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Met hod and Apparatus for Visual Detection and

I nspection of Qbjects BACKGROUND OF THE | NVENTI ON
Field of the Invention The invention relates to

aut omat ed detection and i nspection of objects being s
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

mavieftadt and Appaeitus foroVisaal Detectionianddaspectionodf Objects
obj ects being manufactured. One form of automatic
BACHEROUNR OFNALE PBENIEGN i n conmon use for decades is
10 based on optoel ectronic technol ogi es that use

h éﬁé netic energy, usuall y infrared or visible
?g éﬂ¥% 'Yel ectric sensors, and sone form of

el e C‘l'ﬁeqﬂtlreﬁtl&qglhéé ﬁQumm&tec%nWS;Becmlﬁggf BBi3f

Opt oel ectronic automati c | nspectl on uses
reanpfacitietrema preductigiHine oaé merangttisularly tp W,r@gpd fields of industrial

rH%HBQQ§B@éHd%ﬁtoB§t§d fnabd Sf3lysisour ce and a single
phot oe

ectric sensor that responds to the intensity

reflected by a point on the surface

of

Q?“QHgUmqgkéa A%s transnitted al ong a path that an
obj e

thregﬁuﬁggn%éggﬁfméﬁes aaﬁghﬁﬁhﬁﬁkgﬁglt Lgeggmhlch
v fapialed\Onaforetof alamn@mnpmcn@t thxi&ips hepn mwemmon use for decades is
H%Ela‘atoﬁ q&t&&&:ﬂ@ﬁlc WeAnbloBies ﬁ&%@&l&ﬁ@na&tﬁ: Rbey, Aslalemtaed or

ften called agate, is used to detect the presence of

‘asmbl%b%@bo%ecs@ sensprs i fomep, form of glectpamisdseisipnmpkines ar e
ar r apgeell-Rlowvh ifor df Gptbélébtrgﬁé SutdrntiS AiFeRtidn\Bed ahghﬁngement of

S AR RBEESBERES BaPSS e SR B
thzh esponds foete 1ﬁh&ttpdﬂtghtcthﬂ lissrefteated ted mmt onfttetshidace OMOGJGCI or
t. f t
L i S R AL
esta])lshts a(lighrintensdyrtioss winels®r balovf whlbl)) ap guipytgigeal gEtherg t he
@MEQ&§%§5gp@%5%Fémfhese ot her photodetectors at the

en an obfect is detected by the gate. This
deci Snephoiodetesies eften katledragere.lisused t9deiert thepaasense plagioject to be
158 L DIRF phoR déiEddr are HanSddnQhtve W ﬁxé‘QJt@to SLREthE Rt Ceflected by

equipment .. Aut ormati c i nspection using pk Otoqg&ﬁdﬁsﬂwm

wa@p%w REsOnBR opiRch §i suitablp adivsaenk of By sensifivay €
h Eﬁ%ﬂ‘éﬁelét&s i Jé’tél:t&vﬂetheﬁo@ita&zﬂﬁaﬁ@@df tEpsdiert, Suchtis a/lalié] or hole,
I gh spee uts respond w

i EFSTE S o Pecbiod S5 o Bf g Ol CEr S PraLaD
Rhde uvihg the b s@ﬁulbgﬂ“ltheidbﬂimkleﬁodaedﬁe bthectim)e wiR an object is

tomptic in tion.usi.n detect S
B HE L IR bt ShOh B PP S T 88 Ko
@nc)bgmmmkmm@asbﬁymme@mﬂnwmd froma point on the
O bJ € %tuto %.tlcolfl%)g(glon hﬁﬁ%ﬁhotoﬁét?c‘fbtr lfag (fario[]ﬂ?ﬁ&ltt%?{] Phclt&f%te@talg are
mexpenswe simple to set up, and operate at very high speed (outputs respond within a few
hundred microseconds of the object being detected, although a PLC will take longer to make
a decision).

Automatic inspection using photodetectors has various disadvantages, however,

including:
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bri ghtness reflected from an extended area. For
exanple, to detect an edge it may be necessary to

anal yze a pattern of brightness to see if it
corresponds to a transition s froma lighter to a
darker region; It may be hard to arrange the

phot odet ect ors when many points on an object need to
be i nspected. Each such inspection point requires the
use of a separate photodetector that needs to be
physi cal | $imminsensét of ighs ingénsity reflected Srotnc: point o the etjéceisefien

with 15.«!?1%‘10%%%5)3%1@ ngtgﬁ 1tq{'1 %ren J%%&ni‘}?(r?n grtg%% O%{ ﬁa‘ttern of

I nterference ue to space
cr os strightkess Fefiggiedfeon nypxtendad sree 1 exsmplst fodetedtan edge §:may be

Manu f&@éséhf}l 0 8ndiy B8 §atﬁft?oflﬁﬁ%lﬁ1llés§’ to SRR L&regon@sr frels Yo o M

m x of products, each uni que | nspect
requﬁf%“ﬁhée”",ﬂ?ffiaﬁieﬂéﬁg’énent of photodetectors is very

i nfl exi bl Bma§ @e blidto adahdeR PhHRBIGRRYLHheh AT F3Rs & éi’l%fétzt
to anot(ﬁ){b woul d require the photodetectors to be

physi €& °y° HERreqd. Saeh sehinsngetion gointrrauirgs, e usgrof a separate

per f thmoﬂkgeca)r ﬂiaﬂféedk %o Béypgemy ﬁfount@diﬁ sidR @ waly §§<to @bt ible@E
error en,of fs cost and

si npl| thql\{eypl?ff M 8&%?‘184‘%'&’ ?tgéﬁte(ﬁ‘?ogs eRgEM bg Aue to space

ar r arigetagons, adsstplk domdisd lepht DoResy; aqnher estotshat obj ects be
ted {

Ph et v SR RLALOET OB O S 8

r equi withraique mcmmemdnmso dal arrmmerm nfiphotodggeaors &5 yery

that el {okk ahH@c}%%eL&Wfrfiﬁ%he M}cﬁb mﬂ#ep lwbdd Pequl}ellﬁe

phot odet ect or s. kno
opt odiheledsissiersdo herhypigally saversand searigsied. Thascost of perfosmming hkine

can Ghgfebtver, aldqhaﬁsmkhmmgﬁoﬂﬁvo@vea V&?tex%fﬁ@tﬂﬁé BR2bst bie! d

of V|eW|n an object to be inspected is

| ocats@eplicity ﬂfei?@ﬁ“’da‘?ﬁeﬂ"ﬁszé“dt he i nage and nake

deci si on SUm@lahfhrrangé@MIht‘bephoﬁ)dHt‘é&&Js }ey{mre@ &l &%c@ bEPttnag at
Vi Si Qr Vi .Si on system e Lhmge IS
capt Equ 8%%[5‘8’?? ??é r{g)g;/ %afi%le ap 'fe@ﬁ’gfs 3 HP&?JeWe
phot cesets il"hls r/aquxedmemmﬁyadd additniicost induempletity tha kinadfét e
i nt e%v@tzdspﬁldﬁl{ﬁ{phé&%ﬂ}% )Photo e’cto}so light that has been

focused on t The array is called an
i mag eﬂﬂo‘élprdvedll‘i@lowmﬁm |060m¢eleelr@mmtomaa¢ Bsreaion@sks pideddeghat

%gbtmsll S Bﬁéw%rkﬁmé&%ﬁipﬁlelh%f%w inl vg@@; fe gje& (gL on

urin utter tine € neasure

Wﬂ%e&té‘éls éﬂc?}ed e hencwgisre teaimege and imgkq decisinumBuechs da‘nda is usually
&ﬂl@d @ﬂadhﬁze tvz|31@n SRR % sf?ﬁpl;I .{‘\gszbﬁ s%té)ﬁ] ’I“ﬁé/ﬁﬁ ?mstcﬁ)tlflrg(f By pr@smg

S 30 analyze processi'ng
& PEHBHE B Aot Ve Flemerly e e P col thouiagition
brﬂ;huﬁehﬁ:m@,. td hgthﬂthﬁ@xlbﬁfeeﬁ fdCusbdIén 1B ﬁay%y gfen§ Fﬁe &@y@sgéalled aﬁt
ein spect e n _sone ses Qbj ects are, brau
e dud BE REG G ceiber 5P S o Rls Wik hebreior he BEnab e
lidh fatling omit during tiechitientine Thembisond infehatygalutdiees thértdodveabd to

b i Rl P A d b ] SH B0 BT Fhagh R 2
zma&_zedcba rqghgtt:d Iprocessing Blhment Buch hex@nphien usingradthads well-known in
000 BERRIind ihe 43R objB 6 hljRci4d ST O system that an

object 1s locat
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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the field of view, and therefore an i mage shoul d be

captured and anal yzed. Such an event is called a

trigger. Machine vision systens avoid the

di sadvant ages associated with using an 5 arrangenent

of photodetectors. They can anal yze patterns of

bri ghtness reflected from extended areas, easily

handl e many distinct features on the object,

acconmodate |ine changeovers through software systens

RiseR Jrutpmgion squrment ischsebin diiferm the dsiomsystermioht araobijeabis ibcated in

@Hé]f@ﬂtof biew At %ﬁfor@@ﬁﬁh&%h&h@b@&gﬁ%ﬁ%a@%‘é h an event is
%gdvantages conpared to an arrangenent lﬁ

BHBB&ct ors, including: They are relatively

ex pendichie vieloh SRt Si*d]cﬂﬁe biSdAvdk sPefafed mﬁg 11?%511

arran epe % % hot etectors; They can be cul t

Bt B bhoyfqetdRIORe BT e gl gt b e o g

e:ngidedeareas,ragsﬂyrh&ldl‘d Mgy dRfikt ie'atuﬂéb ﬁﬂ’{h@ 215] f@ta?cdﬁﬁﬁaatgﬁﬁee
an arrangenen phot o ectors

talyag ¢ g r% PRI S ?egﬁ & ?r pﬁ‘b? ﬁ?seﬂ’g?‘@? SHOCET el arigble

p@ﬂmhkéwa;de0|3|on Furthernmore, the decision tine

t endstic?mé/ﬁE)an tstglgg k%ggal a(iVXﬂtanSdCOlflnngvggl Gt a%’%[@f ! Op

obj ect e Vi on
Ph@#*@@@@m@hﬂWEt ari se because they nake deC|S|ons

based on in a

single p03|??%ﬁh?ﬂ%$%gﬁ?§%?gﬁ&? V|gﬁﬁbgg% bje%? 20

may BEASgEeE atphredeedirtf er ent and unpr edi ct abl e

posi ti on, THY tanlWRIdiMR&HRo QPLS %Ftentrgﬁfu‘ﬁlg g%op%%hﬁx PO&atiz d" ch
I'S

position on which a decision is basé sing
p03|FW?W“EFHV?HE%manornat|on froma single V|eMAng

p e r spect i ey opsite Audi Iﬁt@é Solly ﬂﬁﬁ‘ hﬁiﬂaﬁﬁhn{eﬁﬂ JFphdtEdetebrolshe
| uni nat a sjngle perspective

of t o B8 i 3 st Grl G ) i g des g Faserrore,
obs e thealdsisidngime tenda tplagy, signifbntly afdap@dictably FRIBGWRLL th WBject.

f
i VOO
afingledmagef paghrabiedt.deqated in asinglerpositigreia the Lfeldaif Iviyw r(rmile&uect
iy RIQURE; i a%f?etrénygndt Jadlétalgé( ﬁoél‘u%ﬁ] %u{ e eafh ec thﬁre is onﬁr one

anore reliab eCIS
Yehsposifign %‘p‘t‘?!’raedeﬁfﬁiplﬂ isfppsed) ﬁbgesglwosmn plbyléestmfamnanesﬁom a

sin{gletd'kﬁvnﬁg RtsPecti, aﬂﬁ' aesYﬁgle%QntEtBﬁ Rel AN € fAREINL RS TRIESor
uce | e | mage for ana YSI S. ne averaglng
PRl reBaiaaien Eadsdr BerisHcien by e beberied, o
claaplsitana ﬂ‘ﬁkgeﬂlgperiw&uvﬁ beds GittleDs $5ihdld pid kb iR CoriGses change an
nation orientation, considerabfle

Rersasetive, and 1) Ly
aadi %#?éﬂn f‘f?é‘eFté’nﬁ & FeRrastadpmian glspeemgeaeto biggsuatipmoves
ibaraund Indlativetorhisstyes abid the lighité ©rmaké & m’dte&élﬁﬂle yckiANs t hat

are d a rlc cod bar caodes,
PR B G LRI b T s

Oﬁ giey, anfl thei hteage theseiimagesliorpeatubarsingleritage foi atnhlslsﬁs @he averaging

r&ﬁfzés %‘eﬁsu[r'eﬁi%gt ﬂoﬁﬁ Qgttﬁér&g gmpr%&es e dedfEL Bl mg Elere is S?lﬁ ogly

tried. This net
one perspectlve and illumination orientation, considerable additional time is needed, and the

object must be brought to rest.
Some prior art vision systems that are designed to read alphanumeric codes, bar
codes, or 2D matrix codes will capture multiple images and vary the illumination direction

until either a correct read is obtained, or all variations have been tried. This method works
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because such codes contain sufficient redundant
information that the vision systemcan be sure when a
read is correct, and because the object can be held
stationary in the field of view for enough tinme to
try all of the variations. The nmethod is generally not
suitable for object inspection, and is not suitable
when objects are in continuous notion. Furthernore,
the 5 nethod still provides only one view ng

penspach 'bodes coapal sﬁﬂﬂaexd eadumiaﬂmfbmlahraﬁml theRisioA kytam can be

s L
8o ewugl firgy to &y el of the \canatsvys Thewsethadas geserellytnot gifabdefor dhixot s
ingpe‘?ﬁo%,kanﬁ’kqaopéuﬁ&?e hgﬁééﬁﬁé?ﬁﬁﬁﬁaﬁmﬁ@v Pt r%{) of%, i

nti nuous notion t nme such

ggibedsil peavises ding wewns eer@m@ttve>tan<éthe Beciston s happd en guly gsingle

m@@@edaﬁse\mbrﬁia1Jnff&myﬂ1§mﬁges%§al@mth@§n ﬁla%o@&p@&dlymbaaa&ed
see each object at | east twi ce. The objectjve

of t rﬁogle B jag] pision &»W@% fre uged fq.gudegobots i %?Wf’ﬁ@%@ﬁ'&@ﬁlqm
Q'flerﬂblij éctsPketin PRABRAS InbtioR Shroudh the Hidkd bﬁfue\fr Bomd Suth Systehd bre

Pter 8 R PPy v aA TSR et b e iy o
geelkact) lobject bitleast tavice I Thg ebjeativendfetrs deign hpeet:s isinot tb bigaih thel d

gédlat;{tit()? Wulnﬁlla %ér vl %ﬁﬁatﬁje? tor]ﬁ)s’int'e% éé?s%reqro&&g&g ent{rﬁy if

1tiona or mitl on potenti provi
payditipgy|agisqshat @p@enatﬂv elow dpwn MElhlpmystemsdudms wgh@rﬂm Avppage

actatiel bf%]%&ts in'ﬂ&@ floRl JFORW. ﬂ{eée%&s@&nsde AR thdR bde oHBE adftiofal
trigger The need for a trigger signal makes

fnfamation @aterf%vsepre‘aﬁiﬁglb@ fheaulinloreERaciet-or nust be
moun Mhlﬁ@dSl@f’dB’ﬁ&ﬁ?ﬁVﬁb ﬁﬂm&%ﬁ tinhdtiBnI WeiSihig B¢ Wik hide@Pa frigper
ur er 0 ovi.de an r riat e ssage.
et Tt R R BieEt st Pkes B S T ey RS o st be
tthteﬂamde adjdved, or sdfevachmaiiesvraterefor mPIcﬂDcsItcbmplwsso protiden, a
F}{?ﬁ’%ﬂ&é *n?!éa%oﬁ}ﬁeé; a*b V\g@ ‘é@[é is U&%Lf {ﬁ‘fés e{lorr%r%ét LI?NL)% &% When
thd obi mt@g@@ corftingouy ngfiavna prodician lmﬁdmgeevenmereqwre itto be
pROLANSIREL %ﬁh %%ﬁ&?&&ﬁm of e Q&Qntﬁ S S?f a@lik?dﬁgﬁstén{‘ Fhﬂﬂgmore

|ntenS|ty refl ected romanob transmtted
Bhotndgtegiorh sanionly Fpang g thangs i ligh etﬁnsay %Pﬁﬂthf{oé’nanr?ﬁb?“ Rbt
Banshiikd hlSﬂngrHatht B sbrfid daddd] shch adBhdRecn nvd) A6t ba Bufdiéne folrelABIS

ntered the Some prior art vision
g ﬁ@al’ﬂ%{?"t éntaréipﬁhég"’?vé”?ead al phanuneric codes,
b ar Zome pril@art vision tymmdthamesdesimﬂ to(r2dd)alpirummesic @O tar can

oper at.e t hout ager ontin sl a
C ngsg 8rs ’twgl\élI enstu%nal ngP glm codes opera e nglll'{'lg nr}lgg%rcogeonlﬁnuougly

pa@ammmad@sm itiemplingliowed a @d@; ﬁor thmmcessom@sogber@ba\tel guch
ngﬁlO(ﬁlé.l' a@l% B&rsw&me%}'bbjle& %E]Eegltldnoé}xd aJEéQSt ﬁﬁeﬁ)le%n obj ects are

suitab obj ects are coht I nuous noti on.
mﬁo@muwgnov?lsu on systens used with objects in

C ont isxe b‘ﬁor'&ﬁ%i@ﬂ syeidils Qe Kl @0_]8%9: 1%055&91%5 rfotioh beﬁ%ﬁérate
gqug a nmethod often_call ed self- t“&% gering. These

Higiegey piingn mejhog slsnfelled seiriggring-JiPSs §YSIHIS bBicalhipperate
ppmbmtlaﬂﬁg @% ﬁﬁ?&b parechs | bﬂ&ﬁ&ﬁd fn&ées&oﬁbﬁﬁ@}eml bﬁglbﬁdsgd}tcél&s S
r .c r a | a e resence o an
e i gr%’?}‘%é%‘ngﬁfﬁé&%ef’ pi

soprelllmditatidng t at i ons:
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The vision systens respond too slowy for
self-triggering to work at conmon production speeds;
The net hods provided to detect when an object is
present are not sufficient in many cases; and s The
vi sion systens do not provide useful output signals
that are synchronized to a specific, repeatable
position of the object along the production Iine,
signals that are typically provided by the

phot odet eTHeaksichRAten@Gdspond Jooaloiviy fIRIT-tagperinpae et abyomanon
PLC or ggndllgg mechani smto take action based on the
vi si d) P deci sion. Many of the limtations of
machi n e Vilginmthody gt wded tadeicsievtion apabjdct i presnsae 1di enfficient in
oper gf.& L9 190 slowy to capture and analyze nmultiple
perspec¥|ves of objects in notion, and too slowy to
react to Eheoision systapsannetgravide pieéul piatpyt igesfs that avpsynShrprieed

NSt ¥k §eQfc, §éb§§tz§f@5poﬁﬁ& SFaRLYES al%ngf‘tﬁ%ro&ﬁ%ﬁme 51gnals that
simultaneously with analysis of the current |nag

naxi fvRelePiRvidediydie p&oteql%qcehthat@% Mﬁl&g&hmﬂﬁéﬁdsé &3 P§C

det lero‘i*heﬁh@l%gbﬂecﬁdﬁ@m't&faﬁ@zfch&fbaﬁeh@nﬂﬂﬂisiéﬁ eystehmieamh t he
ahna

. Overall, one of the. npst n cant
ot sy b ittt g Biop Yo G R T s gy Oberate
pioXivE to sapﬁﬁermd lasdlyag mirkigle perBgetives ofbbjedts inenoriere deidod dowly
g rQamL.J &) en S hapﬁ%gﬁ%m?heq%fd%% WFwn esdlr{cQ {nlo%%[sloh ¥¥spe¥1s cQ’l aM %w

Enags slmultdneouslh with exalysis méth¢ S tireggn theedaxiyypunt e aawhlglm vigifn
é)&l%t mﬁe{@fakeqphe%ermgdwl B9k fnb x% tite fhe &£ amx%eslume
eneral 'y

I NnCé navi ng nore rreans nmaki ng t hem

Onverpll ene of s mogiesigaifispns factersdn detarining (hés rafe is q‘%““g@ﬁé’f Birely
t&prAs Beldbr. | NCreasing the 20 nunber of plxels

i NnCr eases thg shutter time. Secaon %H’ Versj on ang
st or é@‘& tip peededdd %ﬁ??gﬁﬁaqetef‘ﬂn & é eB’f'm RfeH‘ S
Thiksiniafee, foitive b#:sic)téﬁs&s Hiet, fhashuttérhiene hm@ﬁnmédlw tieapiott ef
i%@? ail'l%b? aélﬁéhe gfe’]% 1tv tot}eacugnsv’{t %16 eValIrlg\Sng r %e%grtal[ly mg’alnso n
makleg therp smllleyand drmfcsylstsemmmues ngdhﬁhmnlhaambreasmg e

ePXﬁﬁ)%efL nrQ:Pegsnglg ttgrﬁmﬁ c&h\ﬁ &olﬂ%réf%g 6t‘gm§e! [Hllxé 18

systens ave use ew as Just as
mmrtl@ﬂalgtp thginumbgref pixels. Thys the é@eemlxels oadns, the lprger iy eapture
Ringel s for inproved i mage resolutlon CNer t he same
period of ti ng during which co Eds hg
i mpr JVEH legstthelast Wef‘fﬁlp&“eﬂ’?dlsf"i‘?ﬁ?& Yy cHaMged b9t om
$Ew000 Pixklst hesse ﬁe&nﬁp&ohﬁ sﬁ;teﬁlk Bave IBEdbhlb aeﬂaﬂlésm fasd FV&d§000,000,

ture tines er al | ve | ved out.,1/ 3
SR e St G oL BB B oy R ST e it
Eames;thmceommdl fseéo mork pixels fok immezdd impgeresobyion. vertbe &auie
BBy b, bl whiat ST R o W i gy
hm geangediirpyevagyypeiales t svlhbﬁateamhwe gigion {nepge aqpﬂm@nqa generally
ﬁ% lichprBRf ‘ﬁbﬁ'&b&hﬁ 1/36 6onR '&%&&%ﬁ kdcbMCorty £IARBH ot two. Faster
r educi ng t he conversi on and storage tine.
Frretstarealpyedsmrpsophistisaet alyst b@%&?ﬁ@ﬁ?@ﬂ%ﬁﬂﬁ? agyiphya vision
gﬁﬁwoﬁe{amhm cHakgefr actice, since the |ight

sensitivit t he
Recently,)éMOS imagers have appeared that allow one to capture a small portion of

the photosensitive elements, reducing the conversion and storage time. Theoretically such

imagers can support very short capture times, but in practice, since the light sensitivity of the
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5 pixels is no better than when the full array is
used, it is difficult and/ or expensive to achieve the
very short shutter ti nes that would be needed to nake
such imagers useful at high speed. Due in part to the
i mage capture tine bottleneck, imge anal ysis nethods
suited to operating rates significantly higher than
60 i mages per second have not been devel oped. 5
Simlarly, use of nultiple perspectives, operation
belhﬁlmb bétter hgrewlen therfdtlarcy isanedodt is diffi@itopd/prdxpdnyive to achieve
Lo & K
TR P A Bl ySU BRI Saca R KLY Bl 3Bl et
i Nt Haepr pagito the imagReapbng time bottleprsk.i 1m¢taa¢1yscﬁemﬂ@éssuﬁed to
ggé nﬁg roke &@hﬁ&hﬁ‘;“}ﬁg@h@ %dglﬁngge? ?ér%c%nﬂﬂaeg%& B&H developed.

ped I'Nn resea | es devi ces
Similagy. aseof anliplsgespaghives. operafion 3dther rigearsnpFadyction of and

Bﬂf?&;ﬂ&t@@%&ﬂchr\ﬂﬁz&' RPN ghal®) An X Rarigty BB Sthed ubful ARGt Rave not
perate at rates |ﬂ§excess of 10, 000 i mages per

Q@E&ﬂﬂ“at%@nﬁﬁ%? iPHAE processing el enents are
severmkmt,l eﬁpénﬁxantalmeﬁaaa adlicl FdcM plaBOFRR hRdestdds hivgbden|

SRR o PRI B E0epl P s Yl Gl oomens
laitphe tosengiti vel efesjorts dn @@ subiSas iantbean nigpratde ratis SeckednbAGH0
A R o i
wompacd isgigitabimpnge aplesis hpwever, mnbemt yetglepreehgther syeh devices can

wgﬂpgggsmg,ggnmtmgﬁa]t“t@gm@ke use of two-di rrenS| onal
i mager s and %lta i ma anal ysis for_inprove

det e&qnaépnaﬁaw fsadyaniagey aeﬁnaas‘fr@et of pbﬁoqeﬁ&a§t qod éhe

AR A+ hridgpled ind Mighitations- AVt fbichiblirisiofyfsiiht, @relib @ c@ﬁlﬁﬂﬁi@ heed
i_nventi on rOVI 9; st e d metaRods for mat | ¢
Spevtamsend ?ﬂ"&‘s ‘E‘FPG“’P %TP 1mage
all.iia, 1mhramdeteamm amtmupeangn i ogjettain indugtgd snaodfacuring.

two-di nensional field of viewin which an object to

RenAgiee e NveRRRA ed may be | ocated, and then

~anal yzing the i mages and nmaki ng deci si ons. These

Syst erme pasdlt iednhi@tisoadea bysems ﬁtﬂlhﬁ@foﬂﬁoﬂiutonﬁhhb qhbm&&uc

BeGF B Rr P ShaE Pt G RO e TR L e
ﬁ':lahd_coﬂgm sofHichan ebjae &orts, detactell dranspHcied macerlocied, and then
glt}% naé%eg Q‘Jd%?aﬁq %8%% oan Hiese Iﬂ@ﬁs ﬁ{dqn%qﬂﬁ)ﬁ§an§l§pee&ﬁérﬂseof

Sl er an prior art | ne VvISlon
bys%m@meﬂeaml fromextended areasrhaadie manydlésting featees on thp elyect,
YRGBt AN ¢ %Jao&lmidagﬂ LORHAR tRadIBKE hankR %n&ftaﬁ%cf\}aﬁe{bfe

perspectives of noving objects, operate w thout

wbipg énsptions. Theyaredess exspi R eepien 1) S YA RSIT FERAGERE pisien

8 swﬁal ahd opdivie R AV 1HEhePIpbals. Thbd Bystel i méhyds HisiBdrbhbre make
hego? l |es AR f{Jecomﬂz a‘ggarent t.o those ski.lled in

gpitiple persRRitjegolRYing ohieds, PParai, WPt rieses: Pt ed

pppropiaiclyyrehronipgl oupat sigaals and@owdd dier sfjifahtanduseful | n

con noti on vi des,. speci fic and

§?p§&|1il “13%?1?“%‘8 %%’H’i"%@@‘ P ﬂkgéneﬂl%a ses, it may also be

used Wbileshd eped irgkntion wehreqmdl poimaly bt applechizoms where the objects are

%p&)lnﬁxﬁlgﬁsj n?d?i%n,%(%rgvi%s? jsfe@itﬁé arﬁlrsﬁgn&rcﬁxv %Entag%)in afosd cases, it may

also be used advantageously over prior art systems in applications where objects are brought

to rest.
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6 One aspect of the invention is an apparatus, called
a vision detector, that can capture and analyze a
sequence of images at hi gher speeds than prior art

vi sion systens. An image in such a sequence that is
captured and analyzed is called a franme. The rate at
which franmes are captured and anal yzed, called the
frame rate, is sufficiently high that a noving object
is seen 5 in nultiple consecutive franes as it passes
th r 0 ug]h adphe of theingentén iv hlea]vpz(rﬁﬁix/)alle& vigen deleeron ot sapture

wh
fnb | %zg %rérgquen%% ?tblm%%ég S ﬁ%%{%g &3 than%{rﬁg# ﬁg%?}!n sg'sttenjxdv.sAn image in
sUvk p efjoemee that i oaptsreé mdfan@me@m Icalle@ p.&arsé. g 1aig at which frames are
E\ﬁ‘éﬁ%ﬁc‘i |\5§§eda‘%ﬁ ﬁﬁe?%e%‘é i s%hﬁ:feh N PhibPihdt A hoving obJect is seen

Ium nat r aspect of the Tnvention I$

rpetuﬁ%n!e copsgrytizel fraras anit Easwﬁ&gé‘glaﬁa f‘% phvievs FPOV).(Fince the objects

3SR 86hdwhe: HeReBifduseedive EARISUIE is Nbated el nRRple)piifiGs muhet Fcpdr e
frames, for which the object |slocatﬁmsw|nth tﬁ

81d tharelpe ItissaendEog) mytinle Yiewing peripRctixes apd pqsiigysielpfive o
dunglange obt ai ned from each of those franes. The

nmet ho row des .si. ficant .a es . over reart

mac hi‘ff&"“¥i agge%%thg “'gf ioR s aﬁé{hog’a%ped SIS %1] Sg a®5n a
gisprglirg objeetsry, captenngand)mabzmamplaplb frarhestforevhighiwrobiedns logited
gﬁt - el oﬁ@w ﬁlq bﬂu&%%suﬁ&?@éon@ﬁ%ﬁﬁt& Q\I‘denée%ﬁam;cﬁfrom gach of

ng events @et{ occur Iin the fie of viIew.
Hesefipaies. Toamethud Wdﬁbﬁl ca A4ENIALPS OYSR PR g Meshnefvision d

stk 91‘&6m@c@%cmbny%é'ﬂg)n\é|s§xgl§harﬁé/em det ection the
obj ect can be detected vvltho Iﬁ? for rlfglger
\YE F

si gnaYet auRthgs aspea&fﬁﬂle&%r@@wa& S cfeprion
laeesinPevampiiteity obyr ia titfisidyof Olfs-wt/ﬁﬁevént ganrbe an abjekt passing

et t !
I h S et Ao B S aipd Rl oS Fedden BF aued BRpf RGP
fadthoutrtiy need foreljggertsignals t hat by consi der| ng the
evi deARRioRPEALA il RBBH Wil Rindp SISl ARIGSBPAL EYAS nd

and ‘positions relative to t um nation, a vision
detpilsd deserintionsghienherein.npke a nore reliable decision

than @GheRAvaRtagedE §he%ie§1b&&n§éb§£x§tﬁ?s oﬂﬂké%ﬁ‘es@ﬁm@enﬁbmﬁﬂmowng
around relative to

R o o e Bl oo N i) LS G

@esitions ﬁ{jatlveZ?thAgﬁlhlhﬁﬁonaﬁMfwﬁ (ﬁegaetot i alilmtmahba mat geligden be
et ect.e re hou a a

AT g anfon R st WeleBith s ol H ol Bbiect mBH R0

larosndaklhtate nxdns eyasvuid e ﬂlelmtowa;w oore tahdﬂe delcmne to be

St AR ho flydhualld § i fbbes Bl RLUGbdbYol IR WilfouRa FiBLd: WRKE

change 1 n I Si on detector

Vi n
rech @ phptodelgsess i Thisgetuges prsband giewplies @}stallatmt%?ﬂ%yawﬁw@@

Ihﬁe fo B twiRkhdditS b Qﬁ'er@ﬁbﬁ@ﬁ&ﬁy Iﬁﬁﬁhgtarsaﬁkaré C? @thd ifbh Rfecidn
SO NMoVes field of view, and

ect as it
d‘@{’%}’rt favig 1q vy dengsitong Hhﬂf@élelg‘?"% at which it crosses
S one Arothechdifitags i e aintetectbltaptidck He@osilod ofrvbjehianitbe

h d. ref d ot h
L T e S e
ksangided im@ce“poui rOutputiegnalt canalizh e synchmeniped tofthinfixedwdference e
%gl > Bl% lr usg’ﬂll x}lttorrﬁatcion a%&ktrtl%%kgct cﬂla\}e ogtgmgéje{s ?a%}g,ht B&eln

In order to obtain images from multiple perspectives, it is desirable that an object to

be detected or inspected moves no more than a small fraction of the field of view between
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be detected or inspected noves no nore than a snall
fraction of the field of view between 7 successive
frames, often no nore than a few pixels. As taught
herein, it is generally desirable that the object
notion be no nore than about one-quarter of the FOV
per frame, and in typical enbodinents no nore than 5%
or less of the FOV. It is desirable that this be
achieved not by slow ng down a manufacturing process
Budtesdive fRin@Y, ioftern® reorSthfuf 4 Rwveixtls yAdtinght Hereairie isrgateeally desirable
R RS  SThE ed el U A
tysxcaitembechs\entm rhareriban $%her lesy ef tagléOY dt ie destrabihth g thioly sdoevsd

%t% 5’15\%?1 % %%uf‘aﬁtg{lﬁé Cpg%cg%gut uf}’g&%dﬁ{ ‘a s@ﬁc@ﬁt@%@fa}ﬁe rate.

, B@@ eﬁmﬁe@/ﬁtsre émﬁame rags & 1@§t§ﬂ%mk@9nda gud ip pnoggr example the

Hhhd AreI SR Radtiay ﬁméﬂﬁ&ﬁfﬁra%é}% amﬁchfdafectg B FesRlcd @ o HiligH)
prior art io vision systems. The high sensitivity

g¢'¢¥fs very short shutter tines using very inexpensive

LED iAd dt&hpay lsﬁfém ﬂ\ﬁhghhthhtrbaﬁ?&ﬁﬁtdhﬂ& maryzmﬁ 18 500 ames/second.
Tﬁlaat i vel smalé nber . of

St AL ST PR e e o (P %%eiso@‘%namgm
glisigh §y8lems.iTh8 Aigh mﬁﬁ,\e@amsws(vasehort dhiiger timesusing e&y \nex
gﬁg :ﬂa Cj)rlla%:(igrll, W%SCB a4 c%l %tlog r\}v?tﬁ #icé lréi;h Welk EIP%MM%I dp% pixels allows
werp bteremage dariiyre tnaasn“ﬁheomasms ura&nfaeedstm digital sigtfabpro¢esror (DSP)
&Qﬁca}m LB B 's.tﬁre? l &é{a%mﬁﬂ%{émts AR @Ha‘é{ciqng %m@ Shethods

to Mﬁt e time needed to capture t

faugmberem Trfimplepmenioddby anednscoh auitplle goﬁwerf@dhe ¥ tha Bﬁlafoat us
GATRE BRh frﬁn@% cRMhIfCal BkefaS WiiRA 3 itigh nbdaadi® ca;fu@& fie ndRY frame.
C

carefully maiching the capabllltles of(i? JS e?ﬁ:@h
Bgeaptyprgnd malypis Meheds audarpiatrHembEp fodeq vidpdle dstir frame
irai/ B tdreflly hiiehin iR qapadil¥iesSof SHe@igen PSRN mgminfan@aﬁmlﬂye

I
56 BB R h B bab oRO R Rt SOEoRUT BOF
pegtagmadignesvisagyaense of franes and anal yzi ng each

fr am‘3’l"h% gmeﬁllg& & ﬂllﬂ%\{gﬁf 'dggd?i‘&ﬁm%]@ets ﬁ)ﬂw@g uénée %Mn@g

or has occurre I Sual eve I on use
m;gmg cwshjfiewe to dmmumqvldtem thabangvenis oacutrmggghqs oedugyefa When
@ﬁl BRA d)éébtﬁm um% el %ﬁe\sﬁwﬁﬁw@mb HRHER a3t s%ﬁal ;mé Bilysis

ocated in the field view. In an exenpla
N@tﬂﬁéﬁﬂffﬁ@ e@@%@ﬁ@@np‘@eqtﬁl?q%@d mobsRedfotyieWal ue, call ed

a P olh f&c&xe&glme}ﬁ]eﬁ?u (1R Bvid LB in thd 1|t3aﬁ off \eliue, ahIed aﬁob_]&’{/ el
or contil dence a S oca
Bection wg e e Hsaiers i 2 © iﬁé&fﬁ%&w 5 e ot
Ivi&@l Tiatvalae Mmiyhe a:shn;ile)y\’Is/ﬁ@ﬂfolcel thaiciadicages highi nlew crfidénce, a
dl?er ?}8‘: indi aaxeg g?agﬁe (%% levelg 3 cogﬁdoelflcec g%ny 1%%0&&0&%0%%& ko%?é?s

conveys evi
sudémca Onel mample iofsugh swubal lk esb-dallxiAyzzy tngxcoralvalfm‘éler described

B&Eﬁx r}@Jte ?le n: carhrﬁgkg' erféépéeamtnbt%m lelrrﬁgec Qﬁdnsg \x’?l?i'ﬂstead

ecision froman | nage SO W |
m&me@%@bM@I}TNHﬁ@ﬁ@mﬂ@Cbased on |rrperfect evi dence

Wien Whiek: oejleét@akcueﬁta%tlg Qlﬁdef@retaﬁﬁﬁanie% ARAAE whéler the
each frane to deci de whet her evidence is

SUfgupeis @ﬁﬁm%@ﬂt ag Abjeh jsdecptet @ ﬂpeofte&i Eyiepnll o fapleiyayng vglue is
ik Whe dvidefceShayBé Son¥&SdarivRAtIBhd Wlue is “yes™. If a number is used,

sufficiency may be determined by comparing the number to a threshold. Frames where the
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used, the evidence may be considered sufficient if the
value is "yes". If a nunber is used, sufficiency nmay
be determ ned by conparing the nunber to a threshol d.
Frames where the 8 evidence is sufficient are called
active franmes. Note that what constitutes sufficient
evidence is ultimately defined by a human user who
configures the vision detector based on an
under st andi ng of the specific application at hand. The
Vﬁ&énms slefi@ait are calad aued frds. | Notethp whesonstituges sufdiénnévideose

t
Cf eu%t o(%ﬁhedso % u% S\Nhg}gn‘ﬁ%ﬁl%f ﬁ? g{sjlglii1 Hc]tt%%r? cf
wcewmmg of mﬁpmfm@pmatton pt landy c’ﬂw Vvigiorf Mm@s audrenticadly tamles
GﬁﬂﬂﬁEﬁ nﬁﬁ&?mQ%ab&% vi sion detector. These franes

may not be str consecuti ve, however, because as
t he d@e@@pﬁmébleqtﬁﬁt@@gh epchebipst @psging through tadielp ef ewrwil

BRIKQFRIH AWV GraR Y B fythd M %ﬁﬁaniérrat@ bBS viG G WhtebioP MBese frithes
whi ch the evi dence _that t

object . is Iogﬁ. %3 (P%
e o} be FricHY Egpspetiry hoveygrs becquasgs thepRicptPpsses field o
dewithetthg velahe ABvifleieRBEdion, &fommom@@ tfoe@dhnke stfdere a

Apthe et Bern R AR B0 pIRER Rl PRI ioged R BT
detectibreofan objedt bepsns ayhpr Dgtiveftameliyfoand s does nGreodurgil $mitmbef of

%gr;séc%?ve 1£a%£%%raﬁl?iarr% ﬁ)ﬁlﬂi {l’ﬁyﬁﬁnl}e{%{n b senQl £p$§099£{gb3; Sus@!

assi n VI ew,
desi r(émb eset of qg@veff@mm ks begn favad ﬂnamygwpqnd tqmtomempnsemg

;ﬂ’g 8k el of QB; &G adidbid b Qé%féﬁn Qﬁ&tﬂer%ﬁélfs%ttg ﬁ‘eterpr-:ﬂl'e %hether an

rther anal SIS may consider sone statistics  of

pbyec basjindsed tresm%eéecteﬁi s figrtharpnelpids Y ARRY depfomg siafisigs ot e
bEREREmes! 1haucﬁﬁgrmaimdbbfa>fa&iveﬁ&né§ Eh@dub T he\0Bje@ labtsction Wwkignts,
erag § ﬁCt detectio msgght and the like. The
GUREBER ﬁJﬁ gectign weght, pad the it det ection are i ntended
t 0 beThelabays txaaipiey &f visnal et detectionuraihiendzi voche il@isteaivé 3hd not
tcct]m J%ensxvee{nﬁa arXf Veva a%ef Ltne?nlx%v\?ﬁ{) tﬁ aLco?ﬁhsilgh%i o? th/g% Af;(rﬁgal g\tent
dmm within thi aumtwf the inyendign thatovil) wecunto ooe efiordamayy skith 1 1 . 20

The I

capt e aihoRs YRl SR, A4 SiphrhBUl diping mitle,
deinescte inspgpiean ebjestvdigesc tnspeme aeansigderaniag pmpdniepppEon about the
'st@ﬁ@éf"@é dbRe:. MR Exa{nﬁlﬁ of ‘rﬁfs AMethdd, e st 0P MBfebt-indludeARther or

exanple of this neth e status of .an object
i“h‘é‘l‘i&?@g‘ %@F%’é’?e%‘Pn CTHW e %B}’@BR“*‘?;S’?’ P8 es
| n S P bdni hspacts bethé AveantiGSdyRarkis m@pmﬁ@m tcBmbiyedavithSisnal

aftal GRS Tl o Pt e G SR o BB St pro e

o0es ukeel by the dyrmaid mlegefanaiyamneﬂmmcemspbgt thelvbjenti B other aspeets bf the

[ t ]
U AR D900 i Y058 G S U
&Eﬁ@@&&dof t he |nvent|on the frames to be used by
dynang,gh éu@i?ﬂ:ﬁn@l@ﬁlab&%édﬁo &ewmpl@ eﬁ@a%ém%e oBjefi8ARAR%R (O

a trigger signa . ch such franme is analyzed to
drspastion criteria Jp a&w&m%metb%the Byideate is inythesfpimpef 2 vpige, gjled an

|ij§¢9§&\s§ kc‘bﬂe ﬁlﬁt‘ 1ﬁ(ﬁé'ale§1a leVé) oDEVRFEN QIR B Y b;BaR kdliofhs ﬂfehﬁpectlon
evi dence iSin form of a value cal%ed an. .obj ect

e &g witkobi oo isele SRR o mE bR IGHEE e
iR a0 8CHr IGRéonfiden@Sa inisbel, AR 8L B logic value, that indicates a range

of levels of confidence, or any item of information that conveys evidence.
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criteria. As with object detection weights, the val ue
may be a sinple yes/no choice that indicates high or
| ow confi dence, a nunber, such as a fuzzy |ogic val ue,
that indicates a range of levels of confidence, or
any itemof information that conveys evidence. 9 The
status of the object nay be determ ned fromstatistics
of the object pass scores, such as an average or
percentil e of the object pass scores. The status may
al so e staied ertrdobiect mappe ddirgihbefion Etatish&toifﬂﬁ pbjSdl pds sSres)

8‘6:i‘ gsca{n%g%%t\éggﬁgceﬁtﬂ \Agii’%%c?)éetctep%%s?sgc{{% e t%{s ma alécgbe dgtermmed
&y nglttedvs@mylcmucgm a eigideiyeragenr welhletai/pdrgmtﬂn osmg thashgst 5
HOREEH bt walhih HARAR bl R s iitno Arefil o Rames
Bhérda e gorfidence Isjhisber ke the ehiecs s agthllyilassipdintliedivld of view for that
ghthai ned by examning a frame for information about
one or nore visible features of the object. A visible
f eat Jividencs fof opjet dptgrtion nd igspgetion s e*afm%wé FEainipg peframe for
amaﬁon apat &ﬁroﬂmo&ﬁ)ls!bteb‘@fmré‘sh)@ﬂlgﬁbﬁcft | Bikible GatufITs 4 poRbn of
n .about. t

nveys 10 inf |

Ryt RS e o PR O B it PR e s
ﬁmmhtfmi about the yresepcreoxdamSy, or status wbihe elijéco Mighf cap boerigsidy,any
[ [ bu
piREit 8t ool rBab ol ek B RnetdoR ARSI R D
offipgion of anoundé exarnal gr ilﬁwromtcathsthnct; er dirgethyrireal a ouree infgenal to
BRiogEd: One aspect of the invention is a nethod for
obt di ni ng evi dence, i ncl udi ng obj ect _1s detection

5

wei gHing aspee oby Brqntionis 8 methed obtwna Fridgerecipdpdg opject
f@&&ﬁl&l ifvéiglﬁs Vﬁﬂl th]Eb? 5 soﬁﬂfj ,By inhd2¢ hrﬁfi@xs @;ie?ﬂﬂ?s%@ﬁé or Inlfbree ach
rame for ic e evi e .i.S nee n exanpl.e o
R o b o 5 R A et S Bt ISR e e Shod.
e asage emabysis opasied canputel @ mpasiteineny diseden thepitehealuee i theregion
%I‘ mferegte\('hee%t the Mur g‘np % 0%39{ tg ggrger apr%pﬁa?e%B%Pa&ér?é (% 3 e

arac r's
aﬁlbtetf@ummfelctobjedth’éhemslmmmonveste@m\mrq vatiie bya tarehotd ¢
ﬁ%réﬁ%n A t a| E&: @ﬁF@logtaJ%%i Mé@eg@ﬁb of ﬂfl?éijes{ Q@cdn%me@to produce

ues regi ons of I nterest are

e epifeeiior e fame) Fhelogie padueg %ndvé hisary poiuzayiesia yalygsp Wit the
kP@hdlas\aad 16 fal@&ﬂmhﬁmbbdﬁ%rbma@ror ﬁﬁi’}ZaX apRprigteval ues, with

t he hre ol d |on bei
o Fon LS Ao, sndime e 5O Pt asoEh TagBRt P
eﬁtecd&mﬁﬁﬁdda»y iR Regithf efihteres, rhéaﬁﬁn&dts,l tl‘ireslhhlds idgﬁ‘:hld of

atgr%s anﬁgggr&rar\é{u%l Crs ?u.r{h% resecgﬁeél hargm, | 2 Sblla:élve]y called the
cmﬁburamwoﬁms visiamdbtestohand appachesamebyey werfag anph@natd &z g pivéred
. e i | 1.
Bt L e P60 AR 60 o et
SOIG@@PS@C&W@Q}CPate for a given application of the

I nverdy} &’ﬁ\anu@'irfﬁgk ﬁ{aly)ﬁs e%ﬁ&xc@@x@tfahgbb@&’sdngﬁbs@fexﬁs 1o BiteBRis
det ect or defines what constitutes sufficien

9 efferibely defgred BXlﬁéFﬁﬂég‘Fﬁ’é’@é Bngpigsieeciopyi dence that an

obj ealnesdkit3f hemvdnkien mﬂﬁ@e@étérﬁmlr@ralrés&lt todnpkiSing idRriadtis®

effectively. define the configuration of the. vision
mué l\?/on o}/mspect}on ol an 0¥)Ject '?he result m‘gx}lrjbe reported to automation

equipment for various purposes, including equipment, such as a reject mechanism, that may

take some action based on the report. In one example the result is an output pulse that is
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One aspect of the invention includes determ ning a
result conprising informati on about detection or

i nspection of an object. The result may be reported to
aut omati on equi prrent for various purposes, including
equi pnent, such as a reject mechanism that nmay take
some action based on the report. In one exanple the
result is an output pulse that is 10 produced whenever
an object is detected. In another exanple, the result
ipﬁ)dﬁtféd evhénptet arpabjeseis dététadd. inanqalicd ekaapld, therteyulfioin aipuenilss
iha 1%10 r}fy #ohf?b]?cgsﬁlpag%atrtﬁ{?’ q{shécteléﬁ %éeng,cl 5t cﬂ tr Q)?armple
ubpdul foesminblhnsa syectogtupiot, themdssleis talhattput stﬂwthﬁli u;mecdlu@d only for
68k BRUGESukBahe HReAth 53 STV [he | nspect | on

ect of the invention is a nethod
for phoothatdspryt Qfmhepwnmngmmhqdﬁat preguging Quim pigestsi thab et o

%ﬁ&h&‘ﬁzed%@&he SIRGRAG I er Bt tor ofér PP BBk ISR IndfdBE R en an
i ndi cat es when an b ect has crossed a fixed

PBiped hasrEassep @ifingd réﬁ%reacepma‘e}a preffcingngdiae. Asvasprairedsgrbd
%fogﬁéﬂ mfoﬁﬁa@wﬂ £t thd1bQA SRR bbRBIGAHNe hﬁﬁlficﬁﬁvﬁg tn@ébs@fwhicﬁl €an

he manuf acturjng pr
B focHThgla B SO BER T 6 A PR 60 SHolS
downstream rej ect actuator. 10 BRI EF DESCRI PTI ON OF
BREEFPESUREBONHRF THE PRAVINGSi | | be nmore fully
understood fromthe follow ng detail ed descript.i.on,
in colpdmertionmiiherpere fly a‘t"éﬁ%ﬁ%ﬁ?ff‘ A 9lloytnedstai sfidescirtion.
firl @Hfufictibn SAPNE akoBpdngihg BEdresIMEIMIME Vi Si on system used

bj ect . d '
Showe 7 | BT R A Pt arise Hed ibsef s te ng
pydhionfinea prior art machi ne vision system Figure 3
h : r
|S| g‘g’Sngn% fg’sfho%{% P%{]%?ﬁ& liééri’sg}a@{a rgﬁba?‘&éﬁatﬁg V@lel%ﬁf QB k0N
imaPhiest visseni systers b odi nent  of a vi si on det ector according
to Hﬁ%ur@é?sh%@ﬁfﬁﬁan ineae@ﬁunlo@ebjeckmra%gdhagnﬁﬁyﬁﬁ s on a
pr oduc [1ne; Figure 5 shows a tineline tha
iPh?tQ@teFtaltSes a typical operating cycle for a vision

det eCiiQire 4 $hSivE1th iMbsirbitle cRY&thentl 61 55didnQiectbrl Qébidindto HROWS
atineline that il ustrates a tl‘%lﬁll cal operating cycle

pesFenbinygntien, speeling opisets o ARTpdpetionlingyger i gnal ;25

Fi gurigufe Sihowsa fimélingehad ilestritted typitdl oigeratiag q&leiiortawisiomalbtector
tE;erat ap% (‘iﬁ% e for a vision detector perform ng

Sliidh g afarYsi s of a nanufacturing process; Figure
8 shdiigures thogha tnadmb thiad itheskrateli satgpicalroematingcyeleddrayvision detector

production environnment; Figure 9 shows
q‘%ygﬁlgéerglgng?am of an illustrative embodi ment of a

vi si diguieT showpa timeline that illustrates a typical operating cycle for a vision detector

performing continuous analysis of a manufacturing process;

Figure 8 shows a high-level block diagram for a vision detector in a production
environment; )

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

Figure 10 shows illumination arrangements suitable for a vision detector;

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

passes inspection;
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so Figure 10 shows illum nati on arrangenents suitable
for a vision detector; Figure 11 shows fuzzy |ogic

el enents used in an illustrative enbodi ment to wei gh
evi dence and make judgnents, including judgi ng whet her
an object is present and whether it passes

i nspection; 11 Figure 12 illustrates how evi dence is
wei ghed for dynam c inmage analysis in an illustrative
enbodi nent Figure 13 illustrates how evidence is

vei ghreghd RASYARNLE elildageis BighedFbrlyhani Gift@bd wtlysis in an

il lustra |%e enbodi nent; 5 Figure 14 shows the

BymhyeaPrdmedt a set of software el enents (e.g

pr og rfagiire Brikhtstraigsthb @ redate ia weighgdubrelynaneaidabd @alusdm @ngther
| I [ustrat ive enbodi nent to analyze franes,

ﬁlé%ranvyegl ﬁemtens sense inputs, and control output

sig naElgslre IFH sgawsehﬂ@gashm ofa gorfisefraradlements o gzany

GORfchio bAS doiputef reﬁaMé ﬁibd?ﬁlnﬂﬁédqﬁtaﬁ fiubtPabe éﬁﬁ%dlnﬁﬁ 1480 ze

to 1 nspect an exenplary ject; 10 Fla]gure 16 shows
ﬁﬁmsh@?kep}@glﬂﬁé‘hs%felﬁw %ﬁ?ﬂ“@h‘?“&t"?%ﬁ‘ orrespondi ng to

t he aXRpIsahdvs aBkidR ofth ekdnibEcohBgurdtiof o #visloh detector that may

illustrates a nethod for analyzing regions of interest
beuspbiadnspest BrxgprIgEiectand contrast of a visible
f eat Wigire 16 sgosis@ndifter pbrtivisdf itRicafigaratiai doaekprding antad sxzinplary

regi ans of .interest to detect step edges; is Figure
ieg‘%foglln'{gﬂgrls’l | lustrates a nethod for anal yzi ng regions

of i MigrelStillisgatciatnetiod Sireplyzag geins #igeres toxgeasure brightness
?Adl gﬁ&aﬁtaotfﬁ%s qu&tupé)d for analyzing regions of interest

et ect ge eddes; Figure 21 further illustrates
a netHigee lfsoﬂusaﬁ%sl mﬂwé for applaing regfons pftigiprest fo detscigiop edges:
I d9&riguRd@Ganihe Pl hirated m&tﬁ@tf&sana A0 rBachs bPihte RS Ekdc\p
ei ther step or ridge edges; %lgure 22 shows
§¢%8Hhi cal controls that can be di spl ayed on an
hunmarrigieiv i@irates i isitfod ¢ aﬁdlenk rdgivhs 6F itaredt tot datevtiridpe alpe;

I t t f
eclge gt £ bebl et SpRfi BT ory 8 mERATS St
edzs, ombilloratesd rectizsitfortdetecting adier sqparr sdgefeilgesir e 24 furt her
LT UShh ﬁssh&}rsgépﬂl%i wolsm@éfm 14, B8 Buln i oS!

to det ure trates a net hod
irmfaea@W):fonguasretg Vieyy gnctﬁlanilmta@rle gdertigysef Paa%w@teﬁfef detecting
Ie at i on of objectsmthefleld of vi ew, and usi ng

HM. to_configure the a ?/SIS tg ure 26, further
i | | udtigusg Bdllustrafesadesghod fyr a%?ivé ng 75e0gs PIARFIET: 0 d5tectisPiEr est
to t rlagﬂfedzzﬂ"fenhe} meswate@mmaﬁodq‘@u saapﬁng regidnd of ihiebtdo ddtect spots;
Vi ew,_.an u

N onf i I S; .
Fi gurriesgsesisPles o g @ s et sfodSrd RS bestgn o
loBjgitin shedikldiofitiew,asd using at HMi ko ¢ohfigure the analysis;
Figure 26 further illustrates a method for analyzing regions of interest to track the

location of objects in the field of view, and using an HMI to configure the analysis;

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

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

where placement of the regions of interest must be fairly precise along an object boundary;
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ao location of objects in the field of view, and using
an HM to configure the analysis; Figure 28
illustrates a nethod for anal yzing regions of interest
to track the location of objects in the field of
view, and using an HM to configure the analysis, in
certain cases where placenent of the regions of
interest nust be fairly precise along an object
boundary; 12 Figure 29 illustrates a nmethod for

anal wzgkmmﬁﬂﬂ'r@éaa nfhodl B @faBSihg feiohy AGHerdstto trhekGind 1bdationaf

ohj ects | e field of vjew, d using an. HM t,0
EuabeRii e Bl e afd Sing an BN coftetuptie beninsaip e,
bmmtrhaymotamdamim:i@esxsa ze; Figure 30 shows an

al t e atd how%e? glisegl%\%trép?&entz%rn cHlé ca'ff g@ratlon ofa
confi g%“ e ec ase
Ivudnjéqtec@r,évgaeém a laddm djmra)n, ag@c@lymﬁqﬂu@tustndpmma@gmrmmg

| angyage.s: sfdv&%ﬁm?gﬂdmgﬁﬂmt Rilfdethdado gapﬁgrhamvfsiaﬁaetwdr
be used to explaln how vision detector output signals
apteut SignpsIFeoHREBizedi gure 32 shows an exanpl e of

meas Wiguh2tshiSvstah BRmple oNﬂb@ﬁhn@ e @iltle @G hihI20 958 crdssks axixed
Eﬁ?fer ence | nt, and msasurl

n

SEE B AL G RSB e G sd D e
aﬁctdttttwéeasmbespace Fi gure 33 shows an out put buffer
t hat V
donndiF ko SRAEHELE pRA\ER! AR i AS0d s o
pmltsﬁ@mcoﬁtrdh@cmrs:f or user configuration of object
det ec}‘tll\%u%M R A6 ﬂle]fﬁ\dﬁogﬁééﬁo ROVSE offedd @bidctiq Of
t he user con iguration of object inspection
PEPB%EEers; Figure 36 shows a portion of the HM for
user rGanf 35GhdvtaipofioRbf RLHNILIbr b0 ghiationdf bjec® inspéction
illustrates one way to configure the invention to
PEFPYFT vi sual event detection when connected to a
PLC, Egrdi6ghives adBrtih bﬂjlﬁHMI fosusarvenfigasatitnoof oupft sigentse t he
i nve
i v o7 s RS Tydh BBl Bhenu AP BRI ik Even
Mbtbqusmwmegmmtmyla@,o confl gure the invention to use

a triggerssSniials SR to G(Qiﬁgtﬁgﬁl@ﬁlwén‘ﬁo@co B:EormFis@dl ERnt4 0
illustrates one way to configure the invention to use

éetﬁqﬂp'g@é@"eé‘i“gﬁéﬂloﬁadFJeCtQ@“aﬂﬁﬁr ect control of a reject
actu amgwe 30Rigtt& oftd wiylth bsbisaé B8 inOdifiond Yisd ari R i dngiuiten
t he |E{3 Ho(?n to performcontinuous analysis for
GRS flaws on a continuous web; Figure 42

i |1 ustiguad @sihethgesway wiydo canfifirethe sxvéntien fonsearttiggorsignalrfor
geéc?&ﬁlﬁﬁ%fg{e{e{;ta%ﬁo Sn a continuous web that provides

or si
Flgure 41 illustrates one way to configure the invention to perform continuous

analysis for detection of flaws on a continuous web;

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

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

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

detection without tracking the location of the object in the field of view;
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30 Figure 43 illustrates one way to configure the
invention for detection of flaws on a continuous web
that provides for signal synchronization; Figure 44
illustrates one way to configure the invention to
perform vi sual event detection w thout tracking the

| ocation of the object in the field of view, 13 Figure
45 illustrates rules that are used by an illustrative
enbodi nent of a vision detector for |earning

appr Gukeads ellupiRdiad Maéstlat 56 udell B & ibagabe eibadnmidrasisbhown

g a yser;. Figure 46 furth ﬁ% trate rul es that
St 08 T p APPYORF e B PR TR R SRR SOV &
dete cFﬁgnre %wmbmnmsnategulamzt epnsatbe apdndnriteembednént pligs

PRGBS T RNe ot Gl sty
n@asure the obj ect present ation rate, and to detect

m ss 'P‘?%:ﬁﬁ Gindeds Fne@iod @f%tpﬁase-foglfed RIoP 818 toeaturd 8BS0 elatat

presen obj ects at an proxi mately const ant ra

awapntatl@uate aactsto dpteGt EHssg eél ettf?@bﬁﬁtér %&PFQS‘H"“@P ngs H*a\msem
sbgg&s\wgned Eﬁf @oﬂsﬁnﬁaelahd ustrative 10 enbodi nent.
TAI LLED TION OF T E I cus. n. of
Pr 1 or R SN UAS U COYRR OEa 1T ST Lt H I DR
syibddémantised t o i nspect obj ects on a production |ine.
bj ects 110, 112, 114, 116, and 118 nove left to right

PRTANGH VRN RiP1I6R-OFASINVERTRRN €ct is expected to
contain certain features, for exanple a | abel 120 and

a hole 124. (bjects |ncorrectly manuf act ured may be
Wissessipgofdmier &t nore features, or may have unintended
features; for exanple, object 116 is nissin the hol e.
On mefgTk RNt RIGH] shige bigen %ﬁ%flse—ﬁ FRePSPES AR 3
ipfod6dfieiiingyOtgecsh af Ilz em; nd,ehd 118 Mpvetbrt ©highten dsomeyet gndlach

168 | P

i LSRR i AL G,
alcbrwﬂy odnufactgled ma@ Iﬁlemng we@remtrer gure-‘herlmy geenpatepded an
PRLESE For eltah,gg %itﬁjec?t 98 ch %‘%h@ﬁdorgrﬁ:ﬁlyﬁfoﬁ S8R finef fBiBnloPaie

pwoto etect 2 hachi ne vision
Sonyexsps rawred e shafkenpodatish yhiskispadsstsigntldes te 2 prggjapmabiiedpgis
18frolidreprd) $doON system 150 captur es an image of the

obj ect, inspects t term
ex pectie AIPEEIRQYp Bt %\ﬁ’@mga%?éh’f’ W (Tml‘t?eﬁ%f“t@ht‘qtli‘ems for
ideedqiag the prdsetic® DD abjettoTiidger sighdls 162 ndvb@arsieg i@ t60. On

Y

OI‘ enco
tigge stghe 1@L1€$ Vis®D @y stens!Se ¢pptures gniimegs of fhe object.iinspesisdhe impge to
faE @ HuteREn @tﬁ LifRH Resfild! WSPLG
det ose ?ée;%gﬁa@eggﬁg}gsbe?g ri rt ?:ﬁg?prﬁexarrsl e the PLC

Nﬁ)ﬁlg&fém"r ol a reject actuator 170 via signal 164 to
I eMDV(h e ERfR Clide\68the BigB& kigdal 62 ke @OT tddBrds the time and/or encoder

count. At some later time the PLC receives the results of the inspection from the vision
system, and may do various things with those results as appropriate. For example the PLC
may conirol a reject actuator 170 via signal 164 to remove a defective object 116 from the
conveyer. Since the reject actuator is generally downstream from the inspection point defined
by the photodetector beam 135, the PLC must delay the signal 164 to the reject actuator until
the defective part is in position in front of the reject actuator. Since the time it takes the vision
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ao conveyer. Since the reject actuator is generally
downstream from the i nspection point defined by the
phot odet ect or beam 135, the PLC nust delay the signa
164 to the reject actuator until the defective part
is in positionin front of the reject actuator. Since
the tine it takes the vision 14 systemto conplete
the inspection is usually sonewhat variable, this
del ay nust be relative to the trigger signal 162,
gﬁtgm tcrA @h@teie\ﬂg illﬁs@edtili_eis Léualy SIMEWIAL vaBieild) thiy RRO hﬂa@e b:;anwte
- tine de . 1S appr | at e
o {rieps Sigpal B3nst rglﬁ?veécb@‘é g‘,ge ?“ﬁ’oéf%%trr ecgredg%gsyr}ﬁ an e n c 0 efay
isapprqyrief ehenable cobveFergumnevirg atl@asam spteeds mathef ¢alsaﬂ,rmr¢morims,
@Q' woul d be provided as appropriate according to
arrous met hods wel | -known in the art. In the exanple
of FiFigured dves notshow Bluminesionawkich woukdetoravidedias appselrisis.

JdA6ifg A varichk RMBRWEN-KARRA! th &8ki ONS for which the
productlon equ%gnent brin s objects to rest in front

of t Hethgpxamplg of Hgurs bthe ofm 78 Wycantinuqus gigkon, Therg ALg gljpdnany

hppBtatibds fd+Sihich HR produdtiv bfuibhme@DERR bbjeds 16 Y&1 if froit ofthPibion
art machi ne vi sion system Shown are the operating
Es for two exenplary objects No and 210. The

oper &Figured sbovel aginetinet thet illsstfa@sia typice pperating cygyef a PRO art

Bﬁn&%% vﬁ%ﬁ éﬂ{eﬁx gh%gm m%%l %n%ﬂigpsﬁg\@o e){glﬁxBleytob gipzoo and 210

bet ween e vi'sion syste
The qpena@g cYtheconiaingfolyréepp: snggmm imragewep L 280 alabyze Hh@nd h e

ﬂB Rk %ﬂlmné RN abéleg Qsﬁ tﬁerbqjsﬁcﬁ@;s?e% 1§ {a®PShMnlelineighiol

S|gn| i can 15 anong I'i'cations, The_trigger. 220
figwg i9rpgalce wpﬁ%me f@*@ntbh@e wdwaﬂrft@w"evmy SEfpenlly
Srhéhaapplitdtions. a photodetector 130, or a message froma

PLC, t t f aut
e TS S e oS5 g b s o
ekmm&kn@1a>MWmmﬁqmﬁmmzwwﬂcammayooamﬁgwgmﬁamgﬂm@mt,Ve

ghgg% , called pixels, for a brief period, called
I'ntegration or shutter tinme, to an inmage that has

been Thoisueeuprs steh 230 sievhy ckgpsiag p brestimensionnl pray of

HsfiSe didhents) cgﬁeﬁ?g%l'é VeorOf brik &H&d Eankd th@ﬂte@rﬁtldntor shutdrng
shutter tlnE he nmeasured %FHSI Yy val Ues(ﬁ%%e

Pﬁéﬁ" andpagpdha bag beey fospssd phe ?ﬂ'%?é? 03, FeFh Pixgl RIS yr

2{1%@40 fy\of Bdht falliag v ﬁﬂttﬁﬂg th smﬁaﬁtunarrhemghamm tlr%ﬁﬁ{gyvmesﬁhliﬁben
VIS st.e erates o e.store | Xe

Sotverled ® iRl Y Rl SRR heito e Veicho P, ' '

det e Mvringtht imelyst siepue tiof vididueysidn) eektehen thestoredsgret vabws

M 'rﬁlegh ellr 1818 In tl’?eta?tgo %lgmg ng st tbssdf% oﬁ%&‘b?ﬁé 1nﬂ)ected

nicates I n orrratlon out t e stat
@bp@dhe rmﬂatsp p9he Atien sasienp pparmusisatesqufopsingon abow thelstatig ofy

EﬂeGbJeJ% biBpridteSHOMEioR Lh@imedd, buch Rsirget i on of objects on
production |ine usin phot odet ect ors. _Conveyer t 00,

ob j ecFe%lfeﬁosho"iSmw aftyipspe arsof opjects on apRdpctpd foe ysPg e 104,
gmeneaora, 8PnveHd 1Joe¢b59aeﬁs 1@Cil13) afs0e, 1180abebi26] hSlle gnﬁdnSod&zaéo

gqulfgg a(]gglgtprelg(f, g?is sxongs 164 ankc)ielgs Jreo ars descxgoed ?or 1‘1gure 1. A %rs% photodetector

320 with beam 325 is used to detect the presence of an object. A second photodetector 300 with

beam 305 is positioned relative to the first photodetector 320 so as to be able to detect the
presence of label 120. A third photodetector 310 with beam 315 is positioned relative to the
first photodetector 320 so as to be able to detect the presence of hole 124.
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320 with beam 325 is used to detect the presence of an
obj ect. A second photodetector 300 with beam 305 is
positioned relative to the first photodetector 320 so
as to be able to detect the presence of |abel 120. A
third photodetector 310 with beam 315 is positioned
relative to the first photodetector 320 so as to be
able to detect the presence of hole 124. 15 A PLC 340
sanpl es signals 330 and 333 from phot odet ectors 300
and ALPLOfao kdaplek sipchisagh ané shy ﬁoﬁhfph&b@tbalbrs:iﬁb&nd 310 b the leading

BSbLH G BRI S0} B R SBTRGo ot e
mhess boily featpieg fra misgifg sigeal $@ it settdo repfiactiaterdrosititahly defged

b 0 renove a
B g O R e L el Cper at o
of Present |nvention Figure 4 shows an illustrative

@ﬁséfo%ef?é‘ﬂ‘i" fSresept {BVeRtigh det ector according to the
pr es A{] sngwta{n(ﬁﬂ{stra{nog Qn?&)hfn{égt o(?gngﬁﬁ ﬁeité%{br ?cgglrdﬁg R)thlé on

Ilne ransports
pebeat lnvﬁetmmmmg Obe‘#ﬁ\/@@mmﬂh@oa bgleeétcsnvawd 10p IlTeﬂSP‘?fE lobjegss
Xd cgﬁge Qélaé'x\éé ﬁb%ﬁe&%%ﬁ@énQﬁe o‘i)%gts and PR G 6 vibWOf v1313112detél3€54400

124, encoder 1so, rej ect

QbieciatiBriz 7ig, 136 L8 dabehigo, aelg &34; Herder 18Y, ayd gt éctliatowﬂ are as
uéss,ﬂl&a £l @loBretl OK vidioR dskRtoR s aetédﬁah@r@me SE}me)_]eﬁlby Qe Ct

vi sual rance and .i nspects
ST P PG e oG PP PRBFSoopeie G BB fsefective,
tefviidh idstector séndesignalsizom raket sakior 176 ®eisovs ihg object A3 theo

. %‘Jﬁ/e et ac ts ﬁ?lte ncocileli.gﬂege%ds & e‘ﬁ‘ﬁ) glg]% Svgf?)la ﬁ&éct(}cr rvﬁ{}@hﬁ% it to

frvere mosftrdda}d@‘tseml ép0 fromihecshcaderepguiit whergythe pbjgwessgﬁrsglp@ﬁxed

ﬂg Vsordc Bt 42 s AL B0 A Gloofeld bt WICHE iy Ran
ec cross s sone fixed, is Imaginary reference
%ﬂhw@@wn@@wied the mark point. If an encoder is not

u S ed, Wﬁteﬁede aMbddaibnt, B8 vRRE @6l sdnllEenhls St £AL fod Varias
alterna the vision detector sends

SPorgs & F%"%W qﬁ$€8W“@Q?F5ﬁ§“‘Bﬁ?boses whi ch may
i ncl ud anoﬁmﬂémuoliﬂ:nem@uaabﬂeap ediemalg high tied apblicatons bhelere the

gg‘%ﬁ Igeiétg gfor ainm?tl’rlehI déeteck {}]‘ﬁ ?ése&%@f’ Lnyobhécg gglfﬁ) ?lgctor is used

ns ofr orcannot
defbdt ghe presariest of en olueneanp seaderignalgp tha mlsr@b jesestor fog that purpose.
phot qf 6L GfJaRk eﬂlb%dﬁ@ﬁtqhetr@are lqcﬁ{l& ke dbfaEis, BLERED MRl fﬁﬁs past

obj ect “and sends si gnal the vision detector fo

tﬂwsztswglsiﬁtp%éonupvpu%tforaeﬁmw w%dlaf pABs-ite mpferiabis éﬂsée"%

‘ébxﬁnﬁﬁ&&l? i gfaks Se sbidlby BRWRRA deBdiR td Atonfati@MGuipaetk, sudnlaca

alon det ect or continuously, for exanple a web. In

hif<2s epQPrigihe naterial is inspected continuously, and

s ign aWBenarv&lo&aétdct&ndetbdmhe/]bradem ofidigcetd abjects by wistblappdarance,

\?/t?sgﬁla@ﬁg gete({pgrg m& in Hsuta an% é%tﬁclfoﬂ mgdse @g%r g sgoé?iétgcrt%':égtggs tﬁe

olesanct of disyrety bijerds usiap pea‘remabmnal sucth as omaiphptedstepfer, it is said to

i

TP b et ) R b A b B TR oot Pl materi,

@T-b§ wishtie bepperatingameassinuerseplysi o8l such as froma

phot of §lfrbe§ 4B¥is a ﬁxﬁehh@thz?t@!hﬁtr&téé a tfRalRBrais chde foPla ﬁéﬁ&rﬁde&@dor

tri gger node. When a vi sl on“d,et ect or conti nuous
pxwgwélcqvgnt Aetectien raq)de Boxes labeled “c”, such as box 520, represent image capture.

(194

Boxes labeled “a”, such as box 530, represent image analysis. It is desirable that capture “c
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30 it is said to be operating in continuous anal ysis
node. Figure 5 shows a tineline that illustrates a
typi cal operating cycle for a vision detector in
vi sual event detection node. Boxes |abeled "c", such
as box 520, represent inmage capture. Boxes | abeled
"a", such as box 530, represent inmage analysis. It is
desirable that capture "c" 16 of the next inmage be
overl apped with analysis "a" of the current inmge, so
bihied nektfimiiged avgplbpd whinaklyss %~ s tﬁepcu!frBﬂ i8] sy Zas(fdr Iaf}ample)
an:gage%t : pgégtig g%ﬁ)’g I(t)h\%ﬁglrgg %#)rt\.}%edsntl gﬁ%teugess Lﬂnlntt}h]é t?]meém lay alys% is
thatvn asrtalg@ieaﬁ &iine fhamtapgires buid Hendsé a@ﬂusns walk becﬁlorteomgergeltﬂmn
SRRt BnliFESIAL 91004 fEngPD! 1 call on detalls o If

an

ur anal'ysis are overlapped, the rate at which
a w & copturg @ndeanplisiis asaeverappdthe rategh whighayigiordetesiayess capiure

SRRIYT: DRl adidRinkPBIARS 1ofer SHHR BRAE UME ald thBPan@Rsk ke

analﬁéls tinme, This'is the "frame rate". The present
Thyis fe B3P ows obj ects to be detect ed rellably
W t haud pr@seﬁtﬁﬂn@@ﬁh alidv@dBjkcts toDbl Gdlecttd rdliatsty wikiodwd wigghr SiynaR

t t f to .
REP gl b Sreta s 3o FR55 o R Pe RS B 5 P
olipdinate thegnedericeroffan gbjecﬂe, aﬁd infFégues 5i thereris ne currespopdimiigegr step
&ﬁﬁgg% E;ﬂﬁnggch as step 220 in Figure 2. Referring

agaln a portion 500 of the tineline
corr @sﬁgﬁm& ggaernto Figare iPrasieeton se9ref the fimeling icprepspopdyy te e insppgign

SO @ohSct LhE comPR e GapRiRdland RANR 'o§seQén RENE A sbdofdBottond10

second portjion 510 corresponds to the inspection of a
CEEPRRAs dhiperspection f 5rRnd Phiect rpd fonfeing fiysdrames; Each

anal YadhSnglysaidteb ifikss tonSi@ishel@idende it @VIbFEETICfredettArardd where

q .
B pbren i R el % A e B SRR o with
thick barderf ﬁoaemmma praalysik steps4ilit dm iustrative akbddmedg mspefton of an
aﬁ%mgégﬁs @Hé?ll a}ﬁétﬁle fhdds Fgl?d atldrlen ell L(Hrge n'ilf%ér\s? onsecutive

nent, I nspec &n egl ns en an
meqtive/Gantes aigdound, In B mmp!a ﬂﬁFlérﬁ@lé mm@ﬁorsqfﬁl@ finth abjest begins

@%ﬁ@ BME dNR frakid @Gt dspeRdibd @mﬁ@ @p EauRd endL Qith m csag@crmbee
ure 5 |ns ectlon of |rst ob ect

Fi ns
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Once an object has been detected and a judgment made, a report may be made to

appropriate automation equipment, such as a PLC, using signals well-known in the art. In
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so determne its status, for exanple pass or fail. A
vari ety of nethods may be used to detect objects and
determ ne status within the scope of the invention;
some are described bel ow and nany others will occur
to those skilled in the art. Once an object has been
detected and a judgnent nmade, a report may be nmade to
appropriate autonati on equi pnent, such as a PLC, using
signals well-known in the art. In 17 such a case a
BRPQEdse 5 iepfrt Sépr‘ﬁidnhf tolsp S&PFigre2 bvnm&a@usraa tRe thaelnel The
n the tine The exa
8’%8?%%%1 corrsefpeongf I?S%ag et %Sucuc Sg%vén SR Ecﬁ%ﬁe gur e
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Juselp% 24 New one is due. An idle step wll
el i mFrn.salrQEG fhes ehradioethafillfsaitese takjabeperatie edle fop A viaion detector
ﬁrL&%ﬁ yﬂgger aedeomu@g%gr s eP‘BH}I GRi1dr irPilihdidPro pﬂ&dan%ggkr ﬁtzﬁ,nd

O t he I um nat i on syst em because
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to mak final ment on the status of the object,
ﬁﬁ?%ﬂmg%g@ ﬁ%h is provided to automation
equi pnent in a report step 650. Follow ng the report
step, an idle step 660 is
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entered until the next trigger step 670 that begins
i nspection of a second object 610. so In another
enbodi nent, the report step is delayed in a manner
equi valent to that shown in Figure 5. In this
enbodi nent, the mark tine 680 is the tinme (or encoder
count) corresponding to the trigger step 620. 18
Figure 7 shows a tineline that illustrates a typical
operating cycle for a vision detector in continuous
anal yRduse Tahees aﬁﬁﬁﬂeﬁatalhﬁtrﬂapmqﬁcﬁﬂopeaﬁ@ oyzle ebr aaisidn detector
m,port ed Gal 15716)30 aré captur du'gng and repIted coneuo sly. One
& B?LPPgusﬁleyps anaefy @j £¥%h 1?’1 da report “Step
720 cydd domptisentapine: stkp pedr ailyss @pm(g mdet’»[@rtshmm a
hi gh-1evel block diagramfor a vision detector in a
m,,gtgdﬁgg);%ﬂahﬁnw ronment. A vision detector 800 is
connected to appropriate automati on equi pnent slo,
whi cFiguee/8 shows aidgh-IPveCBlock dijgennt foat tisiat detestor iamgifodnction
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gh{omﬁldia%%@%nk atd. NEXMAIS HaéRabRithat [t BS Lapal\SF4&Biving and
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Qmeéont%l%nggg capture to occur simultaneously with any other analysis performed
by the DSP 900. Software instructions to control the PPI 970 and DMA 972 can be

implemented by one of ordinary skill in the art following the programming instructions
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30 storage in nenory 910. The use of the PPI 970 and
DMA 972 all ows, under appropriate software control,

i mage capture to occur sinultaneously with any other
anal ysis perfornmed by the DSP goo. Software
instructions to control the PPl 970 and DVA 972 can be
i npl enented by one of ordinary skill in the art

foll owi ng the programm ng instructions 19 contained in
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(Figure 4) for control of reject actuator 170. Input signal 926 can be used to provide an

external trigger.
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so desired illumnpation. In the illustrative
enbodi nent of Figure 9, the I/O nodule 920 provi des
out put signals 922 and 924, and input signal 926. One
such out put signal can be used to provide signal 420
(Figure 4) for control of reject actuator 170. Input
signal 926 can be used to provide an externa
trigger. 20 As used herein an i mage capture device
provi des neans to capture and store a digital i mage.
I'n t e usddlhesinraa irhage capripodtiioeprdvides meing tiy @ptlre ahdvagea digital
[ v, co ses,a DSP 90
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CORELs 295 PBoiDPR AR 910 2T BIR Yed BibbiricaR ebrfases Al saf e
el ectrical interfaces and software instructions. As
JSEYUPSr ei n an out put signal er provides neans to
prod Uf(‘s&lse’ﬂlﬂle@hhtaﬁ litp isigiiddr prohﬂé‘sﬁﬁvaﬁsi v prothze afloulpedignall S.

h
T s sS g BE TG Rrt o £ oty S byt
oartypisds as I/Gmanidul® 22 and 4n owiphtisighd 922nder st ood by one of
Or il B b8 ihdedstobR onl B Y Sl B o SHAT b farnate

arrangenent s, tware I nsi ctions that

excanEemepts, degiess, amltsqﬂware’tmﬁ@m@@mdbat equld eaisedyidaingascope of the

bfeyeﬁnhteg{bnttelmﬂmeﬁtrﬁemtagaeapwmem&ﬁptauaﬁzew laficPoulBsignaler
anal yzer 982, ‘and output signaler 984. is A variety
& engi neering tradeoffs can be made to provi de

effic m%ty @péngibdriap ireifeofBitan BIfAE &fpicvidRdeieletd dpegration of e

t f ific i cati j,d
B R e ReRE a5 OBl S
defpitpned by the portion of the object that contains

the i ST bl S8 HoRRock il By bPSREG e offBl HalloNEAs Y

ch005|ng the optical g cation o the ens
so as to Wblp Eplaregindig ingested fdeteryined b phogginedhe epiepb| ut i on

of | mager ndflkicatfin bf BEIeh:3% Bfas fohthidieNoddAsd Xt HéMaRS 2
margin of error; n desired m ni mum nunber of frames in

whi ch eackSWHiRREImAger 6% yni cal |y be seen: 25 s
spacieng bﬁ!ﬁcﬂ&ﬁd‘fﬂ@bb&ﬁbﬁe@waamﬁgﬂme&o@f the FO\/

general | y, det.er.m ned nuf actu an
b odt pr SSETERRER p s oL A PR LRy o
manuf act useemg condi ti ons; n1HHX|nun1fract|on of the

FOV tsh at %Q&ng%tv?e&t obygcts Ias J‘iﬁéﬂﬁp@m » %H‘l%l%ﬁ? &éte‘ﬁﬁined by

manufacturing conditions;
p object presentation rate, generally determined by manufacturing conditions;
m maximum fraction of the FOV that the object will move between successive
frames, chosen based on above values; and
¥ minimum frame rate, chosen based on above values.

From these definitions it can be seen that
Sl—b—e
n

M

and
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frames, chosen based on above val ues; and so r m ni mum
frame rate, chosen based on above values. Fromthese
definitions it can be seen that m<1-b-e (1) n and 21
r >S (2) MTo achieve good use of the avail able
resolution of the imager, it is desirable that b is
at | east 50% For dynam c i nage anal ysis, n should be
at least 2. Therefore it is further desirable that
t he obj ect noves no nore than about one-quarter of the
field of view between s succa85|ve frames. In an
iIIustrative enbodi nent , réésgﬁable val ues m ght be b
=75 his inplies, that
Wﬁlalevaﬁaodm?ﬁgwa@é@ SO 1 R85 S oD a5
@hhe@lﬁtO%l\BMldﬁnanﬁ@MﬁgMalﬂﬂ! @ shiduiirbe atiedst 2. Fherefbretitiefuftidy
manuf tﬁrln
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bmtlveafmmeom mately 40 times the io Obj ect
Sl s AR i O R
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R le PRt e TV i h Rt oy, B4 one o
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bBed: Fltese Wafidh rEJte}o hﬁ) h'éncﬂé arl dbﬁ@tcb%gltzftﬁ@ﬁ?e d? g 'Hzosﬁnch iBirl9

avai | e technol ogy, it woul feasi bl e to achi éve
tRicd of %@S%mﬁg‘faa?fﬂp&xﬁ)géﬁwp%ﬁ%fﬁts AP §e efdeastroypdif0 He.
4his &%oﬂdﬁ@h&e\ééﬂfdslhg M SER0Rvith lad kst £ B8 hx]‘z&ﬁs:f&iﬁb exdmemfzehas
n er o ect sent n a e
S PP P BBt sbia Th e 8o Tuflinedid e 2Fpdso00
Hzing Afalldblﬁé}zﬁﬁblmuﬁ doﬁdihedﬂembldth hchievathis rigy usirgian gmager nost

%‘?{}ga?rgn%‘i{;&\)%ﬁtc&%%é%ﬁter' In another illustrative

choose b = 75% a =15% and n =
5, sovitlpipe sangtllustrative @gbodipfentand a higlier glpjebt presentgtigerate pf@.S

g8 Sthd fedlrel HME ra'fé\;lcﬁld’lﬁ w lgas%ﬁ%o%n{at%ly%"oo 1838 LM9630 could handle

appr oxi mat el y Figure 10 shows 11l um nation
ﬁxlsfratﬁeiémtaémg%a?%mérweeimdéhme%. on detector. In one

enbodh BRHes illdstrati RGmbEHIHer® fond Bightdhbose b BGbUM D%, and =5, so
exenpl@? é,&hED 1010, _sur ounds a lens 1030.. .The ri ng
«d

fhat /g gy F AGndp x 5 iz rkedegyed fiame gatq Vepld agpip bF gdsasty
eppRdiih#AelPsIOkIz1 020, that can be 25 control | ed

e R N RN
apprdoeni, atieg foarof 48 DEDg inclagipg exemplagyrLED 1010, surrounds a lens 1030.
The ring is divided into six banks of three LEDs, including example bank 1020, that can be
controlled independently. The independent control of the banks allows the illuminaﬁori
direction to be adjusted as appropriate for a given application.

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

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

from varying directions, it is possible to reliably detect features that would be difficult to
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In an alternate enbodi nent, a rectangular array | ose
of 16 LEDs, including exenplary LED 1060, surrounds a
| ens 1080. The array is divided into four banks as
shown, including exanple bank 1070. 30 The
capabilities of dynam c i nage anal ysis according to
the present invention can be enhanced in sone cases
by controlling the LEDs so that successive franes are
captured with varying banks illum nated. By

daes wilies fited illuitnadivi deaie. Aetdinpledhd presentfinvanies allows analysis
il um rom varyin i recti. it is possible
P A g"%?{%?“’ Rt AR BCLREMRRT o' be' & Prioult 1o
22 det ect mAth a fixed illumnation direction.
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si gni Y5 MorR W&“ﬁfyeb%“e\? af S%PE @6&?‘?%"&’%@3 t?‘e'rﬁoé'f E?S‘Fe values
fareirestriced tdjusd aniyd 1. Thereforeanpeshodiment defcribedAmseinl they uses fuzzy
ere the confld n v are. r
S b PR A RORSY Bkl i3 S ol BT b b5 or
apesits uznzg/thOSB oajnas rqpailcemlegﬂl@a pquirslentabinain logic methad o1 avp,ﬂratus
bi nary la?ﬂha‘}y N)?k Vﬁt?es af@"o%ﬁm@tf‘ﬁ’onfn féWeaéu%eﬁts HF&J&%@ tEshold,

apparatus usi n 0se val ues re aced w

depay lpair slues preebiained wige eﬁﬁ@ﬂ’?f&{w&rkém&taf igare 1151 Rl 100
alﬁls@dtmrﬁyzz% QeI @hélﬁzﬁusaﬁﬁ r@ws@tsraesw ?&@ﬁﬁeﬁl&w and the f- ?ms
nmeasur enent s usi e u al u
i@ mpiseeRe i 1ok 5o il s tistoyhens ey oG 4 Josire
Et;}v@ﬂé@ur&rﬂents?g@ﬁv&ﬁb ra!ngélgl- 0< 6£ hustrates a fuzzy

thres e X-axl S e ents [ aw

e o el abpinpas ey BEBEGE RboRed plimpers oy gy he
Ixeugjs dow @resinld 1ini2e land Isghethreshnid ti 1022, evirespenditgriepaints anctheu d es
Hios G155 58 fze, TR @?#%@?%E%iﬁéﬂ% WRRGABRO° 1S 0%
threshol d conprises two n r&st h;gg on the x-axis,

| ow threshold to 112d,= hold ti 1122, 3)
corresponding to points o urict’i on 1124 and

112 6t Notbatl g fopctioh ek jﬁ{st@s Grélnwlkb@. ltldf(f) |( ogd ﬁitagiuo?mg aljo be
eq i on xt.o -to
Mﬁé°ﬁ%ﬁﬁw?ﬁ?@hpéﬁﬁ?$%$$%HWks just as well when t1 <

t0. Oher functions can also e 25 used for a fuzzy

t hreshol d, such as the rgﬂgy&—nur . @

where t and o are threshold parameters. In embodiments where simplicity is a goal, a
conventional binary threshold can be used, resulting in binary logic values.

Fuzzy decision making is based on fuzzy versions of AND 1140, OR 1150, and NOT
1160. A fuzzy AND of two or more fuzzy logic values is the minimum value, and a fuzzy OR
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1 (4) f |+e-(x-t)/a where t and ware threshol d
paraneters. In enbodi nents where sinplicity is a goal,
a conventional binary threshold can be used,
resulting in binary |ogic values. Fuzzy decision
meki ng i s based on fuzzy versions of AND 1140, OR
1150, and NOT 30 1160. A fuzzy AND of two or nore
fuzzy logic values is the m ninumval ue, and a fuzzy
OR 23 is the maxi mnum val ue. Fuzzy NOT of fis 1-f.

fs e myaxinogi valuk FukgaNOT ddls 1t-o hizndobyic istidentidahie binkry zhyn the

i,C ricted to 0 and 1. In an
hllzzf% lg%m V%k‘l%sem faegw‘]gc“:%flﬁr%rté:)r?{“,g{'Whenever a hard true/fal se
deci i anllusiative enfeadimeat, fvhieneyer a had iree/fala¢ deeision isqendsd, dduzey
foglg @aﬂlé i E&Slh?fﬂt—l §£t lQrst 055 fais@ T 1e;s &lﬁa!n 0'5S l'ess than

ear to éne skKi Inthe art that
t her & Wﬂsl, beredean forpige i‘:li’]iefi inethe artihd dhereifyeothjeg qriieal gboutihevaluey @

399G bddd MABAREToh Wikh Wiz o kit Berdin.| A9 inemb t&tildbe vbdido RPIFREAT
coul d_be tﬁed taQ regresgﬂi QF%h confldenée that a

Righeontiqepgp that 2 pqndiion any AR RIRmOST SRS Pe wse fp geppreent
mglecbnﬁ&nfeﬁm 48 €dtiditioh is@ilser @Kl infleeaRitelvats rbpi@ertiap thidrhinte

L Wth internmedi ate val ues representing
FW?‘?&%E@%F% level's of confidence. 10 Dynanic |nmage

Anal ysis Figure 12 illustrates how evi dence is wei ghed

PyrmghImage Analypiige anal ysis in an illustrative

enbodi ne In this epbodi nent deci.si ons, called
o Bl iybes Bod pGIeReeit UE Do ot iy ety o
lostat wembedimanit, Ih ’Chls&nfo@diiheht e® detisiens, @lbi¢dathd primapedetieidns, n
&E&bé%d of view? is 2. |If so, what is the status of

e o Ject7 I nformati on conprising evidence that an
obj edsanjobjedton ase df Vigible featufes of ag objectpaated inghefadld efgiewdn

0D © i so A€ Ik S G Wjecty N OT AL T ON COMPI T 1 g
evi dence regarding the st atus of an object is call

ed
an objfeeptioneemprsingegidencethytan objee isilpqatgd trtha feldeof view is called

ﬁ!’ﬂbﬁ%@d dIREOR wezgﬁ}elnﬁ)‘i'xﬁiﬂdﬁ cthprising e@&&l&&égardﬁ%ﬂﬁstaﬁﬁ 9f an object
not th Satlsf | nspecti o

her or
BT ottt adn SEISPUNpF A Shsiamest e g §eehige
Ecmprisssivbeher amwthp el éct kaigfies B&iebﬁfnlcﬁtérut ¢heseh asmmbmmby a
}(isrerI inet{ie @5&\%}% ect)n elc{rtgastls ois 1es the 1nsgec?9nzcsntteng sslpsgr:rzllgt{p %Q fauitg 00
érm$ mchem” pass pl ot 1202. The hori zontal axes of the

two RloBleS2 KifRE w&m %bjéét a&&uﬁﬁ@&% sndwgeﬁiass é)iot £ fhe

frame 1s represented vertical |1 ng,

kogiaerial axep phibe typ plots r%esmﬁ afipyme $enmeagetquarb¢rv,eea@rﬁm ilSrTe nt

Rprefehigy Jea&ealcalm 86ch afl8lpl lif2iei ghts are fuzzy logic
val ues resen |ng VI dence th t an object js

| ocafhe lipstiatiyve emBRAMENT pf Eignte |2, objegy dtedtrzplpeic
Van@s ¥, 1spresentidg beddnC thad Bn eH&bis idcﬁ%m UﬁIF[I)g’ inehreisnd are

computh g {;y tgee \%gl(r)n (Ea? gtmb (()en eac\:lﬁ frame using methods further described below:
Object pass scores are fuzzy logic values p;, representing evidence that an object satisfies
appropriate inspection criteria in frame #, and are computed by the vision detector on selected
frames using methods further described below. The vertical axis of object detection plot 1200
represents d;, and the vertical axis of object pass plot 1202 represents p;.

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

active (refer to the above description of Figure 5 for an explanation of active frames). For

24



10

15

20

25

30

hj ect pass scores are fuzzy | ogic values pi,
representing evidence that an object satisfies
appropriate inspection criteria in frane i, and are
conmputed by the vision detector on selected 30 franes
usi ng nmet hods further described bel ow. The vertica
axi s of object detection plot 1200 represents di, and
the vertical axis of object pass plot 1202 represents
pi. In the illustrative enbodi nent of Figure 12,
fofaenes alherzeo dhered; =0.55s @Eoted Qhjet daciah wejmlttsi ané pgss ghws for
v
it} B AR PPRREADRE 18 ol P, tose o
inmtele fremestaeer otigd asopen rcles, foy emrmé@lpouab]zewd éa6. e 30mgn
Wabdd s ado @ s s%gag}@ssaré Sy co%wemr Eala@gﬁn@r@ue lipht ed

as So Clr exang FOIH S and
afﬁde!‘PRﬁ&@ Hasre 12 el spsmppicafosgl fiprees gyhstherey nglede Ractive

Ci I cligthe ckdiplet @'Igmeqzﬂﬂloﬂﬁ aditd frarfdddotetddhd td e ﬁlﬂjﬁ&lon ofa

enbodlnents th ass.we hts a ted
P A IR O R e S Fie SR B!
Bz@dﬂa@n&l’ennmaemea’fspecﬁ@mut ed for aII frarres V\/net her

o1 "3 of e ot udee FIETRE Poief i el of e
fhmes fpmd @gdeeﬂsodnpelhteshohlsA&xrpﬂm elmhd)dmnit iueobaabm/ﬂdged to have
ggeggaeaaéd iPAle &;E@&ya&%ﬁm &8 baPhirl Ak ﬁmgagcxe%s [dame

oes no m nate t e |nspect|on
émishald. Mhbese thresholdsiresst asiapprpprdigder aigiven mpécm@he%@mé%wd

i f tgﬁﬂiaulm@@z{uvgémm&ﬁexﬁofpﬂggmfmaﬁ%ﬁje&%n&ge@zs%@%p&ﬁ&ﬁf

thre anot her enbodi nent ect gﬁ
ths weiphied avseagp offhs Qdieciress sporeseack weightedshy; theqorrgmppreding;o

WBib@iBE waivIR! is alldast0s M6 précaBp; &h@mqﬁgseﬁmfmcnoh i eshol d.
These threshol ds are set appropriate for a given
application (see Figure 3 diPin the illustrative

enbodi ment of Figure 12, égrgbiest is judged to pass 5)
i nspection if the weight déverage of the object pass
scores, each weighted by the corresponding object is

det eC&Heﬁché’ﬁh@ﬁﬁon it Gveddll dcaStands. The dffciof Hifoinad iy o advétege

asses .| i f ydt Y di .t

R oot oRRS SRl PO ek S EFP i Frovaeidanie ol photeaty
didfappdar i fthetchirgpdndingihrge.i S t 0 average the object pass
scor
cont 1 0 il B85l Sl o B R 0%eRs BIBS oSl e sversgoot e
olzqut @& 690U ISt Feashirb. Th@@s dqnivalent & & wﬁmd@vesmo@prnmﬂ of they

&gegniudged to pass inspection if the average of

ass scores is at least 0.5. This s

eq u. \/Ialtl@mcarm of Figeied R+ theveighiadayeragrtpass 67ake ig proungr0.§6pwhich is

WRteH s Sind260. TRHRinber! R adtiNE ¥ 11 €an@ ihe E(btﬂ Whfct Hetectibh Reight
wei ght ed average pas scoggﬁﬁ%éﬁ{ound 86, which is

B Btund & 5 48 this sramalo erpbieps RIFSCHBIPEHONS r amres i s
11, amighré (eeilliserhidd hovlyvidedce thaiefihibd Ndyaeihig ithage analysis in another

illustrative embodiment. In this example, object features being inspected are difficult to see

and only appear with confidence in a small number of the active frames, primarily frames
1300 and 1310, when the viewing and illumination perspective is just right as the object moves
through the field of view. As long as the evidence is sufficient in these few frames that the

features are present, the object should pass inspection. In this scenario, there is no way to
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25 is around 9.5. In this exanple an object is

detected and passes inspection. Figure 13 illustrates
how evi dence i s wei ghed for dynam c inmage analysis in
another illustrative enbodinment. In this exanple,

obj ect features being inspected are difficult to see
and only appear with confidence in a small nunber of
the active frames, primarily frames 1300 and 1310,
when the viewing and illum nation perspective is just
krioght adygnce mich lof e betivoirases 3Gl tdntaguibis evitlencé. iTbhgl weighted
%p(? ]i)’ﬁssc!ng gbphc%ﬁat?%'tﬂ? BEE AnSueSiHiddve ?s't@f}éss ﬁ@ o%%f

anmes t hat eatures are pr esent
RO eprgeds spmeibeesholdin any of thetactvedtamns bittghis tﬂﬁ@aévq rsayrp@ss
81@éétst09 the%@slmqe% Thifle éﬂi\éﬁéécﬁ M)H&Hat% eﬁll?@duﬁ&ﬁ bMBerd PITES
contain this evidence. wel g ht ed aver age

Wﬂ&@eds!@me@ﬂ‘?@eth‘%ﬁlsﬂsﬁér opr | ate | n this case. An

al t ermagvkiviRed Serdetil®éthod # 8asedbrihé fradtioh D) oPBEBWSER Where
xceeds SO threshol d in any of the active franes,

BiPast $P 1$3H{ B Hat i ve may pass objects on the basis of
too little evidence. In the il trative enbodi nent of
Figure 13, a 5 weighted perca{&zch(e nmet hod i s used. The

wei ght ed percentil e net h@d)i= d on the fraction (6)
Q p) of total weight where pass score is at

leastp: Y, dk Qp) = k~~ a (6) : The object is judged

to pdbs objd?ct '@ﬂlpi)ged te pass iflp)sis atdeasteombrthesimdd lntthe illustrniine

i ust.r E 1 = i
srbolleh e e 13, IO IS 0o e 0" rfhscable Bl (1
Micéﬁew@ébﬂ/@)@%d be 10% Useful behavior is obtained

usi ngysehif fedviR s o%%tn@@ ﬁsu%f different MiueS YA Pdr@xantple, if + = 5607 he
the object is judged to pass iInspection if the

%@cgm aedﬁ@aﬁ‘sawspoeefeﬂnéf #l%waehtfdéa@m chr@asgﬂﬁaéw Wﬁési#e&n
m8dish i3imadr 16 FeitRbDAVErREE, BMEHB PRperibl mak Eﬂ'prd@h&@ &Y soin® Sases.

re.a 0 ate her val u
P e TR Rblor Saglsd YPlheins AR 60 v et Pt Juerchor GRAE
ihe syeeeheciming mbybmylof the Wla@hmeéswsrﬂk 1ol oty elfamed wiieye hé pdshsore is
a ea&ht For 7L ﬁ %‘e <§) eet VEO € {u\égedfi{)gq;r}el%%% e%gl%nlg hfall%?ﬁl{e a(glve

Score’is eas
franaky édvetaq»a-ﬂp agse ﬂlatsspze tepstpriThembjgctinfay alsb b@qudgeH & et inspectionif

t
R R LMot R S e L
lgaséat er than 0, which means that any active frane has

framg, ﬁmﬁ’;@ﬁﬁeﬁ%ﬁ&mﬁhﬁé obfjedt @Iudg& th §§§ an})ectlo‘ﬁ baRQbARE total
useful variation, the object judged to_ pass

Wright akere dis PBY SEUE s At leaies tné%ﬁ of ﬂwé{aerwl ofivid weighte pass

SCOr & inSalidrhatb 65ddRnent, B pbreaicRhetHod & vséatdd @R a @funt &Xtid
ate

[ In an alter ercentile
e Otrere L2 peu e S el TR B gt irpaloateg Asengisapethod
witseeipsIBe iomightsiase @tiall east p. This is equivalent to a
wer g %ee g)oeee ée%cenl?) '(I)rls %f Ir{rg&)p(g %r weighing evidence to determine whether an

object has been detected, and whether it passes inspection, are intended as examples of useful

embodiments, but do not limit the methods that can be used within the scope of the invention.
For example, the exemplary constants 0.5 used above may be replaced with any suitable
value. Many additional methods for dynamic image analysis will occur to those skilled in the
art,
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25 wherein all of the weights are equal. The above
descriptions of nethods for weighing evidence to
determ ne whet her an object has been detected, and
whet her it passes inspection, are intended as exanpl es
of useful enbodinents, but do not Iimt the nethods
that can be used within the scope of the invention.
For exanple, the exenplary constants 0.5 used above
may be replaced with any suitable so val ue. Many
Sdithvaré Bleméntnd theddsert bverdigmani ¢ i mage anal ysis wil |
occur_to those skilled in the art. 26 Software
El ermgguse Yrshewidhesreanizaion|of g ashof ssRwats glerpeisi® 8 sHBHAT he
Hs@@Rbrs A b Binpfer RadBle n@ﬁmﬁpﬁs&d\w@ iRls@4R B bisbddBnegt to analyze
Erogﬁra structions of a co %?aﬁ% e ntedl u
e e, Srpeipr e Foge Haw 3T i
B Engnted gsimyd Gass Bieashy inmpotiventiond dbjed-otientdd poagtapting language
Si be 5 I
R o 05 o ST s ol G PR B S Al vt
[Progomanng twgmhwayd/agmguwg cin twaisedHe-cany outt thepro@ssetdesdribedh e
nts corresponds to a class. However, any

accept abl e tB(gro granm ng techni que and/ or | anguage can
be us@dllwss ehespesoith adetieddronler such gs Gasige! clasldpo, Fsepbsirast

Bselchdskisthd: 86 88 em&'b?%iéﬁ&l\\% bl af uskQtid BEld REHCERS derived Glssas
Gadget cl ass 140 are abstract 10 base c] asses t hat

DR OERT IS 530 Pl R bres @St oEBIe eFihat o bo
GREed @fdaesdeydd\é@ﬂheaddmymslser &Us@ﬂﬁn@-ﬁp dnQ@plicationCistg Sn A2 830.

asses t olid b t
5 b Bp B i B30 PO G5k DSBS
wiseeific hardw®e o1 snfywarpresaurcap }Statm:dijects Riwapsdxisgand maddiv be@Bked or
?&%‘?"ﬁém L a dashed border, such as Input class

resent static obj ect s associated with
speciAll dasmalamﬁam@d Gomdisfigenelase 1400 s go@B gbjectt thatjage instances of

3@ BdeSshi %111?@(1 j4Ske 'ﬂﬁ‘ﬂi cﬁ' SR PR i8S BndimehD every

estroyed by t user. classes are derived from
ges6t cl ass 1400, and so all objects that are

i nst aﬁgsﬁan&fthat&me@k@&ﬁ@sheaﬁ&m in Figure 14 are a

ki nd .of Gad il at ive odj nent
Sk e a 155 it a i osiq aftRl i can o R B o Mot i
20 2. gah@sstamblagudgmm mltco:(ta)l butpz sigdalzgi ¢ val ue) that

ca t her, e . ke
ug; gne §e?9 cor‘# %%]h% u "‘g]gr%(g];??'a?lgs?r ‘%,g’%%%s‘{%pérgiﬁ’gf
parﬂarias eressucthtpamnniarﬂm eardmmﬁngminwt thelogic ogput (iteofuzgy &Yy
its opgration;. 4. has one such paraneter that can be
used to invert the logic output (i.e. fuzzy NOT); and
25 55 cag bmmb@vmoawausemtsgwwmgg b¢ updatpdpsed 0@@@ pURMetess, fngic

updat ls,siné:ig&l?dan@ for lcémgéﬁ@aoﬁﬁemé SBh&Ecurrb BehS ahd wiBdly ,

and for ¢ ain ets, the contents of th cur r ent
fr arremay q CqUse Hee -effec such as the setting of an output si

cQcC

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

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

is run. In some embodiments, a Gadget is not run during a frame where its logic output is not
needed.
The Photo class 1410 is the base class for all Gadgets whose logic output depends on

the contents of the current frame. These are the classes that actually do the image analysis.
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may al so cause side-effects such as the setting of an
out put signal. The act of analyzing a frame consists
of running each Gadget once, in an order determ ned
to guarantee that all logic inputs to a Gadget have
been updated before the Gadget so is run. In sone
enbodi nents, a Gadget is not run during a franme where
its logic output is not needed. The Photo class 1410
I's the base class for all Gadgets whose | ogic output
BepePld® mersuresreme drtaetetigicof a tepien clinteesit(ROD) afibe cukteeisfeame.

elg\slﬂé:rgrrg%@ % \’:lshlﬁé fegtﬁ}e%ﬂ Itlle%bga t(g &Qné %e ﬂpﬁxgééﬁﬂef?lmt is

nmeasures sone characte
satlerd n Pl@fto } eradagegpul REMhotefs legieoudnyt is ewnplﬂqdaftm the Filog

8@& bPmbdns gP{‘ﬂézﬁtﬂﬁesﬁoM' Gl e eRAhH) z%re%bl '&ﬁh@ Qﬁnﬁﬁg{ﬁs & of

be |nspect | S neasurenent I S
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B&ﬂ&é&vﬁlﬁn@ﬁ@b&@edﬁ%aﬁiﬂg da gwans of a fuzzy threshol d,
called the sensitivity threshol that is anong its
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neasures a wei ght ed ave &t{? or_percentile brightness
Prcion e s e stien S b pre bk 0% FRbigHg sachas & hole
A0RnpRRDetedtof 1288 M¥HuresAlie dxabgito Rick Gk (RDI loddAik: 2 pfa&ﬁiéﬂ es

b SR b e i Speieton 5 the DS B Pt RSl *, e

ext erfihe Locatah tleds 142 eepfeiints|Pbotksthitihkoe two prixoargl pdrpasts The first is

B3RS Bl el B0 Sy e i Rlne bR IS At B )"
pratbe ased likedng Hetecton Fheseepnd is. to Tdtemag dhededaibom of in eljest in the field
%&%ﬁrv%ldn%e&e&&t f8hat ﬂ@?&ﬁﬁoﬁ%ﬁ‘ﬁp Rb‘f’x\f oth-Ep Bhotd %% ¥ moved so

cl ass 1420 represents ot os have two primary
e Havé(é'se positien <ff thebieptsAnydepcater gap brigedfopeithergir both wpmes

t hat g annwh@me@ﬁlb&maﬁ AR A6 sediehkd \eheldHAANEAN Sange3R 4 frhdle
%hl s the be used | i ke any Detector. The second

oF a1} ¢slegy g seasc EQWH@‘ i5 BUEEl 10 e 578oRd Smons th pRrpgters fode g
cnfigtirédbyahe eV Tisd Milogl@iyRe b Locer if didilar tdBatPersh Ed @ Debdctor.
Lcto I%%}Een fli’E}tos can be nobved so as to track
PRAIOR S ISR ISFRER B0 ect . Any Locator can be used
for diht npnt cbiss 135t reprggamtpins@ Signdlsto #r visloh detedt@at Suvleas an external

E%Ee? d#ﬂg%ut %&'?&gﬂteé%se%g %&H $%na‘?s t?olilrleth% {ng;grlp Eét? L such gL9e
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Ea@fi‘ éﬁy%zfl‘ﬂ?) ?l’ueﬁ Es?et Ie&?@?ry i }U% Cg’i&%@({é gﬂn‘ébf Yha &b sBidRGALO5¢

the Output class for each physical output, such as exemplary output signals 922 and 924.

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

or more logic inputs than can be connected to the logic outputs of other Gadgets. Each logic
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Locators are further described bel ow. The Input class
1450 represents input signals to the vision detector,
such as an external trigger. The Qutput class 1452
represents output signals fromthe vision detector,
such as so mght be used to control a reject actuator
There is one static instance of the Input class for
each physical input, such as exenplary input signa
926 (Figure 9), and one static instance of the Qutput
gipuisgn beunveetaftﬁuzmy@“lfl:w meapg Qfgtparameierhai g ugex eamsbrfigyre. An

mwte ﬁkﬂﬂ@iel%el%@;fu%w GperaliBe aEPIEOROBRE 145} a%gmﬂeﬂég

| ements fuzzy |ogic decision maki ng. Each te has
%@O%PP%H"@ |l ogi ¢ inputs than can be connected to the

| ogi crhe Uﬁd@é’ t18ss 70 @ttﬁé%se@ﬂﬁﬂﬁi two sﬁﬁ@&bjécﬁghé:Objgcﬁ)étébpﬁfdge
can be inverted é% H&%ﬂ ﬁ neans . of terh
{453 mdgh ?ctpé%frl“ ﬁ‘f7f'd men e i 1é“a&eﬂ YS‘S y weighing
bﬁ@ﬁn@d‘l’ﬁ/ﬂﬂ sica@ssive ZaytesADIRaky e ﬁm@jﬂdecﬁiﬁﬁh Biith mgéiﬁzts% 1d4bidput
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nore hat provid ["ogi cal

i cal a
OBisaPHaLY dsﬁprev&e@aﬁg@% Pass §G98 ﬁoye%%q% and ot her
Gat €SFhe Bgﬁ: R esF VY ﬁ@ﬂ)etlbtdﬂ% %fbmesd@;ﬁﬂsd &8t ihdicaldd when a

j ect s been _det ect.ed ct Pass .Jud
R s Pecadnae 15 pnegsnde atorRLoR AP L B eh BOPRSTaI I
Ie@dlhgmlgm tBatﬁuBebﬁ?ts whédnhtlg fhspeetioni of Q‘Solijd@t?beglm @artexample at the
e 0 Or ea .NPpuU
B a3 eE LBk 5 SAERe (i BTEe il e ethbeci B an
Schm & Cbmple’e,afalrﬁxﬁmxdw theBhé ofl anglysis staptsgauin a@cﬁthqr hede, called

t
CRIRE AP 7 ol QR R G i
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bgRAifhagdag, 10f exkiifle alﬂ{eseﬁd Qﬁmugtspamen t he I fs pect i on

f bj ect b
gn a?;@g Agggcf%w : @gquepﬂ‘ﬂ’asa F'é‘gspm‘alﬁ%s atlwsl that H%d}CPtFﬁgW‘E?H’ﬁ%ﬂ‘e
%QH&&ntMﬁﬁe&dﬂ%b;bﬁ%M TiRevef chafges ¥ ®Rdn &%ms@fdﬁ'@ﬁ &fta8,
[ exa 0 I S Ste n
s PR el Heeit o ARRR T the | eadi ng
edge Higurd Iseshoud mexampbanfhomﬁhalostchsebd wnsie ntspeofan@bjeamigure
| .
905l pRATR LB BT ol Al g
otuerigs, 3gh wﬁmnmqser@r@mcerepnemung ﬂﬁed?howx,anq)ds displayed heangi1
% é‘érqil wer ¥ ﬁ almy}lgﬁ | o! OF ]ﬁa)pdfgﬁ) @énd peu n%s@&;%rgﬂﬁc? on

e prOV| at in
ﬁé@éﬁﬁnym%ﬁgﬁécted obj ect passed The | evel

chan qegﬁuéisafelﬁesmseaﬁl ﬂnB@ Viehs En%cvidgcaﬂ o?gct 200 corRin®izta léb%l 1510
corrpl ete f or exang e at t e end anal YSI. S Ste

ARG 155 TIRGWES s SR OTRn oV R RO bt iBetibed
E&Tebﬂb‘ﬂﬂlﬁg?fo i twe Db@fdks anfFogtD &ectodSfudkier ﬂ@&ﬂ@& Bl an
:c ggt 3‘} cf)ciit%g Sgﬂ::]ltﬂusﬁgfoée{ect ancl: fogater tﬁe %edge o g cl)b?éc{] gmd anot er 4

Locator 1522 is used to detect and locate the right edge.
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feature 124, with superinposed graphics representing
the Photos, and is displayed on an HM 830 for a user
to view and mani pul ate. A display of an inage and
superi nposed graphics on an HM is called an inage
view. Figure 15 represents an image view, show ng an
obj ect 1500 containing a |abel 1510 30 and a hole
1512. The object in this exanple contains 6 visible
features to be inspected, corresponding to the two
Loc at4Bughiress Batastor Bee is vted ishefp detehighe miessese iohidiel otpyest. dimthis A

%&%?e‘%ﬁe E'aél?ggolﬁlé is lﬁﬁ&lﬁ'ertt&n %toﬁfé& a'iSH ‘Ehe s&ﬁﬁb@y th}%ﬁaoidqpse?ﬁﬁg e

j Locat i s used
d@mlﬁh félﬁ e lzﬂsbm@ss leﬁ@s Mﬁe H{e lwgéltpuwnge@m dgﬁﬁtﬁlees@rker object

Qg{&g{h@fmé@sgack?owﬁed to hel p detect the presence of
t he aobj ect his exanple the bacl;%gqr)ound I S

bri grﬁog?t her herd-opatrs 1) wd £522. gpdithe Reehtnsssatgelpr ¢570, provide the

l%hﬂ@?dmbdbd tSjudgtthak &n ob@lacﬂtas bghl igetddna flrer desdrigbd BRss
eve

{ t ed { {
dar ek CabfeteeC sl et Rt S-SR Ve e
Thdg&tabent thdmnﬂrzmt:\zmﬂrﬂse vh‘fyﬂ@:v anﬁwﬂﬁ@?qsermhd crhvest would be much
%hgh‘%gg&?ﬁgﬁgr o Slel e uQ)ﬁapr ovi de the evidence needed

ob] ec s been detected, as further
desc rArb@ctxe Pelecior. 1584 15(36¢d to deitct e presnoy and Sdﬁlmgf the bablel i gy0. If

%tn&atls Lﬂa&n %@ﬁ&%ﬁed%nionﬁn@ o)) §g111{‘1_%1112tly hes tﬁJhﬁalogmhﬁt of

bsent t’he contrast would be very low, and wh
ﬁ\e@ésq@emmweblﬁb?wbw@ul d be much higher. A Spot

Det eck Bﬁ%lﬁ&(bjﬂ Btédtod 955@@ ubtd lveriOnAAthecoB&L:1 16 Ee%tb@e’ifn ﬁgéﬁ@ In

IS use 0 et resence (0] of e

iy fxpmple; lgp cofrect laﬁﬂ gé‘?“ Ipcorrggh %@%i bre ﬁ?% erGRiet i oned

hor i zaythedtjest meves Sorg [elftftd> fight thkquglli ’fhg a‘gle df viévin efl‘ tm’l\&shggletector,
ut o t.o u e_\V. A

Rpoei 17 lrack % gt e PEBE ST mdRthopicts B sy fefbed e

Contragiddetdcaib &0, BaightireeDetenpp 356 dnd Edge Dietectsr 186001 2 the coreect

ggﬁ'it{oﬁ %laqvgg)edle ébﬁ c%%éa Psg‘gco}rg&sq{plﬁ %&%#a@&?ﬁx%ﬂe&ﬁﬁ %BJ&?OEI

ect noves
hthe ohyést inHke ffeldaf giewf remsmm@g the thaectoirshagad od éheé@amn of the top

E&g&%&' e oﬂjtﬁ:@ %n Eéh BGKSchthE cdnl lﬂlahen?éagl?argfdlruﬁﬁn obj ect and

repositions Brightness Detector 153 Cont r ast
Det ech Bter g apnipwate Bhtordaan imagesiavnby using pyell Eiezeicd

Eéa pmbplé@,QaﬁlsLé sbl@%téﬂ bytchﬁqrfg%o ﬁl%Qﬁc;us@Qtﬁillfs RO cdnteaidvitE

e 0 . oca correc or an arl al,l on
ezt Bl o, Sfdiiona Sponip et o5 Lpaiors e b gl it
of Vi Figuire Teeshosd 4 lbgmmesg cctrit’eﬁnmmt xaﬁhg)msgrha&etiasmndmm the

Ex amgie oSFtﬂp gif Fléug &1 (‘)glp i ﬁ Q dgag ows ageGa% e1ng uﬁar& toq1(“121$p(?:<(r::’tgln

whjrdtpank attefafito aismation equifinmeaty) end\theemntwyhons baﬁgem@glmmw\md

pys SAETLBHE v A & BB0IRR SELPANPR Bf 15l EIA
mgpigylate Aaédsnﬂay@é gadaeys and dhtirdogininterconnagtiond entan SV if esfled a Iogic

Legpators are described bel ow. Figure 16 shows a logic
view containing a wiring diagram corresponding to the

25 exBatasring sdhiofpe wiring-iggiae 0& Nl Gap EPGIIT HRARFSH EWows
brtesfRHL I obRIrNSLo iSBSindage Vidvs F¥idure 15, is connected to AND Gate 1610

by wire 1624. Similarly, “Side” Locator 1622, corresponding to Locator 1522, and “Box”
Detector 1630, corresponding to Brightness Detector 1530, are also wired to AND Gate 1610.
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objects and interface to automati on equi pnent, and the
connections between logic inputs and outputs of the
Gadgets. A wring diagramis displayed on an HM 830
for a user to view and nmanipulate. A display of
gadgets and their logic interconnections on an HM is
called alogic view 30 Referring still to the
MArlng di agram of Figure 16, a Locator 1620 naned
"Top", correspondlng to Locator 1520 in the inmage
T legicofitpfi ofj (B UG ectard 630 drinegeds ds showmhDhesmall cirglees2 pyd as
d@cﬁ?edllﬁgv% ;tﬂ d%'téa thé?&érl)/er o‘t3§:'t g%ns%@k%ac@&%d

correspon Locat and "Box" Detector

1630medwq@§p@@fd% Gelg 18P regresamisdle lpvst elcppfidenas At th fop
So? th\é"of)ﬁg h&s%eél@te@%& GhelifhPedgdbr tﬂ_J%Jécﬂ% Beeﬁ 'dEtEé’Jéd 81d the

detector 1639 i's inverted, smal |

béﬁikg@%d hegnot begrgfeigeted. féber Fanfidepcels 8\28 ﬂiabal%ie% Eﬁnd’cnﬁ‘ég are true,

c&@fd%@@ lﬁ?@hﬁﬁl\’% th%@:&]'e&StEelﬂmk b&h H&éctddaﬂkeﬁé @mdput JhaeND agieasio
0 S .t

t
R OBep ety e 910 tBaya e DHE GUp-Cet AL aeh
fﬁlﬁkect ed, the right edge of the obj ect has been
det egt ed d. t d h t
ner BB Ehis e PR CBR PR S Toter Ponf S SRR IR YREASS,
ftarnla,ethe vmdmdetedmms epdrgiing ingtisublarent tétectiobjneds. To pindtd mjexiernal

PR L ATHE POy R el s SRR B

ao@ysaanoddamémglvmuldhswgﬂqd tof Quiectlzpgdst. frane. Since the
l ogi fhde' AR ot{(ﬁdéeﬂqo (@518 ﬁ%ﬂ%ﬁféféﬂ id HAGEy d\istribased 6ARRWledge

depends on the current 10 frane, the vision det ect or
of ghe gprbicaiion. ﬂgthie gxappl RiiFigutre bt addf ruserappy s tRsleterpined th
d%fé@c[ngﬁlﬁt théhof éﬁ@ﬁgﬂﬁédgest Wis a8t fRRA e infude thaflobjeatagybsent.
woul

be wired to oj e erate in
Nogg-ipatfQeats 1523 ﬁaghp@ﬁ@nﬁw&@el br?gf hﬁﬁ@é%&?ﬁ&“ﬁf@‘w#@&b{e@ s
r@l dagd, Rt ReHaps af s polhdinake p)édu@ﬁdn@:@ttl&hbc@tomsmemight occasionally

SLSRLRY S50 RS B0 120 ISR o
candities bymganhaﬁ/Méh‘enm,rnmctdemtlomEs rd@leeeiltablmg just the
Lop f l'ngg&%gfgaeéop%%@%or&ﬁ&feﬁ I 95ne£,§bnaln§+ar<fonkmt

an o ect odator 152
Dee;amo tﬁdo Boghthass Petertdr“Eatielf1650.cogtyespprdig tfagﬂgﬂfreéﬁr@qtiﬁoaéﬁ“

atnﬁ‘I B ttor éa[;abélE@EI 163¢) gﬁxesl%ﬂ@llng%rﬂ?l@@ﬁe@&ortlgﬂo SarPRirddtio | N

uct| on cycle Locator occasi gnal l%tall
al

AN @aﬁé Toe fngic oe@g@f AND Gae M@rﬁ%&tﬁ the lqxgl of gopfidgpee

thied BfakOfeattredhve B dEBARA sdROwieddlto DBe@Pass Kildpclichd 16 PBviay the
nmeans of AND Gat e 1610, object detection is made

qbiset pagsiseore BHeacR IS Wi ri ng di agram Contrast Detect or
" Hol he 1884 6utp\ of Olg&dIIett idgd WooGowirédas ANDDedte o fI‘hd.lBg,ﬁa

i IR ap i 16 is B and i Mg IS AR BIEREP e ©
Otljeieddceig@se id @66, “ontput whspdonel| majlef s aﬁd@ea@e{re@t the logis 6@put
X
Sitve de logiamppuf efdbjacPesshen basheerinvieied drispilse avibianpsar wh the d
15%8 é%%%uef 8} Kﬁl? %}at%qgﬁ %nl} %Ql?e beécﬂ{apﬂdt g%sédhﬁ‘spec’gién qRé fégfc output

core for each
of AND Gate 1670 is wired to an Output gadget 1680, named “Reject”, which controls an

output signal from the vision detector than can be connected directly to a reject actuator 170.
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The | ogi c out put of (bjectDetect Judge 1600 is wred
to AND Gate 1670. The logic output of ObjectPass
Judge 1602 is inverted and also wired to AND Gate

1670. The ObjectDetect Judge is set to "output when
done" node, so a pul se appears on the |ogic output of
(bj ect Det ect Judge 1600 after an object has been
detected and i nspection is conplete. 30 Since the

| ogi c out put of ObjectPass 1602 has been inverted,

THei QrtguuGadgentisdolis apfimagd byn usdréo peffoh the eppropuitte délayineeded

j e obj ect has not passed

ﬁ%ﬁ%@g%ﬁgqg i oaio!?c output of AND Gate 1670 is

Wi r ed user camm@m%q Yaelyinee lade wew kg Walldmewn HMIvgehuigpes.

£RdePlaf b8 SlecRHbPHIckRE SRRh rloh QMR PdGN Gh B8mERk 86 tiRkeing,
than can be connected directly to a reject actuator

apdt oyiressopn b ereatet by dragefgRPereBBL i s configured by a user
fjo pQ'E)Eﬁrﬂ{Q k&8 ﬁfﬁi’!tﬁtﬂﬁlg t@f e Q%l'afﬁk‘n SfiRe ﬂﬁ&ﬁféf&ctofax}taﬂgﬂ:% and/or
ownstreamrej ect actuator er .can mani pul ate

R Gt g e thei %&PRFFIQW%%/“‘%}%%‘%@‘%?&“ YRS OF bl

GaighnamLoe srires din Cadightdyed RO when helogic tvslte i Yelow 0GKind gresh t h

et Biriowt 1€ g 1 8 4 P el B i e
tahe belsw 0! Ssandrmdmr sir@nidt exgmplf wirkh @629 per dndwronlidfo itdiate logic
aL“%é é’cfdalqc% %%a%[’ hasH99ets and/or wres can change

errvisu appearance to indicate fuzzy |ogic
val u€se skillpd irethearpwid] recogizirtbat e vadrdatety of abgests carbetsigtected and

ﬂép%&écﬁ}Sr%QltdBFe‘%h&'&e E‘onﬁ” Eﬁ'atlio(ﬂ,génﬁ M{ﬁlglb? da&;ge{g ed)x%"é’kfﬂe@m ﬂ?e%’t will

ot herw se. gure wres 1604 and

een
agﬁoéecegramhwf{e 1adges Pl??@ hleyarféls IStoaiY opel ploraang S%ﬁwaé@ﬁe@mmees that
dbald®e uRkPa@cdthe ARGhtioh her wires, for exanple wire

1624, are drawn solid to indicate |logic values equal
One skilled in the art wll

Ifmélg fgfi{'eﬁggs {::fﬁeta%“%ar. ety of objects can be
dete ‘ngﬁl@ 18 fhstratdd SRGRI08 Sor Wpl%éﬂl?bﬁghﬁﬁ%' @& Contrast Detectors In

configuration, and wrin e skilled

qng empedimegy pfja Ersah@@ﬁs Pé%‘@'h ﬂlzénaéwtwwé thegvRiee g@vé@gl within
thé ﬁorammnas&atﬁ;e gf{ﬂt)&ﬁ}ﬁen@fa kBRAL ftivwexgltug [Zo1Ye] lcﬁhk@& t hat
ou used to pr | i nventi on.

i (i e Bapb pbePb i i g ot s b ppgbe o
mﬁg@aﬂ@ml npl ementi ng Bri ght ness and Contr ast
Detectors. In one enbodine of a Brightness
Det ector, the anal og out put 4%ifihe average gray | evel
wthin the RAO. In aniIHu&SgaHve embodi nent, a )

1

kernel of positive weights Wi is created 20
corresponding to the size and shape of the RO, and

t he anakogs maﬁ"pmghtam 4 iame\wmbdrﬂﬁhg pRYgiAJevel [Iﬁthe | evel

t h
o STposhed arbont o 5 ool Ropih St & i fan 38 of
distdnpst frah the eentamoditie kaemed todhe dentgrnfeachieighhe wei ght s
approxi mate a Gaussi an functi oln r

( <j£ ,
w(r)=ae 2\° )
so that pixels near the center are weighted somewhat higher than those near the edge.

One advantage of a center-weighted Brightness Detector is that if a bright feature happens to

lie near the edge of the Detector’s ROI, then slight variations in its position will not cause
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25 distance r fromthe center of the kernel to the
center of each weight, 1z wr)=ae 2/a (8) so that

pi xel s near the center are wei ghted sonewhat hi gher
than those near the edge. One advantage of a

center-wei ghted Brightness Detector is that if a
bright feature happens to |ie near the edge of the
Detector's RO, then slight variations in its position
wi Il not cause 32 large variations in the anal og

large praiations i thy galog oqtvutglnﬁ@@ 171917% 9%abiyf amy{ suitahia @lwam@ used.
ﬁ@%la@c S8 based bh e MBhidRr @of B 1881, ased on the di aneter
d of the kernel, 6=b (d21) (9) In the illustrative
enbodi ment of Figure 17, p_3@-® 5 In anot her ©)
illustrative enbodi nent, the ahal og output is defined

by t g gray |evel such
t hat ﬂﬁ&i W%P%me%)nfm omg%?é S ﬂ? i where g is a

5 per céranpther iduvisatiyn elplodzment dhre anglog @ltnlm@ defingd by the function C(g),
Qﬁaﬁkﬁékﬁ§kwﬁkgﬁﬁﬁﬁ distribution of gray levels.

arious~useful values of gq are given in the follow ng

table: 10 q C(q) 0.0 absotwmie m ni mum gray | evel |n
RO 0.1 statistically reldzatd@ ni ni num gray | evel
wei ghted medi an gray | evel s?atlstlcally rellable
maxi mum gray level 1.0 ab$olute HHX|nun1gray l evel In

one epbodi nent of trast ctor ana

ot pUIPerE & rdtoatt o DB 0o e TORSS FRETFEG FTe
digttithution bffpeayREkls. Vanioasuseful vahies @flgi avesieemthothe follntving table:
array of positive weights 1700 is used to conpute a
wei ght ed st angarg—deviattor—tz—w—w=—2—~wi ziJ 15 A
rio i (1L | wi | C(‘D

0.0 | absolute minimum gray level in ROI

(10)

10

0.1 | statistically reliable minimum gray level

0.5 | weighted median gray level

0.9 | statistically reliable maximum gray level

1.0 | absolute maximum gray level

In one embodiment of a Contrast Detector, the analog output is the standard deviation
of the gray levels within the ROL In an illustrative embodiment, the array of positive weights

1700 is used to compute a weighted standard deviation:

e N

i

15 A=

In another illustrative embodiment, the analog output is given by
C(gni)—C(q10) (12)
where the ¢ values may be chosen by the user. Useful values are gu; = 0.95, g1o = 0.05.
Figure 18 illusirates a method for implementing an Edge Detector to detect step
20  edges. A step kernel 1800 is created corresponding to the size and shape of the ROI, and the

intended direction of the edge. For step kernel 1800, the ROI is a circle 12 pixels in diameter,
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In another illustrative enbodi nent, the anal og out put
is given by C(ghi) -C(glo) (12) where the g val ues
may be chosen by the user. Useful values are qgqi i =
0.95, gio = 0.05. Figure 18 illustrates a nethod for
i npl enmenting an Edge Detector to detect step 20 edges.
A step kernel 1800 is created corresponding to the
si ze and shape of the RO, and the intended direction
of the edge. For step kernel 1800, the RO is acircle
ol thg %@P%on ofithg P%ﬁ%é% 18rdegrees Frogvgrizqnial. dibp e kesiel 00 i6 A
afpesirhdiod bf e RREvakiv PN GLEs%A Mindlion oFaRtaBde’ BrokiRhid Wbe to the
i 8ou 1s .an. approxi mation of the first derivative of a
@ﬁggﬁeéﬂ“f’%%tl on of distance t fromthe edge to the
center of each weight, 2[tW-z wWr)=-e ar 6 5
In Figure 18 a = 99, but a f&ﬁbﬂe val ue can be
used. In an illustrat iw@)e odi-nent ; equation 9 is (13)
used with b = 0.5. The stef kernel 1soo wi t h val ues
k:, daRighe 18090 chmt m;i stiGgblealtibeanbe ogbd dh awfilugrativek@dblodiment,
a and a kernel of positive weights
v&t“g‘P‘m%qg&eég’m’ 'b%_ ki (14) w ki =eiwi m Note that
t he iThestep @lﬂ@blsetu yiéh vadue Fiatan by gdnsideredio bathe protiuctioban iftgal
foT A=t on white region of
g‘tslgeggier je%Q%ﬁihﬂé}nélgprsi{ﬁ\?\%Q&Q&%(w< 0, corresponding to
the white on black regi onwpflkgdt ep kernel 1soo. Define
contrast C and wei ghted normakj zed correl ati onR2 of
the step kernel and a |iké&- =S1Taped RO with pixel (14)
values zi as follows: 2 v=EwEw z? [ylwizi i i 1 J 15
C= ~Fv (15) W R2 = ~kizi¥=e¥i The contrast C uses
the %%@é“ﬂ&ﬁ{é 1Jeglrsfgﬂle@ge t%pléﬁ@{/mg ?&éﬂ%ﬁﬁ‘%ﬁ@ d:,i %’rl‘e%o'n&’ﬂg to

and
the black on white region of step kernel 1800, and -1 when &; < 0, corresponding to the white

on black region of step kemel 1800,
Define contrast C and weighted normalized correlation R? of the step kernel and a
like-shaped ROI with pixel values z; as follows:

2
V= Z\'VI'Z:WZ'Z,'2 —(Zwizi]
i i i

_ v
S, (15)

1
2
RZ=MNE T

v

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

ZWie,- = Zkl =0
i i

Te? =T, 1o
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the standard fornmula for wei ghted nornalized
correlation, but sinplified because for step kernel
lsoo L.rn"iei ki =0 i i Zwme2 yW (16) i i 34 An
ort hogonal step kernel 1810 with values ki' is also
created that is identical to the step kernel 1800 but
rotated 90 degrees. The ratio Y kizi D=1 (17) EKki zi
i is a reasonable estinate of the tangent of the angle
bet ween the actual and expected 5 direction of an
edgeAn pahiotgbmu&ta:r ReyneT Bro withelalueshigs @so enbntad ghabDisiidentadakto the
Q .Jtself Note that an
Sgept?( oqggnog tat%?a&n% 5?2'941%1 doesn't need to be
cr eat ed the values fromtheydtzp tenplate 1800 can be
used, but corresponding tg_the pjxels values in the a7
RO in a different order. e 19 shows how t he
val ues R2 C, and D are used.to eterrri ne the anal og
out put f an j strativ nment. of the Edge
Dot barsonelle oD aptes U ekt RS etsvﬁe“efaegaét“ﬁg%ld HRER
diettida besh dbe partidulale faramal ﬁngmg shae P isia a good ddtigafeOf the

| alﬂé? g?ﬂtjeglétg gl‘%ﬂgé): O%E%neﬁ %t%?t gfe 181\6'13I & h’ E? ? tosbe cl| %{e Q% vslues

fentgthe tteppinpliie 180m dantbie@sddiut ccgrelspogchng 2 ﬂlemlswelnesrlaﬁle RQOIin

Jsdiffeﬁ;%]ngg}dgﬂ cantly above sone noise threshold; and 15
angle Dis small. A weighted norrrallzed

corr Eiganeul% shos devithesruasdBC. il Ryrqerd aiegmaiprfhemaleg output

380 ﬁﬁéﬁa&%bo&m%ﬁé Ege Ddiecto? k381 beBRERht 12 anl 43&has
usi ng and step kernel 1920 conputes C, which

be@%ﬁ@éwbmgﬂqﬂdé@‘}“ﬁfpﬁshol d operation 1940 into a

I E?Zﬂél@mlﬁct)l&ﬁkélﬁl IM%ﬂ gk, Gich Hlﬁansttlﬁﬁth@%‘g]ﬁtdcemﬁﬁd alizB@t
e contrast,is above the noise |eyv i ghte

cor r SRR S %) e9g5 tqralgge apfdhe IZ‘V\E‘ ing RO

1910,’1'hé5doﬁﬁask€isr$£§mﬁbﬂﬁl@,abc&@doﬁ.i)erﬂoisegﬁéshdld ;shép ker nel

1922 and S0l zer val ue of arctangent of ratio

op r AP§ Bigle *tonpute D, which is converted by fuzzy
t hr emlghtedmpmaazad@ma@mﬁ) opandtion £008 usme\RQIagyio end/siéptkernel 1920

éloﬁéateé }@d}&%ggll Bér%n%% (xéuq follﬁ& st nﬁf‘lgkoecorﬁ?ﬁtg@@ n

expect act ua rect| ns I's shha
Whidhviy convigted b fnamt thiegR bl Qppf@i“altlé@ e a fzzyapgic valye 42 ipsigating

M@éo%ﬁéenée%ﬁ% 1 MAntAaSthLabloPe the noise level. Weighted correlation operations

1950 and 1952, using ROI 1910, step kernel 1920, and orthogonal step kernel 1922, and absolute

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

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

Figure 20 illustrates a method for implementing an Edge Detector to detect ridge
edges. A ridge kernel 2000 is created corresponding to the size and shape of the ROI, and the
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25 produce the anal og out put 1990 of the Edge
Detector. Note that R2, being in the range 0 - 1, can
be used directly as a fuzzy |ogic value. The anal og
output 1990 is in the range O - 1, but it can be

mul tiplied by sone constant, for exanple 100, if a
different range is desired. Note that the |logic

out put of an Edge Detector is derived fromthe anal og
out put using the sensitivity threshold that al

iRBe@8irddB0HD of 3R b B61QidaOkdrdl 2066, FRIREA i diRlel1QgixbIOin
|nplenent|ng an Edge Detector to detect ridge edges.

dignpeten sad the distionitig > fegress o berizopink Lesybiss kertel g0 tSH’é

préQmaiich o BBRoRS dekibRivEeY a GARhntiiiRtion3§t disth@IYdRAN the edge to
dlrectlon “F@L%the edge. For ridge kernel 2000, the
|

thegentercof gach; 12 pixels in diameter, and the
direction O is 15 degrees_ from hogj ntal . The ridge
kernel 2000 is an ~of5 I he second
derivative of a Gau‘%?énjfgﬁ_al n of distance r from %
the edge to the center each'wei ght, )2]e-2 Z s
W(r ) raigurd Zo(a)= oL e anﬁsditﬁblé: {4 cBn Busdd. Tn @ Musihtive @Abodiment,

suitable value can be used. In an illustrative
eqpasion? frered withdt %83 on 9 is used with b = 0.33. The use
of riTRgRe Kﬁfd@@kenm 8o is SinBlano i@t fot Qe Heael s THE @ptrast C is

A B L s I A T

Keivel wilums i9hottohe 10 kernel values is not 0: 12

C~wlEki zi-jw,z,yk,J R2 =i i i (19) V. /1wi\2-(EkJ e2
[ JIT Il Note that t 's Gﬁw c s to the one
used for step edges : ker nel val ues
is 0. A different pAet rmne the (19)
angl e D between the acty#l and éxpe % d 15 edge
directions. A positive VEE@%%d—EEﬁ@% ernel 2020 with
val ues ki is created w t|hian/ed ifection 0 + a,
and a negative rotated ridge kernel 2010 wth val ues

i Notehagihis dormulapedapes tete enedisqddpr stepredgps whep the s ofithst a
1&§Efﬁmm§@01he three points [o. kiziJd ri 1JJ

A different method is used to determine the angle D between the actual and expected

edge directions. A positive rotated ridge kernel 2020 with values k;" is created with an edge

direction © + a, and a negative rotated ridge kernel 2010 with values k; is created with an

edge direction 6 — a. A parabola is fit to the three points
{

O, Z k,-z,- J
\ I
;

a,Zk{"J (20)
\ i
p

-a, Z ki J

1

\

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

between the actual and expected edge directions.
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a, k; J (20) | i Hak, The x coordinate of the

m ni mum of the parabola is a good estimte of the
angle D 20 between the actual and expected edge
directions. 36 Figure 21 shows how the ridge kernels
are used to determ ne the anal og out put of an
illustrative enbodi nent of an Edge Detector that can
detect either step or ridge edges. For ridge edge
detection, weighted normalized correl ation 2100 uses
RO ZFighf 24 nbwsihdgeheklgakdmels2i@@ed © detonmpust the 4R2log output of an

ﬁ?&‘i‘}aﬁfes Bg@&%%m ‘dﬁ&sﬁﬁgot ﬁ&&r%a@@aql de e&%ﬁ{lé??t%ﬁ‘ﬁ] d?& &fﬁeé Ror
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then eopesed foddiezzi @@Wevmuzhz@zmhrp@ekﬁﬂa@ ¢mlftlort @ements 2150, 2152,

2R KO1Ri b ardl@fde k&né O11H) %ﬁn@f}gﬂaﬁd RigeWBin6iR144Sand b
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or. an e ect or can _det ec
For o i e N et e ased PR B aloh Fodf e e
#naldg eutpilgPs for hﬂnEdg‘eIDiagaetoﬂlhal cagdetist fdge ek z‘ommdadgmnbtecgor
tglzl&t gn %etec? e?tger sIeé]%rme oe e e? fgiee d %lt eCt 2 rt 2?9].788 ¥ %8‘% output 1990

Te i W e
fora b stgp e:dge @ajﬂctoz 1189 canFBIe gsed by ﬁ@zssﬁbwsmgrt aph toqwducmonﬂ)hsd
&Q@ 2B di spl ayed on an HM for a user to view 15
an ate in order to set paranmeters for an Edge

Det e é’tg@re 22 Ah%tgrath@ ceiielsdhat canda displpvgd o prsidME {os @ ugeh to view
il ma8B Mok H 0rd& S éef_}'%:ﬁ%%ﬁ%r &@d@@ﬁ&t@&& ASet® Lﬁﬂal controls

apar anet er vi ew. araneter view for ot Phot os
digplaypdyon ML 83 &sgﬂm&ﬁaﬂsﬁ grameters {s wa}!eduaumwa%wa«é The

FudaneRd Siet or oBREPHDIOs lid s@flilak Bnoliftero Figurel20\ihat @ wo@B B& bB4&dus to
Xt box 2200 allows a user to view and

t he Na
‘é’ﬁtsgheddngaﬁg?wéo astuct e | abel 2202 20 shows the
t i nre Namk&m lh)y 20h allavs Situser ec e anduehtend Gaigeadgmé Tihebd 2202

btk ip&REn o9 3k Fn A s PR Lo pithng 28 gps
Gttuetacmgmt bgicoutput vaIuB,satml mgml@hgetcelbm,dmpe tor ofher (charad@riSijc to

@%‘5%@ %ﬁw ;"‘%céz%)&? Lxﬁ‘éﬁ%e (<be i nver?e%gl%@f‘%'l %@WS aGadget’s

bgit:butwtmmaﬂcﬂthunbs down button 2212 are used for

| .
Pog| s bl 2143 b LG BBtk ol i fohrter
depeibpd belay GRug#®W. Di anmeter spinner 2222 is used to

chan @@sﬁdﬁ%mgioﬁ%%fe WREd 18 pbBIoB & PRSto inthd £iid bQRLwE PRirteR) S
2224 are used t orient an Edge Detector to the

PRpERRRE wee claﬁnsee@% fligmetermba P@ﬁe@ﬁr Digechipppgapfrols geagjare used to
SehOi tFAEd Pelector to the expected edge direction. Position, diameter, and orientation

can also be set by manipulation of graphics in an image view, for example the image view of
Figure 15.

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

selected. Any combination of choices is allowed, except for choosing none.
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can al so be set by mani pul ati on of graphics in an

i mge view, for exanple the imge view of 30 Figure
15. Edge type checkboxes 2230 are used to select the
types of edges to be detected and the edge polarity.
Dark-to-light step, light-to-dark step, dark ridge,
and |ight ridge can be selected. Any conbination of
choices is all owed, except for choosing none. 37
Jiggl e spinner 2240 allows the user to specify a

par adigglespignesyatullotisthe uhetOEpI@ify a Detregerg suohithal thb Edgeun
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%é’gﬁ F&glégbd anlle%)c he aéyt 5&19% ?Srotgig 9% n@%xﬁﬁa[tlgﬁ ?%tﬁé g%@o%ﬁ denv tive
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Ginlg elpiridn 18 b, Edn@ll&iﬁmh%odlﬂﬁ? pSRRY. kernel 2300 is

an-appr oxi mati on e second dérivative of a

Gaus Ihawse pianetkermpl 2840 ignimilay i batdorridggkerneb20pe NYeightedt ¢ he

He8haRéd Joﬁelﬁt'ﬁﬁ FE el @htrRf C 8REHmPRIIARIhg the Yanhd TBmMlHd B WRANSed
18 and 9. In an illustrative enmbodinment, b = 0.6. 25

ﬁ%@eﬂ§?kﬂpespot kernel 2300 is sinilar to that for
ri dg@igknnshows BOW the ¥dt ghﬁ@d: us&0h dBerimtrRaheGAAIb £t 6ManR2

. cont C u fornul.a
it ab ool BE e mrton o oot B oo T
Edge Defpaibr ckibodimbnt slowndeBighre 10 eskepithat andldB isaiobdongpuiad bipised.
R ]:Jvelagﬂted normalized correlation 2400 uses ROI 2410 and spot kernel 2420 to compute R,

Contrast 2430 uses ROI 2410 and spot kernel 2420 to compute C, which is then converted to a
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illustrative enbodi nent of a Spot Detector. Operation
of the Spot Detector is identical to the 30 Edge

Det ect or enbodi nent shown in Figure 19, except that
angle Dis not conmputed or used. A weighted normalized
correlation 2400 uses RO 2410 and spot kernel 2420 to
conpute R2. Contrast 2430 uses RO 2410 and spot
kernel 2420 to conpute C, which is then converted to a
38 fuzzy logic value by fuzzy threshold 2440. R2 and

fubs 16 gﬂi’aj{uelb@guzﬁy madsmd ameRﬂ:sﬂ chelfyzzf gy alud e uedddpénty
élf\,lﬁolto 8‘89' 4 ? %?’ qrgut%g put 2490. Met hods and
it P PRTR e ReEer TS

i ¢ators Figure 25 shows a
ir of image wewsthat will be used to describe the
&9@9‘&@‘&4‘1’6@4\’@@\9é@i@fﬁﬂ‘%foabe@toéﬁ ng to an illustrative

enbo a first inm 250 nd.a second
o Sy st 2 ok o Broe e Gt L e 19 ST 5k b Ggion of
metsabcoi?cﬁilg% arl; imestfa&mtbownleﬂlt Inndedst ﬁh@l diewtzbvatand dxecond

iySie W B R SR Pelo g B SR Rk g 3 TR S Blderstand
fﬁhteherfeﬁcdmg dmsdripncsnnfmemomdmné Lacatbr ehiaspphwrpgneadilydo mat e
%K}IE' cﬁ:gtop %he 1%?4& ?ﬁ dfu.l.ftl%{; ur%gﬂfahcgéﬁatdﬂtﬁ% !Il?e?rﬁe%&hods can be

e SCO e | nvent
deMsgdsiior emﬁwne hb@mrmlmn theyscopreefttlprinationc he s a

one- ¢ MEIfHARRlenbaRYE: f2Q0c At sefHBE A oddHitiehs BN rddke Br an
variety of well-known techniques. The search direction

gdge. yeingrany of @ variely of sglyknovayierhaiapesc Hegparghaliregtiopisgopmal to the
é aneh Eacatoh@ds alwidth §a@51nét& t&p@ Géeﬁ){o @aaﬁ}tsﬁbaﬁng laleﬁghs biize,

w*en%b'aflse fm%ieL ; useYSdE%eweﬂgg slﬁmttmg Ip%fi‘“f”f %"-Br?"if on %wlaf

m&ﬂdﬂﬂsédﬁeaidhlfoﬁtﬁﬁedgehe edge. 15 In an illustrative

enbo 0 r . searches one men5| naI
£ o S et B R Rins NRFHON SR e eRp e B o e
vsingicy \ﬁﬂt-knOWn mfzthbmef cRGputipg p atojeeilontaﬁ the ROI patgide] to the edge,

,é%&{%g' $ e- &‘im%?o @;&%&%q}lle S %all ﬁle%ﬂgdl 'Ism;hgﬂ{/rm&tﬂ%is

e one- iS convo
@nmiveedd’mh@rvgﬁ émhsmdlgaég«l@mb kmd fhﬁbcattlh@ of thepeak tppopse t he

Moﬁcﬁ%&ﬁi@ §)%atloﬁ Of ﬂl@@d%@ I’}Q ﬁ%laﬁ@ﬁf sﬁcﬂ%@ﬁlb Qf@ll Qlflovxtnl}ﬁrabohc

edge. A interpolation, suc

plerpalsgon. eanky uﬁwt@eﬁmdaq impFove éﬁﬁd@éoqagwcwaca d8 pRather ¢ o
ErRENEEE, M@g@éﬂme | & ByQBar@fifpUbALpkak Anidlog BALIRASEIng the edge
nbodi an_edge can be, |.ocated by. searchin
eqler a@%@l%%ﬁﬁu? © 2 SSnfR PP R ANt R NS (R DETYE W“B@gﬁf E F%d-
19 ol ﬁogluxr@;lbzalmeﬁtmbooa@aseﬁrcmhafupﬂdilalbnsmgaltr@ge RiBihY Well-
cura desi.r not I 0]
e, TR e BB o e G SRt el fi ve

m twmhs skilldda therary howil eunibyhnuhndiinamslomai Loravdraitoi positioncidtos in

Bl RIRERR s fe R o il a8 B8

Levetatsowlictt age prefeired dum torthet smsphcny pr act icing the _
' ”Ve‘i‘}e{e%r 255 nli B ato?%él?&ﬂn %ngbei%%ﬁd AWMV byPGickihdl ¢ €d

t o one-di nensi ona tors are prererre due
aywhase o their basder endidyageime: {TRetactor 2520511 2 side handlapesp forhapging

£ ner THRY B6kaRF %fﬂ% h Fbsiz@&n&l%z@ Yor Changilt} ﬁ’&wdﬁ%ﬁd‘ﬁﬁéeeand a

on their border and draggin Det ect or has a
jotats brudle\ 25t fopchanging ifs djre F@h Fhgtos can be moved by dragging the

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

39



10

15

20

25

30

30 its dianeter, and Locator 2512 has a resize handl e
2522 for changing its wdth and range, and a rotate
handl e 2524 for changing its direction. Al Photos can
be noved by dragging the border, and have simlar
handl es as appropriate to their operation. 39 In the
illustrative enbodi nent of Figure 25, a Locator is
drawn in an image view as a rectangle with a inside
line segnment called the plunger 2530. The width of the
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nor any circular dependenmes To aid the user during an emitter drag over a Locator, a tool

tip can be provided to tell the user whether a link would be created, deleted, or rejected (and

why).
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The user may not create nore than the maxi mum nunber

of allowable |inks fromany Photo, nor any circul ar
dependencies. To aid the user during an emtter drag
over a Locator, a tool tip can be provided to tel

t he user whether a link would be created, deleted, or
rejected (and why). 40 Dragging a Locator does not
change the behavior of its plunger-it stays | ocked on
an edge if it can find one, or reverts to the center
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0 e ion .o ct i n our
e B e ot it o7 b 6.t B s e | o
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rail th the | unger Fi gure 26.sho a
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Detbdoriliokedad twa LoDedre db o first mnagemiew 2606 and alserond ionrage v1¢wu 2692
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wanglating d@zreeatoﬁfreeﬂaa @re camitpllesh Thegperees of drs¢dami agmin thegireation of
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not C e ctor
Inour mechamcal analogy, Detector 2610 moves because it is rigidly attached to first

rail 2626 by first rod 2622, and to second rail 2636 by second rod 2632. Note that first slider 2628
has slid to the left along first rail 2626, and second slider 2638 has slid down along second rail
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30 noved down and to the left to follow the plungers,

which is follow ng the edges of an object and

therefore following the notion of the object itself.

In our nechani cal anal ogy, Detector 2610 noves because

it isrigidly attached to first rail 2626 by first

rod 2622, and to second rail 2636 by second rod 2632.

Note that first slider 2628 has slid to the left

along first rail 2626, and second slider 2638 has slid
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{1 ansd ot S QAR Rl § HABIA op i Al bARRLA Badede

i nke no Loc ors and re |ns I Xe
e Cgmmp@mor&rl@agydmw erreth frs image Visw 201ethe @fsulanigature 2750

ek %‘ifededggzﬁ%a&ﬁng%xpiﬁqu‘ hdbe Jo%tt&'foﬁow £ B m&REBE DBSctor 2710
second | mage view 27 with first image view 2700, the

ad secgnigkocpigp7ardown 71\366 ﬂlﬁd%s:teﬁt@waﬂ ig e%bﬁ sapag pestien relalive to the
&bfed? ak dso B NnE DX 9736, Thhis BVdekitable ThHh c%éV&SauE?éll’ fécond Locator

Det ect .and. seco ocC 2730
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to anything. Instead, the motion of the object through the FOV insures that first Locator 2720
will find the top edge. In the example of Figure 27 the motion is left to right, and due to the
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was a straight line. 30 First Locator 2720 has no
Locator to nove it left and right so as to find the
top edge of circular feature 2750. It can't link to
second Locator 2730 because that would create a
circular chain of links, which is not allowed because
one Locator has to run first and it can't be |inked

to anything. Instead, the notion of the object through
the FOV insures that first Locator 2720 wll find the
HighFra@@ gste oflaVisidiclerdtanid ebjeat mbveg tile sl%ﬁtly &eh frahe. Emeninslly,
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PR FABHABY B | inked to at | east one nearby

L oc atFirst Debioedio is ilad toomarbyfirsidli czatocamragéseesrd| Locator 2922, and

will be positioned properly even if the object rotates or changes size (as long as the change is

not too big). But second Detector 2912 is too far away—a rotation would tend to mis-position
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| ook |like translation. Referring still to Figure 29, a
first imge view 2900 and a second i nage view 2902 30
contain a first Detector 2910, a second Detector 2912,
a first Locator 2920, a second Locator 2922, and a
third Locator 2924. First Detector 2910 is linked to
nearby first Locator 2920 and second Locator 2922, and
will be positioned properly even if the object rotates
or changes size (as long as the change is not too
sdbbt) Detdidr 208 0atichll ORlai04 10lsecdfid Rockidr 9o arfdew siza \elyig@would tend
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rung in which that Gate is used.

Referring to Figure 30, rung 3000 shows the inputs to ObjectDetect Judge 3002, rung
3010 shows the inputs to ObjectPass Judge 3012, and rung 3020 shows the inputs to Output
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To sinmplify the | adder diagram the user nay choose to
hi de any Gate whose logic output is connected to
exactly one |logic input of another Gadget via a
non-inverted connection. Wen a Gate is hidden, the
rung for that Gate is not displayed. Instead the 30
contacts for that Gate replace the normally open
contact that woul d have appeared on the one rung in
which that Gate is used. Referring to Figure 30, rung
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doRt@eREresb@@ndRity.S Provided and wiring diagrans are
not used. The result conbines the capabilities of a

I%i:. ng ;geﬂlc%? ?[upﬁ(’l% taﬂd ﬁél&léchQJsm%nE C, resulting in a

I'nspection nachine but at a cost

of ip 3% %v&@@ﬁ?ﬁr@ﬁia%mtﬁ@vﬂﬁﬁéﬂ £k z[i&ﬁUv@ﬁélél?dietector
Cut ouftégl% and Rel at ed tFllsure nts? Foeﬁele 31 shows

QUi sigpala mey Pasmetrenizegmith the gnapksiipe- 8 mc%rpﬁzaﬁaws\ﬂf%fﬂ?}ﬁ
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ke dbeced. a downstr eam reject actuator. The
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O%Ye?:{sl 1inag Sé ﬁ'gstehtg(i]eif?lgr %£§ﬂ£ |in which case they come to a stop in the FOV,

or continuous motion. When using an external trigger the analysis is typically the same

regardless of how objects are presented. For visual event detection, however, the analysis
may depend on whether the object will come to a stop (indexing) or be in roughly uniform
motion (continuous). For example, a vision detector may not be able to measure or use object

speed in an indexed application.
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trigger (continuous analysis node is used when there
are no discrete objects). Furthernore, objects may be
presented either by indexing, in which case they cone
to a stop in the FOV, or continuous notion. \Wen

using an external trigger the analysis is typically

the sane ao regardl ess of how objects are presented.

For visual event detection, however, the analysis my
depend on whether the object will cone to a stop
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urt her I nor. e, qU|te vari ab

G%BE’HQP‘H@”U Wsmatrrawmﬂoaﬁ%%y 32%9 fwgwaarbﬂfaﬁ A ﬂ%fﬁ’&‘m?‘b

poiht@ 518 @ay bxtagitle. When in the ach|re/process cycle t he
mar k .t i me curs. Figure shows, t he ect

oot & OB ouhts i fn P BP0 Puarss e gurec fo an
ANP(Gatd\a pﬂsd(hﬂbhdwh&wﬂ]j]e@mdﬁleﬂ enly whertkgebjecsthat pasi@tidspettion is
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(!htaﬂhg‘@@ 0915' athen a elpett that fdétlremcthzmls datec®d70 appears on

bj e i

rovto POy & e 30 onf i st pasfBE Db S Al Aok St
diigcpg, e dlonséiplolmamindrxed jappicaivg they mighhke udedcditséttyrby agivdters. A
Bild Can1BY anRBte A tHi g3} 8-synchronize these pulses with actuators. But when objects
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If ObjectDetect |ogic output 3140 and ObjectPass |ogic
out put 3150 are wired to an AND Gate, a pul se (not
shown) will be produced only when a object that passes
i nspection is detected. If the |ogic output of

bj ectPass is inverted, the AND Gate wi Il produce a
pul se 30 (not shown) only when a object that fails

i nspection is detected. The detect pulse 3170, and

pul ses indicating passing object detected and failing
aRd @ftinuoGerh&ioh @l nodskRrmal trigges Bfusdd, the pulss ofienctan@elbe used

lication the d dJre tI actuators.
d‘,&e"??b@(fo?:%(ﬂ a‘iﬁ‘?g’r%l??cﬁ% ot ﬁaa\[an%h? rgision % f}ﬂg hr oni ze
t hesRe pivkigRs solds Ihiggrbhlah by seastittg tlmeark oinp @00 and B ar e

siroare Bt Bihetl o Popd gy BT Th{ qiFhue 3l ks
aa&édlmlt;mf delap apa fiom nefk thes10mRefabing alsketoiths toringitidgagm giFigure
5 ou u!t nds%gfsg %%né gfe tal?ép%rt %&%&) &y pl)‘tpmélwﬂd&rrgﬁgnds to

synchroni zi hg an out put “pul se
d3&8ﬂoon out put si gnal 3160 to it. The output pulse

3 1 8 0[1’% %@%‘f ﬁl&%?ﬂngﬁh@nl&k o 1sQHlﬁéa%arH€é &¥e Rk AmE caBear K

rring also to the timng diagramin
dptpngmeé tossubunillippgendmgpusesy by Bepay igterpqlaion, !F&lt savgfes 5t Pepi ¢
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570. The act of pneasuring.t mark .ti
pdpRyRES T R s e & Rt el §erore vl
dspehd 62 dhlifts 660 e erall @dqmaﬁyn/wcdssmgagae tithé,@nd objat speed.

|
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3P 4L JEB an n BpHSE e ﬁ&ﬁ@@@ﬁctﬁ&&aﬁ&ﬁﬁ%&bw@gﬁﬁﬁbﬁﬁﬁﬁ@d@ the

range 1s stant | al ng the direction of notion
delgy iem @ls%zmblfrw tippg rIR?I’er’J ecfrlh éﬂt‘?ﬁﬁffi ﬁ*‘ab@ﬂeﬁ{“’t jckpssjte mark point
dﬂfn@ thé &fﬂ/é andel @cfark Bmb Eanttld Base@ B &Y exoltiorddnd ttRe@ccuracy
Locator's range-as di scussed above, the mark point is
g siffgi nary reference point whose exact position
doesthetusérital 8¢ antebterntivg s@éélfy thatitle mdrk #@e occlil evhersihe ob]e]:ms

f
{55 dt PRsap o encs A5 8 g Ao Ry i P B oA
B, fob paaipleivhetdtuatdvent detection Ihllesorﬂbﬁltectqrm@ed inéixndapqsltlons in
tﬁeoll'(W’ (sgerd]lH [ n94)2:1\:/1%1r61|%§ Eltl 1S fu{t e{ea:f%n rﬁﬁ%}‘f c&lﬁﬁk tnﬁx

ased ation an e accur
veleh foeators Teesedsaithoygh yn semeappligitions ihmey beaooqué%ﬁowplpmccuracy
. fohfe GRcBSdect Rad th'ﬁﬁcith time at
l%h?rg@&g%h#hls o%HW§#&ﬁﬁﬁ%t béggg eé?e g o
vehighl theovatue oressesh@r e Locators are not belng used, for

exanpbf tﬁ’é@&ﬁbu\/éléﬁﬁlca@m YechRplzbPR ﬂ[eﬁﬁdrleﬁm@ﬂ‘ output delay
Detectors placed in fixed positions_jn he FC%%&aﬁe
F3048 ergenthyn mme&fgpe&fedfiﬁféswa&em 313¢- T%lvsrt%% acyaiog
SRR whRsm LG nadk@oint) MRicR & ewprerd tolealiens iniltostakkd,
al t hough in sone applications it may be possible to

PREPERIE accuracy by interpolating the fuzzy |ogic

val Uged SiutterdaDiribdee isObddetht Deikagte isherlge tb thefiimadt Whieh the

ttrlégrg?ocacars (e.g. mark time 680 in Figure 6). Output pulse 3180 can be synchronized to this

time for direct control of a downstream actuator. When using an external trigger and a PLC,
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whi ch the value crosses 0.5. Note that output signals
can only be synchronized to the mark tinme if output
delay 3120 is longer than the | ongest expected

deci sion delay 3130. Thus the actuator should be ao
sufficiently downstream of the mark point, which is
expected to be the case in alnost all applications.
When an external trigger is used, the mark tine is
relative to the tine at which the trigger occurs
vitchGs hoWRgrtor brk WEoSSeteinfarkugd) Barbihg cAbt pset bt seBerallbidt
can be synchronized to this tine for direct contro
18§58 Ydownst r eam act uat or. When using an exter nal
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¥rdth sone arbit rary reference tine. Encoder row 3225
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tﬁo 1 a C%erﬂ\ﬁneg ti?c%all gg ?eteﬁ &E& tﬁ’J loé’aﬂor?ggs@%s%r%sﬁié r%grk%m{" somewhere

orien search rah
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a US§{this Iifplel @nahic ‘?rﬂaée%neﬂﬁﬁ% d&se(ﬂ tfafk 8k | M6 thv@ cdrb&utive

center of the Locator's search range, and i s shown

ipagfiye fragep gre fquRd Apmark ime pasgdhprslocatipn, é%q’f"nﬂ’é sighER $250 88 t he
dofpabd RMheGh@S TR 56! The vAIRShERA, ki5 POk th linGP iR ORI tlme

bet ween franes d’glﬁand 62Jﬂ which is between ti b .
befyrpen ames 61 aud QZgyhtedhedpegrion gosges 7ero; t?“%?%%ﬁ’ln‘é can be fit

16 YR @6int férlﬂwn\&ﬁﬁhl%frﬁn eimne sowos220f dha foeatfoh rovas2tce tndt thiad line can

consecu i nact d. Anmrk tinme
a0 el ng RS al PR RUBHIR 5200 | o
conputrealk trhe bdsel carilek tinfie that #eebje@ wad fimst detdcigd lssshmwm the
4%119“0‘;\,2 Bhe linear interpolated tine 20 between

¥ T and 62 where the |ocation crosses zero. As
an alAtcensidgtable@mount bf additionahusgful infarmatiop carhhe obtainad Homp de

:% g(p&altaygmhg APRSH b AfolvindBblcoWw 3220 and | ocation row
, that line can e used to calculate the tine
vaI ue corrpqpnndl ng to location 0 A mark ti] based
on the tine that the objegt wasofirptleaststyerese i s
shown in tthe seventh row|326®nts25 A corf#i der abl e
amount of %ﬂétmb‘eo(ﬁé usef Ul Tafprmaj1onsgan be

obt ai ned fH—om

mark count 588.2 587.6
object speed (pixels/ms) 0.725 0.725
pixel size (counts/pixel) 31.6 31.8
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nmeasured data, summarized in the followi ng table: two
| east-squares points fit mark tinme (nms) 45.00 45.01
mar k count 588.2 587.6 object speed (pixels/nms) 0.725
0.725 pixel size (counts/pixel) 31.6 31.8 48 As can
be seen, the information can be conputed using two
points (linear interpolation using zero-crossing
frames 61 and 62 for the mark, and sl ope using franes
59 and 64 for speed and size), or by a |east-squares
fit, Aocanlby seh iy infoerhdrion sankbe compited using tvar fioints (Tilwaar
1%‘[%1% ulI t‘éoirlls alglezeﬁrclggzrr]é)lsss%rﬁef{a%r élhag% ér a FB%%%P' %ndssjﬂ)g)\é\ﬂmné%atnﬁs 59
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%‘P’E’f‘ gg%&t%a&]‘. (N llll§ed to determne is object

ance er pixel sizes correspond to objects
t hat Siageepifehsizean baceipplater fir epanelienhiihe valve eat hsuerd i datesmine
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s ee ' ooki ng out a car w ndow dj st ant

Eﬁd@&dgc'fﬁb b@ea ﬂhetsan%@etwafwg c3 briede uringobiReBIPBYE. 1ypia@s When
1818 gdat fcak Rinkibw Hfsﬁnt%g_] e&ayppb@ t@w@évﬂ@dloﬁwepmme&w a:hee

Locat or , desi gnhat ed r for ur ose.
anot & daan g %Plﬁéafnay b oheaned Gigm asing 51 %’ndg igngisd by Huser for
th£) @apese Sin &ﬁﬂ&f ahedingint, B Gfer %lmmgﬁakﬁbvo tocathe képatatet] @ittich e

direction t .
AR bR SRt ion o RAOE mIRA O AP AR T oalePaprigpe
tb bave Iﬂmrdearcénange paraifel toohd directiobiof fetianDdBrences pi prel sizg ze

%gératpog.% 40 A3 %I&JL%SL TJRBh LR A IS @A AN R sfalP BEER PR
r@rm@ ot th@dﬂeeﬁonmﬁ tiotien aaﬁ cn thfnplam@f e abiect & Lppptorpigparated gagallel
tb %%‘r&ﬁﬁn Wﬁtaﬁ@ AR dlaki€ baraﬁeptottﬁ@dnq}:tfoﬁ oF mBbn®r Locators

notion, an out an axis parallel to the direction of
sepratesofmal o the difestion of moi@par at ed normal to t he

di r egfsaB3 HMowdeh biput FIFIOOMAL s v3st 16 BeHeRteARndkbniRbd pﬂefﬁ

that is used to generate synchroni zed pul ses fo
downstream control of actuators. In general many objects may lie between the 1nspect10n

point and a downstream actuator, and a FIFO or similar mechanism is needed to hold
information about the output pulse, if any, corresponding to each such object until it reaches
the actuator and the pulse is needed.

Referring to Figures 5 and 31, report step 560 for first object 500, corresponding to
output pulse 3180, occurs after delay 570, corresponding to output delay 3120, which is after
second object 510 has been analyzed. Whenever output delay 3120 is greater than the time

between objects, a FIFO or similar mechanism is needed.
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downstream control of actuators. In general many
objects may lie between the inspection point and a
downstream actuator, and a FIFO or sim|ar nmechani sm
is needed to hold information about the output pulse,
i f any, corresponding to each such object until it
reaches 30 the actuator and the pul se is needed.
Referring to Figures 5 and 31, report step 560 for
first object 500, corresponding to output pulse 3180,
0C C UFigusd 3B ahovrbel saypl SFIFQO titad canée peed dornigs propael tThe FIFdeHokly

AR Sl e B p R Q0 Sy A 1BAP EC, 1 g

pdg 311p GEgurh ) we ewipus byleaxas be ah@méd)bmla@mgnmwfoner@maln ile@,dmg

Sj F

e BEESAFma kb Gk g S T TRAF (LR M Gt
m@qhm@@pnmﬁtt ﬁgclteéul@dwténet Jetpemined bytpraoving teg fpum the FHi@qutput
%@@ Wih 0B SReduIc M eirrival, 1S faleDir B ouB&isithal JelchBnged bl Rw

an out put pul se can be schedul ed by placing tinmes,
?CB‘?‘I“@Q&WEFSée‘P@’&@ﬁH’@ theddf® time 3300 and trailing edge
time 3310, into FIFO input 3320. A software tiner or
hﬁkﬂSJOlﬁpuﬁamﬂﬁa&mES'mﬂ’lﬁeat a schedul ed tinme determ ned
by renoving a tinme fromthe FIFO output 3330. Wen
t he Jiegvesctiseastparmetsr vigwsdar userirenfiguention offthe QliecdRaiqstitudge. A
ﬁﬂs%?&me{e?w@\kﬂ 3438 ﬁ%e’arf@!r \@sﬁﬁ\@ven‘é ghadsd xﬁS’det én!?{% sbcdnd SARNES
fromthe FI FO Judges, Qutputs, and Exanples of Use
¥ipy oz is ased Sprsuemalifisgeemede. vi ews for user configuration
of t peesédaitieg Edaabieddo allokhOi8lectdn of Gthbr ihdekedR lcaIRLASS obje®W
3490 i.s used for visual event detection node, and a
g@??ﬂtﬁ’iff’npar ameter view 3492 is used for external
tri g@edmerfiteréng cBﬁtﬁﬂﬁﬂiﬂaillbﬂ tthe@eed ' st linmidhQ tigel domwsr total object
0 der indexed. or, cont | S

Pl S ol s PG o B ot A8 S Feshopon e
wEgnun eqeied Cbunmnt veeighhthreleld; eurxplamed shovain telsiescptionlof Figure
%}?e?é it 1%§e 4svi§ P%P{e 3QfMMﬁI}{ ?ralfné ﬁ)‘iﬁl@r 34NI aﬁ{;}vgyimsEJ 8 %ose a
spi nner user to choose
madnn Sigme eyt ordvelghre P@qﬁwhwh g I@ageaﬂgalwqowﬁutma@m@
lidRistol SvilfEsShide PJghI@féssQﬁf hé&W gﬂﬁﬁnoré gct%ﬁ&ﬁes'rﬁay e Ffh® Thid allows
Figure 34. Maximum frame spinner 3414 allows a user to

thp Byss o lignit thepppawniaf fims the invertion wilk sprd e objeqt.pd iypprgipplarly
GReMBIBE BdxaRGB1WIRbYE Shjeslsl | terminate and a deci sion
WI|| e.made regard] ess of how.nmany nore active, frane

! S pn o AR Aler e oo g m A g for il
ﬁéﬁﬂﬂﬂ@lgmfe 3).i ke tnlrmur e haximuriark equal @R ddiOtmen eixaltyaint |
eful for, i ndexed or s

ul ar |
81 BB e B i 9 R S paB Rl 0
épwlafhwemmmrmm)ambd menge based dnl theeeabwed rattabwhigh ehjects 82

6454%:‘:‘%&@ A ghjse-icllged"fbd}' shdith ﬂﬁ‘-‘%‘gﬂé’&? At b ttd ltd méa?nﬁe

e ebiect presehtaiontrhie. Inamnllmlmvetm@odﬂmsmdhe M@@ca@y s@@mad idle
aHe ﬂﬁﬂh& %déc‘( présnEfiGRBod cl E%tlféﬂege?éa\?\yhtifo Cﬁl wilftht bef

rantg based on the neasure objects are
specified range.

Missing frame spinner 3430 allows a user to specify the maximum number of
consecutive inactive frames that will be accepted without terminating dynamic image

analysis. Such a frame is illustrated by analysis step 542 in Figure 5.
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bei ng presented. A phase-|ocked | oop, shown in Figures
47 and 48, can be used to neasure the object
presentation rate. In an illustrative enbodi nent, the
automatically selected idle time is half the object
presentation period, clanped if necessary to fal

Wi thin the user- specified range. 30 Mssing frane
spinner 3430 allows a user to specify the maxi mum
nunber of consecutive inactive frames that will be

acc Qﬂﬁrﬁﬁg BhrkiODd4ko allew 41 wai tb B@ecdl)hél ﬁﬁikﬁlgilﬁﬁﬂgéf markiaf yglosation

.Such frame is illust SI.S £p 542 in
lsljle]ﬁ?}?‘gﬂ‘s uSeE Fugspag] %@E ﬁ’f pdie é‘ﬁ% ?St PR v(\)/ls%é user to
sel eoitpit kpdamnicblagso aibebes.a usér torgetek t}negm&uge thap defineowhenjagulse

sel ectﬁld t he Uﬁer nmust specify a Locator using
PRSES PRI WBht r o 3442, Qutput mode control 3450

al | oFvsmacoustespinbap 345@ hlbsots atubre towsldes theramberef frames toAratyzgin
egtgmgﬁne%g%%%%rs on the logic output. 5 Frame count

allows a user to select the nunber of
f r aniigure 35 shows §pasarhaier viswtleruser confisnigg et of thscfbjectBags Judgess

g%’c 1 3364 aﬂ&% ﬁ'iselvtb %oﬁé)d'etv%%ﬁfhe Qe%ﬁtb&&kreﬁgé RABh& dekdiBed

Ject ass Mode cont r ol OWs a
foipsel entessnieiile W ewab B HE° Ko ttirpereus Pbed s
ch&¥én, 'ﬁie%ésﬁol@lzmeﬁﬁldie.ﬁoﬁﬁem B@sfétebtb&usﬂ%ﬁﬁ&%tﬂ@ﬁ:ﬁérbeﬂ for
Figure 13, I the percentjle nmethod.is E)()?ar}ltlold
£ hr cHEP 3 OV BPERHI B P BURHEOL o8 OFG e MEde
cBRFoL §606 Allo®rs sﬁdeﬂf@&hoo'ﬁéﬂcﬁv the Gutpi signaBs coltmilsd. In fs’aaug'rrmrcmgh

R EoE oA el v Rl R B8,
ssnogmaizatios 1a 6iddlayed” newle, dnrihe’ r'stngad@mfﬂle I*ngtsughl‘t an eutiiépulehe
sc}%?%l pclilﬁ' at &%llrrfg%&%feq ﬁ%h{tﬁ 1rnl)s¥ ret:é?ﬁl;' Fégorqe{f ﬂ%ﬂ( iRk @H Rhcoder

synchroni zat 1 on. del aa/

cnmd)dqy ﬂ@erantOhm Spaczﬁerh 8y ée]@'ecomfolq 3680, ind9f éurﬁtr?ﬁlﬁfec’eﬁﬁ BURYbSt
56305 The! shel L ahy bOpIa%a Hfa BFOoasshéisi®l Wil 8y ekpht Om
e nost recently recorded mark tinme (or encoder
Gadgait ) by the anount specified by delay controls 3610,

and g duy afuitais SREGdyftb @cﬁhﬁ@ﬁ/re me Ipfwent mmhsrodos)paaam visthie

scheduled pul se may be
SKFTH: etetien rpelten cwa%eé‘ﬁg ﬁf@d’r Bl Fepe e ?%h@d%va”m
\Ifl&d@@ﬂfdt@tﬂ)’uE’ Oligrt Pa®RESS0 dnd OBjREPBNTUdge TTWeviekido {RassOut”

e

showrl. Det ect Qut " CQut put Gadget 3730 and OOJ ect Pass Judge

3740 OY)\‘ecthtect 9udlg§ 97?(?‘ g#mtf gurgll %@ggﬁseﬁzﬁv i b%’ Ilqogation,

approp¥ wred to
ahddgelsvmnddqndtasslzs)WDm]Flg@?‘ECt Det ect Judge 3720 is

conf iy QFH%] ?Qm%%ér w&%".{gbﬂ@ﬂ@\k‘ssthﬁr eRRRbAL It Gﬁfg@t 3836 is configured

| ocati o ut put when done, .as shown i n Fbgure

g genepatefa syrphropizecy e pulss 25ns3attsn the ATdmen Bis Pulse il
t@g’ée@dtby FRIGBE e 3P0bjectOAsH: iAW £6b. A second parameter view 3710 shows

that “PassOut” Output Gadget 3750 is configured to send the pass/fail result from ObjectPass

Judge 3740 directly to its output signal.

A PLC could sense the two output signals, noting the time of the rising edge of the
signal from “DetectOut” and latching the output of “PassOut” on that edge. The PLC would
then know that an object has been detected, when it crossed the mark point (25 ms. before the

rising edge of “DetectOut™), and the result of the inspection.

51



10

15

20

25

30

to generate a synchronized 10 ns. pulse 25 ns. after
the mark tinme. This pulse will be triggered by the

ri sing edge of bjectDetect Judge 3720. A second
paraneter view 3710 shows that "PassQut" Qutput
Gadget 3750 is configured to send the pass/fail result
from Qobj ect Pass 3D Judge 3740 directly to its output
signal. A PLC could sense the two output signals,
noting the time of the rising edge of the signal from

" Det Exgtu@aa ﬂluaﬂwbs bad wdyito goﬂﬁgae ﬂmﬁrpzaﬁuoﬁfto Spfeasesifouistial event
c%‘ athon &nc{a% for elaect c\:,%xecr)]lv\?? e ercto actt glt r. géﬁvc gxegtshoawlg rﬁ%% %te 35!]9 S
voeflde the ObgctDeted rmiOlgebtRassoid gebet add Snerate a palmjwlldn@ falhng

t [ S,y 0ne

R do oty 0 CARBRE 4 i o mefeo@i Dol LSk by
TeERing ﬂndmlvclfaramtm@w 3809 shaois e t“Rgmn@mt Pupfit Gadgas pase ts
c@ﬁﬁéﬁ?éd% gené‘atle QP rfehrbhiSN 190 Qﬁﬁpuﬁy%(%t:&iel?’&%&s affdr fR Shatitime.

t he” Obej Detect and Obj] ectPass Judges so as to
Wsralsaival 1& trigpered byithe ﬂetacﬂpapﬁ 4 faidpd obispte e QbieciRetesiiudgs is
te6t cafihous predénia@bh, bhfdrk @qmﬁ&@a&m oufpt Whth demdget

3820, ther eb s receiving this pulse. Paraneter view
3800F’§H’6\7’<§ ]luﬁﬁ"fes Ry H de Eﬁ’f‘g‘“ﬁhe b‘lYf’mGB a@mera@sa ptgraal trigger
6 fwhgnidonfbcle® tcgﬁrm a\tlsglaws\y AR @fél(ﬂﬁédtﬁbfb@t JﬂBge viaket £

0 rk.t hi I
“Defr OBt Wbty G a5e Do RE-hBE LB S et QY il =
W3 ehduin meE@ﬁieBM{o“&mﬂ,gﬂsteas of witing & spti bERhofos andoGemdsitathe logic
ug 3fretﬂe @%ec?[? tec udg byn : IQ’CIat It %ax%ggfatg% 1? 1li|steﬁ) lﬂ is fﬂg?algt tggcr‘gl?e
lpgivimputiod ﬁbw@chpme rlenemis ion n@Rhcmsraad atﬂeast@gelnputmdm thet tolfsale
J%%%gg tﬁﬁ[%gd?ee% tth % grgégswfoﬂrnledg%ﬁoﬂ)ﬁh \Q’thtjg?goﬂ]&ﬁ)etect it will %Perate
in peptingpus @p)yeie mPgss Judge wired to "PassQut” Q,It put

Gad I8t p2Smet¥afewS0\MAd sedorldipaidfnBieview SI20\Y & fihat bd’t‘l§ baa&i
W T nt%?a set of Photos and Gates to the |o

@qﬁigﬂ% past theilaeieyputs stsiahbthrough,igastr outppy signals. 4 fou&we the
%9 _3ﬁlpmt31ghwmd 1dtdh theSoukpaeoffRgkOhthad the Aéing dd@gbfc DiefRErOlt”Ofhe

c nds an_ no Phot o n t |l ea one ..
e RO R PPee et B 5 oL Sipction,
mﬂ it@xronHIha\terto olgan thaodek tinhd if meddbd, figmitle externabiripger.
Col ShERY S5 bl e PGPS B PR
oonmecwm’lélhmmdtma@ usp gtetOuiut Gedget oOufipymtion ofFigire 37d produce
T g
‘tlﬁiifél dsteetprand mt waptg § Seuable igput erhaconnestiengo g getemal tngger
" Det eeliedb illusthib ofwdyi6-ciiay karg th'é R EntieR tc?dp@{afe@lgey&éﬂﬁ’aﬁ tridBer

(ngct has been detected an he result
ofle s dirpch pontrolnh g reiqet 3e8atog Qﬂa%ortlbld@mcghtwhﬁ ﬁ%’flﬁ%fﬁ‘l!@n shown

dnll @8cribell fo? e@d@@s dx6ptit!Feriaxt Rpitdaddel hdee "wareeﬂaquﬁkﬁmeltect
0 ure t vention to. operate in. ext rna
4o o POl o oo, A st B R 8 o Beuice
dxRmalipgeit CGadget configuration of Figure 37 to
produce a synchronized output pulse. In this nethod
the PLC could obtain the mark time fromthe 25 vision

detector and not waste a val uable input on a
connection to the external trigger.
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Figure 40 illustrates one way to configure the
invention to operate in external trigger node for
direct control of a reject actuator. Operation is
identical to the configuration shown and descri bed
for Figure 38, except that "Trigln" Input Gadget 4000
is wwred to QobjectDetect instead of a set of Photos
and Gates. Note that the mark tinme is sinply the tine
of the 30 external trigger. 52 Continuous Analysis and
Coniiphsemalybig trideExdthpled | ust rat es one way to configure
the invention to operate in continuous analysis node
f or Keuredt illoviratss ore| vaxgo epnfigure bp inverion & apetgte in m@l@wvs ew

aftatys§ AR YR d@te&ﬁlgﬁ b s oﬁ’g cRARJub HEd SR Rich P8 shdita ﬁoﬁlon

erV| ng past the vision detector. 5 Locator 4120 and
OEQFQBI“}BE’E @%"t%?”tﬁalﬂmdfnépé%ﬂ?ﬂ”@l?ﬂé@e% i nspect the web.

It thRateehzo Al @Qé"eﬁ)etefcﬁi’ ghs2 Y &fnﬁgﬂéd ﬂ@@ﬁ‘s@é&fﬁle web. If the web
substantlall fra¥ug g’zé ({ g‘% n Locator 4
é‘-‘n‘ﬂéﬁf@nlsoﬁ‘dg‘e et uBstanialyraypd ¢t ejiep plse %LP&%%““%R&P ?ft
HdbOnétector al2n %ler@dlﬁé a falsé olithe (M@b valB8/€6 5T tirweb i@ up or

L 4120. h E .
bt Liigr S5 3 bk 1P et P BpR SecR fif P ifRiaive

pdetidad détbvethbbbtioaredgel Giowetdgikiiewidihi df thelveebwhapds sastantindly,

%%&ec?orgﬁ?wrﬁf;@rgéu%?“agel tP]ut i 0 Edge Det ector 4142 wil |

uce a logic view Top Locat or
414OInraépm<ese«mt‘EOpre®t0® H148ePRsents Adcat@di20.caml “Bustomd Dgtector

%ﬁlge%éeﬂsf@%gg%ﬁgg fbezeea% Wkeddd A% A, %&ewgrceqtpms

ogi C out put I S | nverte and
inertescng gvirediet DgteaQur” Ouprigadec#al de cambraeen AapEpetes diew

4%9(% fn{?er@@B '&)?ANE'CF&W 41&1{31915%& h@ecﬂf‘tb%bﬁtgut@ighﬂ ut of
Gate 41 passed. direc to a yt. signal .

. s ﬂ%le qyawpbwwlsw ﬁlere O Pg asteffe e gper pibenholoys lngle Sutput s
M&em&?/s@g'nal%tl B@ﬁpd@l&@bﬁhﬁnﬁlﬁ@nﬁh rﬂ:bl bﬂhc}f vikién de‘c@’roﬁéprc?viﬂh% a
na atte ig rame rate of the
tg’fl "\tli\fécla%?f’togllhes &8 conti nuous indication of
t he Eigart uZilloftratel enewedy to Eon@gtrethé Zvertion §drdeitaion offiwaay a
configure th y ' 0
iR i ofsh o QRYTBL L iabOho 8P ALY Ol st
te thgireIFigiriel4fl ewithrigrageCar 41glmdpar@net¢rsnes\f 4130 @plymaw this Fighegtas
‘%11 gh%wﬁew%owm& %ﬁfgufﬁh@ﬂ"ésﬁg]a% @n&ca@&er@ajemefecew

Iylngtotls Firgure as well . l ogi.c view
Todasieso nsrpéacgchbpéfv% ANDGated1 pasrd a@etmt%r @uw C%éssé@ﬁ‘t t hat

oj ef’ﬁr%&t&%w ﬂddqg&vs‘hg@%e' Gbj &{[ﬁbfe%ﬁJu?? gtﬁwhlcﬁ'ts e

4160 d "DetectQut' Qut put dget . 4
applgﬁlqilgbﬁge g‘ﬁweéscrﬁge,\pbdqq@ t?%f’bé’f’lét isde nfél &baestrieglrlm tt deefectlve

v@éﬁnfﬁe%ﬁ)ﬁld'nodb 'ﬂs sEIhb SodﬁﬂlD{Nhéx‘@i'dc&d@lnk hes ehedbPuipilselis pesdadee for

SRk o S e b SRR Bl Lt

whenBp seding3isl mlglmunsﬁianmrbeurm w3y inkigpificamestieshgsrof defentive frabrare

t f d GL
fﬁ%ﬁe Pﬁt(?hg 16(?2 Iaetgcée %g % wu}/ggly mssmgﬁﬁe% l'ﬁlsaé? cant S et&fé? of
goodiweb itnmeRed inradongexi cfefeciauelposlbm at eleltandd agb ﬂbustthwtpmnal

‘%[1 %e mInlerttg P‘lgt%f %y.lre@lﬁ] dnup l} ﬂﬁéﬁﬁéaﬁdgrlitcﬁe(s r@xla&%%i\"ﬁb% A e

nt st
values are lntended to be exemplary, and would be chosen by a user to be suitable for a

specific application.

53



10

15

20

25

30

good web imrersed in a | onger defective portion are
also filtered out. Thus the output signal so will be
simlar to that of Figure 41, but with insignificant
glitches renoved. Note that these values are intended
to be exenplary, and woul d be chosen by a user to be
suitable for a specific application. 53 There is no
maxi mum franme count specified, so a stretch of
defective web can continue indefinitely and be
c on Snﬁensemb ot frerod couifitspecifith sso wismechnaylefodive seb 2
51(1)6 1rsl efnite ? tbh gor%%?re& g‘ne%l %Q@y’?het?(ﬁé Hr% f&?&%ﬁt@ Qero so that
2@' X?hs es one to configu
thervmbwtalwms beimg idwedet i on of f I aws on a 5 continuous

V\G’:b I&%@ 43Uiﬁ1§s%ra1te?f‘n %%/r E‘ogti? e?the HlVQﬂ@n ﬁ? getél:‘ﬂorgvftﬂ&% ona

dge or sl gna I zat 1 on. !Eegur ation is
cordigwus wal th@tdlsﬁltbﬁﬁlaecﬂ@m@@é@mﬂd %Qﬁtputrﬁiﬁi foosignal out put

sﬁ%ﬂgﬁgaﬁéﬂ- EnfiSur SRR s gH @Ft0aSusd O ch? tHABTTRARICRE OtitRiv
. Note in (Sararreter vi ew 4200 that the

%@%@F‘Déﬁ@@g“fs BFROWn PFAPSEHEEN% set the mark tine

fjof t &t Il pﬁﬁnfeﬁﬁﬁe\ﬁ o thﬁblae&@ﬂj ectDIRRI Rdge iS tdnfitnirbd ©fset the mark
efective wep, i,rst ete As ca

i o e B ot 308 o SR R g & gt AT B e

s Meparin@ebr Gioh) 4800.CxT0aN:S. ﬁmmmpﬂseaf gemerateth 650 aneader dobmpafier the
Del% ecting Objects Wthout Using Locators Figure 44

H% rates one way to configure the invention to

operate in visual event detection node w thout using
D@@efa@&bi;ecﬁémmﬁpwsﬂgdﬂ%@s bj ect Det ect Judge to

det erm ne 1iot I ve ({HTF fﬁn 11 4400 .caont erltng
2 f cligir & Dhistigteh erpatey |‘%‘F igse 1P PRy “P?\ L REESR B A
détetion ﬂlodeizﬂ(bﬁlﬂ[smg@mwrmhnpﬁiebelmt(dnecﬂﬁecmm D éetermme active

OS% tAI§|%| g& { %og QN &l Enge a featy e E{ﬁgﬁlﬁ}%gefﬁg a&ﬁ"ﬂ e E?G%}QWSI%
dBrettorh Conties DEttecROF44R@ positigaeddo detgsbibe pneamwf fostureyetoedt
léfpﬁrl 20 e%%etegtﬁ?fioﬁémg & ribift Btr\%sﬁtné: 95(31‘3&51‘ I&ﬁdMQ)éretdaﬁthed to

Vi ew’sho Bri ght ness
d@‘ectéh,ﬁthJeCMﬁ@ Teuge F@b‘bﬂm defiped by ‘F‘PIQWPMQ‘IPHBr i ght ness
Det eglQic Jitet sh%a??’@R]glﬁﬂﬂn%ﬂﬁﬁgstDetcﬁfo‘r @hb &ﬁéﬁ)oﬁlﬁﬁ@@h@ﬁt 4442

cor respondi n g ht ness Det ect or
Brightgpss Detgotp wé@sméewbtﬂyﬁhta@faaetﬁmd&eégﬂ%ﬁp%d% tq 18%. c
BHahinkts Detéﬁ@%é@l%ﬁ%ﬁﬁ@fk?;ﬁﬂiete@@yﬁﬁo p”t@iul‘cegglﬁle logic o(ljltput
t ness, Det ector . ac
VYEiﬁ PP ks 7ok 6 a10E T BFEbes: RE B Ao e ound
1Bﬂilsgah§1mﬂé‘>ﬁ bidgHte Gliad bbjdet 44d0. p‘Léfd’lB’.r@htnevs Datectot 4a4pi pmodm‘m p[tme
t
1 S EiobieaCi i o SR o kol DL OIROEAR, FRASERET
oﬁfﬂﬁt iChiyeted ABBreforoAND diteatddn rpwdu«’pe@ girge logit puiput whemthe right edge
t
oot B9 G el Bebiy ST AGR ) Bl D eigRe
ROI3#32. Not e that the |ogic out put of AND Gate 4460 is
aCt Uﬁuelﬁxaé‘thé #@%%uﬂpﬁm QN‘DQY&A 441%&]@5ch1§ b fuzyabgic Redl \ﬂﬁﬁwﬂlo

dge of object 4400 partiall

fg]bbq@wgpn 8 |ap¢]bwhq.q@e ng@bqqlg? afcabject 4400 partially covers either ROL gontrast

Detector ROI 4420 must be large enough to detect feature 4410 over the range of positions
defined by the separation between left Brightness Detector ROI 4430 and right Brightness

oSl=
b=

Detector ROI 4432, because since no locators are being used it will not be moved.
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30 Detector RO 4420 nust be | arge enough to detect
feature 4410 over the range of positions defined by
the separation between | eft Brightness Detector RO
4430 and right Brightness Detector RO 4432, because
since no locators are being used it will not be noved.
54 AND Gate 4460 is wired to the CbjectDetect Judge,
and "Hol e" Contrast Detector 4470, corresponding to
Contrast Detector RO 4420, is wired to the (bjectPass
JudgAND The: 446blidhgiess! 1o the OibjestDetectifpdge, aad EHdghEangyest Edteton
sual event t
42,{[40,t clcj)rrtasgondmg to 88&%& ﬂe?entogggl H&ﬂrﬂg %re? ﬁﬂflg %eéﬁa esaJ é]?(%é ?%t
chfgeﬁngiusr exadiple arg cmﬁgated foryisug! @veniedettictian an@\dleer@eﬁolﬁ agpect
e pair of Brightness Detectors, because
%tﬁa% @I“Sg’g of object 4400 is relatively

st r aNgth tlfatirl therexpnanle of Fesarecdd, ahespier ¢ould readily hws peerasgddppicad

@?M?SﬁB Es§ D68 HeSaulBtie ﬁ%‘r edbe bf dtfdél Jaod iOrettHiQelglUE
cl ean edges, and ere usi ng

sone
SRSRE o TErORl B B PHg g IV laeringtimay b
dlnﬁé\flﬂb a& ik BUAR oftElednlcliges tah@ivBére didgBBmE BhbinBbiyn SFDetBBE:

| ustrative enbodi mrent of a vision detector
"’f’%"rd é‘éYaH‘ia%“Sapproprl ate paraneter settings based on
exanpl es shown by a user. This Figure will be used in
Ieamjngnction with Figure 22 to explain the exenplary
| earning nethod. In an illustrative enbodi grent Phot 0s
can FigaRapystesiss rugsdhat may behyed ygn ‘f‘ﬁ@a“’é’%ﬁ@ Qainganf 9f a vision

detdzz ot 184BE R Rpetpriatd PRah Q& s@iinLY bRe®GeSGmPIBYshalvs By a user. This
s t.o use an

e vl ikt soapetton it PR R i SE Pt xpm g s s o

best In dnéiiishativg emh‘odhmnemmm lca leams aypsopviate bettpgefoe fike sensitivity

é;\fb 7y %r%sgolﬁsn g‘ﬁe lg X%K}r%é/egs l%laé,r 150 gwrov%e lgv?%g gs%&%l Y &sgﬁgDet@&&s to
useandnwimege dpproppidté, ovhatl settings ackdikely it werk besh hgarhing istby iexpgeple—

i
0 R r B ety Bt 1B OO AT AR Pty
inlgraghion vith FMIi80. physical units (e.g. gray levels) that

have LEb?mﬁébﬁ 8 ti&lﬁ d&%@ﬁﬁm& maka&ﬁ‘ Eé&h@g cdnbe LRI HuET |sltrdn§@|
for the at e Det eCt ors, because

and
e g B e ey DBl a b i gpilg gl e
%ﬁéaﬂnﬁﬁs (&) gl enels)tiihd have o BbsoRRSheaih® §.8arsinglis sé chltlcal for the

t i f Ed t
Seblo EaP R Bt s SR DFPare BRI i 1 y
ridbﬁ?zﬂﬂftf dgd'elaﬁontvhlaé thatris adrgmldntesﬁand twith ab‘solutedmnin@ een

ete e ec C | .
gL gt Eeq o Saf lsSlo sk ALmBREbluhitioFH, ofcan b finy
doefidznt that 8n edgh ot dpet hasinpdest be@ detstedp brsausathe coreeldigh edefficient of
1S %gggaf wﬁlhﬁtm edggcgrgp&rt%t L Jls Qﬁ%t 5 'ﬂ‘tgeeguﬁﬁﬁ EQS ok tan

ess tor
ltnfalghconéri@u@lhmmeég% snothik beqnclaigeied. Bhi il for @emplet aBFghingss

lgéfec‘?(ﬁ Ry i htrlang&ﬁb Is 25 G%@ﬁlﬁl@l@ ThtOs JREAELnAS ekatvpldiA bdost

e team ng process. The first concerns how users
infianeesact with -

There are two parts to the learning process. The first concerns how users interact with
HMI 830 to teach a particular example. The second concerns what a Photo does when

presented with such an example.
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" cumb 8ypReTRene if psing e

HM 830 to teach a particul ar exanple. The second

concerns what a Photo does when presented with such

an exanple. 55 Referring to Figure 22, paraneter views

for Photos contain thunbs-up button 2210 and

t hunbs-down button 2212. The buttons are next to |logic

out put | abel 2204, which, as previously descri bed,

may change col or or other characteristic to

di stingui sh between true (? 0.5) and false (< 0.5).

Fo r ReferposieFigufe 22hpardnester gigiv fpr Bhodes poutpip thumpp-spbutign p310 and

E%ﬁ% biftton 5413 %éblﬁtﬁﬁ’s a{r&qaxf teﬁog&aduﬁﬁt 1k 5109 WaRnNAt

visib I'n FIigure 22, up button 2210 is green

pmmuslr preseribsd, dl@ﬁmh?{liaQ @qlm ozqt_hsg chagaciegigtic t Histingpish pivesp tug (2
%@fal@é‘(km'%) ﬂo?ﬂﬁ% 0s€it ﬁw@&%%&s‘%s@ﬁn GideR il bRLPRr tnfre

user understand e function of the buttons. dicking

apd wd forfalndlihough nouvisibls ipBigwe A Aunbsup Bytion A s eregaand

&MSQOWEME 283 is kUl Bh PRty 1B M6kt FhipdPMbed 208 irRBhktching colors
(true). hi s qgeratlon s called l'earn thunbs- up.

IPPF@RPWQWﬁ@@m¥h privaction of e BBt t on 2212 neans "l earn
t hat Clidkglgfgh &uﬁb@-@ﬂuﬁ&f zztmé‘anﬂimwahwbglc a@put bethis @Hoto

shorbl " gty 15 A s B e i GRS e B

dotva blitiog un feand aleim hat the logicwhipnt of this Rhbiol shdwjd foov berrede(fdise).”
'Lthgeoagrgﬁ eaﬁ Q earﬁ th.umgs-%u%y eIJls%mtarﬁchrErle ént%nggcfjto bgagar an(jl

I'n"describing exa ect's use
uhambipueas, pmmmlu Inderyibe alyriatsi lngerubmmt prgnes mtqmi@t kg temise

%&dp ﬁﬁd b e LieBsh @e@&bﬂ%‘é&%ﬁ}ﬂé SoiddR ekt 1GRES cifeflee

I'S connecte ppo e one Is using three
nhaniog dwp@mgWatwhamr the psipubia ineertedrapd jeovoi tspyerd by Gfateg pp which it
Ohe&leqt © pass inspection. One can teach each
Det ect or |nd|V|duaII§ but this could be unne eSS$JI|%

etgeipre that glianyst have.s, fraqputnyf for frghegt
PaRliRpEEbs Onb Oanlishcideach Ditctér1aliFuatly, Hut ks oulCbd &kecessanly

SOBEAST S i P AR5 B oL 25 o
ditlesanritveds tolshe rhis issa gobd eb]ecﬁ owonddbetusefidnOmihektherthand, if a bad
ggﬁt éé: é‘r%rersx’tef ! eer Siugfperol 8 gvat 1% l?n?w fw%k:ﬁ E?etectgxg Qress?ppto%gm% %:fgl%e’

IVI W'se
eﬁéumb%ur$$aﬂdbﬂﬁ%ﬂhmhmﬁmﬁd neanlng that an obj ect

paSSﬁﬁ’(edwE c, b tull Détge@ %éauem&d&g tHat anloBRE: fARES i any

tea sin |ck
<a€ ﬂxegld)@w ajpjeeutpuit then qyetrrem @ﬁ@l 2ghed o ecrﬁ withp pipele Pltskrlﬂélafor a
éo@&j bifdcEHEDb¥ctorORE SerRERY RaindHIMBViBkally. (3RS Sralnihdever ARese rules

change as inputs and outputs are inverted. Teaching
%@WP@‘%@@@P@?@CWW?%% click can be nanaged

Wi t h?bﬂcluﬁ@ﬁﬁlﬁﬁlb aétedmfs wﬁd&ier&gcktdawmam@ed&momlmmmdgm
ol l.ow n ul es_.shown.in

b tt t Fi

it B bespang oo S Gete T RGAE ol Figpis s
'Mie G)Wtd‘nﬂ fire digglfye@anideclicked tin 4pagrinieter 4w Sreach Gaid) BunFigorest5 shows
oL Lot R, BU RS g R e ¢
<Iiloez|n) suitbintellsGhd Gaté o léapathmmbsuprthiowolp whickimeam) | leavh thaftheﬂeans
%%m ﬁﬂmtE% l@@gnlogégﬁa&gﬂput of this Gate should now

An AND Gate with a non-inverted output learns thumbs-up by telling Gadgets wired

to its non-inverted inputs to learn thumbs-up, and Gadgets wired to its inverted inputs to learn
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An AND Gate with a non-inverted output |earns

t hunbs-up by telling Gadgets wired to its
non-inverted inputs to learn thunbs-up, and Gadgets
wired to its inverted inputs to learn 56 thunbs-down.
For exanple, non-inverted AND Gate 4500 | earns

t hunbs-up by telling Photo 4502 to |earn thunbs-up,
AND Gate 4504 to | oam t hunbs-up, and Photo 4506 to

| earn thunbs- down. An AND Gate with a non-inverted
Burmbscdova ol ph erampleaRog-inverprhANB Sieke, 458 dearrs shunmberup by,telling Bhoto
86> JicaahRths AP dalh Ga@a%k ?cﬁleeﬁﬁﬂﬂ%i-r?p tin ﬂx@to&@os t@lerﬁ*ﬂ thNBS-

Gate with an I nverted out put | earns mbs- down

doam; A ANELriid %‘)Pé’é"e“?do‘“ﬁt&“é"aﬁ%‘ﬁ l‘ia%"i’\ﬂé‘f“?t@db}’*’ﬁﬁ& #@y fugon
éaﬁ@é?isébiﬁdﬁ?ﬁﬁiéﬂore%ﬁ@he@ﬂé&@kS wired to llts lnverttedOI

I Nputs earn u own e, rtre

AND é&t‘%‘ﬁhﬁfﬁwﬁhﬁ? 'ﬁ‘%ertea Qe lﬁmﬁﬁ‘“ﬁg?f ?@% '?Yr{‘aﬁ% gdgets wired
téaiﬁoﬂ-iavéneda inputs fouedasthumpbs-Uph midd}adge}sdmtad td @€ihverted inputs to leamn

hunbs- -.d ,
S e BRI i 0 Gt Pt SRt e 8%
4sieutesrutinmts op bt 454 td lean thambsep, ifl OR Satelksid teelpain thtimbs-

&0(3@1051? iNﬁ)e@agee@l‘i;lf‘an ?v ﬂe ar éﬂn ggaga ﬂlﬁnb‘é%%ﬂto eraf ll)urt]tgn can be

non-i1 nverte
M@émgilmcg@requgstqmgos\cm inverted inputs to learn

t humbgsfouse wﬁmgn&aﬂm@ oWl fe‘JmE &uhbédd“ﬂl%ﬁﬁélﬁr% Gzﬁ@étkt v$1red

to learn thunbs-up. For exanple, non-invért

1@t por-iguaried nppfg Wﬂganu@vmbw“me@rl iGageetrviredin is 1@1\5221 ltllalts ©
kaa ﬂﬁnﬂaglm Sr Sl aWfle, nB’x'ilﬂﬁf&teﬂ WG&t@ntslz@l@&rﬁh ﬁlﬁlﬁﬁlﬁféwﬂ @y\félhng OR

and Phot o 26 to t e

%ﬁ“ﬁzﬂ?é“rﬂf"e‘g PrRRsdgue afﬁﬁﬁft' iq lsaa? ﬁ‘“’i‘”‘ﬁ%ﬁiﬂﬂ@% , P%fs 4%2ﬁ59tleam
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non- iAmMGR Gael with puitrgerted odtpd tearnt thumbsuplgvellingpGalgadyet ts its

o i ©
2P AT A A S R
thembs-ypgFepiexanple) Bigated @RGatd 4530 learpstibumihs-ug bwiellinpRbeto 44504
ltaﬂ'ﬁ ka'aﬁl‘i)? dctvmJ ﬁmo Aop legﬁ"fﬂmwlamﬁ?taﬁd AR ﬁ%a'ié%sket@feﬁ}n thumbs-

an inverted out put cannot

e AR OR %fﬁ%h @dmﬂe%mtuh@fm% lpamdhungbsidowe so Hakhulpnsean b d
ditabled &Q{@@n&@qg@ggtﬁoﬁgﬁﬁo 30 Photos that are told t g
learn th t s-do ct as t he
equi VA9t %ﬁgb ﬁ%’ I%%WPSC‘FP@&%“E% g%"%ﬁ@s‘%‘“r?ét %Sééf[’ﬁ
éqeﬁmaml GuitshGias blﬂ:tkém Gafes pasptlué Rar@ Sojui&id baékStg dep E‘xfpthﬁ @dljust
., 0 r S. | re. | earni ng.conmman in is
Sainet AT gt CRRER s RetipeRamaS yEAF SRR & bt any
Gat e Gnbatceptias toakcaﬂbi/e/ruhne thangpytGavel thae HastegactliPlud iopmut wired to
t L 1

ﬁio%olg eéit{)e% dr{{gﬁ oy mc(i) l:eat!l)ntﬁ}o%c tlke}é gtam%! %ngl ag% nﬂmf)S lt%tagnns a?gn
dmvabioddth butiens arewm’otwdriebamfcgmmm iﬁor&qhéiateam@ Pp&‘i@ﬁ@d( tbagk

ﬁut,simeﬂed 1!f ﬁl@ @ate’s 89%@" Jr @aﬁd fnf)lgtlﬂﬁveﬁ@a % o%‘iho ut or said

nverte ut not ers need not
r erme s nqu nefefesmber0s gnderstang thespl rules. Iy asseaess tha oely ruldie

l‘aﬁ]lteﬁ‘lbér 446 clfcR thercglme(mé ant ﬁletol?lﬁﬁ’tlté & Wh@&v%&ﬁo@@ﬁ o¥agt s
he output to be. Whenever the nouse I's over
thumbs button, a tool tip could be provided to tell exactly which Photos will be trained, or

explains why the button is disabled. When a thumbs button is clicked, a clear but non-

intrusive feedback can be provided to confirm that training has indeed occurred.
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t hunbs button, a tool tip could be provided to tel
exactly which Photos will be trained, or explains why
the button is disabled. Wen a thunbs button is
clicked, a clear but non- intrusive feedback can be
provided to confirmthat training has indeed occurred.
57 Figure 46 illustrates how a Photo | earns thunbs-up
or thumbs-down. In an illustrative enbodi nent each
Photo keeps two sets of statistics, called the output

hi ghFigtraé dlusteates howd a Phedo legims fhumbs- e dhumbs-dewr &n angliushative

emsénnéﬁteaah%wqt@@s fvoCRl BF staiRicS wnl&fmmu@aﬁpy&t BHEsSind the
a sum of _ squared anal og out puts nmean

qymup!ev sigsifjcrriBach suehesat 1aghedsti? Covplgh sq%?ﬁmé%maﬁ*w@ a sum of
SQ@a\fédaahmeglo@ﬁutsow RM mehiOWtt Bw nam ehe&t &Rﬁ@ﬁ@h A \staddr@n of

out put hig ; can be conput ed each | earn

dewinaned outaut #%?1@ ang standagdy athaﬂ%n %fr?a%b*ﬂ%\ﬁhpqﬂl bg gpmputed (For
&afh 184rRbdnBhdnd S S t0fvall h@WRe analof Biitut @4 U staBEicE asTolldat
not inverted inverted thunbs-down output |ow out put
hi gh t hunbs- up—out pllf hi mh out P H—lowln the exarrp| e
of Figure 46, k-axis 464@@NﬂWmprE@9um@ t he anal og
output of a Phpto. 10 Angiigrertedpt ingertedf |out put hi gh
val ues 4600, a1ﬁmﬁbg&§&rIQM&ﬁQQ,DEmQM%@Mt | ow val ues
4610 have beep—tearnedfrom-appropriatejexanpl e

obj ects. Mean offtBBtun ow WEEHHStE QHPHIRHUL high 4620,
standard deviation of output |ow (not shown), and

stan ﬁﬁﬁéjexgﬁ l'e R 1%5}3 Qg *Qis Réb ccme%nds(tg Bl aﬁﬁk% uhcﬁ’\é@hoto.

been conput e statistics are used to CO“EUIG

@H@mut@ngéﬂﬁw high yajues 46p9,\and pdigigbigion ofigitiyt lo PreAgLo hP‘se
H¥n 1%9%%#%@&;&3%%& e{a%l% ijaa.d M&bﬂ&nﬁlﬂ [&SJ&QJ Shednl outbhidiish

(see also Figure 1 21)

1620y miandppidepiation pf P%‘P“‘ »loww 58%“"8*?8% étﬁ“da’éi dﬁﬁfﬂoa ﬁ% ?lam‘gplgﬁl n
@bt shdvird Bivedtdneempwtpdi ment, k = 0.  The nethod for

| earpj ng .t hunbs- or t -down is.s i ze e

ot 1 Gl ey peecdlo prmpalb Ko sl isg Mol s e

tiydow kheeshald fui20 hbhigh threghbloui 11kpi (g alsd Rigustlix s as

appropriate for thunbs-u or t%unbs down, and | ogic

out put inverted or not iMvereé

standard devi ations for hhémmuﬁﬁmt hlgh and out put | ow

st at L8t

thr et gste By e A AL Bplobud SRl cibien =0

25 uZhewetbayl far leagning mm.nbsalmr dmmbarhovm is summeariz¢drbytthecfolinydng
¢ent manual threshold settings, if any, so that they

can be restored if desired by the user. Al statistics

anl Sempyipgnglog apwandadddeithe etpul lqw gueyipridighystatistics as

appropriate for thumbs-up or thumbs-down, and logic output inverted or not inverted;

[=N

2. Compute means and standard deviations for the output high and output low statistics;
and
3. Update the sensitivity fuzzy threshold based on the means and standard deviations
using equations 21.
Photos can also retain the most recent manual threshold settings, if any, so that they
can be restored if desired by the user. All statistics and settings can be saved for all Photos on
HMI 830, so that learning can continue over multiple sessions. Users can clear and examine

the statistics using appropriate HMI commands.
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HM 830, so that |earning can continue over nultiple
sessions. Users can clear and exam ne the statistics
usi ng appropriate HM conmmands. 58 If a set of
statistics contains no exanples, default values for
the nean can be used. In an illustrative enbodi nent,
the defaults are nl0 =al0+0.l (ahi -ato) (22) nmhi =
alo + 0.9(ahi -ado) where alO is the | owest possible
anal og output and a6; is the highest. If a set of s

st atrf 5stet afStatiiot ainnis hewampleh alafatliwalex forpieansan ¢ande used. In

and I at i assuned to be 0. This neans

a‘{‘h a véaae}n a/merftotfr%?ﬁlegaug?%gl e exanpl e can be al | owed,

al though it is generaldyupot.ll@ncaut aged. In anot her
iIlustrative enbodi mppt=qa Hodgap-agymand for a

Det ect or conputes the anal og outputs that would

r es ultterefos, drthelawbst pyssible @hal aquinut oM ag rehehighes). Ba setkE RO
st%e %1£sQ%nt319% T Al QMQ&S gﬁ’e“é%] bard RvBkibStan®e agsﬁlﬁecﬁaﬁé"o

ype are conpute stored, and used t
This gges thablewrniag fobatesivgle exastpl ew be allpwed glthongh it targetveaqﬂg apt
SR t| ons between the output |ow and output high
exa %g a Phase-Locked Lo?rf?i for Mss&%n&) ?nﬂ’g
Ext rla a@ﬂ}eéelvst Yesmbogiment; #Gara copmmandfora EIgelo cqrparey
aRliopdup A ARt WasKRsLH mpeaeﬂyiaé omtemaspefaﬁng dnﬁh@Rﬂ)Em‘ftthel 5
lgr esentation rate, I?e?t tect m ssi

plecheqs tqught- %ﬁtﬁaﬁé? eaﬂ* T8 PR AP PR kg o ggrga‘ Zagused fo

s@g@es@ PROBEEoRIr €hoices By bl for latger sefdngionahyzivesse the autputriom ﬁnd
Lto nchronize to a train of pulses, and to

OH'@’t‘t $ng and extra pul ses, should be clear to
those of ordinary skill. In one enbodinent, a signal
lbmgtaﬁhm-hgck@hwﬂmfmd\éls%wnéFﬁ'é‘h?@?ﬁt Delection t he nar k

t 20 f O i
out gl Ugogia e bre s plseip gD et Es e Be B
ptd@@itﬂho@fateaarﬂw&@a’ct mﬂﬂﬁg anPlekira dﬁﬂma,d’mt produgtionings thas presut
{ I
&'@f%%? an ﬁl?P&g‘f a"gg%ggélstrglﬁ trz?% Tﬁ%lm Tﬁeﬁﬁ% O(R F?Eég a&‘s?iggu%n%e to a
thaidl off gjees, andtotdetstt naiskingsind ¢>¢tramdsesmheldd bryclear @dhﬁﬁ@ﬂﬁqféiﬁ?él’

SE L gives the object presentation rate. In an
lustrative enbodi nent, a software PLL intern tg.
w si bronglemlndinesnt, psipna erpiaines quirhpplses sypehranized tqfhe mark time,

fBEefx% 1k &gplft Qedal S1dd Snthihin Ig%uﬁ)@ﬁﬂﬁé‘@l@o (Ifguf@"lk id doﬁf%‘&tedlmﬁb

I's used software PLL to @len%‘pute correspo di ng
l@é’é}ﬁf@ﬁé’é"e@t\“’nﬁll B Gprvesingal Xk gre 5 TAgiREARd S0 aﬂ’ﬂgﬁ i s
ReRRmLRGsddq0 8GE fnissit ﬂﬁ eidrd &ﬁb&smﬁ@remﬁéyadf e vnltafgﬁg(r)k

ti neg, SO._a m ssjn g 0 % L.me
coBred FOHAPTiSod & § T RS HR RO AT R

t I rrEIn‘hﬁ‘i-lﬁlSﬂreﬁlve éir&lscﬁﬁimd amﬂmmmﬁtemaiyo yisine detécted ORP 9890

IS det ot in $8 b
158??31%13 erping L IERe ’rfa\sSe otf h@gﬁﬁggﬂoo R BDOUt
sﬁhwﬁe PLptoasmpitat corespoadieg sealmjcemf sige mipdawgl4710 during which a
mark is expected to occur. Time window 4720 contains no mark time, so a missing object is
detected at time 4730, corresponding to the end of time window 4720. A mark time 4740 is
detected outside of any time window, so an exira object is detecting at time 4750
corresponding to mark time 4740. Information about object presentation rate, and missing and

extra objects can be reported to automation equipment.
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extra objects can be reported to automati on equi pnent.
59 Figure 48 illustrates the operation of a novel
software PLL used in an illustrative enbodinment.
Shown is a plot of mark time on vertical axis 4800 vs.
obj ect count on horizontal axis 4810. Each point
pl otted, including exanple point 4820, corresponds to
one object detected. To insure nunerical accuracy in
t he cal cul ati ons, object count O can be used for the 5
nost Figereah fllustites dte, operatibnivd g adviebe fiwang FLE usadén asibustrhioe

S ct t
égrg)rgérﬁéngﬁtosn g&h Fs a p§0t o}—{;]lgrf%ﬁ% OB gépga? sd180 oj)g %t count on horizontal
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et e regiont o3 Dinsihelen BF Aleq BRteadodhgpgand
théirAe dokeépotididgf te kount il gived the dxpexted timetdf dd aeabledtsed t o
;g g :E X fgigr%b(f en?t r??(gdjrg{ng)%rr cfcfttl?etnllogt ﬂege%t q%‘?’nt@a?é’\fglge?f elaaa‘?t w@fgﬁt
anfl bldstt poutsi mlwﬂwd iweight, so ﬂwlogbﬂr@ent&mmtsm@s PDloarsdi of gecero
S S 4SSl SR PR L ke
leaSt-tqu@ras jtayisticel amseicboinisee addedeant pldupoints arergpeiede di git al

| ow ﬁ?a?lsilhfs{:r!ttiv@ Emﬁ&l%en't vae%ﬁﬁ lyba¥ céﬁ@éoﬁﬂiﬁ@fo% itrfulse response of
sof t war e. has excel | ent | ow pass and st ep response

%ﬂ%ereérc%etv@rth &lter apegised éetlsgreterﬁélﬂ@?wrth filter 5 twp Pl %tlcq% k

dai¥Bs inflRRASInPHISe lasﬂohb%tdaglﬁhlgomﬁsa ﬁaérasat {s@aslp Bhpléthented in
oes

fre response
e st B ey i e eapnes e o ol et g potive
lflStcbry of mank tithes, hpwhs adfistable putamstemb ednirel freq(oficy redfionde) and does

=Yi -1+vi where f is the filter

%%W?ﬁ%%é%h“phf— 2 (24) 25 and vi are internediate

t er nfhealtjuer avwhge pf zyB\tterwmth filtér withenputspais i s a uni t

i mpul se xo =1, X, w* 8 :}h output is the

i npul se response, Whldﬁ fétlred to by the (23)
synbol wi. The effe&t™ bﬁlthe fllter is to convol ve the

i nput EEH e response, which produces a
melgh gyéggﬁggé; previ ous inputs, where the

wei ghts are W ;. Wi ghts 4842t e the values w; for (24

f=20 SO For the Butterworth PLL, three Buttermorth
f|ItéW%WQPEmﬁ@%Hme@EWV%@ﬂdﬁﬁphﬁﬂFﬁ the statistics

needgdhd ifput RERME Bnpilsk @@51 'xSQ(‘)‘ﬁwE £5 0. iRsdutgut it tHe limfulsels&ponse,
the mark tinmes be t;, 0
which will be referred to by the symbol wl The eﬁ‘ect of the filter is to convolve the input

with the impulse response, which produces a weighted average of all previous inputs, where
the weights are w_;. Weights 4840 are the values w_; for f=0.12.

For the Butterworth PLL, three Butterworth filters are used, corresponding to the
statistics needed to compute a least-squares best-fit line. Let the mark times be #;, where i =0

corresponds to the most recent object, i < 0 to previous objects, and i = 1 to the next object.
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corresponds to the nost recent object, i <0 to

previ ous objects, and i =1 to the next object. 60
Furthernore, let all times be relative to to, i.e. to
= O The follow ng weighted suns are needed: Yt
=Ywiti i1 Yxt =Ewiiti (25) i Yt2 =Witi2 Note

that the sunmations are over the range -00 51 5 0.

These values are obtained as 5 the outputs of the

three Butterworth filters, which are given inputs t,

Rurthermgreglet all LimeTbrerekatiyel toioi lnagto addibe fdlwingveichied supseare

Regded, and are derived fromthe filter parameter f

Yx=~x-it i f Yx2 =zu'-it2 =Yx+ 6 f, (26) i 1 C = Yx2

Yx f 1 -Yx Yx 1 f'+2 -Yx ¥R2w-itif best fit line 4830

is given by ti _ ai |+ b, then| 10 ( la)=CY J (27)

b Yt The value a is a vepy=apourigte nmeasure of the (25)

current object presentation period. The equation of

the line can be used to 6a gzj LAte the expected mark

time at any point in the e FUture. The wei ght ed

RVB error of the best-fit line, as a fraction of

obj edibtephatthe sitnavbations argoaver thelranges-od i sEi:ThQstz(l@Yme obtairitd as
a Sur f the v I in the

gl D R BRI gy Bl Rt B

t o t fke folleveng ddditipeal saless wrnsedad and are di,ed faprn e filter parameter

j5|nply the el apsed tine bet ween t he new obj ect and

the nost recent at to 0. For each of the three
Butterworth fiIt?rg, dJu tofents nmust be made to the

out put and vel oci't EFiTs tqfreset i =020 and to =0
for the new object. This is negessary for equations 26

to be correct, amg aEsm_,f O ¥, +7 (26)

Cz(yxZ yx] — f (1 '"yx)
Yy 1 f+2-Vy Y2

If best fit line 4830 is given by f; =ai + b, then

o))

The value a is a very accurate measure of the current object presentation period. The

equation of the line can be used to calculate the expected mark time at any point in the near
future. The weighted RMS error of the best-fit line, as a fraction of object presentation

period, is

5o Y2~ @ +by;)
a

(28

which is a measure of the variability in the object presentation rate.

A new mark time to be input to the three filters occurs at time t;, which is simply the
elapsed time between the new object and the most recent at to = 0. For each of the three
Butterworth filters, adjustments must be made to the output and velocity terms to reseti =0
and tp = 0 for the new object. This is necessary for equations 26 to be correct, and also for

numerical accuracy. Without this correction, C would change with every input. Here are
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numeri cal accuracy. Wthout this correction, C would
change with every input. Here are 61 equations for

the three filters, showing the corrections. Prines are
used to indicate new values of the outputs and
velocity terns, and the u terns are tenporary val ues.
V=Vt +Att-Yt)-A ur=Yr+Vr Yr = ue - tl uxt =Vxt + f(tl
-Yxt)-f~xt Wxt = uxt - tl - vt (29) Yxt =Yxt+uxt -ut
-Yxtt ut2 = Vt2 +f(tl1 -Yt2)-A2 vt2 = ut2 - 2tvt' Yt2
equavib® feuth@three Atters)tshomting the Burettmndrimis ¢ ised togudigatprneyryadlues

' : be qini ti al i dt

a fdiotebehs b Qhdegspond to a
oﬁﬂg%ﬁﬂpﬁ%m&ﬁ{eﬁé@ﬁ%&s, % ITJ-E)utas %‘gl ?nod\f\)/%{}th éaayx+b yxt =
ayx2 + byx Yt2 = aygeE=wbByf(G+ER) MY, Yt Y X x f(a +b
-yxt) -(a +b +vt) Wxt = f, 11 f [(a+b)2
- Yt 21- 2(a+b) vt Vvt 2#= X" Yhis all ows one to reset the
PLL to start at a pgrta#ctfar period p using equations
30 with a=p, b =0,_and = It -al so all ows one to
change the filter clgfh§?’&n4f156\tl_1i Ig/é‘)t e@xPLL is 10 running
by initializing the,patputfanvd vel ocity ternms using (29
the current val uesa)?f =37, +b gr&d_ and the new val ue
off. In an illustraf¥ ve&=drtodi fre ! the Butterworth
PLL deterni nes whetjheevor+ mpi2 44,3 fyl.ocked onto the
i nput mark tines byﬁ?%or:)%lr dyr?zl!l,ngyt%)hefnhznber of objects
that have been seer’z2 S¥rce<tfhe PLL was reset, and the
current value of E. ,The, P i S nsizder ed unl ocked on
reset 15 and for th)ézn:g&l':rl?‘zob]?‘li%t-'??. Once at |east tz

obj eatButtbagh PEER o@p& And velRityPletms 0at ksinihiend b cofrespond to a
bel og a l Loqcb t Egeshol d El, and unl ocks when E goes
eSSkt

SghPSY HoW¥eshold E. In a
Vi=ay,+b .
Yxr =@Yx2 +byx

Via =Yy +0Y; +E?

Ve (30)
_fla+b—yy)—(a+b+v)
th - 2
f
B T
Vi = 7
S
This allows one to reset the PLL to start at a particular period p using equations 30

with

a=p,b=0,and E= 0. It also allows one to change the filter constant while the PLL is
running by initializing the output and velocity terms using the current values of @, b, and E,
and the new value of f.

In an illustrative embodiment, the Butterworth PLL determines whether or not it is
locked onto the input mark times by considering the number of objects that have been seen
since the PLL was reset, and the current value of E. The PLL is considered unlocked on reset
and for the next » objects.. Once at least # objects have been seen, the PLL locks when £
goes below a lock threshold Ei, and unlocks when E goes above an unlock threshold £,. Ina
further improvement, an unlocked filter parameter f; is used when the PLL is unlocked, and a
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further inprovenent, an unlocked filter paranmeter f"
is used when the PLL is unlocked, and a 62 | ocked
filter paraneter ft is used when the filter is |ocked.
Switching filter parameters is done using equations
30 to initialize the output and velocity terns using

the current values of a, b, and E. In an illustrative
enbodinent, n =8, E1= 0.1, E'* = 0.2, fl = 0.05, and
f* = 0.25. s If in consecutive objects are m ssed, the

1daBe>ﬂtﬁltextba%{eteﬂf islusalrwhen the dilterdploclied i vatckihy filkampdrameters is done
=a( ml pm this L b
ugin e@]uatgn 3({(N 1t1al1z eour’%petande v%l(‘é@l%;’ érgﬂl?nnsglgg%{hglg%ﬁ%{ \IéallJJre d?feaf
and£.1) (32) To keep the equations for the Butterworth
PLL I ?IHEE nge, K= bESo §9bndQ=8kk, Of

t he I‘r:lh%élslﬁé}atweb t’ljﬁl § Eﬁay g accgﬁspl I She by usi ng
t" 3I8m cpnsematve ((b)ectsmem_s_sed itheensxtpbieptpll errive atagRraxinaily

29. It will be understqod 1hgf,gpy discrete | owpass (1)
filter can be used in p'VJé\ce of a Butterworth filter

t 0 | Frph@IRsyiation Rhd themadigiengofaaew bigjedhent mby detdrmme m:

met hod of the present 15 inventi onE Based on the

nmet hod descri bed abovey=géii t_ﬂ_aﬁsq 3 through 33 would (32)
be replaced as appropriate ¥of the filter chosen. The

forego has ee p 194S

erb o'g‘? lfﬁ@g{:h ?nﬁ gor%}eﬂgétnrﬁogﬁﬂgl??oq&t &ﬂe%sﬂﬁﬁeﬁ%a} s for
alt ofhe mjskiag ebjectsh”auis maybechecanplighed by usingdi f| cations and

addi tions can be nade heret otvvlthout departing from

the spirit and scope of thi=s ention. For exanpl e, (33)
20 the processors and conput g devi ces herein are
exenpharigmes adinput Vedquaioys 8 processors and conputers,
bot h_st andal one and di ut ed a0 be, e

perfH Fretaqd; B c@ﬁpéefeﬁow'pﬁss e\e/ﬁcgnebe ‘{n‘EA 8%%}%3%@ and
Baitthx®ortly filidr mmplememramusw@ahmgtp e dbedtdir Biermeshrod o€ the pygheat vy

lwe{“fﬁnnﬁ%ﬁé) 0 etge d Jegc ?é({%o&eogq%%nt %33%11%@91 %&ﬁ%e%{ﬁﬁed

T e4Ch n S0 Accor di ngl'y,
ashp;gopdlegéqutlmﬁh@mhp@nneant to be taken only by way of

f
teﬁf\gﬂllegfsree%{lgg IQ,QLeehg &&éle%&%f\}woﬁ%fLarmsten{bbeneﬁ@m@

is claiLned is A
ipestiellt fswpreekyéemtﬁm@at%thawjV\ééftrangé REmeficgfinps and,lditions can

Heherd&s w&ﬁdu@d %‘ﬁon@’ﬂk@;ﬁﬁt and 5& 6fi thib Gentibn, FSF sx@mpI8,
I mager wth shut t to c

tha HP‘&Fﬁofsfn%fonfpfl Vle% t y oF processors and

computers, both standalone and dlstrlbuted can be employed to perform computations herein.
Likewise, the imager and other vision components described herein are exemplary and
improved or differing components can be employed within the teachings of this invention.
Accordingly, this description is meant to be taken only by way of example, and not to

otherwise limit the scope of this invention.
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the plurality of franmes conprising an i nage of a
two-di nensional field of view, analyzing the plurality
of frames (530, 540, 542, 546, 548) and selecting a
plurality of active frames (540, 1210, 1212) there
from wherein the analysis indicates sufficient
evAldEhce that the object is located in the field of
%avysglqgneg%gh active frane; 10 obtaining a plurality
0 cap?ure val ues (3220, 3225) corresponding to the
bl ur aA inteyhod foraletecting an bbjactem(d detarmtinic@ptharastevisticud the object,
Sar r.es onding to a tine at which the correspondi ng
active franme was captured; analyzing the plurality of
@oigiav éndgeawitis a global slangui9b0)do eapplrei plutatity of frainesc@R0)osach frame of
al ues. (3240 each |ocation value indicating.the
BBt Bt o B e O R PPN T B M e
aolyries the ptliralgy dFrahrea (8 0.2e0] 548, T46a78) amindled @i @mpihdrality gf active
he r istic of the object (325 usi Ag. t he.
e SRt DT Bk B, b R AR e 1 jaence that e
ahixpt Wileated inutbsticl? of vidve fomesdhackiveffraclkeai m 1, wherein the
har.acteristic ¢ ri.se | ocati on t . .
GARAEE Bul R R MRS TR nn2 o soRbR ik & Whinpagpv gfgetve
fineanele, qacli capturcavathefcum¢sherdingaop tims innghig the oaiesgpnding iagivalframe was
%ttu% report location that differs fromthe mark
T6cati on by a delay interval; and wusing the report
dnalyaing te pbiralithef asiigrfedmes end qodipotiriger purhlity af focation fvaltisd3240), each
obj.ect .. 3. .The thod of..claim.2 LA monin .
PR ot TR S KGR RSP EITPhonaing
frana@estctitehiranes; afd t he | ocati on val ues of the plurality of
cation val ues.and.Lhe .cor ondi.ng 25.ca I
SR LL A RS I o by o AP PG BPYSp gatues and he
pretlitpdf giptued walues.2, further conprising adjusting the
glel aynf SRl 8 [ RAkee  corresponding T epor
ocation ts a downstream position corresponding to a
tlediarag@riftgcampases @ matkHecatiobfhetcindicdies wWhee thewbleodvasflocated at a fixed
im 4 ein the desired | ocation corresponds to
L RS bl ™30 8 The wethod of olaim 5.
froducing a sigoaipt a sporg lopatidg itag diffes Sportse merktloeatiort by a dblay interval; and
L?ﬁ%ltly Srlefzor&ol]:)caiﬁlg? oipt e%igla'l {Mnﬁiateasg ltoclza\fl%n ]:)f tﬁ%@@ ect.Wh et her
objec satI'sfies an inspection criterion; and
Anher €fhe nutlodwe claign 2 Weersinglatatmifing tHeewarlclopgsion sexsprises fitting a line to
iLn he si gpal i.fth j: LS ] :
RIARUROG dotBelb Y les B el S ABSEh cdRne
@pliuteeraluenof tBEpludakity &€ tapatratvaigs.a rej ect actuator; and
he sj i:S t . , i act . r
e R g U PR P hink 38 ik JRl4s B WL %o lfne
dogresphedingeppt lositiog isssdomgstrdam posigeradortespondinglfozatesiradtetation of the
ébﬁk%t."bj ect was detected.

5. The method of claim 4, wherein the desired location corresﬁonds to an actuétor location.
6. The method of claim 5, further comprising

judging, responsive to a third analysis of the plurality of active frames, whether the object
satisfies an inspection criterion; and wherein ‘ ,

producing the signal further comprises producing the signal only if the third analysis judges that
the object does not satisfy the inspection criterion;

the actuator is a reject actuator; and

the signal is used to control the reject actuator.
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8. 'the nethod of claim2, wherein the capture val ues
are capture tines that indicate the tine at which the
corresponding active 5 frane was captured; the mark

| ocation is a corresponding mark tinme indicating the
time when the object was |ocated at the fixed mark

‘Poi nt Thetriehdielf ayy dfictadinyai3, 4,5 oa 6 dettizy comprsingasidg thesignal to
repar cation is_ a, corresponding report tinme that
lflg'?ﬁ%%/}\lg!tﬁ%(gbj%cg‘r”rase%ﬁegﬁegi ng mark tine by the 10 del ay

§.i me. TI®. mellnel offelamo? vdferedd ai m 8, further conpri sing

P eI s B s BB el 1 B R RE B naigg g
fdmer edsreaptived;] ocati on of the object, at the

FrieIBAS! B3 shrFaBat i vRE AR HEERLO IR puR gy ocate
detiedixed merk foynt;t he const ant speed and the delay tine.
%Qd lThigternve}iho% 1gftircrzule,a}linm 9, wherein the characteristic

OFE TG R ‘U8 TR 3BYj ect speed, the object speed
thetaport Bocarpasus @mesfondifig tehert timothat falidwsstheauiesgonding mark time by the
éelllar tt{r}r%r conprising adjusting the delay interval in
response to the object speed. 20 11. The nethod of
€| ai nThk, mdthrdtdfielaine 8y rfjtlies cangprizimgi ng t he obj ect rel ative
rtg((l)j ilté%h taer:] %)tl\)lj\gﬁt ?&%}g]g/g?]olstgg rﬁo-ésillﬁlgrllesg ;nglfféex%o V\\;F']egvtr %[i% r%ut{s};]aéltially constant speed;
xldavhaeirer i stic conpri ses an object speed, the object
TR S N T
Jeparathefrora drepmark paintety aglijtanct dalérsiired b theamatahtispedriand the delay time.

npr.j,sin sSi-ng. t he .obj.ect speed to determ ne the

]gqgj ecThedrllesql%ognogggmlg.thﬁelén met hod of claim11, further
tho chpracerist@: futtisr pgnaisem\objeot spbealyihe gbjem speod beirg ameaseretmont of the
ghsqa&tv\oe- gl_ianggusf%’hgrn%lm ﬁiisir(?l d of viewto transport the 30
6)81 actreeaidt nputctl Hg ah encodi ng signal responsive to
ddpstimgthe delayahtetviakincoparsy orthe dhjamspsbd.ch can be
Apt ai fed, &l deshLed 4IPS, a,&orr esponding encoder
count i ndicating a’rel at rie" Po€at i on of the conveyor;
raondngihe plgean rdldtive catpt twoedimahsirms! faldofodgyt atreulstmiidlly constant speed;
Ag%%%gnl ng the encoder count corresponding to a tine
at whi ch the correspondi ng active frame was
tha pltatacedstickémpiises ameljénd speod, tiol abjent sh8gd baingrameaasurdraent of the
C%plggnqglgegcrl.i stic conprises a pixel size calibration.

12. The method of claim 11, wherein

the characteristic further comprises an object distance; and further comprising using the object
speed to determine the object distance.

13. The method of claim 1, further comprising:

using a conveyor having motion relative to the two-dimensional field of view to transport the
object; and

inputting an encoding signal responsive to the motion of the conveyor, from which can be
obtained at desired times a corresponding encoder count indicating a relative location of the
conveyor; and wherein

the capture values are capture counts indicating the encoder count corresponding to a time at
which the corresponding active frame was captured.

14. The method of claim 13, wherein the characteristic comprises a pixel size calibration.
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65 15. The method of claim 14, wherein the
characteristic further conprises an object distance;
and further conprising using the pixel size
calibration to determ ne the object distance. 16. A
system for detecting an object, and determ ning a
thar atheendtead of clofm {hevhetsjnect, 5 conprisi ng: an i mage

RO MRS Yok, B PRl L 1 hBBoblthy
ltlshrg tlget pire Isnze yah:bfatlfnr @mE;mSqup phjestgistnce. nmallge of a
Léé\g tégg?%}ngﬁ)gl detecﬁani af Olb{?r ot ?%g{tglﬁ 2 CX%@% sﬂg zf’(f tﬁe object,
Mﬂ);rlsﬁ% 548) and sel ect a plurality of active

40
ln 1@1;156 caétl‘?l %ﬂv%g tavgéhsl aé%?ﬁ%ll)slé&t%ﬁ 9%@ @rrefziq@{lr]aﬁw o??r mes (t520) each
frand dalat @arality of framdsiceinprisidg ani uaugequ 2} t\&tadimenamtail ﬁdd of view; and

taLn 4

%nga%nigZer ?‘%gg)aﬁa gekr%irtg gp mr?g)l%!iht}/ ﬁf f?a{nileg?a f Afé fﬁiSeig and select
4 plambty of agive framega 44, ezwanu@) tl@refrempdﬁmmg t o atine at

[ , r C t
t”}ﬂg algl ) g?s&ﬁ%gﬁ%es%ﬁ'ﬁ%ﬂg%\p%n& th tﬁ I)l@ ] l\é@eﬁ%d 1%29 Hglg gf Vl%\% for each
@tipd fwarad; inedstoof | ocati on val ues each | ocation vaI ue

|

éldl?ég{l/v &?Lukﬂg}hgéﬂgg@%?g}ugﬁ 2% 355]5?0?/12&!5 8Jd mgnto 'ﬂ{ég) {rhlﬁif gf ac(?ltre frames,
el e:apﬁlmevaﬂthecwhamaémgrtogt tipe o Wlh‘él tho] @oresppBIB® active frame was
@ pg. the plurality of location values and the

ural i ty of capture values. 20 17. The system of
t@laaalmell&,plwhl@r/_ef an:_titfdwéamdsan@mnmutesti C corrpri ses a mark

: Y |

4 APk AR, RN TRk B RRAEED ol  PHELERCAM the e
@‘lvgemaﬂ'oeﬂletchmsmnddfg@ai\eﬁamel amlat ion of the object by

BQEHTALR: Bl Ryl SRocly LORERL Al WSl iy
ldyﬂsﬁtewfcﬁfptmmhrml? wherein the anal yzer determnines the
ﬁark h%csggtérggfg - 1|6t M]Q%Ha i ne to at | east .thr ee of

e p

the |l ocation values’ o lurality of l|ocation
thePhagsstesistit dohgrises e madslpeatidin thgt indiptesrvehen deipbisciofastippated at a fixed
L,%?,ln{ tdﬁdﬂlhh&%%w val ues. 19. The system of claim
ur Sl

er conpr r%g a controller that adjusts the
aedugpyt $igrtader that indigatest ahlagatipin ef theglgect by producdingr? signalkat a report location

. I ' to a desired
@%\%@%ﬁ&ﬂ}&ﬁgrﬁ log%og%?g?tgl Q’leg%n%%he syst e?r: of claim
189, fTiretshigtem obetpimi 1§ whyreamtha enalyaeotetdianpnige matkdectipoby fitting a
lgfquht\’\%i ftﬂreg Br A& Ioc;?[ﬂ)ntvgﬁe cgjtﬁecp;luralﬁg g‘f M'th%of? Vilues aﬂ& Hle

esire ocatl on corresponads ocat1 on of
werespending capture values of the plurality of capture values.

19. The system of claim 17, further comprising a controller that adjusts the delay interval so
that the report location is a downstream position corresponding to a desired location of the
object.

20. The system of claim 19, further comprising

an actuator having a location from which to act on the object; and wherein

the desired location corresponds to the location of the actuator.

21, The system of claim 20, wherein

the analyzer judges, responsive to a third analysis of the plurality of active frames, whether the

object satisfies an inspection criterion;
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21. The system of claim 20, wherein 35 the anal yzer

judges, responsive to a third analysis of the

plurality of active frames, whether the object

satisfies an inspection criterion; 66 the output

si gnal er produces the signal only if the
thneutyuteighaleiqeaiucdsahe sigel aby iEthe atrlyrst jndges St the pRiect dpes not satisfy

ﬂh@ﬁlg&%é &]lt&fght erion; the actuator is a rej ect

ator; the si gnal is used to control the reject
@@@@@E@nsaﬁje@@ctumeawstem of any of clains 17, 18,

t]lﬁm%l%q)ﬁ%ge(%t&con%?{hgw]ec{ Q:?ua?drgnal i's used to indicate

tet ected. 23. The systemof claim
27, V\H@rsestﬂn vhany ohpiimsd Tv i} U S0 ar 21, whpreinithe signakis used 4¢ indicate

tPgitqlllec(ﬁ) e%t&/!&%e{ebt@@ at which the correspondi ng active
mes”was captured; 10 the mark location is a

Por r eBpondémgt shimkl 7t Wheseinndi cati ng the time when the
tggi:aggutre Wiks Ln%%%tﬁ‘lg tlmgg h&hﬁdltze{tgﬁg tn[ﬁ@ 5‘!‘\)\&99{1 L §0rrets&>¢1dmg active

I nt erval and the report
frayees twiae prpruseda correspondlng report time that foll ows

é]rgglalg(aé{agﬁlngQ&f]&Fm é% rﬁa i g}ﬁdkgﬁa tﬁﬂetlllﬁ'é/ wﬁénrﬁ?e ob]é:t &4 located

er coffprising a conveyer
at tatfixed makpointss t he obj ect relative to the

%) ARRSI lggggla)t{ugé \%H&)f view at a substantially

const'ant spee erein the location of the
thbjepert locatontlsrﬁecoer@moe@p@wmrhgmﬁ theiptlows thecorjegpogding mark time by the
gQ$Q§{rean1p03|tlon that is separated fromthe mark
ol nt by a di stance determ ned by the constant speed
Zilnd t The spiss¢rapf claippel3, fuptherzemprieg syst em of cl ai m 24,

M‘ﬁ{-f%‘eﬂhﬁthﬁn A @19 B%Eét%&l tfve tHhE RE-di @RI PR mléﬁmt%ﬁ

g Jec ei ng a nmeasurenent of
%lﬁ@ﬁ%ﬂﬁCQ@&@édeQnmdﬁmﬁFWer conpr|5|ng a controller

I
’&1% @)Eatﬁ')qjopﬁlg gb_]EH at ﬂ{% cg%e Ey St {{ tﬁ?ag I%%Sdféﬁst#egrptpgﬁtlon that is

szsegmtpd @@rn @emrbp@mwmamh@ﬂtermé sy thqéor@mnémeed and the delay time.
ﬂﬁ'abh%%r&ﬁerﬁmEMﬂ-Qh&&ﬂs'onal field of viewat a

subst ant const ant speed; and wherein the
sl d‘sas@@teestlc§tlm1@r exnsistsabigat spbjdetbe objprsspped beiag dipasarement of the

&ﬂ&gg Si.Ngd furfiBAIHpRARNt of the constant speed. 27.

he system of claim 26, wherein 30 the characteristic
E @lntrhl thebadprstsdlecsdebay wqu@ldﬁsp@IIilS@teé@]@é objgeigpeed.

26. The system of claim 16, further comprising

a conveyer that moves the object relative to the two-dimensional field of view at a substantially
constant speed; and wherein

the characteristic comprises an object speed, the object speed being a measurement of the
constant speed.

27. The system of claim 26, wherein

the characteristic further comprises an object distance; and

the analyzer determines the object distance responsive to the object speed.

28. The system of claim 16, further comprising:

a conveyer, having motion relative to a two-dimensional field of view, that transports the object;
an inpilt device that receives an encoding signal responsive to the motion of the conveyer, from
which can be obtained at desired times a corresponding encoder count indicating a relative

location of the conveyer; and wherein
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the anal yzer determ nes the object distance responsive

to the object speed. 28. The system of clai m 16,

further conprising: a conveyer, having notion relative

to a two-dimensional field of view, that transports

the object; an input device that receives an encodi ng

¢ gapire veloproars icepgure goite indistlingrtho fudoba cowrtveeyrespondingim a time at

| red tinmes a

‘g%?l)!@s&%ﬁe ‘%ﬁdp’gﬁ égllraﬁllggﬁ%%apgl 63# cating a relative

2%cat lensysjém bﬁ@aIMvwbmem therphlaredteristé epn@Tisesheixshprawagibration.
lu c i ndi cating the encoder count

c(fgr rggh%%%elﬁgpélaﬁlezgt &ﬁ%&gt whi ch the corresponding

mcthamteflsta:rferthvasormapt&an@(bjectz@stanw@méyst em of clai m 28,

?Ja@’z@r J&%ﬁ@%@&bﬁ%ﬁ hétta}lc% e e BBRe 30h mB\écgl' s)(z\%%egfdégt%n

31he c Hzrmeathiagraf skinc 1 fwhetellrer corrpr i ses an obj ect
tgé ?‘o%ﬁﬂ)‘r‘i%f tha '88' e<t,t ' t}%lelré(sf)ﬁr{dlr% %&ﬁéﬂ %slg%) %@d%&n the fixed mark

Istance res ons st ze cal'l brat
Bint b hdistmpedisteroied byathenddlay mherabl n the location of the
je n.
%gparogl% d I%Ordgﬁ] @ﬁr(e gl??l%glgld EElﬁ%QA‘Jﬁstlh%ﬁl@hEl%( 1n'te§val so that the
cerwondinggplyy lotdiion ded dgwiistiea peition toregpondifigdo atréftShcxtﬂowlon of
tﬁl:?g-g@@l, further conprising adjusting the del ay
interval so that the correspondi ng report location is
B. dovilistmatlzoh of olsint #.0rherpar the dpoedliopagion eoreespinds tog actuator location.
docat han,@lod R0l #5ks Fucifhe Method of claim 4,
wher el 'n T he o?es Ired’l’'ocation corresponds to an
the maktlogatiprofoatdch nf the 8HjectsTia e comdshadingfmah @mermditating thetime when
[ Jocation for each of the
tggf}ﬁiﬁégfgt%es%%?%ggﬁ%ﬁ& ng mark tinme indicating the
the dadayhierval is hdelapfiwetanpasses the fixed mark point; the
1Bk Kb RN odn i Rt B PR e L RRRhainp mack i by the
deley tiowr r esponding mark tinme by the delay time. 20 35.
The f erei n novi ng each object of
3tsﬂe gﬁ{ur a‘glqhm(?1 Ofgffam g]%gfe\éwf urther conprises noving the
obyiedtackhnobject oié,nhb Blmailhm dlobjgcte bintberapamprisve a@ying g oblvet at a
Juggg}ﬁiia@yco%tg&t eegbdngct at the corresponding report
time, I's a dowhstreamposition that is separated from
thiybcatin lof theiohiectint the cdiresperriins rdedretfondg, isediopystraam position that is
| :
PO} 6 A0 RNk 89 3R S Wiy e
hj ecTheghethddef plaumrsall, Byt of5, wobiFladhemeing daeh oljentpf the eburality of
ﬁécﬁé%%eﬁ?&‘(ﬁ%é’é’ having notion relative to a fixed

olnt to nove each object of the
using a conveyor having motion relative to a fixed mark point to move each object of the

plurality of objects so that the object passes the fixed mark point; and the method further
comprises:

inputting an encoding signal responsive to the motion of the conveyor, from which can be
obtained at desired times a corresponding encoder count indicating a relative location of the
conveyor; and wherein

the mark location is a corresponding mark count indicating the encoder count corresponding to a
time when the object passes the fixed mark point;

the delay interval is a delay count; and

the report location is a corresponding report count that differs from the corresponding mark count
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plurality of objects so that the object passes the
fixed mark point; and the nethod further conprises:
30 inputting an encodi ng signal responsive to the
noti on of the conveyor, fromwhich can be obtained at
desired tinmes a correspondi ng encoder count indicating
by theddayiopentl ocati on of the conveyor; and wherein the
rk cQr e t ook BAL GEL
e OSSR 0L SN, R ) G
@i iy tof plaete thetchrmeshondang signalito dicate thathe phject shab dgpected.
it eryal i -
1 o Y BBk, GRHGh ine i gTBREG o REEoinkif repor
locative Spenatitng frma the fc@dl mark B8t by 2 tlivengalemymiogUnt the &lay interval.
e
%mﬁ'lﬁkﬁggerﬁ Sf ﬁlll% ffggt;ugﬂeleargémgré}smg coﬁ?’olfeﬁ{hgthd%luatrs gre delay 1r%terva1 SO
tbatjtmosr,esmmbng:@pWESpﬁm iisrvgiomngmam ppatwrr@rr@@p@dmmma debieed
o .detected. 38. The system of claim16,
thﬁgﬁgﬂ?ﬁggﬁocation of the object, at the
“or r eBpondémgfl ¢l@poldt furterlcowpttisieen, is separated from

r . ' by the
i 3Publor G0 TR o iR 1 APLNER o1 SHITREREY | 05
thodgredloergion cgmpands fodhe loéatibn eidhesrtuwtarhe del ay
41m erygls ?ﬁ&n of Qs 1 §88CHY, BI%OQVH%EIHQ report position is

downst r-eam posi tion correspondi ng to a desired
th@m&‘tkl lomatigf for ha@h obfhecbjectig a cmr@pgyﬂgng@mbﬁm@:lndlcmr@ghe time when

%?éﬁ?%ﬁ?ﬁﬁQRﬂbéhﬁQdﬁﬁnﬁn actuator having a |ocation

to act each object, and wherein the
tHeddlryaidtefvetiap idelay toe;redponds to the | ocation of the

t&ﬁ?eﬂ&& RGati oﬁ:}s roErgfpg%{(Zi%lggh&} tir‘ﬁl: ﬁfa ll g th%&rre%;%ndlﬂ m%gc tgme by the

efein the na or eac ect
@hwtiespondi ng mark time indicating the tinme mhen t he

2] e%heaeﬁa%fgmﬁ.aiyzmﬁgelnark poi nt; 15 the del ay

Interval "1s a and the report | ocation is a
tbmqnegﬁomnswg‘rsree@mbj%t ofriee lvrality pHOUHiesiesr subsgantially constant speed; and

Ho foE;ﬁﬁ)H% '3% &Bzggve c\'c;ﬁ@spglydﬁl{g{]‘g orﬁﬁheays atdoq;ﬁstreﬂgl o;r H@n that is

system 0 e conveyer transports
@mﬁtte(bﬁ;pre dte nagfrk périet byl adisdnice eteyfmingld o theorptant speed and the delay time.

pubst tg&&h&‘cﬁ&ﬁeﬁé‘% RPEER, fAME: co gr1§ 'OCat' on of

the o cortesponding rep is a
g NIV t1¢vecamhq® osspivésom en¢palingisignalgesperrsiedelthe m@ifn)rt plchqrepnkeyor, from

R PR A Ly O Oy
logrtionef th@coniveor.laed wbemipr i si ng an input devi ce that

&?&Qﬂ(\{g@dﬂ&pls g%&?&\b&ﬁhr@ %@L%ﬁ?ﬁ@@ﬂﬁﬂg\ﬂfe etrlpodt:p&umgfr%ondlng toa

e conveyor rom can be obtal ned at
mé%wh@kmq¢mm%P%“§dwﬁé@®Gmﬂﬂwgmencoder count indicating

tfe B&Aﬁhﬂe}(ﬁl is a delay count; and

the report location is a corresponding report count that differs from the corresponding mark count
by the delay count.

44, The system of claims 16, 38, 19, or 20, further comprising a device that, for each object
of the plurality of objects, receives the corresponding signal and uses it to indicate that the object
was detected.

45. The system of claim 17, wherein the location of the object, at the corresponding report
location, is separated from the fixed mark point by a distance determined by the delay interval.

46. The system of claim 18, further comprising
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25 |l ocation of the conveyor, and wherein the mark
| ocation is a correspondi ng mark count indicating the
encoder count corresponding to a tine when the object
passes the fixed mark point; the delay interval is a
del ay count; and the report location is a
wotelispoendis n@apreé froadjust e delax intervablsof thas the cpyresirprding report position is
unt. 44.
SALE AR TESetRlo o BRriModalh A EE or
%bnprT@MW@mEOﬁ@vmdé further comprisiggach obj ect  of the
Q:!tlﬂ{o@ }‘rle!u% v1n§?10€?ﬁ}oﬁ frofSGfNVE %cttoﬂ%a&l%f oy epegn
sl gn to indicate that the object was
detesoedldeation porﬂaa@ndymthﬂﬂpmion pltherctuptor wigasei n t he
| ocation of the object, at the correspondi ng report
35 location, is separated fromthe fixed mark point by
a distance deternmined by the delay interval. 46. The
system of claim 18, further conprising 69 controlling
means adapted to adjust the delay interval so that the
correspondi ng report position is a downstream
position corresponding to a desired |ocation of the
object. 47. The system of claim 19, further conprising
actuator nmeans having a location fromwhich to act on
each object; and wherein 5 the desired | ocation
corresponds to the |ocation of the actuator neans. 70
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