ﬁésgam&blc@m}r&freats&ﬁbw ofdr4¥ion gﬁh@ﬁh@:{ dddktos ﬂﬁlalvﬁrw of
an, o t a ecte S express
UG BHEUTERP AT MOV BaLErt s b St Ppeete t
adhfevemati on coul d be used for conf| guri ng a prior art

mac 'i:lupfe vl anLe ?,: ?se{pletu%}ng ﬁﬁe%?d bec sef{o?)ﬁngufﬁggn?ly

suf ficCi en?]rle at’ SpEee
sipilardu a;ipleaymcb tortbe Mnazﬂ objeqd thattanhlil bymwbcted"lugheswaoredetector itis

of A 1 Bbost B Bl mack Baf BN Bl RAGhs & ey

I nventi on provi
obipingdamde e@r@mom asw;pswplnwwgr@n@ws fing 4Sr¥gprg¢él|0@&1@sf bther

u&ﬁﬁ@%@%@ﬁt%&d@ E}Q%&égb herd M bbi Rl is Prlesht ﬁYhetﬂéld%fbiéWB&
user noted in the ‘g{éound section, is desirable

whefe:an Qpiachif galy Rkl Present.dpy wtieht ip desirahls thaf the gapfigurafignpighe
vﬁb@ﬂ’éﬁé‘c&;rﬁ@iutcm&ﬁnloﬂﬁaﬁémdt t&faly\a@teéttéh be practical for a
n user to rev er ef ore |nve |on rovi des
Oy o tBnEvEY A Bepis dSai apect Ao rapfiag it
uded fﬁrtﬁiﬁgﬁm&bﬁmoﬂirt mschie Sision o;mem that Ophnalésl apaframeratewher e
epresent
Sl} %ed'ﬁ?{ ggﬁgegailgcfgl he <D Qéﬁ_ﬂ% the Brogléc!h %11%? r#] ta lu}/ah (}fnq(f fiabes ge

cgphunedefbi eagh abjecobj ect s in conti nuous nDtl on and paSS| ng
t hr opMgRothddGs e&t%elqn\%tltlcw FidRl syRtel %ﬂ%ﬁ& E)‘P{]eﬁ:[élg aWonh

captures an anal yzes se uence O franes VI SI on
detectas by eaptuning arplrs@vm spidcied lsems dwoing 2 pradustion ign e display taad

hﬁrﬁ‘a?ﬂl@é}t Ad R4 @Ping ﬁa&groimﬁsegﬁhqg &ésf?éfblerfﬁéf a ‘fh?%e rﬁm‘béﬂ d# gﬁ Ects

gnal or visual event detectlion, furt descri'’b
bh’@%’f@i Frhighy o le propece far snosmimpess éhan Wﬂ%@ Pré?}lcdrfﬁf a human user to

reMRRATIREAe the Rerifdoh BREIdeAHstBhOIng hRMbYs 161 St, disRaMd@ispla 2
hv}t%qge anal ysis, as further descriped. herein and in .t

TWFbesof g)&gssr frqpp.2 p,@aucgwu%aﬁlglieéliqﬁglmages correspond to obj ects

likely to represent incorrect decisions.
The production line contains a plurality of objects in continuous motion and passing

through the field of view of a vision detector, which captures and analyzes a sequence of
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but may use any neans that produces information about

the status of objects. A group of frames fromthe
wGaemsemses of franes corresponds to each obj ect PABEUSTIDE 9764

and i nspected. Wen using Misual event detection, the

group of frames may include the active franmes, and may

al so include inactive franes sandw ched between the

active franes or termnating the set of active franes.

In an exenplary enbodi nent, the group of franes

frdnkes. I ke @ioh H@ce&&thhs\/ﬁe\ﬁdlﬁﬁ%éen&ﬁﬁhg%}dd 16 et dndGnshécpiie Sbjects
Epdmaohed bet ween thf Vgen u t 93 %{ﬂg
Theygteqiiop i3y Bt artpagesenst el srspt Ere é%‘%ﬁﬁgq gFriep gerein

anfl irothe Visiva DietétiotMahod fid alpparetds. H‘B@l}ﬂm’&&iom@rdf@a‘tﬂfl@es dynamic

impiy R s et B P B U P pa DBty Apparats,
but mayuh& anylrnhennmaﬂ posduce ynfommetiordabont the stquis@f pass/ fail, an ?
de ) er%‘ o? ?raﬁl& olﬂgtﬁe ?etqﬂ%&es&‘ﬁ%&eﬁonfé Qs t&é’a&!l{%b‘jﬁct QQ%:%‘&

ect ass scores ca
andmsmgedt\ﬁheno@mg seuad) f:ved@te@etqnntye g dfifppeeminigeladathe active

frNRs GGl nAPElsd ﬁélgﬁ%ag{#%ﬂep %ﬂdﬁ%ﬁéﬁ'b@m@é}ﬂfé it dfanfls B ON

Det’ect or” Met aratus. The re i nfornmation
tegpipating e seb pf asive frasneasléan exgmplaty srbodimenttibe srow aftfigmes t he

1né19de§ tHe'a&ive ?1@[_5;1_95 eﬂfi alli lfn@(!fﬁtc? frzuﬁés sm%'%eeﬁ 'th;éﬁ' g’fleﬂ 1|§%1n% a
human user ypically i n ca 0 a
trigger Sigial e ap g Efmespgiae lséwclaa?r‘ééﬁ of tﬁ%ﬁmeé GTRLyre d and anyzed
refpRfdveltd themriggetf f i ci ent for the user to see useful
det in each

St o e REGRhep BT AR dro Tt o tseiped g oot T
reﬂﬂmﬁ&mubMa}pnclﬁdmlmlﬂe tess/fiil.spdl @ yrensl aloy incladastatigtics of frame

coglfits ollbjgctrﬁgt ?ﬂo L vva{égé or 8@%&&%@ C&rds Qﬁf[ﬁa%dt dbuﬁﬂ% 0 ccQJ?s

ndi vi um
dqtammd wispeaiing the @mwuzplddurﬂbydegqub@pkiyrelﬁr ind lrpﬂw Vistom Deteclor

NQ&&R%@%& ardhs one tine preferably includes severa
%b ut can include as few as one inma The
cho

iThe regilt ipfaresion Fos gash obigct dstuspdeto decidgbpter ge) Figrefhecpbicphs
grbﬁlfofwﬁmoy@sgeth dafplatyqo mﬁnm@a ul%icsary it i Rot pFddBcaliRer
hQose to.store u pse. grou
dlﬂ&ﬁﬁ@@@ﬁ@ﬁ &irTsd imagesh fnéc@taga Sdify rﬁfaﬁ@ %@%&8&@%%8 usrto jSEhst
usTeﬁD@éﬁnlgﬁ €4dP fndpe)sb ﬁﬁﬁﬂi_’kdpd’ﬂ@mto@ thelbjod lirﬁagbha’ié diE;ﬂa)Jed at one
ecti e.choices .are, often us
el PTESTS bETRPRRE oY iR s Db tomPiti S deuRCe
the porﬂdﬂ] o bt displayké foyward or l&pkvme rither byciodividud! irokees witloms grodip
t
orr{)g §r0}1{gs ﬁw é%ﬂng? fg)e}rg Sspﬁalygd e{t %}{? tﬂltléalgﬂ‘elra@g gr%ﬁggs%gxg%ag giilag%sg but
ammwbdﬁai%was@ewmaﬁon threshold mhere t he nunber
(¢

o dgepicd of kit Fburd o 601 HRAR, bRy BATEEONE wlofl he
prodngtion] un. The wsesmpyehpese e sere all ereuns,ing é10sq Zoups e9riesroadingto
oblj Q8 t@a@?%@ ﬁspcectfdﬁsdirl kst hBde Qb 1B éoﬁ@sp@ﬁ%ff@ﬁﬁj edid B @Qﬂgspte&lon

Statlstics frame counts, g]gCt tection weights,

Thege Gpicescare ‘HE% gsefil. duido nohmegt theoBigctye P TRTNE fergetilitts e of

coiRiRAd 10%gje§t§‘ﬁi(el}ﬂ5 RPEkInDcdht Rbiegt - | f the nunber is

Si n|f|c ove.the, decision_ thresho one c e
c ng Ioﬂléeﬁtt éfzctlve 1\’.{16 invention recogn&zes that pass/?‘ h cleglsmns are pre eral

made by comparing a number to a decision threshold, where the number represents a level of

confidence that some condition holds, for example that an object has been detected or that it

passes inspection. The number is included in the object’s result information and may
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the condition holds; if significantly below the
deci sion threshold, one can be confident that the

w@oendilz43ohh does not hold. If the nunber is cl ORBET/US20051€¢19764

deci sion threshold, howeven? the decision is anmbi guous
and one cannot be confident in the outcone. Thus
objects for which the nunber is close to the decision
threshold are likely to represent incorrect decisions,
and it is desirable to store the correspondi ng groups

cogésg&[d&wﬁgummf%nsml Bfets REBRAWERL; orloBfcd ARAESesAT ©
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thmmmoéamrgm mrsuccwo@ altlRWepsglutiorh ghuymbagE ipngssy THe Fragdition
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segfat €pq e, andhigh enopahiihet e%mlas? paptigigatlygletaigddo - dbs,
ﬁm@@bﬂﬁmds altefib&wﬁell by &nfrdﬁt’iBﬂaﬂGUDéle:ﬂen&epar ate HM

i P B o s e G 30 S Achotion oY st

ﬁam&htm(bﬁn aeRagsview windan.sas the ftdilingfcorhinends hdmed therflgssp

t h
ropaet et Pt el R e S BRE BB L D
adwaﬂcedsitorvizqnd ovibackoward. O igpaget visuwindew neysalascoma@m @aphlew
dlgplljzly OEEY%’S‘Q 1Hlttbc9§]thht loPth @&ﬁg&aﬁaﬁ ot e VrM'l dgtgd'tord' spl ay

nmage view wn 0W|st € appropriate

f uI In 2 fusthéramodifisationinyiis exemplary ermbodimepRibeGUbEITiTZINEN
C}IHEII Q%Wt% thERRidn AL E 1Y Inedhs| df a l@&mﬂﬁﬁ&u&ﬂé lihidtface. To

erstood fromthe foll ow ng detail ed description

aVe@rW‘W%th@??tW%ghf h@%@é&@@ﬁ% ﬁlbOffﬂilegﬁH‘F erkimaggs &g e HML, the

v1§brtga&e?tol cfé&tés\@% ﬁrﬁhsin{té tuf Iﬁ@&%}iomoﬁﬂfg.gﬁmaﬁigeﬁ/fgr ﬁlsplaysm e
etecto accor al N 0) | SI ect or t

iRl g0, Opia RUNTRS ab BiarcArem G- Ouioh et By pr e By e

HIMI @ dRpldy mhieimage vidweintioveistiitaippropriatestull-adselsticn itygei cal

trogeraﬁlng cycle for a vision detector using visua
detection; Figure 3 shows a tineline that

le f
BhiErd &@ﬁ@?ﬁ%ﬁ’?’?‘?féﬁ@?@?' ol - Fi qur o 4" shove. 4

hi gfe Eyertion SHEBIboRT oM g KL detprigion
inRbGEHEESH it the accompanying figures, wherein:

Figure 1 shows an illustrative embodiment of a vision detector according to the

=

S

ﬂ?

Vision Detector Method and Apparatus, inspecting objects on a production line;
Figure 2 shows a timeline that illustrates a typical operating cycle for a vision detector

using visual event detection;
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environment; Figure 5 shows a bl ock diagram of an

illustrative enbodi nent of a vision detector; Figure 6
webwdg283uzzy | ogi c el enments used in an ill ustreCT/Us2005/019764

enbodi nent to wei gh evi dend& and nmeke judgnents,

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

whet her it passes inspection; Figure 7 illustrates how
evi dence i s weighed for dynam c inmage analysis in an
illustrative enbodinment; Figure 8 illustrates how

evi 4eRes sh&wé’ﬁir@ﬁﬁgmgﬂﬁus%ﬁ%}?gél Wn@%ﬁeﬂ%} Svidibh detector

another illustrative enbod lgure 9 shows the
use g HHasoHadlh of a set of software elenents (e.g.,

Pr 0goaal S HGEH-1BS bRtk Bage@iTok b Gikioh a6t ia prEglictish

used by an illustrative enbodi nent to anal yze franes,
enyEREet dgent s, sense i nputs, and control out put

Si grEue;5 shovil ockAiaghaves amillparativembodinit of % @ididh détyctor;

contj guration. of a.vision detect.or that . be used to

e et e didutry P apB ot i e R oS T
eviilendeiandmalfe jtdpmenta rifidhglinrggtdgong whetheras pbjed isngesto abdrehether it

exenpl ary. setup of Figure 10; Figure 12 shows a
pafasresog'Pg?tfo\éh line containing objects to be used for

c onFiggrer7i ifgtratestiosi ayilenketisgdighed foFidynamés im8gesdnalysis i an
SN enBbdifRgenent for storing images for configuring

& Vision de ector; Figure 14 shows a portion of a

gr afigueed illypgates howt videnteds waghed fon dyngmie impgeaalysipingnetlrsw
188G REnibBBAENtY | €W Wi ndow; and Figure 15 shows a nmenory

arrangenent for storing inmages for testing a vision

det &t sheyesrtig prepyizatiasrateset PERinRTe PlgRepR (NP Basi ¢
inéBRlicRE b codfpuleri@addbls nRBiukpised byodn ilMBtrid embolliARN & ablyis
frglléegur% 1dshovvs an il ust atioie enbodi nent of a vision

JBRkE JUdZRERSS, FSRIIPYS. PHACOUF OYRUBIEPAR t or Met hod and

Ap p Figatell®,showsy@etion 0 arodapreylirg canfigarationcd a eision detkdtorghat May
b 20VE erecéooext_lr"@lnSﬁg.%ts obj ects to cause relative

HOVeRent het ween-t he objects and the field of view

of viFggurrl 1dbevecinotherp00ion Githemnigunasion ¢areesponding toltheeexemplary

segt%%f DyYE1heft to right on a conveyer ioo. Each object
[ exgect €d to contain certain features, for exanple a

| ab&ligunel@ shoves aprodyritoniipg contgisiingcobigcts tacsrupasdes epnfiguring a
vifBadRptur ed may be mssing one or nore features, or
may have uni ntended features; for exanple, gbject 116

i s FISNE I3Ghewicr OPaRY arenesmgAl fopYostg SRasshior pagliguring a vision

detector;

Figure 14 shows a portion of a graphical user interface containing a filmstrip window
and an image view window; and
Figure 15 shows a memory arrangement for storing images for testing a vision

detector.

DETAILED DESCRIPTION OF THE INVENTION

Basic Operation of the Vision Detector Method and Apparatus

Figure 1 shows an illustrative embodiment of a vision detector according to the
Vision Detector Method and Apparatus, inspecting objects on a production line. A conveyer

100 transports objects to cause relative movement between the objects and the field of view of
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noti on of the conveyer is tracked by a shaft encoder

180. A vision detector 400 detects the presence of an
wo@kjosar43iy vi sual appearance and inspects it bBSEUSIING/019764

appropriate inspection critiéria. If an object is

defective, the vision detector sends signal 420 to

reject actuator 170 to renove the object fromthe

conveyer stream The encoder 180 sends signal 410 to

the vision detector, which uses it to insure proper

vistel R¥ctBf 108 IoHRLs 1ﬂ>292 ﬁpf@atm 1RMRERE t&ﬁ bn YB&R et 16
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Eaaledo,lecelmemaﬂi 1oeoniaip Rerfsiy fagtures, for F12p andpdolq 2,
ot ity %i%ﬁui@&urb@ﬁnﬁ}dbeqﬁss‘idgrﬂﬁe bi't6idr6 Bluresbr &idy have

alternate enb ment, the VISIont§ ect or sen%E I
unigiiegAc featgres: for 9@@%?@%}1(’ Gssigt On apsprogigijon lines
métf(bﬁ bﬂtﬂe condyer i© krhdkg@b}aa dheft eebda mouﬂtfﬁfon détect@aat deetts the

sui t e in ex

t |y, high d. . .
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Is no trigger signal to indicate the presence of an
object, and in Figure 2 there is no correspondi ng

W eoogoeiet ep. Referring again to Figure 2, a POFUSNS/019764

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

evi g&ﬁ almn fs 2Pbesihpded, tpéﬁé%mmcﬁaﬁaﬁdef@e%; Ganlchture

evi ce IS su |C|ent are cal active. Anal YSI S
and peakee fraggesis tetermired hyrihg logeer @%mw time gndythy 36&13'%%% r,

THOE HR*ARs feAnal ysis step 540. In an illustrative
enbodi nent, inspection _of an ob ect begi ns whe zil
e dRiarhY

act ilb@ Visio Reterter Ygherpnd éﬁl?ﬂa@lﬁgt@ oy eects
w%ﬁﬁeﬁtﬁgédr\.ﬁ A, Ridhtak W6t fr6vadEd By @ pRotddeieiek. Rbﬂarrtnb ® Iﬁgl&érp |tigere

ure |ns ctlon of. the fir
s G e R iSO OF peprecira B0 bl T PSR! ysi s
cm@pmﬁ@mgmde;ends with two consecutive inactive

al
Ngta E{E f‘eﬁg{%%é%?e %{i‘?@r f g gfn%grg 8%, tﬁe t?mgl @?rreé gdsatn (éne%%gectlon
offarfastebjecty ms@m‘*ltmapwremw@sls 0&16&1) ft‘athzs |A§emﬂ portlon 510

CO?IE%JOI’I(%I’[(? Hlte u{sli?ecttlo%rc?la Q&Bﬁ%&@e%t lcu{&so%ﬁt%é \%ﬂ%&ne% he tine

I nspecC gé IS conp ete or exanple
at tBach @nldsmﬁepafnwcyrzﬂdsrs eeqyld@rwsthaa@cqbﬁptomresamemel&rﬁ

thE Q\ﬁdeﬂ:&g E'L?fﬁ&ént E@@algﬁ’hﬁﬁlte [Qﬁﬁzﬁg stélﬁ £br8tive \WaR 8 YrEshown with a

talned fromthe active franmes. In an illustrative

ﬂl@h’ﬂ?@’é%@ﬁ gxample anglysisisten S0 12 ffustiptive embodment, fsRestiqn ol Ap s
oB)&F Begfnd Wheh dnhSivetrafk & f‘oﬁndcﬁﬁ%hdi%ﬁﬁi sdnf® nambeérds tinkdcaiivent

evi dence that an object ual |
ingtiss SPGB, TaEeaols o Re ok trpstof o on Bl Pefty
wﬂi ﬁhe it &ﬁv@ﬁanﬁlhjoﬁeﬁ)ond&lgl tol ehgBlis btep Sua\oad Brele withl etcc@hedytive
m t e.act S r
1nf1%1va ggg?sn?orﬁrgspo?cgngs P gl%all}'sm s r54£e z)i(ngq% Not% ggﬁ; ﬁj)gﬁlg ?ll‘SP ?b?egc %
single inadiiye Grimawirepdedingy aipdysiysiepl 52 r@ea&menbbjtmteahwd
n%% £l ne status within the scope of the Vision

ector Met hod and Appar at us; sone are described

bel o\ trinertahinsesetinaro anpliect is cerplete. forreerarde aithel ang af anplysis

stE;hﬁs AelisioreGnRD PRl §5ths S8R BREDaEALR %%Gidéﬂgolﬁamed from

Judgnent nade, a report may be made to ap rlate

thy a‘ftb(ﬁﬁﬁm?fnh‘é‘a illustasing em'sqﬁwmasf ap insyffcieny gpey f

wéRe |fd|>mh BHRivhede s doﬁfcllqe?dd:to bé llrasxﬁmdmr ﬁnd‘@ﬁ&&ha@aﬂ Spset tvassdcﬁmly
wou appear. in e ti i ne e u .

PiESHh B30 AR SPRES T B0 S P T e Qo P g

juldlgedwbiRdve béeh detidt &, A1d eslideree rom thectiveditimbois jmigéd inbrdar to
% ownstream r.ej ect .actua

170 420
R e s L SR T
olfJ ecsmegd detsrniitte sfatus szahmtllrersmpg bf thi ¥1sfqné]et¢c1of Mythedynd tApearatus;

i SO [ ' 552 at
sov%e ar%c{éts%n%&ﬁ%eﬁo% o’?@tﬁ ﬁfb%c ‘Jﬁ{)gegﬁlléiggxg%t e t hat
in dsean ovbm@tl@s hwn dﬁe@@i@d aa@gm@t u@@da repré mppbaanade e
SopRits Hib Hioft 8 dﬁg}ﬁeﬂﬂ @&chgpyﬁﬁc uts.ngs@ﬁg%n k%dwl in the art. In
& er st an % ne an COUﬂt can be used
stch e 625e A 50RO stm youlgunpess iy the yBeine. dlya svapleng Figrre catpspends
inSbadB QE&EH dudtl & shbak F%ﬂretlowﬁéi‘@thé PikiBiE Bet@fdk Wak&H o dofftkol 4 S

I ssued after a precise defallg/ intime or
downstream reject actuator 170 via signal 420. By con51der1ng the position of the object in the

active frames as it passes through the field of view, the vision detector estimates the mark
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encoder count fromthe mark tinme 550. Note that the
report 560 may be del ayed well beyond the inspection

we@boisubsequent obj ects such as 510. The vi si onPCBEUSZID®019764

uses wel |l -known first-in filést-out (FIFO buffer
nmet hods to hold the reports until the appropriate
time. Once inspection of an object is conplete, the
vi sion detector may enter an idle step 580. Such a
step is optional, but may be desirable for several

189 gﬁasssz At ﬁcﬂ%e%i&b%e@ Rle @Gtk $okt Q30! Motk pfam cas&me%e dnS

no need for an object unti J ust before
enaoci?éwoeﬁf@eq zhemnmms acgpaly 3 @goder pqunie e qaderivell pigrstand
th&iARGad 6dunf @h 5SuLPinfsdhanhsl vg,c &ﬁbbrtaiso chd¥REn VTR Pulsdof

object couldn't arrive, extend the |ifetine
aRRfOPPﬂ% dvrpifog e e FejestRoRpiop b7Pn lfb'é%laih &lisr p prscipg dstay §7043 gy
erle6qek coubf fradihi A@rkitae ssell e step. Figure 3 shows a

| | ustrat £ I
For NPT Aere TS AR il Ry P DR g s
olijeatsgpgeras stoeﬁxe@ﬁbnhie@ctnuslsesrmqlielmbwm firsein fastfout FIFO) bjffart
600 t 630, 632, d
m85s G B R B P RR AR T b0, 642, and
644 (mceinsmmnfotjan ahyaetistanilete de vasival dptsiter maysnienaniille gigp
sd9 V&t 9&% 1? ﬂoﬁﬂ Jip i‘?}é &eﬁfaﬁﬁ‘}&%laﬁ egso'il.b ¥ thd H&nﬁﬁlﬂgﬁect

rate e su | ClI ent nNDOVeES
rmlmowmr the,re iséa nesd te OW@ fgr @fOblPPfémﬂlbéi* wefers age e@eslg fluge

Ah i 8RS wif? feﬁﬁﬁat@ fhe BRtnEe Jﬂfﬁ% oBj ef:tedé’tthiaﬁ%{ &n&%{heﬁ Ex%ﬁ‘ect
After a fixed nunber of franes, the nunbe

%#ﬂ?ééﬁ“’&a?‘é‘%&l”cﬁ’f‘eaﬁb&? fitetimp eﬁﬂlaélelamagon Syfiem Bw&s i dishts can
bOkIpedN@Hing heMiedgl ysis of the frames is used to make a

final, t_on. t t at f. th

o Histht EhERG tping deu i o Shist SRR TR s el e dssor
infextedADFiEges tnede. ﬁ&ﬁggernépl Mag@s h@cﬂi@maﬁrssmﬁm 608.MA sedhiedee -
f a? (}Sgtgl'e stgépse& %gze %9} g}d COIT On%Xt a}lagls%gsﬁap%iﬁy%% gndQSM are

s Rspeet | Beond
uged @uldmmﬂmgh em;mls As hewmlpmltt deteaion _msdfd glissdesitnblerthagthe
L
betwemmsycoessive Gaprsefiengo meretihne atfew pigely pes frame. G4BT a fixed number
ofb %M&E tiheAulnb & LARP BRin-basddiod ldféfﬁ icdtion QOME, e Wl&hﬁé dt¥eitled from

di agramfor a vision detector in a‘ﬁpro UCtIOﬂ

analyisis pERpEames isnisgq toymake priigal idgipens eipthe gatuyof theqbisgt, which in
omb@amieﬁﬁ@r&uddaMutmmqwumﬁﬂm BPort wbp &b Folyfving the

i ncl ude PLCs, ect actu and/ or q)t odet ectors
g i A e S e Bl e gt et B b b eoa e o
sdaaldhbfwmd ed to a human- machi ne interface (HM) 830,
suc devi

by ne
Bt rainfiir pf et s G5 165iod My FERE g Biger g o
sbsﬂnuthlgmrel 2 o this ambpmga,entaMdmm&ymtwsmeﬂm&md (ctemdodey commt)al
ignals can be inplemented in any
cg{egé%ﬂ{i&%ﬁgh#% er an(?l/or protocol and transmitted in a

Wi red or wirel ess form
Illustrative Apparatus

Figure 4 shows a high-level block diagram for a vision detector in a production
environment. A vision detector 800 is connected to appropriate automation equipment 810,
which may include PLCs, reject actuators, and/or photodetectors, by means of signals 820.

The vision detector may also be connected to a human-machine interface (FIMI) 830, such as
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Figure 5 shows a block diagramof an illustrative

enbodi nent of a vision detector. A digital signha
w@e@sassoé (DSP) 900 runs software to control PEpUS2005/019764

anal ysis, reporting, HM cdfmuni cati ons, and any ot her

appropriate functions needed by the vision detector.

The DSP 900 is interfaced to a nenory 910, which

i ncl udes hi gh speed random access nenory for prograns

and data and non-vol atile menmory to hold progranms and

ap%eotr Wil Hafa QLR bflgeag{g Sﬁo%ﬁiﬁf%at}oﬁs irnfe@é’e%gﬂ ﬂ@ma%ﬁised%r

al so connected t hat provi des
setwp W anogitermg.cant ounbe mmowlﬂum@mmal a%rpdumon nser Bersighals epacpe
lmggmédtédqm&%aeﬁﬂmg?diﬁ&htean%opm@m arlrahFRAET in 8 Ged 6k Wikthess

focusés I mges onto the photosensitive el enents of
fohe i nmger 960. The DSP 900 can be any device capabl e

OLt Fg,tg?'gg glotvsg @g?ﬁ%?iﬁ%&ﬁ ofﬁ‘%ﬂﬁﬁ&rﬂiﬁfeleﬁlﬁocﬁﬁlﬁg l@ﬂzgws@‘n:g:lector A

[ [ [ udi n

digitphyanapracessor (QSPEPOTITIHERE SO PLe BaSH ey

coftitnQuii CHTioRC ﬁﬁ&g(j? oﬂx?rtappriil)n%ii&ﬂhﬁcﬂhls&z?dadby thb eisiDbPet . The DSP
i, t t ! h | hi f

sof ERRERR S Sty by v ELP RS b2 AR opey RedD kb,

progeameiaud daga addomajamlmexporx &1 hottbytragrimsoand sétep infosrgasion when

poxsyvlfniqylet 3% edo"i"l%l ]ySPVY's %\po éoﬁ?eg%%l ?ogﬁl A eéqgﬂé ﬂ%ﬁl&%é(gldes 51gnals to

{7 ve enbo i's an
aum@ribnaq@ammwn MG nterfase 939yarmhammjlomex¢r1@e 840 nd RHYMABR 460-

A g@?ﬁ%ﬁlﬁa (-nk% 3 Sﬁ_tlég%eﬁﬁ&@é&ﬁilve RereRB 6F 8t inlaBir8kd ace (PPI)

1 DSP 900 receives pixel data
f r ohe PP qomfgép agpiyvicasatiesfdieital o mputation; Blopmaigp ylorage,

an S8 th StherUldtaldl@ndnls! iBEhANESIR AN liAREEHS sehddipupbrnnel

972 for storage in nme of the PRI
cOBBICDNALG PD2 BT AFRCCSSER nﬁé‘gdeaﬁglﬁm e B3 aee paragmive ol B
en68MAtS Ridndle b FRE GamaRitd  Ttes futthed A 1tiblsthanil Heanble o1 fecantibgand

s REpRUCER SRS BB Fbl SRR3R 5% ST 075 can be
| rrplxetimﬂiumdu@yembndamﬂt of Figuma &y the BRP 9(10 is an ADNE- @?561 .
oS RP Al PLRY A b, DR} 0 PRRIBIGREI
Inferfanet(PRILITH off thdRDSHBE I PIPI9p0 reegivgs pinel dai ferefthejmager 960, and
segc%(ﬁ%et%% g m!srﬁzﬁii:iﬁrfohﬁgm% pief 191@1%5‘19 %céé?@(ﬁMﬂ}Jdmﬁiél 972 for

I ncor porated herein by reference.
stquagedn mpraery P19 970@%DW7%6Wétlﬁn6?féppfopﬂate

oﬁ@%@ e B Bna B ChpARSIs-oBtue SRuBME b SvithAdsy Sthdr ddNysis@iformed

t t d
ol B Bt et acrp et P otored BB e ¢ o
m@t&n’éhtf@d ®ond PPSrOIRkT sitie nﬂhéb ﬁﬁfoﬂ@ﬁﬁ@ihﬂmgl?nﬁrﬂ@dmﬁémnﬁ? e
ra 1 ONn S
coplgtbod e DS AR Bl e R e REBRG B TERR L
002003001).aihd the Blavkfii waesyslhﬁmstlonl Set Refereles (gt pbumbdr 82:0004h@-
li(?)’p Q&d?cgrpora?eﬂ 'legr)l%lalrbl ¥e ?re c. No%ietﬂgtltﬁe 1¥l§SP §15’53t1 hﬁ& ﬂfetcoﬁl?aﬂble

short shut
ADSP-BEHI2emp ARSPABESI] dewmsnmve tdnntlcaltpromrmns metrucm opdgsh e

be;[\.Ech ﬂgﬁh%geaﬁgln? sqlhghgivg e BoddRh tof ARSI bpibptale data to

rror art vision systems. |t
prics/penfrmence rad¢elEi r abl e that it be inexpensive and have

ag l'[‘ﬁ@ fi’i&h B bR desired by a vision detector suggests the use of an imager unlike

those that have been used in prior art vision systems. It is desirable that the imager be

unusually light sensitive, so that it can operate with extremely short shutter times using
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These obj ectives may be nmet by choosing an i mager with
much higher |ight sensitivity and | ower resol ution
W0 b@s/124306e used by prior art vision systens. PCT/UR®05/019764
illustrative enbodi nent of 1&i gure 5, the inager 960 is
an LMB630 manufactured by National Sem conductor of
Santa Clara, California. The LMB630 has an array of
128 by 100 pixels, for a total of 12800, about 24
times fewer than typical prior art vision systens. The
ind}p&RivE ilRfnati6d. &tid mmhey désastgetharit I%lemwd@ﬁﬁe @q aseit pixel

t sensitivity
asfr e 5P St s 8 s o VB DR TL I FEp T g g i be
indxbafsﬁsaanmdeﬁgluﬁatmmtén me, and | s sensitive enough (in
cases). to allow.a 300. m econd. s si ng
LED TF ﬁlﬂ? 5 SiGH. be fl?’cr%ossb rWl ’8‘1‘5 Elerl§%iltder ed
sefisitivity @l Ibwey résolution thinsthasa usesibt' emr attwtmomsymnst Ip the illustrative

ol by Pk L kG bt
Serqinondugton of SaE!aé?éetrat, |C@bﬁ0mmmlﬁl\48@0élwn§§ﬂx Q28 by Hi9rpig]s, for
a tg{%l (ffh §8d9|\@0§§&4ms ﬂ%ex‘ AR an@& 2l isOR SysBis Ot iphsk Yre

in the art follow ng instructions cont ai ned

refafivelyHaree MO JTCPRESGUAsH E@vldmaéwh fighy sensidixitn e DHHPO hi ch
prbﬁdé Smg(rf]traﬁ@slﬁlﬁir &Qoﬂﬂ?fh@ﬂl £kt E‘% a g@f BicRR&Bnd dhlattdr fﬁm@ esd fsadtskive
e |1 um patil o e ensi
e TS ASHO AN PRI B Do, his
redolldtidn Woalt by Ebnﬁﬂhélﬂﬂaﬂbﬁl fow far Hdsién syhtel) tginis Iqﬁﬁeﬁenﬁiciegtt forethle
ano r ¢
fefig Cppaon Bl SR RRElr RO a Vet Re S et an XBIRE,

Elesuidzhigterfocelaod! safmate coﬂrtrog bithet MG Oteyn erplembrEidsbyame ofused

RNl BB LI il S i i
1.QUaperty 2604 which isgx@rparated dorgin bamferpmut si gn aI 926. On e
suchy 19&’459 e tﬁét%z?ﬂlungﬁa@lopﬁo 8 RixpeRsiRy Y %reg ri ; gidabh 6 2flow

(Figure for contro reject actua nput
sheyt glwétpr @296 Ip %luﬂﬂmﬂ‘é"é@b@@n}ﬁ?%@/?% O%Jthe%feé?‘ﬁ é‘fd Ithng ger.

opSFatibS R €30 EMmEmBled R ukdMRHE eyFaﬂ@IelﬂEeQ{IQﬂFJEDQS RERUficHes byeatlent
to capture and store a

ToclpolReiés I PRRiies ﬁlﬁlap&r%hblgh%tﬁs@wga%%nsﬁ&g‘éerﬁegmamem

de@ieéallmemﬂ;&{a,ncorrprl ses a DSP 900, i nmger 960 mermry

910, t ed | t t f

oL B RRRChE e EROC b Bty kb tei
ozoreai a4, hud inpun sigyad b2s. @rfe sdd)glutpat 51ghal @n _be wredl tmdxrcwgleblgnal A9t
(1‘J eg}'%e lé?or co o??fq'ggét atcgq%gﬁlg?t s%n 86865}1 Lé@s{ac{ BtovRe aIbSP

rgure conprises a
a@@@ﬂﬁmgwenory 910, and aSSOC|ated el ectrica

| nt eff a08sre nﬁékfetc Qdévﬂégf&&ffﬁé 0B QTapte Ind \§rEh digid

out put signa es nme produce an out put
gy Arithe rllelstwﬁ%mt@dwntaﬁ Fighes| Syigpage capqu dewics 98P capRriggsia RSP

908, I 538 therRiry 510,944 SssSviatddWl dRiribal &8s @hd Mafé@xﬁﬁﬁdﬂ%@ss
an |70 npdul e 920 and an out put si_gnal

undSSEITem A0 IPyZST PTEIdES SRy farepplyoigs &tg“i% H@?’énﬂfd@g bot’
ndtBimtedio taQighaltiMage. In the illustrative embodiment of Figure 5, analyzer 982

comprises a DSP 900, a memory 910, and associated electrical interfaces and software

m(l)

instructions.
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5 arrangenents, devices, and software instructions

that could be used within the scope of the Vision
w®edosa243n6 Met hod and Apparatus to inplenment anPCTEHE®05/019764

capture device 980, analyzd? 982, and out put signaler

984. A variety of engineering tradeoffs can be nade to

provi de efficient operation of an apparatus accordi ng

to the Vision Detector Method and Apparatus for a

specific application. o Consider the follow ng

def ABidell 888ih af? ot Glzhdld pﬁfwd%ﬂﬁeaﬁgd pRsaabdin@tpdsignlle
portion of the_object that nta|OE§the vi si bl e

relPERR T ) VB 11 S Pusteagiye A ity ARG tHe
cofpfides &1 /Oagmile H20 ahd Mought sigael e2ns 950 so as to achieve

goo the avail able r on of er. 960; 5
e f&é"c‘ulfg%‘f?dar?m% rgm%elﬂ@h‘ tg%re %eﬁﬁf’ga%mé’fe error;
arfangdests, delviess,tindsotwareibsmuctivbs thataowd be used\mmlh theacdpe of the

.abj Wiale | | |
V1818+ éct%%orell\geﬂlody ?%?Eﬁréfusbtf nﬁﬁe@rﬁ&@ 1&8%%5% gdg ?nrﬁlyﬁg q
sshyndeutnef sigtaler pa4g condi tions; 0 p object pr esent ation

r at
o A PHEDE bl 5 LA DEEATHERGL UL B0yt o
appisptecaccariling torfbe Wisior Dalselpr Metbqdessd Av@arwséwwpe%ﬁfo@élﬁatwn

c&ﬁﬁ@rqh@fgn Smi@baes; and r mninum frame rate,
chosen on above val ues. From hese dtehﬁt: ni tions

U Ban BREDR oo oo by e RoriaR gt the obiesy thy cpptains

achi eve \@éﬂﬂgfeuﬁ&s w‘betlﬂgemadeteab]hai lsyambsuignmméal t he

i mager, i S desi.ra 50%.

dynami ¢ rf‘?%{féa R af the Fegs 9555%7'76?11‘%135%@8{1 Y gg}e a‘f‘ulable
Ther ef orresolition &f ifnagdr b O desirabl e that the object
noves no n f the field of
vi el bet%ng sfhﬂ}:e?ebs\'zsj‘éla\%e ergggnaerg%?ﬁ og%rr(% lustrative
enbedi medesiredmepiswmeadvimbenofi frarees imivhyolh edgle object withigpically he
5% and g7 4. This inplies that m 5% i.e. that one
woul d choose a frame rate so that an object woul d npve

no Wore $PhWRE '&b’tﬁ% olegisys a pykiplefihs FOWe sneiniaiesmingd by
manuf actlggdupagmg%éynglh%s wer e such t hat s =2, then the

frame rate r d need to_be at %s roxlmateJX
40 i nmesobjgskpresentation rate, generally determlned vy m turing conditions;
m maximum fraction of the FOV that the object will move between successive
frames, chosen based on above values; and
r minimum frame rate, chosen based on above values.
From these definitions it can be seen that
m< 1-b-e¢ )
n
and
r>2 @)
m

To achieve good use of the available resolution of the imager, it is desirable that b is
at least 50%. For dynamic image analysis, # should be at least 2. Therefore it is further
desirable that the object moves no more than about one-quarter of the field of view between

successive frames.
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obj ect presentation rate/?. To handl e an object
presentation rate of 5 Hz, which is fairly typical of

w0 pabaa243i@l manuf acturing, the desired frane reCEUSINOH/GCI764

be at |east around 200 Hz. 2This rate coul d be achieved
using an LMB630 with at nost a 3.3 mllisecond shutter
time, as long as the image analysis is arranged so as
to fit within the 5 mllisecond frane period. Using
avai |l abl e technol ogy, it would be feasible to achieve

thi f b AhSrdiS aﬂbo%nnénmnaaevmg RlighgbdiP= 5%,,20203%, and n =
40, 000 pi xel s. he sanme illustrative enbodi nent

4. Bhigfiraplipg th @t < 2% leecﬁlatwp% wand ghaogn fFamedatg fo that agopget wopld
mai@ b fn%fé tﬁaﬁ%ﬂ&t 5%@ thwalvcbeg&-e@ﬁmhe@ a8 naRRRESNE eamws MoAeT)

could ha this rate by usi

su@h thée) ﬁ»@%@%@wa@ﬁu‘tw@ﬁm th b%\ﬁé?aﬁépplpﬂna@w%él g&e

obgee?fyaéibmmh rat@;ﬁ o Mman(bbjé&%@es@lta"ﬁoﬂﬁl% of 8 &, Whibh lsm@ n -
hat, m <2% . t he d

h
‘YH“?%ﬂfé“‘i P8l iy aat%%aﬁlﬁ d%&@%@@@éﬁ@ﬁ%&'ﬂ?? SSJF*’M%
Thi¥zrate CotAZ e dckighied ubRE arsliNID63VRiith Agmdst gBLB aulﬁsaem\mmeumw,

ot i v ane St wides o MR B8l GARE BTt o

U sMgeivlalable sschmobjge.dt woudd e fessibixt to achibveuthist thie msing angwagse s
amMﬁE%C%hzﬂmﬂﬁﬁHégém%gg'c value i s a nunber between O

represents an estimate of confidence that
s omiWithyleecsag dlugttative enbwdinjest and g bighes obiggt peesegtation rate of 12.5

H% hg%g‘lﬂegﬁalﬂé g gmfaeqﬂ%ﬁaptprb%na&ég%o@mdﬁ L 0B6305c0hld Hhdle

signities high confidence that the condition is
thxsaatg@usmaatmm@%w@ﬁ@onﬂéh% signify internediate

| ev e shofkr iRt vd @A683imdd onbRight Endbdelpi=ars 9Dk RABY%, 4rdGi=C5, so
is a subset of fuzzgH 0gi. c, ere the gonfldence

thetzt §&%- Wies T 88847 o &W- thedgsined Irame zpigiweuld sgambeablesst 5y

qgﬂpggk b pgescri bed herein that uses fuzzy |ogic
values can use as an alternative binary |ogic values,

F E A Ioglc nmet hod or apparatus using those
Qﬁﬁ 1 §51acé% W th an equival ent binary |ogic method

Or  GRRAEhies ﬁ;z]i}’%gu?e‘ier@nﬁ%'ééd ih Qﬁllﬁsh’éﬂleléﬁﬁaocﬁﬁl&lt ekagmhed
fromTaw neasur énents USIQ%Ea t hreshol d,

ew@g@e@n%lpli?e%dga\e@&d%ﬂhﬁ%lﬂgébd%. thefran o Qlﬁcffsmr?églﬁaﬂ“ﬁ%hethef it
ﬁ@ﬁﬁgekmg to Figure 6, a graph iioo |IIustrates a

fuzz esho d, The, x-axi s rese

§{? 1 1ugﬁﬁaﬁﬂ@Pﬁ QV@G(%Ti ﬂ@ﬁ @%ﬂ %gm $zzy
cdnﬁ@én@e Malsoige sp‘ehﬁ@ch)ndlﬁoﬁs frue) &t vatwe ofvh 9 srefied hiphiconfidemde thatthe
al.l. possi Ie r.a n </<
copaipi i O G P PR B RO el
vﬂ@ﬂpghﬁemmmwmmn&wuepﬁmmﬁﬁmneon the x-axis, |ow

thr eﬁlh l 51%1131-10%'85' glsrys%lettotﬁ fuz%hg%lg &Here%nﬁdence values

corresponé ts on I'on 1124 and 1126.
ar® hestritied woyjust A pwksih dheteforgnany emu@hmm despriped haseip Hakuspohizy =

log}c@[ﬂum use as anEbﬁlcex)natlvle blnax(y:faglc values, with any fuzzy logic method or

apparatus using those values replaced with an equivalent binary logic method or apparatus.

Just as binary logic values are obtained from raw measurements by using a threshold,
fuzzy logic values are obtained using a fuzzy threshold. Referring to Figure 6, a graph 1100
illustrates a fuzzy threshold. The x-axis 1110 represents a raw measurement, and the f~axis
1114 represents the fuzzy logic value, which is a function whose domain includes all possible

raw measurements and whose range is 0 < f< 1.
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-*0 ) J Note that this function works just as well
when t i <to. Oher functions can also be used for a

wo ez 2436 eshol d, such as the signoid where t BETUS2005/@19764

threshol d paranmeters. In edbodi nents where sinplicity
Is a goal, a conventional binary threshold can be

used, resulting in binary |logic values. Fuzzy deci sion
maki ng i s based on fuzzy versions of AND 1140, OR
1150, and NOT 1160. A fuzzy AND of two or nore fuzzy
lo gIrPan\{misHﬁﬁre bﬁb&dﬁﬁenma%%ééﬁdw@omp@l% R0 Fuoeds s&?vﬂ &1 the

t he maxi num val is 1 - Fuzz

-, PGHERE IS ¥l G e P Eo) e PEny ah s
fuikiBn 118640 i1 &% eithe Rz Pihatdldlcan beldéined byl tiséquaiony e

enbodi nent, whenever a hard true/false decision is

needed, a fuzzy | ogi CI%QEH ¥s'eopsidered true if it

is at |east O. 5 fafsel ti-gofeps/ than 0.5. It wll

be clear to one skilled in the art that there is

not Miotegha thistfurstion widrk justiahwell whands< 0. Qthet funchens gayealpoibg

h herein. Any nunber could b

usgﬂﬁgg %ygafgg%frdessug%fzs% N 511%%ugnf i dence that a condition

is true, and any dlffergpt nunber coul d be used to

represent high confidehcejtdét-¥ie condition is falsa

with internmedi ate val ues representlng |nterned|

whega/@nd ogre thrgiheld pampeters 3y smhedimentsaisreipaplily § 2gp ’L?r e 7

cohwnﬁ&ﬁmﬁe@ysm&@wuﬁ&h@sm& rés%lu‘ﬁ@ilﬂﬂxﬁ?‘y 169& vaweaam c i mage
analysis in an jllustrative enbo lﬁﬂ 9ﬁhls
T

enb SHARApRSIOBRkHE & Raredon fuzemfws Yiati%g YRY,
1160 AtfuA@ ANBAE twdlor nhdte Rilbzyd6gi€ edlyes BtheAmisidiunofalue and Ialﬁt-ny OR

t d t.h e 2
is h%?’fa%‘%g’%l%apﬁz?’%(ﬁg tlsafﬁgtl:e :1 néc FED fnehg%l’go? n r ma Mon
fueayrigyic wilwgare wistieted ® tdndd. an obj ect is located in the

f ! elhgan 1Ilus¥rl¢1t%eh1§ocﬁrﬂérh %emgloﬂaﬁﬁ}ueg egﬁ&él&plﬁ‘ﬁ@édgchﬁﬁ;z

on conpri sing evidence re e status
logit Vdme leb?néld@feti Euecéllt iseblle@ho dfplecif fhésdess §ewP&. I n vari ous

| ySERBE b odiitER iR artttlﬁ?thgl% ?strfdﬁllr%fcnﬁct&?aﬂégﬂ th&¥alues 0

conpri ses ﬂ%r or not the object satisfies
ar\dﬂ% aved Mﬁmeqdilqnévlrhafu:@h B@&mw APPRETHET eld D ysed i rpreseph
hlglh&}nﬁ@nl:@ﬁ%tﬁgondﬂﬁn%&%d tgﬁsﬁdlff@a{t Inﬁrhb@ Sodld’l& usalstp edpasén
criteria is so ai 0 nspect
high g dence i GHREORRSTt BbG DK YL TP B infppsiat
ledbrebifRledcepass pl ot 1202. The horizontal axes of the
two plots represent a frame sequence nunber z; each

T | sented by a vertical line, such as
D%%%%%?E@TA&@%§204 In the illustrative enbodi nent of
Fi g lngeue?i ﬂ1@d@da@§ﬁo“d@%&ﬁdehmel%@u WﬁﬁﬁﬁmMyilmlm
e P i S5 g ¥ B,

must be made:

1. Is an object, or a set of visible features of an object, located in the field of view?
2. If so, what is the status of the object?
Information comprising evidence that an object is located in the field of view is called
an object detection weight. Information comprising evidence regarding the status of an object
is called an object pass score. In various illustrative embodiments, the status of the object

comprises whether or not the object satisfies inspection criteria chosen as appropriate by a

©))

“@
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conputed by the vision detector on each franme using
met hods further described below and in the Vision
w®edosaz43n6 Met hod and Apparatus. Cbj ect pass SCRPCEBESHEN®019764
fuzzy logic values p , representing evidence that an
obj ect satisfies appropriate inspection criteria in
frame /, and are conputed by the vision detector on
sel ected franes using methods further described bel ow
and in the Vision Detector Method and Apparatus. The

uséfe[ﬁttﬂe?@io“?i‘ﬁg an %ec?ﬁlht%&t‘sﬁQQB@i%ﬂe%n Rfitefia id MbthRPERBONT S

and the vertical axis of o bject pass plot 1202
P@éﬁ‘ﬁ@ﬁ@‘i‘t s/? . In the illustrative enbodi nent of

FI gﬁéﬁe7 shcfv&saws glowe‘at @ cfbnDlRN B0 G ediyagchlA elod ke
fer to the above descrijption of Fi

hoé%ﬂfahﬁ‘ﬁi pldhe B plats rFl?fése‘Ftragf?‘B?)seq“%F n‘r“B éf’@?f%@mnglsl i ne
repkésdded¥ied Rrtidalting, shch 8 e}ﬁhlrr[pletlﬂhd 1206bj ect detection

S B T Sh e S AT LA
vamm:kl trbmsentmg evilenae thatae object nselscaeedm bt BOV éniframe iopdrare
COI%IR%‘ZCA beﬁ%en ¥1§)10n ?‘%&% hgl{lg USSIéEI 9 Hgfuiltﬁél'ﬁesc &d%@l{m and in

pass ts are only conputed
th¢ isiom Defecter Methereand Ammtes Dhiegt rass 8epERs @ effew qgfc vEluga e

re%‘%eﬁtn)g¥ylﬁ&ﬁe ﬁﬁf%%‘)ﬁgt Et@ﬁes%bro%ﬁa@ﬂﬁ@ecﬁ@ﬁ @ﬁt@l@:{ in @am8 Ptand

al |

arg ¢panpaied py/ e Msmégte%m adlgstsd éfamés Yspg nieﬁ@ﬁ%@{“i‘% Hesgrb e

befw Bl § tﬁ@i’ﬁﬁ)ﬁ DefStofXiBthéd 8 Apbiathd) TheRal ABSE bbjdth uesmuon
of Figure 2, the |sola§at ed Jipactive frane 1220 does not
Pl‘?"éi'“’l”rf‘i?@@"é‘“t‘ﬁé“‘i‘ﬁ%ﬁ%? Bt of ppject Ress Bloh B TR B obj ect

i's IMQ?dsﬁaﬁvé @Y&f didRervf ﬂ@gﬁcﬂ £4nds fwﬁbﬂéa Hoisrhe cordidered active
active franes.found exceeds sope .fhr
e Attt Aosepn g L1 BSORAtEn ALy /s A
a lirfe 1230 vhére Ui 0.6 j phted. dbjeet(ﬁeteeﬁbnwm@l‘stanmpm scate fonadtivy e

f C d. Th .are
it D SF SR RO AR SRR DGRBSt
franhes wstplotted asopentiols, ferekangfle paigerzes and 1215 Tnkjmeecimbpdiments,

tnb ﬁog&? dl v%%lgﬁ%?ére oﬁi 86 ke o uvfefﬁl‘;mggfugﬁ%ﬁ%eaemm&@m of

ass s S, eac
Flgm Vsbqy@rmhomyuf@bfoeeﬂ fr@t@ls,edtethewr\nei dgpmed ' a@lvat | east

)Emﬁfe%‘f' FREeY, alf dPehe QPR HamBASBRSHohd B RRGAsh&fon bf a
( 5) ere

e summtion is over all active franes.

The
singfl abact; &F explaingd pdbaabpye descrippnof Ehgafgé thp isolalssl wagtivy ﬁ%‘ge

12%&@%“&14&@;&%%%&%:1 each score based on the
confi dence that t

hj .ect ally did

cor F‘é%‘f?(?ﬁ’(??ﬂ@‘e’ft’raér?gleall e‘gﬁ?d Q*l“%"r l?vf’ﬁ'i‘ Iget%’?%&eﬁwmber (%Eﬁcnve
frls Bfind exiceddd Q«gﬁdthiegmpms aﬂdﬂ&pﬁﬁﬁddﬁﬁént fn stiet B yeipaige hok
b G aribe BB SHIGE Pt b e B s Bimel Bk iedsBomp
tlmehoghh {Thesa theeshaidscdre set 1 ap;heprmeafum giveo fapifiicgion.e 7 “the

e r .

o ott g TS EdRAARTR GRS . SO pqet Befelich e ne
walghtecbavelragemf theatbiekt maksseares, ehch weighteshbytbd @meSpp@duwrlemfd
aélectlon \L«?%l{t N & 18599 mre%?ec%@ﬂy &fid otljctt Sl Rl bR passes

Z
Zd' >0.5 5)
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Figure 8 illustrates how evidence is weighed for

dynam c image analysis in another illustrative
wepdsd24asent . | n this exanpl e, object features PET/NHR005/019764

i nspected are difficult to28ee and only appear with

confidence in a small nunber of the active franes,

primarily frames 1300 and 1310, when the view ng and

illum nation perspective is just right as the object

noves through the field of view As long as the

wlff@i‘é' t%esﬂﬁﬁaﬁ&l 18 bef 5195(?% ft'r%ﬁbs thesed ik fcﬁﬁﬁl& 1stt|9 aterdgb the
eatures are presen e
ObjeHGE SEITEnOLt e 8k é‘é’ﬁ"a‘?aﬁegj R tespnidencs B e §bieds raefn i

appdar RaheaBeepMlingtiagle. t he active frames will contain

t hi dence. hus vera ore i

not TR Sl py e b Be R RRIERARR ERP b s or e
objpaigmsststieesibjtdest O ﬁ‘ Thik & epmsaie%tocarm@%d@mﬂgewmm all of the
welnx? hoI in any of the active franes, but this

i acllfll ve may pass objects on the baS|s of too

i ttdthe exvinple e Bigurk f, théreeighted averpgetpassecaprs @eupd o 86, gihich is
plgtjteg Hfﬂﬁle 3240 afh%hraﬁ%r @f’acﬁ@x{l £ is1€, M8 1R alloBjett28erion Weight

|s based on the fraction

is med %% hﬂg‘ﬁ grvampts; agtebjeqirindeiocienand passes igwestioni s at

| eagiobre sllnumgesqmmeﬁc% id w@@e&f& @ynﬁﬁﬁ:ﬁm hde aekIpslis ih SnofMer
| east sone threshold t the il ustratlg gr@ i ment
ﬂlwrmmeg@b@ins% 12 s gl el feappsOPng popsstef PG R ANE0 SR
and @ ? R vathtBaRhe!ifla mdliafumb&ios the agie mﬁés;ipl’ﬁﬁarﬂ.ﬁ)ﬁ/ames
ior 1S o(Plalned usi ng,. di.f f

1o Y, g e o Sinaton Sk iy s A moyes
gSthe fixtp efotidwo As idng abithe evdden bt i chifficioht mhsef@wefrmss bt the
fe%t{}rgﬁ, aéeégresegtv\ﬁl 9{)‘ %gh d&)a%??sgec'cn& rﬂ mrscetngnowﬂfegqst l?odwa to

propfiate in
kroaseaivarfee which gfibe aomaé frges “ﬁlbton@ml'np Bedftnce: Tbm/&velghi@i

av@ggee% sl\%er ks ngﬁéipfb?gﬁg mttﬂs > AnlaRERAGE s pRMY objbet IR

e wel g Nt corres onds to
PasTIchT excheds Aerme treahold mﬁ@/ qfﬂw%V@éﬁa@eﬁ: byjthis dliggajive maypassy

ob]ekQQn/%etst@s HdAflle MdehcePnhd iEERNe bRbRREST bMNBGRLES, 20N
i f of the active frames have a pass score

Wﬁlﬁlﬁ?dﬂeéce@'tlem%‘f‘?se The object may al so be judged to
Pas Thé WapRed peffntilé mEdhpd is baseQoreiné Rictibin@(p) Chiorahwelght whearas
t hat any a?tlve frame has frame a pass score that is
mﬁ?”f%&’?t‘“}ﬁeasf’n anot her useful variation, the object
is judged to pass inspection E?@ced on the total weight
where the pass score is at I@asp p , instead of the
fraction of total wei ghQ(P)I-Trtzg_‘alter nate enbodi ment, ©
a percentile nmethod is used ,séd on a count of the
frames where the pass score is at |least/?. This is
equiThebtaest is fusiged tawpsg B Q@) ip atrenstsene traskaldo in thinidlpsitativeg| |
al £8010F for
o, ST ikt RO, AR b e R
thisispresvould®s 1§en det ect ed, and whether it passes

I NS RREHI RaviR iobtatc® ﬂﬂl@éjdlﬁéier@ %200 bES F&tfexansd, ulr = 50%, the

object is judged to pass inspection if the weighted median score is at least p. Weighted

median is similar to weighted average, but with properties more appropriate in some cases.
For higher values, for example ¢ = 90%, the object will be judged to pass inspection only if

the overwhelming majority of the weight corresponds to active frames where the pass score is
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enbodi nents, but do not limt the nethods that can be
used within the scope of the Vision Detector Mthod
w@nasAppBas at us. For exanpl e, the exenpl ary conBCEHOSH05/019764
0.5 used above may be repl 8ed with any suitable
val ue. Many additional nethods for dynam c i nmage
analysis wll occur to those skilled in the art.
Software El enents of the Vision Detector Method and
Apparatus Figure 9 shows the organi zati on of a set of
at ﬁ%ft puRf £= %O%Tﬁl@to&] edtSvillbe julldc@ 8 1h§ib§<§tifoﬂ i1l 6Nl obthe active
rrgadter readabl € medi u @ an |Iluatrat|ve ¢
P AB#E SOEs thitt 1513 eest p- r%ﬁ@ ect éls? PRiyseer fapassdpspegtioni
Q(pﬁp pilegter (R, GRIBH fedns Midi My active Gank Bas fhine a @hse SRS that hseay
be |nplenented using a class hierarchy in a
leagtdhvent i onal obj ect-oriented progranm ng | anguage such
as Grahothe&Gsdfilabritias, hheabjechiejudenepissingoctioadpei ds the otz
cl,ass. wever. .a C b] chni que
welgh gyvgerre Flg%su ik l%ga{%ea% ﬁlgt é tfgle?‘rg‘%% %gIH{aE‘ ?’ﬁ%ﬁp rocesses
des hrantal;etndrieﬂmmdunems a péreangilemzethed is usddebased on wicount of the

frag'l%g (Vﬁegf g? ECOheSi%‘&ée gﬂ%gm é?x?t% a edgéﬁ tﬁpﬁtﬁ&lﬁﬁt

ot exi y themse ut are
thedallt(zfﬂbmeightsmﬁéte derived cl asses such as Locat or

cl agfe éb%@descg%)ééﬁ SPm¥thdd3 £ viithing eRONEEH deRRKIRSERMher an

dynam c ob hat can be created and_ destr ng@
obﬁétefaéaeewetﬁq*r’éi He ayhether tpapses ingpechonagte Bispds éé‘r”fa{i%/l es
entbodiivhts, Sﬁpdo ot 1ﬂ§1$ﬁ§ niéthBJl‘s tRat d@3@ckdbaththahe scoptcdT iRV ision

| nput cI 450 rese t static obj i at ed
DR Mo ] APRERVEGE BEEIPIe B PP b DR ga £
beﬁbgl&bed &maimylam&blewalaé Mmyl additivnaitmdiiedcfoedynelicimage analysis

t.he user. Al classes are derived from
W’&% ?oytg? 8@%11‘311416 ind so all objects that are
i nstances of the classes shown in Fi gure 9 are a kind

Saftfwaediieyesnts of e Yision| Detpstor Methodand fippaipiient | every

Gad has, a nanme,. th n by the user;
2. %%‘é i the FearaEon @ afﬁfgiﬁ’?‘i‘”sfﬁu Iém\/% {f‘g PERET™ can
mhﬁzcmme af mn@uﬂelogadable npdmmbgsed)b)rmnlhgaatg'e eimbddimena toeanalyze

an cont.r o t of
B AE L, SRR, B o S et Fhe OBRn rifloe
iniplesnentpdnsirigi aoinss Herarilaysin @menvsmmhal ph]eqmméfrd nregiaming lapguage

u'gl?&(t++o d M 85ch omg elhﬂ&itsccoﬁjégpgﬁﬂfs 1d 4 clas€ Holwdvet an?lgaptalﬁ’@ d

be run, I ch causes its |ogic output
prograraming tashrique apd{or lenguags camherusgdso cmgautﬂl? Wﬁ%@s flgscrihgy
nedid for certaln Gadgets the contents of the current

frame, and wh al so cause_ side-effects such as
t he Asé{ustrig eJﬁsseoeﬁw@mdﬁmd bordgh sch aﬁrﬁ%dgstélassolrm 0. A5 PRSTRG g

bae gasaéégha?m &iist b? themsemvel B aﬁaut@ér? tt@aldllyfcbnm@an_vecmzams
er eterm ne 0 ara e al a .1 npurs 1o
sugh skrgueT Feav P Clrrou it 9 Bt e O maiebiool il dn b6

created and destroyed as needed by the user in setting up an application, using an HMI 830.

Classes with a dashed border, such as Input class 1450, represent static objects associated with
specific hardware or software resources. Static objects always exist and cannot be created or
destroyed by the user.

All classes are derived from Gadget class 1400, and so all objects that are instances of
the classes shown in Figure 9 are a kind of Gadget. In an illustrative embodiment, every
Gadget:
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is run. In some enbodi nents, a Gadget is not run

during a frame where its |logic output is not needed.
wab@sRhst® cl ass 1410 is the base class for al PCTASYEL/619764

whose | ogi ¢ out put depends2®dn the contents of the

current frame. These are the classes that actually do

the i mage anal ysis. Every Photo neasures sone

characteristic of a region of interest (RO) of the

current frane. The RO corresponds to a visible

fﬁahasraenametﬂah@nebbmdnbtjmebgerj nspected. This

o oy 6 i Foeo el et Pl et by
out padgetbyo m&amﬁigméntsamﬂmml v sipellssl, cal l ed t he
n et of

o B B 3 0 i e BEP R Bl hs st

omt pastone fuch phmeter tkm:vankb@ usﬂdewjlntveat tpe bgicdetpen.d 6reeNO);
gladed i n maki ng judgnents. The Detector class 1430

|s the base class for Photos whose prinmary purpose is

t @ ranids rere avbich ersestiis lagie oapuRobe witgted basod eftitspgiapaligts cogie
nb g@ﬁg iff aﬂy,rm&foﬁl eedaha(tgﬁgevesttﬁe confRni@Bf fhk Llufehm&ﬂevm which

I ment " al Detector ROs are circles. A circular

e
RO ™8y Akse Pafuﬁeessdetqﬁféctsmésaherﬁ@%ws efrupyi sl here is no
neeens st oAbl th bﬁmo@hslgwrammglaadhmg D Bhc¥, iR Bieortéa

shape, si at .the us tector
Il a‘i“??éﬁ%ﬁ&’!,[] Bharba t g ‘E?F‘éﬁ@?té? begire i SAdeet
is Rl In sémBemEddinidssa Galgerdd it ruh4idfing eiane vtredts Wi Qiutpadlis not
e%g rage or percentile brightness in the RO. A
n rast Detector 1442 measures contrast in the RO.
An HitigBhoDedlass 1490 is bddservbasior gbGadgess shdse hgictosipwivepdnds dre
e r l: L
G 3 hy iy A FASe 408 BREChA bl o el gAY
Etegoltotd méasures spmg nldrak@mtla oa mgioh ofigterest{BOD of e Terrept faame.

Tl%(ﬁ%%ﬁ’és&&ﬁé% mﬁlﬁé‘feﬁtﬁretoh SheDbie&d bd RspdbteL ik BasReent is

| ooks re-trained pattern selected by a user.

cafiprbthe, Boteys @f@f?g@wwwwd’é@@ét@%oq@t S PIpRied f&%%@? P3log
o@ﬁﬂt 6Y\madRsl of DfukAYehrdéhsld QaldaaheschsaividVBi-43asld, Anglis among 1ts set of
par a us. The Locator cl as @20 r epr ei)gnt s Phot
Pﬂfﬂ%ﬁ‘% Fean %coﬂﬁ? ?v 2 3¢ a@]@ G opipat gt aPlgio fan e gsed o
pipVidsiteRne tb Bgised muﬁmgjddgraénts:an provi de evidence for

k ' t . b
oy TBE PRECIETS o EBE ef ol o5 Y Wb R BSPese i F ke
medsuramenthin e ROI andtnevideieeil ehcofo beiugad immaldng/judgnents. In an
111&%21?\% e?l{bbdlﬁ%nttaﬁ %eterc CrOM ?ule v rgl& gfmr&ln%h < 51 Elﬁ&ttﬁlee r

nove SO as 0 trac |t|on of
xmp&ﬁeleotbjmmecaumyert soanesd todaal Wigh notsatioh, ﬁmirha@ns prdy ongrRQJot h

: eaéﬂﬂﬂﬁ’és whil 1 rl‘lsér hheU$ fehAl D&t TRadlEER nkma@m&g&ﬁfog bind

one-di nensional range in a frame for an
dlé‘é@@OfﬁH@\Oéearch direction is normal to the edge, and

i s mﬁe&%a@e@f@ms RbSBurbOa \b&glﬁé?lr&cvérﬁgéro@ger@éﬁnfelbﬁg}u&@srm

The anal og Qutput of a Locator is simlar to that for

thg ROE Yot &%fpr 14g2gpegsusescontragt ip the ROL Anfidse Detgeler 1144
mbd3GreMhs bxdht foaliBE RS ROMbIE Ukeuihckd AP @ kPecifis dirddien. lANgpot

Dgt[gﬁ%%i ¢ % ‘I}I?eg%l&g ﬁmggt%g&é @(,f'lgtﬁﬁ 5& l%nl?sl like & ?ougus~I {%aﬁlxrleséuc% as a hole.

A Template Detector 1448 measures the extent to which the ROI looks like a pre-trained

pattern selected by a user. The operation of the Detectors is further described below and in
the Vision Detector Method and Apparatus.
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trigger. The Qutput class 1452 represents out put

signals fromthe vision detector, such as m ght be
waig@d/1231€ont rol a reject actuator. There is OPEI/BESEDH/E19764

i nstance of the Input clasge6for each physical input,

such as exenplary input signal 926 (Figure 5), and one

static instance of the Qutput class for each physica

out put, such as exenplary output signals 922 and 924.

The Gate base class 1460 inplements fuz2y | ogic

deCii 1QRatbRddsd fh2o fopednERhRos iR have ew@pmﬂaay Purp@ex. The first is

s_than can be connected e lLo out
o Bofhe SUSHIGUISE et GOHPTPU S4oS TU Re BB AL T 027y
caﬂl\@_ﬁse(bM(eTﬁRﬁDSte@(ﬁr Thepadoadri tedetdrinat e latatin (1f amobject in the field

co ur.e. AND e 1462
S R e T S s
as maexh’me positionilo€ thd ubjge. A:tiya;@satdm:mba used foeeitharse both aurposesr

t bt s RB b8 et 1 o SELRE! £k o108l e B0 hame

ass es 1 nplenment dynam c
for amgdes. ahﬁaaegrsh @relgyonmncgmalﬁgthéwaﬁeaﬂé i apag the prrapeies ipde

cofniggl ; mueakﬁle ﬁohﬁc{mwﬁ 1966634 SRfar t(Eﬁiﬁtrforldd(m Dasc.

n ut to user connects the logic output

Lagfitors allﬂtf@'fhér deperibaginghe Vigipe Retpgjor “@\eﬂ@&t"éd PRIy ovi des a
| 0girkinp @ IR mtre;meﬁzé dig@lisSto tHeSiRn! d¥teEBO§GE aPi@xternal

ot her G%tes The (Obj ect Det ect 472 eC|des i f an
triggsr- g ORRut %%H%f@?réﬁ% aufp‘ﬁﬁlanﬂ#%%’qwf istopgetectof, fygfues

mibft 4 uskaaé EbRGoll Arejedt aRt@RGETheteiS ARG atiOMstAive of the/Input dessfor

to .the Cb ect Det ect Jud
e SRS a8 S A S B o
thé Outpiitecl4sb foe edcRabwicdlugitpat, puch vs ctespliiyeuiphi siapals p‘assd ®eor e

for Th &E&e {)asgnigsS JJH %f‘lgl‘grg F]S aﬁ&% R)g'fc dg&sﬂi \Nﬁ&%r? E&{h%{e%% one

Judge® provides a ment
ormauge logie mpntathen canrbe@mmeﬁwe ﬂ@ﬂommtswé ﬂtherc%dg%%l Each logic
in) &%&Pdétm\)éﬁ ﬁ\%ﬁﬂqéﬁ’ﬁ L NGeans Jﬂ%aﬂaﬁ@t@ﬂ thé a%@ Garonfidd€s. An

ul'se occurs € 1 nspection of an object begins,
ANB(Gateadqmnplements %@Z@rfd%pp%ﬁamw @ QR Gfe S‘iftb milﬂ%ewtj dre
fugay GH06petdi6n.trai | i ng edge occurs when the i nspectl on of
an obj'ect i s conplete, for_ exanple at

an aﬂ% Judseqlasp T30 theybgse. gt B figobigetsy Rrﬂ% 8%6‘68?5‘&5 fudge
147420 ﬂﬁmctpais hedge eardli JagseeiipRneht dylenipltagearntysiv bg weibieing

ection_o ct i sc | et
g e A fipupd cRRTEiary i Eacs 184 GBS Bl
totwhidhlaiusg cemhgas the lngrc&u’s)umf aPhoteorafmpertypidally, a Gatgrthas pramideser
at .the end 0 ol I c output of the
o SitppEEn §f Gt uBlflpRiapd il ® 0P O
whetThe ObjettBetre Judge w@duetcidys if ansqbject hwsl besh jdeteqtedpansldled.  The

Ol)ﬁé{ﬂss ﬁx{&%&!@?ﬁ%«aﬁh&tlﬁt ﬁ% Qm@%@hdnnﬂ[%qgélé Bput & theObRADAE:

or exa anaIyS|s step
Jx@g@promleg thebiect dsteetion weighifiorase fanest alwldw Ipgipingat e R be

5¥gaﬁﬁﬁg£krepresents an
e i St Jla L gbe

f eatgfll?P @g@mjrpamf ﬂﬁd?bé%%%gei’z%ldew pHsedhnh

Rl EARINhAE DednBRHAE I Biid Midlicloheper3ha, Oled ditbut Ghedl pﬁmbﬁmg’d than
an HM 830 for a us r to.view

e LR A oo e SORET ) B B Py B B o e

end of analysis step 540 in Figure 2, and the trailing edge occurs when the inspection of an

object is complete, for example at the end of analysis step 548. In another mode, called

“output when done”, the leading edge of the pulse occurs when the inspection of an object is
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an HM is called an imge view. Figure 10 represents
an i mage view, show ng an object 1500 containing a

wo 29811248510 and a hol e 1512. The object in thi BCEKS20pS/@19764
contains 6 visible feature27to b e i nspected,
corresponding to the two Locators and four Detectors
further described below. A Locator 1520 is used to
detect and | ocate the top edge of the object, and
anot her Locator 1522 is used to detect and | ocate the

cotplEB ol QiBple A 1R dnd BE HEHSs 58 AE hWiguddB And e SRk ddge dvelrp

detect_ the presence bject. In this exanple the
sompRERg Y- $’§3W5Hf Fe’#rquﬁﬂ"t ‘lﬁ‘é’ $bj ect, and the

S eMBhietlbgid duitputt B BSOBIbAPAsSTulg provadesa Bavelm@uirﬂhatemahmﬂle

bri ness | evels, Wt h ut nve 0
megueaty ettt st T S RV il g bR Br b
objé&ﬁ&(@mplmdfor Fagplchethe titof badytsetep 548520 and 1522, and

t he..Bri ght.ness Det [ C

o cTiEe F0 5 B S bfow Pitfhs cRTREA I, ool fEACFigure
10frepmsmandmwro:f blgjert e I(om F;gu@d mcpra@mnmbeé Esetyre sy hole

feahlﬂﬁ? ﬁ4tv%mcgg}ge%ﬁpo{ E gr %%@ﬁ}gﬁn‘cg\% ﬂ{elﬁlotlap lafa & gé&aye%ﬁ B LINE

nt rast very low, and
s3aformuser to sisntand menipwate. radieplaot P@H@éﬂ %ﬂévpeﬁmg?ﬁéﬁ* grapliy 9B

mﬁﬁ}jﬁggaggd&q;ﬁb WByso be used. An Edge Detector 1560 is
used to detect the presence and OSItI on of the1

151 5iguefl0 foREssquiFB imags Viehs BRIIne R SUIpR 4700 pagHutRe & a0
anBQhb18 9325, ghé Ubjecﬂih 1k %mbleféaﬁtilhy6 vigibla featlires tcﬁ& medtemlg

out put of the
coppBHibneda e i Lt b DR oD St PP e
cor pdakatbrabmlis Wsedtoldetect aaplptatettle top pdgelof the ebgmmhde anottige
rr

Lof?gtp 1?%213‘ﬁggfﬁgéeégn‘“@%ﬁﬁeﬁgggﬂtfﬂr rect | abels are darker

nove mleft to right through
t he AfBr@hniessﬂ)etcptewsalfls tdeé todielpi detectdiest paesense of theebiechAn ths2 2

e Tl

dl@unglgmthee@g briehtesss levels) B the Josis iyEinysEediordsiect fisglrkerobigst

anhotl th€oripRkf Bekerdgi tion relative to the obj ect
Locat or 1520 corrects for any variation i

b or Thgsier Do LpERETaN B S3bBrLEE PrHERD Rl b prayide e

ev'ic@ﬂdéshbéd'e@fd)' ke tﬂaﬁandmjeema@b@nbamd B furthaedes@ibad bedlrw of
the to

ori eAn?‘g’Haﬁt ﬁetsﬂv lﬁoﬂse‘bsf‘# %S‘i‘%te%ﬂl@ engs ﬁgﬂﬁ%m egltéf) At e

hoRhiehigsnt il catraktvegRl beivenyldy; andwing presénk thie aantwast Mivhld be much

t.echni s. AP 0 can pbe selected by clicking with a
hl%ﬂgséép%gﬁge‘it??m%]soc%nusgg noved, resi )z/ed and ?ot at ed

by dmasigé Defectokdsko isi userbth dmﬂpmreawmd ppsiiton|of thalabeld 51y 16
thgaée%; B b a,@vg%m\léd%%n% SFbighiadihiotheR 6t ARBRbAHSE

ic Viedw contalining a wring
tthd@rDﬂncwowmééb@mlny to the exanple setup of Figure

10. APBx\thr QD eHRYIRMs SRS vl thipaddehst 126 B vdsPplied. In

|nspect objects and I nterface to autonmati on equi pnent,

thisreranaiiies the GpIFRSEIb S VI pRdaBPeE dRbels AR ARk calpt:
As the object moves from left to right through the field of view of the vision detector,

Locator 1522 tracks the right edge of the object and repositions Brightness Detector 1530,
Contrast Detector 1540, Brightness Detector 1550, and Edge Detector 1560 to be at the correct

position relative to the object. Locator 1520 corrects for any variation in the vertical position
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out puts of the Gadgets. A wiring diagramis displayed

on an HM 830 for a user to view and mani pul ate. A
waele@phapiof gadgets and their |ogic interconneRCT/ORROB0NI764

an HM is called a logic vi2éw. Referring still to the

wiring diagramof Figure 11, a Locator 1620 naned

"Top", corresponding to Locator 1520 in the inmage view

of Figure 10, is connect ed to AND Gate 1610 by wire

1624. Simlarly, "Side" Locator 1622, corresponding to

of 1&19 %&&mtﬂéﬁé’d ofBtel, reBes nﬁgtﬂﬁ%@&orl@&@d oS E foesion bElihe Bp
ht ness Det ector 1530 e al 30 wred to AND

EdQSé’f the Pgi‘é In-generaf bogeiorssap B‘iﬁ“eﬁt?é ingfy dirggioact or 1630 i s
| NV&KieR Ban nipGARWRot0Yin ah an%ﬁﬂie{)v bg using wellLGdAnaMMI as

descri bed aboye dar ker |
gt PRSP Posieces Bhackipg M Bkt = ARk AP ERIE o
resizeq) afdbetited bl hagglmgz Aldditénat madipuleiossfot habtotshes desgpibetdy the
n detected, the right edge of the

t
Vlsé%]]é%?cmﬁas ogénn ?&%tsed and the background has not
beeFigate Eetowd 2 logleaiewronthingig ﬁmerms@wrgrag‘momﬁ)pmhmg tothigr ee

25 g 0 SRR i b s

o

obmm:@amerf@@ KQpufosnatigry aguipments 496 thersprogetioas esgween l?@gfénpllmd
ouﬁ)gts BEmy @igcﬂlre@SA QvnﬁF aRbGmlis d§hieed b 1T B0 For b Qfer RAGHY and

nce the Fogrc input to the Qbject teabfguld e
mapipulale édéa‘éﬁéOché%H&gd i logis nterpenagtions aqgp HMIiscage ar(ﬁ%

vidletector is operati ng i n visual event det ect| on rmde

To ogper at n_exter trigger d n ln
wouRBEHRe sl 8 v serretare (176 ComBl it
oﬁ&ﬁbﬂdﬁigadollsooamaisytsmﬂlemﬁ@,vmmodfmguga M0 k:o:hnbneed\/tp AR ft'iate 1610

o S S R TP e
Déidetor apm lcbrespanding tol Bnghtmess ®etentol 8530 fire Blsgwiredsto f@q %ﬁ@fe 1610
The 10&‘? cqutipor ‘g%’edefé&&el%m 15‘51%:#5@6&5 s&%%? teRBhall Hiie 16598 &

was not Icient t0 Insure that an
desmpwtbovesto pqeteo;t, tha darkegbiecttapranst ¢ behiar bpckgngpal. i ght

res ﬁ'ﬁﬂlg it Qutinlﬂ%f kﬂb%atesldo%ﬂres@tqgﬁe {eva bof ebnfiddnEORL e 185

edtgeg% t}gﬂfqbteﬁz{;hag b%ll ggqute@ tg%ggg g(}ge fgélg aﬁf&‘é ﬁals beehnI dsétectgcll %d t!he

aé(;g?&iﬁa RR30! D6k fiibcRO WhedlchEde@ Gchigh thit hﬂﬂhe%&klgﬁtnmm ate trBy,
di ng Det ector (1530,

requir
coparacs B By g i BoAe e e e o BECEF AP g
is Wired iR (Dt@éctlwdtﬂcﬂudgdlsdoh@be/used R ghechibgrdateptioBovetghifot each
Det ect or "Hol e" 1640, correspondi ng to Contrast
i3 ect or 1540, Brightness Detector "Label " 1650,
c 0 r Sere@thn thigiegnpuoto Brei QijeciRetest IDdgedn th@rcasx%@ndsamdheaﬂlgem

fr B‘eet e 1on fég%g 1&%91%1@31 ggltlal &%\]Bﬁ%g% g T%Q)_?ﬁgtg ﬁloeé(}e(r:nal
triggelr pmtle @xti InphiSiadeet woulé bewiredyp @@@ﬁpgte@tr@ Qpesage]in gpntinuous

I, f eat ures have been
anglggé {ng(?é’]’ %@Bm@té wirdd t@@bfeajﬁggctt AT

pr ovihelghotch @f Gsleeie to Vk‘}ﬁ’s}f% ObiegfPateqt gymads by a pyegbased "PH‘@OWIEdge
of tﬁ%ﬂalp hc‘ah'(;rpﬁltth@éxax%h 6£1iRRLE0tand U] 8 Gset BRPhdvE ddéringdd tht

| ogi c
detectlng _]ust the top and nght edges \gvas not sufficient to insure that an object is present.

l)

l\s

Note that Locator 1522 might respond to the label’s left edge just as strongly as the object’s
right edge, and perhaps at this point in the production cycle Locator 1520 might occasionally
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out put of ObjectPass Judge 1602 is inverted and al so
wired to AND Gate 1670. The (bj ectDetect Judge is set
wo eoosou3pat when done" node, so a pul se appear BCDOS100&019764

| ogi ¢ out put of ObjectDete@? Judge 1600 after an

obj ect has been detected and inspection is conplete.
Since the | ogic output of (ObjectPass 1602 has been
inverted, this pulse will appear on the |ogic output

of AND Gate 1670 only if the object has not passed

ﬁn? Q&ﬁ’@&ﬁéﬁ t@([getu-lr e b&&ﬁb@ndoﬂji fding Qfeteétbﬂs@?h&l ré%imﬁxﬁlg:'?ﬂ thager ed
0.an u iC
coRdifipns by @e%‘ﬁ %‘g?lgg%ateslﬂﬂn‘%l'wf (%gﬁﬁ‘qnﬂ%m%(ﬁg PERedet ect or

t ham tkewiribg diegameCinaekt Deteaat Hylet (54¢ coregspaiding ot Owvkrast

DASEPT BPhr AP Gh BrERY L% dehey O B Ratiffish”
andl Edmsneteemnﬂrabplﬁdge” 2650, varrespandiAg teskige Dahctmalmmpub avired to

tlg‘lzlﬁle‘rf’o é)glg) %’t‘ o te &'6% glﬂb gMdence that all

tec n| ques. e se cking with
three ipgsHatuies bavp bsqntdﬁf@ﬁed; and ipwiredgo Q@Jebt?ase M@g 1643)to PEAYile the

£ eaked by a drag-drop operation. To aid
ob%@%%ggcﬁé‘ opg%cgerst andi ngJ of the operation of the

vi sThlogie pwpytof ObjegBejest fndgateptip “W‘?Téémﬁatéﬁﬁﬁg@e logis; ¢

ou\'ﬂu%f@b RIPRRILAR G2 1sQnVeRsl mabiBo Widdzty AlNIGGQe Yad. U8s . FO r

exanp Gadget s and/ es can be.dis e
OW%%M%@ Fe ko e e e G 5 2 Rkeg 2 B th B oupur
of@bjbeme&audgensoﬁlaﬂetraﬁ objdct haellbédﬁﬁlefk&@dlarﬂmdpéoﬁaﬂls aseplete.awn

w t h dash o0 indi cate. a c _val ue bel ow
s R R PSR R a b S L R o
logi® blltphtbﬁANDd]}atEEIB‘ﬂl dnlydf the atgdcties netpasbd m@ecﬁrong]’l@éctmoutput

oft \ﬁligg Gate ?67% {91 wire %l (ﬁ%{ 'tQad%J? ?qbs@r grg&i ‘lﬂejegt C\Q‘g& Birddiat @

vari fecte i nspect ed
oulpnt sigriat fadrh éle (vtsmndetect@'dhahlcgwe@pmﬁed diregilydoraireigst @‘f‘uator 170.

m@ﬂﬂﬁ& ﬁadgg}gsoslé(édgf %ged Y. a3 1 e}foﬁ\ﬁ tk a ﬁ?ﬂrﬁﬁlafe%gl%g@b 4&ded

that t shlerar y is only one of many
bﬁb?dmﬂ@%@%?ﬁ% that coul d be used to practice the

Vi siaqReddat ﬁlﬁﬁl mlaté/@ﬁc@@Q 1@1@@@%@@ b bidiSe WaEKndivh GIMIGdchiiices.
Present | nve Configure a Vision Detector, The

VR AN L i R R o ¥ Jieene:
an@Wiret ERRGE c@ﬁtadb’ﬁdc&agi@dp Qﬁranbmcl udi ng prior ar t v| si on

systens; the,illustrati t_.des t
foll gy yser yyinderyfangipe sobife P&"EPS’P’P]@;RE v erﬁ“é’ét igts, aﬁg’“
wifesgarr (Ehaﬂg% tlﬁmmd t alappnmahaeaats]mdlkataﬁpnddglcwalms Hor mmplgch as
use 0.phLa \V
N
othatwise. IIln:Elllgurlel ﬁmgasu 1@4 and 1652 exsprawnivath dpshed bines thaindieaicpy10gio 0

a@ﬁsoel% Y 3/ & Jﬁ%?@/lr%o%fr h%ﬁ%%zﬁ N2P&TIm §blﬂﬂ %cﬁaa‘c@lﬂgc SO

fec |vé as not been renpved from
vaéwﬁmletpom@ﬁtwhanépect mechani sm 170. In all other

L:?] mg%:l?llérdhﬁﬂl@%lg gdﬂp{eb%ﬂléé ihﬁ‘tﬁacm& By ?g%ﬂ}ég:tsléﬁld@éde&@tédd a' ﬁin d
uf ur i it i u v

ingneprRdit su}tzmlifﬂapwatwr&”wmag% adyyiting frféﬂ%ﬁtse‘é’{l% iﬂlag 8‘1%2‘” Wl
aldolieoghife thétril% éahéet%ﬁ@sthle?dr&lyﬁﬁcﬁiﬁﬁﬁ R Abrly\s6ftWare tebithiques that

ob ects to i nspect.ed, |nclud|n , In the
used to pracnce the VDsmn Detector Eigé’(hoc‘;l Apparatus. 9
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of defective object 116, exanples of flaws to be
detected. The vision detector 400 captures a sequence

wokishages of its field of view Referring to PEEUS2005019764

illustrative apparatus of Bdgure 5, illum nation 940
illTumnates the field of view and i mager 960 captures
i mges, which are stored in nenory 910 via PPl 970,
DMA 972, and nenory controller 974. As explained in
detail in the above description of Figure 5 the franme
ogefiiéh dfShePedsbrt GlveRfonkOCObeae B Visilnt DedlcRr | MRges of each
object as It passes through the field of view
Fur Tieasiventiod, heteliad epeeited gan Baﬁhea'l ® conffdutecing inbdgy adalysiydevidvat

£
L
based oo configdrhguyeinidatector. i | | ust rat ive enbodi ment. A

por hg.szr@ 192110&}9% BpYth odg&ﬂuhiﬁ»ﬁ find  Gen & r{lagrsg upéaft§ BrhctROB0,

wher &l n each e enen I ncludin
aspeRieaf ednventionecitied ©GUTISUBEIISIGFiEcton Rigusi2eés ldWBF*‘égO an
rigd 1% Eﬁﬁa& sof détg@(ggﬂﬂ Ha?ncﬁ“ﬁet 'béén%%ﬁﬂ' tell YEin§RR QB R %d 50

ere I mager 1S an , or exargl e, each
de@lciéw@hlﬁctéiﬁh% mbeﬂafrmve@‘é@e c«msﬂeawe B Feifchmachgyspptyo. Inall

oﬂ%g %k ectd 'tlfé%l'oﬂucn%ﬁ’ linik Bpdritiig lkllef ivemsl rr@ﬁb.fﬁ@uririgﬂ:@ndi’tﬂﬁlﬁ er
is s

own , to cqnt el enent s
inGli PRV SPAe Rk SRR L g PSR OPRe a2 1 11
an@ M3 @cht 4YE Pelpreddpthtied Mﬁbﬁecﬁ tebetimspetiedydusiedblyrincudings & thesse

r ot t.e st d whi ch bl
ot i ity TRaa PG oS R R IR o, orlucti on ron at
200 The dsiesdeteeton4vd capturesalequiend® oBitnagesof isifieldof VB0 Referring to
ﬁlus'%;%é\/,e g@&&g%ofﬂagﬁge@hymmﬁ%@%f; %5 hefeld 8 il addsed

I'ncre . N? es ca n be
m@gem pa@¢aptibsimagrs, vehti¢horte sered mmpn@m vt PRI970 DMA pg, and

met r{r Infrolfdr @74\’\@4 éxpiﬁﬂlgm defdil irhﬁe a’%@e debdfiplidtofiFidubtss, tha trame
podi nent of ugw 3, shaded el ements_su

ra@xsmqnﬁic@nfép ebtaipm !mmaseé of %clu%béecwmﬁwh@uﬁr%?%gi y
vi&R Futke®tort TROARIMmorpHId isbifloRa8dargt BARNAISIS ntGesdFonteaangt e
el .ement 5012 ar e%(f(lval | able. A wite pointer 5020

miliiplp ebjeciscap Pestofedt avail abl e el ement 5014 of the ring
buf fF%[u;e 1B @lﬁ@vs\&bﬂaﬁsfbf&lﬁe)rgaﬁmitloﬁ apmeticegotio nmegdn i illbstatie

d ter. 5022 indi
S & PaERe BOEA Y 3R DS Sy g B mont o
the tihgisiffeq including staoglerebentento fo1fisg arse145nd st holdpandntrnel
caﬁ%ued%éggvg mQﬁBEt{é;ﬁe bR et lagg}gt i SRLNRRSE ﬂ)rn

| mages can ect |
example, en@»demmflrlag beffes B'EWﬁlﬂd S0tpn W%W@ gtbitpisplsneed f or

co p%’b St %xh g% drswiflele fﬁﬁtl‘%ﬂ(ﬁllysﬁ@wﬁ ReoE8 dnif 04 el¥@énts, Fut in

rates. At sonme point the ring buffer w|
pre@@@mglfeu pymbegis desirablp dn eneembpdiment 469 eloments awf% whish 2.

I'E'MMI}GE ESQBH&W\% mgéaﬂﬁesl df gﬂoﬁ@é ﬁﬂﬂ \Mﬁ&l 1§)Eﬂp¥bl@<yﬁ%tdn§§ h®dut 0.8
[ enent I'n one buf f er

seeg@mf@@rqqumon.% 30%%%65/?@%9%%159&% Secpwsa her

frndQstoRE Teall fTRGRr GaAE 1Al cAADB lise tieificredst thh anbunt 8itinhe for

ture overwiting ol dest el ement 5036 indicated by
W’F‘glg’&‘aﬁ%cﬁ‘%]éers% 42, and further continuing to overwite

el ermagberioa arﬂdmplﬂmaltithe oPxrigrbinffers ard Miecildknavanie the art. In the

illustrative embodiment of Figure 13, shaded elements such as example element 5010 are in

use (contain a previously captured image), and unshaded elements such as example element
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condition, such as a conmand from the human user,

occurs to termnate the i nage capture. Once inmage
w@apsaeeihas term nated, ring buffer 5002 contBCTESH05/019764

sequence of inmages 5050 av&ilable for display for a

human user. Referring back to Figure 4, the vision

detector may be connected to a human-nmachine interface

(HM) 830, via comunications interface 840, for

pur poses of configuration. It is also possible for the

soﬂlee v #1abI8. ORfife pBihtet 5% Malsdt&mhedewmme%%emlsm ofihb ﬁng s
| ess preferred because th i S %@geralz§ t

buifes, migrErt s nen cartwred HHge g'gl b&ﬁ@“ﬁwﬁ ROIBier WRAPUEHIS

oldeR iyusé |e§in@1]§t 5618 (184t REamtly éfhed)HMthermgstram:g embgtimah oL Eigure 5
user jnterface en nal .desi

the Wﬁéw&%ﬁlﬁwé P SrodhR oo Pl e Heati P10 foghat

imdgeecdnite catdreddiredtlyfint héxd availiblé emsnt spueniieutdny neddes
5050.st ored j.n VIS n 910 to be

CO%I%FI%S 2§yl gvenl rra%eeg §0é i F{‘?’h F he hyﬁs'ust rative
embatkomepbinothe Fgdhwfer Wil beconteifitliyss is g cose et Gull hmbmifer 5002,

vl DDl ety o MY G SR I e i hen e
rini frais bbremegfull ithapacansyoTerrminaies. m@neth@mmé?dnaent image capture

coﬁ’lﬂﬁxé SRR hiY cdpﬂﬁ@@veh‘htﬁg gden eiemak 5d3§rﬁﬂi%§tecﬁgl59ad pointer
Ceneral 'y the thunbnail Tnages correspond
so42oand Sethed GPBITUIAgdRaver ity ﬂene&ﬂ% ﬁ%Véncefﬂa‘frPO@Féw%S°me

coflid?l axees MHﬁﬂaﬁH‘ﬁ&Q §8 h{ihrOudECockos to tbt?hnat& theinage capture.
arrangenents ma such as s in

On 5P BT R i B o P GBS SR L PR P .

avﬁlaﬁletformﬁspﬁngdﬁbhumgl wantrols 5150 is provided in

fil E{Ftts g Bé}"_&?(?ﬁ %31%3 \:le,cf% c%g\é% %aXM ﬁ%)gr%ctg SR %G machine

por e sequence
mtetffade EAGDS365 05 eommlmmatwrrmgefmm,rfod puFbEs Oﬁdmﬁgmet@n Itis

also %&;b%yfgldﬂlpﬁilﬁ Itoolﬁ r? ﬁh%ﬁ% g@ﬁé#ecm sde Yut f.hm@ss p?é?QTed .

evi ous I mage co advances displ ayed portion
besa@lsezth@m mempraégv ngh@edeﬂrﬁfg@rod@@ﬁn pest andse gue FYhcag be ghazgdl e

s %ﬁ}bﬁfiorpﬂe‘aﬁﬁﬁs—rﬂ@mﬁh&y Iﬁﬂ-ggr ghecaphs'éh/ﬁteﬁ‘ace (GUI) of

oW r esol ution i mage of objec whi ch may
copysphienghyissian. fp Hlugia Mgypastionot UB&C’éEtS oriin Figpigdfte 12) .

QtrJJ Q}ié GEﬂ-éle@h ?{h&pﬁt% s§qdeﬁbetohiﬂlf@6k&h§0?toﬁaﬁ bvisiaglddet@0

at sli erent vi ewi_n ec
mgiiork piy T beploied fort b yser 1t IRRCRSS oot pos i By,
ﬁlhxbﬁiﬁ%&lobv%uﬁ klisplaysﬁilib 1eigh thlwhbnAiiR2ges smal 562,3414, A16 8109 KL,
51%%1@1%&314 Aﬁst]ng\AQriaﬁ ﬂaée %T,uég g lgxhrrees%ﬁll%&g vers%n o?? %gfpésl?onhigg
intabem‘@meﬂcs ofainhges arsol Gehdrdlly the lhhmbr@ll (Ub%}ge&:‘iorlﬁs.mﬂﬂ to\gprisedutive

"lmag%I LGRBR0G Gorl e%pmﬁ%gd Bd 09%55%3&%%{&?3 uu% tﬂé}rti all'y

Y 1SS Ping
anaogmmd snay) b¢ wrgfuk suchlas skinpingGeme wimp %Qf@@a&ehhet‘ﬁi% thecan

c%@%@ Hfodispl ayed portion 5052 forward or backward
to see any Vi ew ng perspective of any object that has

beerh @h?ftserp]eﬂg coago wsv is agoveﬂcyméﬂrn%vp PigAMN $10%198 adVpneng the

i e PForREER R Horwhrd of BRkRarf iwithiel 1fseqtieod ofliniabdiGosd Wexbimage
production. In the illustrative enbodi nent of figure

copigol 516 @dvapess diselaied BUHOIRLTBNYAE! R RgT (and previous image

control 5162 advances displayed portion 5052 backward by one image. Controls 5164 and 5166

are described below.
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5120, which is shown with a heavy outline, is also
di spl ayed at full resolution in inmge view w ndow
WG 1®8/1248%6 scrol | i ng commands advance the di spl BgEUS2005/019764
portion forward and backwasBd, different inmages wll
nove into thunbnail 5120 and be displayed at full
resolution in inmage 5 view wi ndow 5i oo. To configure
the vision detector, the user issues scrolling
commands until an image appears in inage view w ndow

51 Oﬁluhﬂﬁetﬂ §1§1 1a§@lbﬁ-r&s@luﬁ&ﬁnﬁ§e (§f of)jeét%hot \ﬁlﬁélfﬁldi@orrespond
|na e. IS SuUl | e

forensagRatoobiogt 15} (BRug Pt PERG AL e fppasin tipbabale A5,

slighfl§ dffﬁéﬁhﬁ@w@@e&@mv&smwsﬁw Vithaethé A&lp eﬁﬁeﬁb, anldad gartialiat
ob ect 150 n also 0O

e R I R S R
cotkrd3pdid it ekaniplPfd defe¥iive objed: i f65ik pirtiallyiprasent imntgsbnhidsss1 vend

511%.?&&1%5 R%ltecg %léllcil,s [crt}gl?agfclu gr A t he Vlléc' tf)%gjeaﬂ ﬁﬁ)grrtlalgypresent
in thovtbdads 534 B GswimgkscioBdg | corﬁlnmds as;mg mlg)gtcgtmob@m the user can

tect o
L
anPblgecp thathObeercaptnres, g)well iy @noyrpeconéwgmﬂ% ﬁlay §¢ present in the”
fie r(;fgfg{;vql%&r}m ? Qﬁgﬁltl ng paraneters of each created

VI sl on too osen the user to insure t t

obj Bdhesillustratiyegmbpdimers 9%%%%@ ynagp corEsspopding o thum
512‘&'1\511%& ik Elﬁ‘)'wﬁ'vﬁﬁ a'htgﬁg %utﬁﬁ’@ 1531%0 G@f)l&feﬂ Qﬂfgﬂ ?&oluﬁkﬁlﬂﬁ ﬁﬁ@d v1ew
ce a conti ratl on een C e u
wipdoxy §90n4s fcfﬁi@b% comands a ‘ieﬁ‘éao‘ilsé’ at‘/ Sfj?‘??ﬁ%é‘r?ﬂ‘?b“{‘
difRR&E inklgys v6illmsé infohBurtpail 5190/ind bie oiaplmu agfulh dﬂdolﬁtlommaimage

trajning i mages. Scrolling commands can be issued to
Vi ipdow A% e cond trai ning i mage, which will appear both

i n Qo tdnfiginn dielvisivh Ateaorgithe nwyissues ewllingroomarls 0Gil am: imenge
apg%rgs?ué gnatgg %Ie ol t%ow@?ﬂg a{: @ gm&ﬁle lfbsl%g a.ssd ﬁ@ t%mﬁr{% 1ﬁ§g%e§§1e;ah§

previ ous created viI sion
antipagtiesuithble ltf;'tkmwegwrims ut@mbwﬂ‘meeax $1wgaramnpﬁ4r@ﬁmo ﬂeq tg@leﬂh

ob eglg}lﬁ willbe @bateh i e &lg}%bﬁ&‘iklﬁ 'nplﬁlage%l@ﬁ wird b 818b, 3tHicBIs also
or operating (gar anmet’ers prévi ously created

showsindigureldh eonegnondsyiapiitce514¢ lﬁéh‘im‘?iﬂ%‘l AR0- Opder it fraining fmage
ha$ Béﬁkﬁgelﬂ ﬁie 'ﬁgar Echﬁglflrbsf thd v1§15@dld?écfbg bﬂ' él‘?@lﬁg Bﬁt}br fte xﬁb@db&ools
I ncl uded g ht ness Det ect or l%qgll @tgrelw ous
fopexample Ereﬁ?tqr% ehndi 152 Cea‘rﬂsm?fTCF% ﬁs‘% IPEE REBYY i%’z%‘
E@9 qbeﬂe&&&s&oomhlﬁb Plugdetiecdmboditet] eﬂ.ﬁmteolaslﬁn bdwmy Bhjteciio | t
ma that the user not rea Q n
i S e ot s srsgiEo g PRk Gera B sl el e
visi&3dovee dholseh By the eget.inshre tmaybjénts sithitar irmppgmemy'e to Ob] ect 1500 in
c L deri.n [ | mage where an object is
th%ﬁﬁsétraﬁ%?% f"‘gﬁ‘i %/anpr %é%tne? m‘% i ‘gedf ield of view, or in
whi ©ncavocoofiguegion has bpmmi usmg)thb first triningsimage; &ds depigpble to

cofith tngglgi%gﬁ%b@iﬁgﬁﬁ@{onﬁgﬁﬁﬁoh ﬁsuﬂkﬁa@gﬁgnai RaiRhEMEBEs. §RbIES:

hat a second training
commeagds w@w be @@p@h@hme 2 m@@ftr@@mg\v@a&w@@t will pppeafiethdy | s

fthBRl mzb a inBecARMEHLARE Sod. Phd d36onk YrRling: gllmég@bzﬁﬂie%sédcélrﬁtﬁy
I nspected, 1S necessary to properly ust Coptr ast
topsess hecperationrt Prepeyshit Cif?ﬁ?ddfswprﬁ@lsp?fé% éPf{atelﬂi‘RFé?P#%“Eﬁth’E by

crg—a%ﬁé acﬁm\éhﬁ 'v%[bnwse&taﬁﬁlstmg the position, size, orientation, and/or operating

parameters of previously created vision tools.
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During the process of configuring a vision detector it
is desirable to test the configuration nore

weaensivel y t han can be acconplished using sePORUS2005/019764
training images to assess MBsion tool operation. It is
further desirable that such a test include a | arge
nunmber of objects, and capture and store a limted
nunber of inages, where those inages correspond to
objects likely to represent incorrect decisions.

Si Mebakah RS take ilBY c@ﬁi@@raﬁﬁl @&‘Gddﬁl@xhé fhe Giek trﬁlﬂm@ﬁﬁeigéﬂnay not
production operati It is eslr bl.e t hat

hayg gefudadiBsighiaesy Pﬁfﬁﬁﬂ’éﬁ%" whighgs @aﬁvwgls ¥ Sﬁ%tgfé fs "§f$’e‘8 goigtion
witH Ry c@bis 15d0 |aﬁtﬂis§h6tb hélﬁl detéwthb presthécCcalthetbbiebthly may be that the user

i e PORRE ol SR S oy 1og B pres o b woud
beEle@iéﬂ ﬁlﬁ indy bd\ihat(bhlySbly omﬂemny‘al sgeondtraioing umtge odere preotj@eis
e _on [eNGe. s
oy i oot 3 S Cori bl Wl Pk, Sopd B ke
thatiBsigliness! becibmssoéiﬁmaedddrﬁo Bmvent ﬂala@dqt@tww e enbodi ment

3 S te glr%%ly, l‘?l’ﬁ%), edht a\a[écgﬂ AL 1§1§éeQ:rorresE) ol 31 IS H&&hve object

onf etecting i nspecti ng
116livéhiohds @ssgm}aemappeamee tg theitxpivalnbjests fobe ipspgeteds i nggesspa|to

&w%dgftgﬁ&*pﬁ&mﬂggﬁ@tlng as shown in Figure 2, or an
ternal trigger signal, operating as shown in Figure

con ch as that shown in

Oﬁ?ﬁﬁ?8§%igm§ﬂﬁFTTmmﬁ8f§$F|ﬁ&mﬁﬂﬂﬁ$§ure 2, a group gf
\?Me;/ Eﬁlnfrl]% g?ﬁ)c&% ?121 "Ir?ehﬁ%?% %Qm@ﬁ: drdbfor ft 'isacféﬁraﬁ%% %?%ee ndi ng

tinell ne portlon
configuration aeese exteasiviby den dap he gsemplishdaring spsonsk traypinedmpges to

as§ésm1L1§ﬁ {o¥t op@raﬁ&PH@s 1ofthef HasRatld tﬁﬂﬁﬁch(a%sf RSIRG wibrpg nﬁnﬁber of
tinmeline portion 510 influences the, detection and

ohiesispeicpritre grd g @ ipitesl nupergf 1587 wherg fhass ixgages, B?r@g{omito
oB}éctsQﬂtbl? € repredefit 1h¢dﬁ%tkledi§ibnb eSiriflar itddts @1a@ Akso bodedirddlerdating

| | ht t
st etanicn B gy B PRORCiER BOT RO ehd®e an
cEySleripBedt and ambiere ilamdnadors pé Ayntichlelufingawesguration el pyeductpn

I n .one, enbodi h rou : .
ol R AT RSP PR SR EShE a i o i
stod2 eondigtration 1 ednibe gech thattbe o8y} éiffanankedsiBat in Figura 12 reject actuator

ﬁgzgé%ﬂega{g%l% SITRAAL FBR isi hﬁété@tcﬁ%d ng frames such as

are omtted fromt roup to be stored
and o psiflhsptive embedimentiuprg f?fdesmgwéw@detmrﬂée Wigion detector is

c&ﬁﬁ%ﬁé@ﬁk détéc'ﬂﬂ@ﬁﬁ Msﬁecﬁﬁgedi{scretta%&{s OPHQ vﬁfonfdét@éf&sméy%s@ﬁsual
stored and disp or o ect chudes aL frames
eveaisieteetion. @m@ﬂ%asg%@un Figpret h%&an GHFIB frigepr signak pperatig as

stodH in Bidre 3 ADWIGAR a ASHRHA6h QUeh by/thsteBwn i BEured D) £aAS.
are analyzed to _determne rgsults t hat, cont

i nf JreRRETEIR Fights g 2 W LcrerEamis srime i agtve %ﬁﬂﬂ%s““ and
eﬂdﬁi{g%ﬂﬁnd&ﬁ% fheneadss (ﬁtnﬁlﬁie(po@ﬁn sub)cihfhesnces the Idethcttoh endobpedtibn

oFFHT STREF RestR o5t e s e b SRR hoineh Bt
the datbdtide mzﬁnstpla@bn dhebjeots). &ah objas simbenolgest & ot abgkct 2in tlkdbh‘ratbe
%mte{e):qsfo a =L|l Bt %Ctgé}(ga?lg bg %s]g ?ﬁggg E@res&ﬁlgn ﬁ&%cﬂi@&g

ass’ scor es, ére
irentioh preiles sethadsl getkyit@nspa store |amis<bmtay| thogrfranfes intfbe eroupniseone
BRSSP L AT e i 2
usi ng vi sual event
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detecti on, one such nunber may be the nunber of active
frames or the total object detection weight, which is
W@ ewpaeeds t o a deci sion threshold to deternm nePCT/USIV05/019764
obj ect has been detected (B#6ér nore detail on these
nunbers see the above description of Figure 7). These
results are used to determine if the group of franes
for the corresponding object mght be of interest to a
human user, in which case they would be stored for
amlu:bmnmptlmg’lﬁrmﬁhs snl 28 548.TTH @n LS SFati VB DREGineAt RF@R{1IBS fibfeshdh as

h h h d
<BLF5 B o 5 b B5R BPBERR 5 1% Rt 0
di s ﬁieéeyrmgrmggsreaowh@esqumxtémgngger shisalcths giouixeﬂfyaxrteeto be

stBI%ﬁ’ %\ﬁsd?s?fayéd%xogbb ?ﬁ {Ilrngg%eé éll Rﬁﬁes ?&Jm}%l ag %ze&rgoggp af ﬁnec
lﬁéémﬁﬁﬂ0éﬁr%ﬂwﬂ study. An |ncorrect decision is likely
WNCTSTPRIRRLS alsbifled] AL B Sndly b lotbleltint AN HENGRART ©

close'to deci sion t tore group
infqrption aP%uf 316 stetus of the ohigge §'he r&s%m' RS simplgas cwhefbamr b@t the

olgéc$ Pssdy ﬁﬁ&é@ﬁoxﬁhﬂﬁﬁﬂlﬁfr&ﬁ% erHl%ﬁfménf‘ %Gésﬁﬁﬁnﬁﬁ@e@uﬂlﬁ % Hx@tt

as describ above e scro
ingiSlE VR B et e, b1 HBRER AGFH AT et it pesgdnspeciion.
F@@Réntipdd, oﬁ-?sﬁa? ﬁigiji-)g?h@\fde%bivdlgﬁ&ﬁﬁv&%tof Qéje@%ég?cofséi )6§¢6here an
o a reyl ous rou conptro
%c? 18 ﬁudg&aﬂ Q RAS3 1r{sP,|egt1 Eglla 6{9}5‘ erﬁécief,c?s ? 6 ahrgﬁt}@d as shown
inlsquitiom$ @here e dexididmirdesholdhiy/0. 5 rSBmgﬂp Ujhen abiggiialléveghows

t t f 910
FEHEL b By Bl T BL oF s BB e R PDeR el
weighitf \elnclps edmBRE Qo a:dmtsmn ﬂseShpldltomstemnué if amctiject hs dkenfde@erel
(fMJr@ﬁe?ml o?llﬂgs]e ﬁgnﬂ;efs@g@thp%ulee({e§cn?gélodf F Tré%%?’l‘f) " 5234, and

or varil ous ee pool
5 2 1 (Thﬁsﬁ rQﬁW@a@Fﬁ ysedto getering ifige E@fl}f @frfraamjfouﬁle dortespapdipg olrjext

mibfitbed fkereBrofa@MBSust:O in HAS ARIIRS twoulibe Et%rreg Py @ﬁtﬁéqu@rﬁ 20

i ndi cates the next avail abl e frame buff

digplayc Fheruser masbe nfsresied 1 all qbiete. o it thase that nagmwuhysemawp

ndt pag at is afidnWic3t desitablefts oM allfidpRyy i Qg&pconteﬂ%n déa%'ogjé&s likely
bufEer 5232 is being analy Franmes

in f
ol A R LIE=g DT CERASH S, PR B oairos,
sitvatjphsmed inareel! efivadefur sratiyaA@insdraddlcisibi Bikél §/haMd dulhbbrd that

54 el ISP e AorE T b HRB Biear 2 b oy ect
h as Th@fttOly(égromE@ﬁfrm mh setdfémagedie pa'nmsofmzluchwgm Bedisplayed by
r hiee %é'r]%e%e Elpaﬁ ad tﬁ%@h&fﬁl l{l]g rqugsz eg\éribed Al}] ) ‘i‘ﬁe %crollhg

er 5232 vance or eac
coaml$ F15¢:contaip, Bigflditen th gext ungelconiuolsecofand pmeousumge coritrot ez,

nefclr @&pﬂ:@ﬁﬁ'ol 51%J-Q1dfp'révlo§s gi'Qup SRR sRE, Writd a@lglq?ﬂ& élgﬂ'«ﬁ@c‘fpdr&n

gr.oup Il not be able to b€ store
mﬁﬁ?ﬁ@@bﬁ§§mﬁé@ﬁmgﬁﬁbﬁ%@ﬂeﬁﬁﬂ’the result containing

i nf Bfgﬁﬁtlls eibvalaewils driae osgtaﬁ&éﬂi%n 6f a foht®n @Pin8Gbry b (Figure 5)
ul

ter nplete. If the res
“SF‘ﬁa f‘%%:ﬂ" Y%%‘?q’ ‘ﬁ‘?ﬂ 5 Fc"éff‘iﬁ 8ol $280 gputairs @ mugber §f individual
fra&gﬂmﬁ‘quetﬁh ol frameé Bl)gferstsbﬁ $25PR@SH aril 23800 %@ aded & vitious 1 NP |by
vanci.n r.ea i,nt er ro is to e
PRYANE AT 1 e BT £6 S2R2 b Lo I 0UR, Loy
frapwefor BRbjean Writecigbérder 5220 ﬁﬁmnt&dh@ii@tmraiﬂnbw ﬁa?&%@éffer\&tm Ghto
wﬂi&cthé‘r%%ﬁfrﬂqu gagtug{d.o éj ulta%gol 21y wﬂﬁ madge capgure into frame buffer 5230,

the previous image in frame buffer 5232 is being analyzed. Frames in the current group which
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5216. If the nunber of frame buffers in the free poo

5210 becones too snmall after renoving the new stored
w@er@ap243then one or nore ol der stored groups NeYI/D82005/019764

taken from stored group poéf 5204 and pl aced back in

the free pool. Those ol der groups will no |onger be

avail able for display. In an illustrative enbodi nent,

frame buffers are never copied. Instead frane buffers

are noved between free pool 5210 and stored group poo
hagpmyaviepsly hesnrvapmredrand qoalyzzd arershaded, sgrting oith it fiess fraaé buffer

51%@&M3teh'8ylie|3§p5}ﬁt £ list of stored groups 5202 is
mai nt ai ned, Inc uélagg list elements 5240, 5242, and

52 4Mote thakif appcaefamesPunev djecidrangslye begroiersl then the is no
cuf2érf? BRGH, aﬂpéoﬁﬁee&acﬁg%l':i@er si2b @ﬂﬁn&lé‘«ft&‘ I RIABL 525_%2%% %’Ef 5L

|nfor tion 5254, and stored group anm er

forrgagh pep aﬁFé‘P‘i‘rl&tqe{‘mbﬁ%&!&fon}ﬁ‘cNﬁé duthenpat jfthefrde\pgol 5210 fills up,
somé)ﬂﬂ‘ﬂldﬂme&dﬁwﬁbﬁhe gl’éﬁiﬂwﬂlﬁoﬂﬁ(ﬁbl@@o whelrder to store the

gro as at the decision threshold

£ 8P St s bt pnr 25 0 e gt Pmpon v o

status obhibe ebmma rdeﬁeﬁhﬁnetdhme §1bﬁ]i il coryéte If this tehiy mdli&ets tah@Be brloG
seness

is oﬁtosb%rs{ofg f&r sFl%eque{lt d:lasg%y, d e 1516geﬁ ggdléscqrge%d)éf s%iyeqjiv?chnﬁ]the
reagtpointetis2gr. Hithe grow is ®204tored dhelramedaffaaale rémoved fem Iﬂfé(ﬁlee

e D ST i g My L
5216 J& thp gerbes of feame ugfers intbefrdepoplSpio dEcoimies 1og malt dfieeremoving
m@m@%&m Rdn B 6r hbt¥ @H&J stited g?]/%%% bd 2L fﬁ"o['}lfas oréaré?cﬁlg

itions can b e nmade wt eparting from
P°§6Fq4tandaﬂfé?e% pagkén ‘Ph@?eél?f’l Timse olésimpwﬂtnn dongenybh gvailalieifor
displant r ol opt| ons of the GU are highly variable

acc rdl to alt rnatg rrl‘)oodl ments. The nunber and

si z NS g“q“h AR buers e T1er s comisl Bnfeast framedutens
arean@eabmeea ¢ Pl 521 @and@foted igtoRp poohS NP ElHdGér mantpliiaon using
tecgrgglgegw“non .S peant to be taken only by way of

nd noF to otherwise limt the scope of the
i nvé HistiobstorSil gdoiviB SN ast maigainddaincleding kst eldments sz, sz;l ailds244.

Lls@ %éngkﬁ% ?&e@&nsdlmt?an%% )él?élln%ntlpgm{eggzﬁ %‘a:rln \g‘ge ‘é(})‘lgt 52%?‘r

] ects co contil nuous novi ﬂ
reselb]n&m@,hon é¥5&t ang etome@ graulf poditer 5e5%. Rns@wmfmame siswrglades the

reléiﬁ@ E&ﬁﬂ&cgﬁ)&lﬁ?usegﬁ%b{ﬁé Wik l%%ﬁHsetﬂé:% %{t me&% 26 alhe

vi ew, such that the sequenc
the. dﬁ@?l?}Hé@S@lddF Q?dlnflfhg‘? thyee #W@@lp@have seideriee alpnbfrsmeﬁﬂtﬂw
thr&hol® NRChAhd BANME 15%61%115?15‘&@31‘%? leQh%Q fosthe &tkiSiBh ﬁ'ﬁ’ésﬁ}gd 3
tﬁortlon of tthe se‘gﬁence of images for view dﬂ%
o R R s o OB TaPLrPIe EpIPae L OL R bR ehareok o
szls,alnaﬂrktlgf@p on thatisthwhibH i© Parthdyefrbr R e dikS thredHORL, R Eked. | | ng
ds ca e of ortio orvvard and

b ac vva?rggoml%%flﬁbee% %&ﬁ%ﬁ%g Sfff"“&ﬁ‘é{}@‘??’atyﬁ §BLedigents ofthes ¢
inventigh.rNangus malifecations adt ddéitickis sl teyrde pathdut Gdpatihg frbi the sprit

mcﬁs@gﬂémge%f (%r éx%&?ftﬁe layout and control options of the GUI are highly variable

according to alternate embodiments. The number and size of thumbnails in the filmstrip

window of the GUI are also subject to variation. Accordingly, this description is meant to be

taken only by way of example, and not to otherwise limit the scope of the invention.



10

15

20

25

30

and configuring the i mage anal ysis device by creating,
using the first training image, at |east one vision

wao omb/1z8pabl e of i nspecting objects simlar inPCT/US2005/019764

appearance to the object oBB6the first training inmge.

2. The method of claim1, further conprising choosing

at | east one second training image fromthe displayed

portion of the sequence of images; and using the at

| east one second training imge to performat |east of
cioasisof creating additional vision tools to inspect

jects, .adjusting a position of a region of a

W%?%\?fagﬁ@lli/ created vision tool, adjusting a size of a
1. r e giethnd fok canfigtirigian ifdgy alyeR dedesth Sspidt dvRRls coptistgt | NY

an %%ig%sqtrlngn of are 'OQ' of g{l?r evi Oﬁs| y. created

vi sion rool ougs ﬁ%etq}“ﬁ'&eg(ﬁcﬁ IgELieEY g 2 fisid ofipw of the impge

anglysvdevios | y created vision tool, and assessing the

ope 0N ] ed vision, tool. 3. . The
P Bl QhudePl TS de FIETER. Hek Bt Shunedirmates
incfudgy sulvrglity pfigregdsiof baghl efia purality afdbjeot droimthgeqidhct of bbjects:

di s@iddtndla voRioRB ' tp be
ol o'a ol RRRSLANGE drinighCrob Rl By b Bt g
poytign displayied chosengespersiie tq ssraffing spminhrds fiom thedemn asec ehe
scr6lEAPENERBIPRAPAIBE A WAL O :Sfard in {
field of view 5. The O Bi0ard g BERS R iy hscifce
o q*%Peast one image that is dissinmilar in appearance
CONghbosiS RN traikihg Smya Bof 1R iRy Sortich o e lsé@bdcY of images;
resent in the field of view 6. e nmet hod of claiml,
wherein the image analysis device is a vision detector

C laprabﬁglring th? isze andlya’gfdaﬁcediyjc%ﬁﬁngbﬁsh@l’qtﬂé ﬁfllﬂ tﬂlﬁlli@ image, at
: of | of the o ct., the urallty o

latloté Bt oo T8 ipeBlind oo e i sieipnLo B ot e
firspispining image.t he field of view of the vision detector. 7.
2. Ah@ﬁ{eéﬂeﬁoﬁc@imtl?ﬁhhé?go&n‘éﬁag' on detector conprising:

continuously noving a sequence of objects relative to

a foheqsins gt ledst e sefond fieining ilagmirefe thedisplayedpartiunfthy a
seqéndé 8 ilnbges:0hd 9r oups of franes, each frame of the

plurality of groups_of frames conprising an inmage of

t he®sig et Isst gresggond treiring Image te periorgyas lepst of orepfines of

t he pl utredting Mddiion@ll vsitidSodl to s FdtBShjeRNPr | ses a

pluralit f images of ane correspondi ng qbject in the
sequenc %g‘gfqn%ﬂ’oéglf’g ?toaa'ﬁ%?ry‘}fiaﬁ&vlé’&g}ﬁ crggpdvtion tgol,

det er m afjustingd sizealfiaregion of 4 MBUbUSE cdatell ¥BRARKKHI, NG t O t he
pl ural i roups,. of .frames, each result in the
plurali %usg{lg zgleoéfl ﬁﬁfmsoné’ gﬁrp?ﬁllogf’ﬁ?gprfvﬁ?ué&r?ﬁef‘ﬁeéﬁ?s'%@ﬂ{’ t he
st at us afustiganeippreting pormetesqfapetviogsly aredtébvigenogl, Ml
frames

(D=

» assessing the operation of a previously created vision tool.

3. The method of claim 2, wherein the at least one second training image includes at least
one image that is dissimilar in appearance to the objects to be inspected.

4. The method of claim 3, wherein the at least one image that is dissimilar in appearance
comprises an image where no object is present in the field of view.

5. The method of claim 3, wherein the at least one image that is dissimilar in appearance

comprises an image where an object is partially present in the field of view.
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storing, responsive to the plurality of results, a
sel ected set of groups of franes fromthe plurality of
w@e@apsi3od franes, the set of groups of franmesPCT/US2005/019764
conprising a stored set of 3Wmages; and di spl aying a
portion of the stored set of inmages for view ng by a
human user, the portion displayed chosen responsive to
scrolling conmands fromthe human user, the scrolling
commands capabl e of advanci ng the portion displayed
6. f Tiewratichd i dalbalq kibereid thieimigdeenaysiy dedicsdta vﬁfonldﬁtﬁ@ﬁ&apaﬁle of

npPP T 095 pEyar ety 3E el SR B cbiE0 oo Mimages
co@nﬂwﬂmdhm of pisjtienstof e objes iri the field bf vew oiéthejvmlhedetector.

toﬁ%%é?ﬁn ogwﬁ(gnt fél?toxogonrg %12%53 corresponds to

e corr nding results indicate
t h atcomh@udb meving a peguence efbisets radative 1 a fipldeof viswiod the gision
defe@h:M 7, wherein each result in the plurality of
resul ts indicates whether the correspondi ng object

pas §Wauring 8 plgality grogpipt framess each Epmeiotdh plyplity phdipups of
frdrfed e&sprfs‘ﬁag hEHRGY Qﬁhé R1PE VR Such Bt i %rbuﬁ d¥®rames of the

corre ing results indicate that ects do not
Plyyalify o e Heps et agtes camprses M omees e e SPQfFiEE gPIFFt
m@@qﬁm&ﬁﬂubkagn the plurality of results conprlses a
nunber t hat

or Rty Shonobian 8 temihe b Bl S o SRS g 1 e by
of goupssfdimen eachcdaollt sitimplirilitesfveduts ¢ompaisiog m&rmwemlamut thh e

ﬁgg ﬁ%ggﬁ& ?gﬁﬁgh%%&ﬂﬂgﬁﬁ ff%g%g§ct|on and the

ranes corr esponds to
ob j eloting, faspongimé tohhetnhaaht:o¢frr@sgba;nel¢lwgedmtw5@pgps&f Ganggs drom

thc\t./\ﬂufraje‘t? of grg{épﬁ' o? Rathél &8 gb%f%rou]a;of flAnfes E@ﬁﬂ?@ﬂg Qgtoféh &t 7.

resulf In the plurality of results
imagttpises a nunber that |nd|cates a relative

confyispieyifea pdridn driiR soRM k& SPRAGESTEr vWIRLy Atshakl fdet @leed;
t he nunber IS conpared to .a dECISéﬂ? thr shold t

pogin; disglaygdechosep reFIPPé‘SIE"otP s SRR PO ed:

scElichglchamanels @gdabld of®ivanding (e Poitisn difpliyed fﬁ?ﬁard atid taskantia the
to ob&fcts for which the correspondi ng nunbers are

SIIPLEEC28 e deci si on threshol d. 12. An appar at us

8.c Dhypmetsodnd claamn7,iwhag® anal ysi s device configured to

ca pteﬁﬁl?esmes ph?nfali@ oPESHE {Illﬁl%aigstl%mele[ﬁé (?orltegbonding object passes

inspection; and

the selected set of groups of frames corresponds to objects for which the
corresponding results indicate that the objects pass inspection.
9, The method of claim 7, wherein

each result in the plurality of results indicates whether the corresponding object passes
inspection; and

the selected set of groups of frames corresponds to objects for which the
corresponding results indicate that the objects do not pass inspection.
10. The method of claim 7, wherein

each result in the plurality of results comprises a number that indicates a relative

confidence that the corresponding object passes inspection;
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provi de a sequence of inmages, the sequence of objects
having a notion relative to the i nage anal ysis devi ce,

wao b@sizsyge anal ysis device having a franme rat ePGIUR2005/019764

that the sequence of inages8includes a plurality of

i mages of each of a plurality of objects fromthe

sequence of objects; a human-nmachine interface

configured to display a portion of the sequence of

i mages; a selection nmeans for choosing a training

i mathe nfimianistdomparedin ededsi@rthieshalilas decate dvhatheralnf dogresppmmiing
ob[gﬁt?g%esf]gﬁm&%gungurl ng the image anal ysis device using

image. 13. The apparatus of claim 12,
vvhethesﬂectqdéethfis@epsaﬁam}l@lcgrr@e«mde@ obisatp farséschahie | mager
coﬁ&ﬁgﬂn@?ﬁlﬁb&pﬁg cl%&%be‘&@ms@&%@éh’éﬁ' s. 14. An apparatus
risi r:)? sequence of objects; a vision detector
11hBgimgihod of plaimd’, grhergin ey, the sequence of objects in

C ONbdch WRUBin TR Phility a*r@smty&ntpﬁsefs R @ukibep kit Rficads@WetattvB e
Vi Si on dg}eect or configured to capture a plurality of

copfidspqsdhag the comgsponding gbipet was,dgtectst t he plurality of
ar Oﬂﬁ&ulﬁﬁerﬁsro%ﬂiﬁﬁ'e&t@ A disdr YBreshdld toB@Rle @fhethét@hd dogrkdporing
bV' ew, .such t d?t each group of frames of the plurality
obisEt W GEigeed % r ames conprises a plurality of imges of
on eﬂeseslem;metmﬂ Biogpsaif frewés coftespbrels Rebjees & whichdlej ect s,
J a plurality of
corggsg é‘ﬁ“g “@%‘??%%‘%8%&’ b deg{“ﬁl tmefrh‘lljﬂrdal ity of groups of
12f A agperatug garhprismgul t | n the plurality of results
co t
cor Pt ol 86 S AP Al AR oy dimBlolbtaellent: 1PoIUSS
previderg sganeaes of onagfs(aﬂle seqpensg ofrpbjegls havingayaotion lrﬁlzallve toythegmage

anBl s?téJ(lletvﬁe the 1§ﬁé&ﬁﬁl§§s @e@fce RevirdaQHRe rAE such MBRe e dre
ur al |ty of groups of franes, the set of groups of

impges RS ABTINY Al aEes oA ATy SYyARISES fromfap sgauence of
obf¥dRBN- MaChi ne interface configured to display a

portion of red set es for
b eepechE et dp tigBa mrsden e ShaRe Pnes
scr akdlécrion mexnsrton dlmoﬁmg)smrmﬂimg imapafiorn the sequtrte oﬁmagﬂs,l anm g
e R PR RO ek PR AR iGN SRAEY
im@gee appar at us of cI a| m 14, V\herel n each result |n t he
f P
1P Bl sty e B RS colfsesan mager of o
m@éﬂ@%@‘é’ﬁt‘g)éio ﬁ!xeljgroups of franmes corresponds to
1408} Gk @smpMiingh the corresponding results indicate

that 't he ob} ects pass inspection.
a sequence of objects;

a vision detector having a field of view, the sequence of objects in continuous motion

relative to the field of view, the vision detector configured to

capture a plurality of groups of frames, each frame of the plurality of groups
of frames comprising an image of the field of view, such that each group of frames of the
plurality of groups of frames comprises a plurality of images of one corresponding object in
the sequence of objects,

analyze each object to determine a plurality of results corresponding to the
plurality of groups of frames, each result in the plurality of results comprising information
about the status of the object corresponding to the group of frames;
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16. The apparatus of claim 14, wherein each result in
the plurality of results indicates whether the

w@orosespondi ng obj ect passes inspection; and tPEI/US2005/019764

sel ected set of groups of Bfames corresponds to

obj ects for which the corresponding results indicate
that the objects do not pass inspection. 17. The
apparatus of claim 14, wherein each result in the
plurality of results conprises a nunber that indicates

a I @lndnoviecoafirédie B6R, képatrlrsgteh@ﬂ@ grurﬁm?ﬁm&ga ahyced et of
ass ec nu is co ed to
EneTrCeh Py 5 BT Ab e RO CrEeb S BB ndi ng
c@@ﬁ@mgaga$8®aofmﬁgggmdon; and the sel ected set of
O A mERr LARIRLP o BhRL Rl e
for hieemh d)iy d hurfi@ usdththe pgyianr digplesedothossh aﬂsmn_s_me towheﬂleg songaants
ﬁ'{)rﬁzl%élhlﬁnn usu;1 he @LrUﬁlg% éotnxnagﬁs day ?‘B}é' cftf A ddva t }Fcﬁtécﬁl (ﬂ'ﬂﬁpé?ir

cates ative co
fwdmmmmmsmsml%ﬁect ed; the nurrber is

15 NP g,qtuggf@auc;{qglﬁe% threshol d to deci de whether the
correspon I n ject was detected; and the selected

et o Tl B Dt e GBI e CHTBFRDAISS pifetpasss
1%¥&ﬁ$h&ﬁﬁ correspondi ng nunbers are close to the
ec

Itt?el s(e){cl,cteci1 sret 0 g(r)c|>u%s of frames corresponds to objects for which the
corresponding results indicate that the objects pass inspection.
16. The apparatus of claim 14, wherein

each result in the plurality of results indicates whether the corresponding object passes
inspection; and

the selected set of groups of frames corresponds to objects for which the
corresponding results indicate that the objects do not pass inspection.
17. The apparatus of claim 14, wherein

each result in the plurality of results comprises a number that indicates a relative
confidence that the corresponding object passes inspection;

the number is compared to a decision threshold to decide whether the corresponding
object passes inspection; and

the selected set of groups of frames corresponds to objects for which the
corresponding numbers are close to the decision threshold.
18. The apparatus of claim 14, wherein

each result in the plurality of results comprises a number that indicates a relative
confidence that the corresponding object was detected;

the number is compared to a decision threshold to decide whether the corresponding
object was detected; and

the selected set of groups of frames corresponds to objects for which the

corresponding numbers are close to the decision threshold.



